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ABSTRACT

Fibers are generally used as resistance of craekidgstrengthening of concrete. The interest inufeof fibers
for the reinforcement of composites has increasethd the last several years. A combination of tsetlength, stiffness
and thermal resistance favorably characterizediithers. Metal strands embedded in the concretesnaas commonly
known as composite metal fibers. Their use has Ineeessary to reduce some defects in the concrtiriais. In this

paper, the influence of steel and polypropylenerlin concrete are discussed based on variougsttmhducted.
KEYWORDS: The Influence of Fibres in Concrete: A Review
INTRODUCTION

Concrete is generally known for its resistance mgfatompression and similarly steel is known ferrésistance
against tension. Since conventional concrete mmaiselil ductility, low impact and abrasion resistaaoel little resistance
to cracking, alternative composite materials ar@igg popularity because of ductility and strairrdening. Addition of
fibers improves the post peak ductility performanpee-crack tensile strength, fracture strengtlughmess, impact
resistance, flexural Strength resistance, fatigerfopmance etc. The ductility of fiber reinforcedncrete depends on the
ability of the fibers to bridge cracks at high Ievef strain. Since adding fibers in concrete isiggy popularity, study
about its influence in concrete is important.

FIBER REINFORCED CONCRETE (FRC)

The term fiber reinforced concrete (FRC) is defitldACI Committee 544 as a concrete made of hydraul
cements containing fine and coarse aggregates medntinuous discrete fibers. FRC is concrete dnimg fibrous
material which increases its structural integriBp we can define fiber reinforced concrete as aposite material of
cement concrete or mortar and discontinuous disemetl uniformly dispersed fiber. Fiber is discraigerial having some
characteristic properties. The fiber material carahything. But not all will be effective and ecarioal. According to the
terminology adopted by American Concrete Instif€1) Committee 544, there are four categories ibeF Reinforced

Concrete namely
* SFRC (Steel Fiber Reinforced Concrete),
* GFRC (Glass Fiber Reinforced concrete),

*  SNFRC (Synthetic Fiber Reinforced Concrete) and
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 NFRC (Natural Fiber Reinforced Concrete).

Adding fibers to concrete increases its ductilignsile strength, flexural strength and resistaganst dynamic
and impact loads furthermore, adding fibers redutes possibility of spallingand scabbing failurggevents crack

propagation and extends the softening region irctmerete matrix

By utilization of Polypropylene fibers in concratet only optimum utilization of materials is achéelbut also
the cost reduction is achieved. Steel and polydes@fibers are the most useful fibers. The aspid (L/d) and volume
fraction (V) are important fibers parameters in FRC. When kzaare initiated in FRC, the fibers bear the apgplie
loads. When the load increases, the fibers tertdattsmit the excess stresses to the matrix. Ifetlst®sses exceed the
fiber-matrix bond strength, which in turn is infheed by fiber properties the fracture processmag te fibers pullout or

rarely rupture of the fibers. Thus, fiber reinfatamncretes are more ductile than other concretes.
Requirements of Fiber

A good fiber is the one which possess the followdnglities

* Good adhesion within the matrix.

» Adaptable elasticity modulus (sometimes higher tihan of the matrix)

e Compatibility with the binder, which should not &tacked or destroyed in the long term

e An accessible price, taking into account the proporwithin the mix

» Being sufficiently short, fine and flexible to peatmixing, transporting and placing

* Being sufficiently strong, yet adequately robuswithstand the mixing process.

LITERATURE REVIEW
Steel Fiber Reinforced Concrete (SERC)

Steel fiber reinforced concrete (SFRC) is concretele of hydraulic cements containing fine or fimel @oarse
aggregate and discontinuous discrete steel filbetension, SFRC fails only after the steel fibegdks or is pulled out of

the cement matrix shows a typical fractured surte#fceFRC.

Properties of SFRC in both the freshly mixed andibéaed state, including durability, are a consegeesf its
composite nature. The mechanics of how the fibeforement strengthens concrete or mortar, extenfitom the elastic
precrack state to the partially plastic post-crackete, is a continuing research topic. One ampré@ the mechanics of
SFRC is to consider it a composite material whaspgrties can be related to the fiber propertiedufme percentage,
strength, elastic modulus, and a fiber bonding mpatar of the fibers), the concrete properties igife, volume
percentage, and elastic modulus), and the propestithe interface between the fiber and the ma&irore general and
current approach to the mechanics of fiber reinfiiy@ssumes a crack arrest mechanism based oarfanechanics. In

this model, the energy to extend a crack and debwmnélbers in the matrix relates to the propertiethe composite.

