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ABSTRACT

Fibre reinforced concrete is a composite matedaisisting of cement based matrix having orderedandom
distribution of fibre which can be steel, nylon lyopylene etc. Low tensile strength and low strai fracture were the
major problem of plain concrete. Intrusion of fibrin concrete helps to increase the bridging effetich results in
enhancing tensile strength. By the use of fibresdncrete optimum utilization of materials are aehi and also cost
reduction is possible. A number of papers haveadliygublished on the use of fibres in concretes Plaiper represents a

review on the influence of both steel and polyptepg fibres on the flexural behavior of concrete.
KEYWORDS: High Performance Concrete, Flexural Strength, Stéeks, Polypropylene Fibres
INTRODUCTION

The tensile strength is one of the basic and inambnproperties of concrete. Determination of tenstrength of
concrete is necessary because it helps to estithatioad at which the concrete members may crabk. absence of
cracking has considerable importance concretetstie& Because it helps in maintain the continaftgoncrete structure
and in many cases in prevention of corrosion affeecement. Usually unreinforced concrete structisech as dams
under earthquake conditions other structures sadhighway and airfield pavement are designed orb#tsés of flexural
strength. So the flexural behavior of concrete &hbe studied in detail even though concrete isexpiected to resist the

direct tension.
FIBRES IN CONCRETE

Conventional concrete has low ductility, low impacid abrasion resistance and little resistancenagaiiacking.
Hence short discontinuous and discrete fibres doed to plain concrete to improve the post crackirbavior. The
random distribution results in a loss of efficieray compared to conventional reinforced concratetie closely spaced
fibres improve toughness and tensile propertiesasfcrete and help to control cracking. Thus thekwesas of plain
concrete can be removed by inclusion of fibresanctete. Addition of fibres increases ductilitynsde strength, fatigue
performance, fracture strength, toughness, impegistance etc. The fibres help to transfer loadheatinternal micro
cracks. When concrete cracks, the randomly oriefilrds arrest crack formation and propogation, #ngs improve
strength and ductility. When the deflection cormgting to ultimate flexure strength exceeded, pleomcrete fails
suddenly. On the other hand, fibre reinforced cetgccontinue to sustain considerable loads evdeflgctions. Fibres are
produced from different materials in various shaped size. Commonly used fibres are steel fibrggight, crimped,

twisted, hooked, ringed and paddled ends), gldsedi(straight), synthetic fibres (Kevlar, nylordgoolyester), natural
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12 Christol Ann Mathew & Nivin Philip
fibres (wood, asbestos, cotton and bamboo) andpopmbylene fibres (plain, twisted fibrillated andtlwibuttoned end).
Among these steel fibres and polymeric fibres adely used.

STEEL FIBRES

The use of steel fibres over past few decades bas o widespread. The most common applications are
pavement, tunnel linings, bridge decks and slahiretc. Normally steel fibre reinforced concredmnot be regarded as
a direct replacement of longitudinal reinforcementeinforced and prestressed structural membeisthe presence of
fibre in the body of concrete can be expected forave the resistance of conventionally reinforcedcsural members to

cracking, deflection and other serviceability cdiagis. Certain benefits of using steel fibres aréodlows.
e Improve structural strength
* Reduce steel reinforcement requirements
e Improve ductility
* Reduce crack widths and thus improving durability
* Improve impact and abrasion resistance
* Improve freeze thaw resistance

Types of steel fibres are as shown below

a) Undulated Steel Fibre b) Hookeehd Fibres c¢) Straight Fibres d) Crimped Steel Fibres
POLYPROPYLENE FIBRES

When polypropylene fibre is added to concrete dunmxing, thousands of individual fibres are evedigpersed
throughout the concrete creating a matrix liketres. These fibres are mainly used in the coctitru of slabs, roads,
pavements, driveways, kerbs, water retaining sirast and marine applications. The application @fsé¢h fibres in
construction increased largely because additicfibods in concrete improves tensile strength, toagis, impact strength

and also failure mode of concrete. Polypropyléne$ have following advantages such as
* Improve mix cohesion, improving pumpability ovengpdistances
* Improve freeze thaw resistance
* Improve resistance to explosive splling in casa sévere fire

* Improve impact resistance
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* Increase resistance to plastic shrinkage duringngur
* Reduced bleeding

* Non-magnetic, rust free, alkali resistant, safe easly to use.