SFRC has advantages over conventional reinforcadrete for several end uses in construction. Oraenele is
the use of steel fiber reinforced shotcrete (SFRBjunnel lining, rock slope stabilization, andlagging for the support

of excavation. Labor normally used in placing mesheinforcing bars in these applications may limiekted.
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Definition of Fiber Types

Steel fibers intended for reinforcing concrete deéned as short, discrete lengths of steel haaimgspect ratio
(ratio of length to diameter) from about 20 to 1@dth any of several cross-sections, and that afécgently small to be

randomly dispersed in an unhardened concrete neixtsing usual mixing procedures.\

ASTM A 820 provides a classification for four gesletypes of steel fibers based upon the produdl irs¢heir

manufacture:
Type | —Cold-drawn wire.
Type Il —Cut sheet.
Type lll—Melt-extracted.
Type IV—other fibers

PHYSICAL PROPERTIES
Fiber Properties

The fiber strength, stiffness, and the ability ok tfibers to bond with the concrete are importaherf
reinforcement properties. Bond is dependent oratipect ratio of the fiber. Typical aspect ratiasgeafrom about 20 to
100, while length dimensions range from 0.25 t0.36.4 to 76 mm).

Steel fibers have a relatively high strength andluhas of elasticity, they are protected from coisosby the
alkaline environment of the cementitious matrixg @imeir bond to the matrix can be enhanced by néchbanchorage or
surface roughness. ASTM A 820 establishes minimemsile strength and bending requirements for itemis as well as
tolerances for length, diameter (or equivalent @itar), and aspect ratio. The minimum tensile ygtdngth required by
ASTM A 820 is 50,000 psi (345MPa).

Behavior under Static Loading—The mechanism of fiber reinforcement of the centient$ matrix in concrete
has been extensively studied in terms of the wasist of the fibers to pullout from the matrix reésg from the
breakdown of the fiber-matrix interfacial bond. Imapements in ductility depend on the type and vaypercentage of
fibers present. The amount of fibers required ach@gea given level of improvement in strength angttdity is usually
less than the amount of equivalent straight uniféibrs. Steel fibers improve the ductility of coete under all modes of

loading, but their effectiveness in improving stgnvaries among compression, tension, shearptgrand flexure.

Compression— In compression, the ultimate strength is only gliglaffected by the presence of fibers, with
observed increases ranging from 0 to 15 percenifgdo 1.5 percent by volume of fibers.The additidsteel fibres up to
1.0% by volume has no significant effect on comgires strength. The compressive strength increageabbut 3% only
when 0.5% of fibre was used. The results showsftheds usually have only minor effect on the coegsive strength,

slightly increasing or decreasing the test regllts

The compressive strength of both plain and fibiefoeced concretes decreased after exposure thealtudied
range of temperature. It is less affected at L60(92%).At 350°C, the fibre reinforced concrete suffered furthénon
decrease of about (8 to 10%). However, the use@8b lof steel fibres enhanced the compressive dtiemg500°C by

about 16.5% compared to plain concrete at the $amperature [1].
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Direct Tension—In direct tension, the improvement in strengthigmiicant, with increases of the order of 30 to

40 percent reported for the addition of 1.5 perdgniolume of fibers in mortar or concrete

The incorporation of steel fibres into concretensfigantly increased the tensile strength of coteiEhe increase
in tensile strength when compared to referenceretedor HS1 (0.25% flat fibres and 0.25 % wirerdid) is 28% and for
HS2 (0.5% flat fibres and 0.5 % wire fibres) isriduto be 42% [7].1t can be seen that steel fiberlhege effect on tensile
strength, tensile strength increase with rangeocup5% comparing with concrete without steel fibéailure mode of
UHPC without steel fiber is a brittle failure, whilfailure mode of UHPFRC with steel fiber combimngith large

deflection and ductile failure. [2].

Shear and Torsion—Steel fibers generally increase the shear andotmabistrength of concrete, although there
are little data dealing strictly with the shear dadsional strength of SFRC, as opposed to thatioforced beams made
with a SFRC matrix and conventional reinforcingshdrhe increase in strength of SFRC in pure shastbken shown to
depend on the shear testing technique and the qoasedegree of alignment of the fibers in the sffigiture zone. For
one percent by volume of fibers, the increaseseadrgm negligible to 30 percerfrom the curves obtained for Torque vs
Twist, it was found that the twist for beams withateel fibers were more than the beams with dikets. The beams
with 1 % by volume of steel fibers show that théstwnder torque was lower when compared to allother beams [3].
The torsional strength of SFRC beams has increaped 47.27% which is very significant increasethie strength of
concrete compared to conventional RC Beam whenpethsteel of aspect ratio 38 was used when pegeentaiation of
steel is from 0.25% to 1% [4].

Flexure—Increases in the flexural strength of SFRC are tanliglly greater than in tension or compression
because ductile behavior of the SFRC on the tensiiia of a beam alters the normally elastic distiin of stress and
strain over the member depth. A summary of cooedmg strength data shows that the flexural stfeng SFRC is
about 50 to 70 percent more than that of the uforiad concrete matrix in the normal third-poinhbimg test. Use of
higher fiber volume fractions, or center-point loayg or small specimens and long fibers with siigaifit fiber alignment

in the longitudinal direction will produce greafrcentage increases up to 150 percent.

The increase in flexural strength for HS1 (0.258&b fibres and 0.25 % wire fibres) and HS2 (0.5%fflares and
0.5 % wire fibres) with respect to reference cotergM30) is found to be 6% and 13% respectively]. [7
The specimen without steel fibers seems to hawaget first-crack stress than the specimen cast stéel fibers. From
results of flexure test, it can be seen that dibet had large effect on flexure strength, anhéreased with range up to

40% comparing with concrete without steel fiber. [5]

Behavior Under Impact Loading—To characterize the behavior of concrete under anlpeading, the two most
important parameters are the strength and theuh@einergy. In terms of the differences between(SRRd plain concrete
under flexural impact loading, it has been fourat fior normal strength concrete the peak load$SfeRC were about 40
percent higher than those obtained for the plaitrimdor high strength concrete, a similar impnomeant in the peak load

was observed.

Concrete specimens were prepared with two wateenenatios 0.36 and 0.46. Hooked-end steel fibétis &n
aspect ratio equal of 80 at 0.5% and 1% volumetifnas and polypropylene fibers at 0.2%, 0.3% ariP@volume

fractions were used. Both the numerical and expental analysis results indicated that increasirgy fther volume
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fraction increased the impact resistance of theieia specimens. The results also demonstratedtdeltfibers are more
effective at increasing impact resistance than grolyylene fiber [6].In an experiment by adding 0,5240% and 1.5%
volume fraction of crimped steel fibre, the energguired to cause the visibility of first crack afailure increased up to
321% over plain concrete. When 0.5%, 1.0% and u6lme fraction of hooked end steel fibre was adidedoncrete,
the energy was increased up to 347% comparativEfe results shows that 1.5% volume fraction of Isféwe
considerably increases the impact energy. Moretheeincorporation of steel fibre to concrete, clemthe failure pattern

from brittle mode to ductile [8].

Fatigue Behavio—Experimental studies show that, for a given typdiludr, there is a significant increase in
flexural fatigue strength with increasing percestayf steel fibers. Depending on the fiber type abdcentration, a
properly designed SFRC mixture will have fatiguesgth of about 65 to 90 percent of the staticutekstrength.

The steel fibres in the concrete helps in briddhegycracks developed due to applied load therelayitgy the propagation

of cracks and enhancing the fatigue resistancemdrete by using two parametric Weibull distribuati§7].

Modulus of Elasticity and Poisson’s Ratie-In practice, when the volume percentage of fibertess than 2
percent, the modulus of elasticity and Poissortis i&f SFRC are generally taken as equal to thésesimilar non-fibrous

concrete or mortar.

The inclusion of fibres into concrete considerabhlhanced the elasticity modulus. The increase stieilty
modulus when compared to reference concrete fo(133% flat fibres and 0.25 % wire fibres) and K{B2% flat fibres
and 0.5 % wire fibres) is found to be 36% and 5@Xpectively[7].The modulus of elasticity is incsed up to 13%
comparing with concrete without steel fiber. Stmtr had a little effect on Poisson’s ratio resulkhe results showed that

the stress strain curve appear to be linear upa®(-80%) of compressive strength. [5].

Toughness— Toughness is a measure of the ability of the rater absorb energy during deformation estimated
using the area under the stress-strain curves Harlhe development of SFRC, toughness was recednias the

characteristic that most clearly distinguishes SFR@ concrete without steel fibers.