Different types of polypropylene fibres are as shdglow

a) Fibrillated b) Staple Fiber ¢) Monitdment d) Staple Fiber with Crimp

Holschemacher et al. studied the role of steekfiliaving different configuration in combinatiorttwsteel bar
reinforcement. It reports on results of an expenitakeresearch program that was focused on theeinfle of steel fibre
types and amounts on flexural tensile strengtictiire behaviour and workability of steel bar refcfa high-strength
concrete beams. In the frame of the research diffdoar reinforcements (2nos of 6 mm and 2nos ofmt® and three
types of fibres configurations (two straight withdehooks with different ultimate tensile strengtit @ne corrugated) were
used. Three different fibre contents were appliExperiments show that for all selected fibre cot#em more ductile
behaviour and higher load levels in the post-cragkiange were obtained. Strength and geometrybodégihave a direct
influence on the load bearing capacity of Highragté steel fibre reinforced concrete beams withzart reinforcement.
Using high-strength fibres resulted in a clearlytéreductile behaviour and higher load levels ia gost-cracking range,

compared to normal strength ones.[2]

Ziad et al. have conducted studies on the crach@itavior of steel fibre reinforced concrete. Coteraixtures
containing steel fibres in volume fractions of (5,0, 1.5 and 2 percent were investigated. Thesgrbspecimens in each
volume fractions were subjected to four point loagli utilizing linear variable differential transdurs to measure
deflections. Test results indicate that the incaapon of steel fibres significantly enchanced tracking behavior of
concrete. It was also found that flexural stresseased with an increase of fibre content whichrawed material

tolerance.[3]

Talukdar et al. conducted studies to determinecthrapressive strength, modulus of rupture, splisitenand
shear strength of concrete made using fibres efdifferent origins. The fibres used were steaiefibf two different sizes
and other various types having a volume fractiorgireg from 0.5% to 2%. From the research it is daohed that increase
in flexural strength is as high as 48.38% in cédssteel fibrous concrete and compressive strenftraund 20% relative

to plain concrete.[4]

Lin et al. conducted studies on the effect of sfiber on the mechanical properties of cement-basedposites
containing silica fume. Test variables includedexdb cementitious ratio, dosage of silica fume aoldime fraction of
steel fibre. According to the results of the stuthe designed direct tensile testing method wasitatde method to

estimate the tensile strength of fibre cement baswdposites. Addition of fibres provided better fpanace for the
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cement based composites, while silica fume in traposites would help obtaining uniform fibre dispen in the matrix
and improve strength and the bonding between finermatrix. The 10% silica fume specimens with watament ratios
of 0.35 and 0.65 have 3% and 8% higher tensilegthe[5]

Kamura et al. studied the effect of steel fiborecmmcrete having different compressive strength. effirpents
were done to study how the fibres affect the cosgive strength, split tensile strength, moduluselafsticity and
toughness. Experiments were conducted on RC beasigngd as tension failure and having the samérsieércement,
parameter varied were the percentage fibre. The V@ssus mid span deflection relationships of therstire RC beam
under simple bending were recorded. Results cordlidbat both the ultimate load and flexural strerigtreases with

increase in fibre content.[6]

Soong et al. studied the mechanical propertiesghf strength steel fibre reinforced concrete. Fthenstudy it is
concluded that the low tensile strength concrete loa increased by addition of steel fibres thisepageals with the
mechanical properties like compressive, splittieigstle strength, modulus of rupture and toughnasdsx of high strength
steel fibre reinforced concrete. Steel fibres hgwiifferent percentage variation of 0.5%, 1, 1.52% of volume of
concrete are added. Maximum compressive strengiht&ned at 1.5% volume fraction having 15.3% iowement over
noral high strength concrete. Splitting tensilesgth and modulus of rupture of fibre reinforcet@ete improved with

increasing the volume fraction having 98.3% and.@Z6Gimprovements at 2% volume fraction.[7]

Jyotsna et al. studied about flexural and splisiterstrength is steel fibre reinforced concrethigh temperature.
By adding 1% of steel fibres fracture resistancearfcrete can be increased. High temperature isdoicg temperature
gradients which in turn induces high tensile sees&ibres present in the concrete act as a beaddehelps in arresting
cracks. The main application of steel fibre ispitst cracking behavior and toughness. It is obsktivat at later ages for
fibre reinforced high strength concrete the flexsteengths are increasing with temperature whef@asormal strength
fibre reinforced concrete the values are decreasiitlg temperature. Also steel fibres helps in dasieg the internal
pressures and also helps in improved flexural guitl strengths. The geometry of steel fibres hafpbetter bonding of

concrete, it also helps the fibre to act more &ffitly as a bridge in reducing fracture of concféle

Ahmed et al. studied about the factors affectiegutal tensile strength of concrete. The deflectiad cracking
behavior of concrete structure depend on the fextensile strength of concrete. Many factors whicfiuence the
flexural tensile strength of concrete are levekwuéss, size, age and confinement to concreterfiesmember, etc. The
large continuous size concrete members having miogfi reinforcement increases ductility and largdled#ions in
structures provide a good warning of failure ptimrcomplete failure of the flexure member and dmoefficient use of
constructional material. It is concluded that thetdérs like confinement conditions and age of cetecshould be given
due consideration in deriving the flexural tensileength and compressive strength proportionatityagions. The flexural
tensile strength increases with increase of agestnethgth of concrete. The proportional increasthanflexural tensile
strength at same age of concrete goes on decreadingncrease of level of concrete strength. Thexudral tensile

strength increases many folds under confinemerfirdiog condition of concrete. [9]

Choi et al studied the effect of fiber reinforcemen all-lightweight concrete in which both finedacoarse
aggregates are artificially lightweight and the uless were investigated experimentally. Using 1.5%ylon fibers
significantly improved the flexural strength of tladi-lightweight concrete 234% higher than thatnofrmal concrete.

Vinylon fibers improved the splitting tensile stgth of the all-lightweight concrete most efficignfbllowed by steel and
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polyethylene fibers. However, the fibers had a nimaigeffect on the compressive strengths of boghalhlightweight and
normal concrete, as expected. Adding fibers impdotree flexural strength even more significantlythie splitting
tensile strength. Vinylon fibers improved the flexiustrength of the all-lightweight concrete mofficeently followed by
polyethylene and steel fibers. The flexural strngitthe normal concrete was also improved withatdition of fibers,

but the strength increase was around 60%, whichegasefficient than for the all-lightweight conterg10]

Pliya carried out a study to understand the infbgeof a polypropylene and steel fibres on the biglhawf high
strength concretes subjected to high temperatweci@te mixes were studied by adding polypropyfldres, steel fibres
and cocktail of fibres. Different concretes comgioss with various amounts of polypropylene andekfibres were
tested. There is a significant improvement of tesidual mechanical properties of concretes comtgitihe cocktail of
fibres compared to concretes without fibres. Afte heating at 30C and 608C, the relative flexural tensile strength
decrease of concrete having a combination of steglpolypropylene fibre was about 10% compared thighh of concrete
having steel fibre only. The flexural tensile sgmdecreases gradually with the rise in tempeeaftoir all the concretes
groups. The addition of polypropylene fibres invadva reduction of the residual flexural tensilersgth, in particular at

45@C. With Steel fibre, an important gain in flexutahsile strength is observed regardless the termpergi1]

Sivakumar and Santhanam focuses on the experim@nttigation on high strength concrete reinforgeth
hybrid fibres (combination of hooked steel and a-neetallic fibre) up to a volume fraction of 0.5%ibre addition was
seen to enhance the pre-peak as well as post-pgadnrof the load—deflection curve, causing andase in flexural
strength and toughness, respectively. Increasee &tailability in the hybrid fibre systems (duethe lower densities of
non-metallic fibres), in addition to the ability abn-metallic fibres to bridge smaller micro cracissthe reasons for the
enhancement in mechanical properties. Among alefitoncretes, the hybrid combination of steel aolggster showed
the maximum flexural strength. The reason couldibe to smaller length and high aspect ratio of g&tiyr fibres, which
gives high reinforcement index. In addition, thereased fibre availability makes it more efficieamdelaying the growth
of micro cracks and thereby improving the ultimtgasile stress capacity. The steel polypropyleraitycombination
showed the maximum residual load among all hylilicefconcretes, while the concretes with glassélperformed the
worst. [12]

Kamal studied about Ultra-high performance concwéth different types of fibres. The main variabtaken into
consideration in this research were the type ofrfband the percentage of longitudinal reinforcananwell as the
existence or absence of the web reinforcemente&sad number of cracks was observed at the emmchdihly due to the
use of fibers, which led to the reduced width afoiis. The use of polypropylene and steel fibersegeed the 28 day
compressive strength by 2.5 and 6 percent comptorethe counterpart mixes without fibers. Independeh the
longitudinal steel reinforcement ratio, the stéleéfs were more efficient in increasing both iniiad ultimate loads. The
increase in the ultimate loads was as high as 4B 1& percent where steel and polypropylene fibeesewused,
respectively in test beams with the lower reinfoneat ratio. When the reinforcement ratio increates percentage
increase was only 22 percent for both steel anggpopylene fibers.[13]

Afroughsabet et al. investigates the effect ofdtidition of steel and polypropylene fibers on thechanical and
some durability properties of high-strength corerdiooked-end steel fibers with a 60-mm length wesed at four
different fiber volume fractions of 0.25%, 0.50%7%%, and 1.0%. Polypropylene fibers with a 12-nremgth were used

at the content of 0.15%, 0.30%, and 0.45%. Sometungx were produced with the combination of stemdl a
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polypropylene fibers at a total fiber volume fractiof 1.0% by volume of concrete, in order to sttioly effect of fiber
hybridization. All the fiber-reinforced concretesntained 10% silica fume as a cement replacemer. résults also
indicate that incorporation of steel and polyprepy fibers improved the mechanical properties o€ H$ each volume
fraction considered in this study. Furthermorevas observed that the addition of 1% steel fibgmificantly enhanced the
splitting tensile strength and flexural strengtlcohcrete. Among different combinations of steal polypropylene fibers
investigated, the best performance was attained byxture that contained 0.85% steel and 0.15%ppofyylene fiber.
The higher tensile strength and modulus of elagtiof steel fibers are the two main factors thatntdbute toward the

better performance of steel fiber-reinforced cotes§14]

Anbuvelan et al. studied on the influence of pabypiene fibres, steel fibres and re-engineerediplakred with
0.1% and 0.5% by volume of concrete mix, respelstivéth the same aspect ratio of 80. Three gradeoncrete M30,
M50, M70 with and without addition of fibres werensidered for investigation. From the studies edrout it is found
out that the addition of polypropylene fibre toiplaoncrete increases the strength to 4-17% ared fibees increases the

strength to 4-49% and addition of re-engineeredtigldibres to plain concrete increases the stret@0-60%. [15]
CONCLUSIONS

* The strength and geometry of fibres have a dirgftteénce on the load bearing capacity of High SiterSteel
Fibre Reinforced Concrete beam without bar reirdarent. It gives better ductile behavior and hidbed levels

in the the post cracking range.
» Incorporation of steel fibres significantly enhatidbe cracking behavior of concrete.

» As the percentage volume fraction of steel fibreased from 0.5% to 2%, the flexure strength isréased upto

48.38% and compressive strength is increased Wstor2lative plain concrete.

» Addition of silica fume in composites helps in dhiag uniform fibre dispersion and improve strengthd

bonding between fibre and matrix.
» Both ultimate load and flexure strength increasil imcrease in fibre content.

e Splitting tensile strength and modulus of ruptuirélire reinforced concrete improved with increagthe volume

fraction of fibres.

» For fibre reinforced high strength concrete thexlal strengths are increasing with temperaturereds for
normal strength fibre reinforced concrete the valaee decreasing with temperature. Fibres helpeoredsing

internal pressure in improving flexural and splieagth

* Factors like confinement conditions and age of oetec have certain influence in flexure and compvess

strength. Flexural tensile strength increases initrease of age.

» Vinylon fibres improved the splitting tensile stgth of light weight concrete, but this fibres hadharginal effect

on compressive strengths of both light weight amahmal concrete.

e The flexural strength decreases gradually withinsemperature. For polypropylene fibres thera igduction of
residual flexural tensile strength at 460 but for steel fibres an important gain in stiéng observed regardless

the temperature.
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Hybrid fibre addition was seen to enhance the makpas well as post-peak region of load-deflectiarve.
Increased fibre availability in hybrid fibre systenmelps to bridge smaller micro cracks is the reafy

enhancement in mechanical properties.

Incorporation of steel and polypropylene fibres ioyed the mechanical properties of high strengticcete at
each volume fraction. The best performance of atrawvas attained by a mixture that contain 0.85%tex| and

0.15% of polypropylene fibre.

Addition of polypropylene fibres to concrete deaesmithe compressive strength, but both splittimgilie and

flexural strength increases first and then deceasth higher amount of fibre.
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