The fiber dosage is varied from 0 to 2 percentelSiad Polyolefin fibers were combined in differgnbportions
and their impact on strength and toughness studiédition of 2 percent by volume of hooked-end Ekfdsers increases
the toughness by about 19.27%, when compared tpléie concrete. When the fibers were used in aitiyilorm, the

increase in above study parameters was about 31 é#¥paratively [9].
Applications

The applications of SFRC will depend on the inggnof the designer and builder in taking advantagi¢he
static and dynamic tensile strength, energy absgrbharacteristics, toughness, and fatigue endearahthis composite
material. The uniform dispersion of fiber througholie concrete provides isotropic strength propsrtiot common to

conventionally reinforced concrete.
SYNTHETIC FIBER REINFORCED CONCRETE (SNFRC)

A variety of fiber materials other than steel, glasr natural fibers have been developed for usethey
construction industry for fiber reinforced concrel&ese fibers are categorized as synthetic fifoerase in synthetic fiber

reinforced concrete, SNFRC for identification. Setic fibers are man-made fibers resulting fromeagsh and
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development in the petrochemical and textile indest Examples of the synthetic fibers which haeerb studied are
polyethylene (PE), polypropylene (PP), acrylics KBApoly(vinyl alcohol) (PVA), polyamides (PA) ammblyester (PES).
Among those fibers PP fibers were the most efficiBolypropylene (PP) fibers have numerous propettiat make them
suitable for incorporation to concrete: low codigtility, ease of dispersal and good anchoring cipdolypropylene
fibers do not corrode, are thermally stable (higkltimg point), chemically inert and very stable tine alkaline
environment of concrete. Moreover, the polymer halydrophobic surface (does not absorb water) hag tlo not

interfere in the concrete hydration reaction. Atbe, crack/ fiber interaction increases the cradpgagation resistance.

The main disadvantage of PP fibers is their nomdpaolature, which inhibits adhesion to concrete.eSalv
methodologies use shrinkage reducing admixturéscrease compatibility of PP fibers and to limiack width. The key
factor to obtain good mechanical properties forccete is the interfacial adhesion between the @iaamatrix and the
fiber. To this regard, mechanical modificationsfiasillations and indentation increase the bondwith cement matrix.
Surface treatments are able to modify the fibeidoete interface by roughening the fiber surfacerimg surface polarity.
The modification of the surface chemistry and moipby of polymers increase the interfacial strengtimpared to

untreated PP fibers.
Physical and Chemical Properties of Polypropyleneiber

Polypropylene fibers are chemically inert and heragy chemical that will not attack the concretastituents
will not have any effect on the fiber also. Whenrenaggressive chemicals come in contact, the ctevél always

deteriorate first before fibers.

Polypropylene is hydrophobic, meaning it does rustoab water. Polypropylene fibers are not expettedond
chemically in a concrete matrix, but bonding hasrbshown to occur by mechanical interaction. Palgplene fibers are
produced from homo polymer polypropylene resin. Triedting point and elastic modulus, which are l@hative to many
other fiber types, may be limitations in certaingsses such as autoclaving. Test data have bawiled for composites
containing polypropylene fibers at volume perceatatanging from 0.1 to 10.0 percent. The materaperties of these
composites vary greatly and are affected by ther fimlume, fiber geometry, method of production aathposition of the

matrix. This is true for all synthetic fiber types.

Compressive strength—Compressive strengths have been reported for pmpypene FRC with fiber contents
ranging from 0.1 to 2.0 percent by volume. Thenedsonsensus in the reported results. In geriecan be stated that the
addition of polypropylene fibers at different qu#es has no effect on the compressive strengtle. fimor differences
noticed are expected variation in experimental wditkey can also be due to variations in the aciratontents of the
hardened concrete and the differences in theirmgights. However, the addition of polypropylengefis has a significant
effect on the mode and mechanism of failure of osteccylinders in a compression test. The fibercoste fails in a more

ductile mode. This is particularly true for higtetrength fiber concretes.
The improvement in cube strength observed in coniynased mixes due to fibre addition is small.

The addition of polypropylene fibres increased ZBeday’s compressive strength of the mix with tlesadje of
1.5% by 16% due the confinement provided by fibfidse compressive strength at 1.5% dosage is gligtgiher than
strength at 2% dosage. Strength enhancement rénoge8% to 16% for PFRC. [11]. Another study shawseduction of

compressive strength of concrete (with low, medamd high strength) can be explain by the presehbéghb number of
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fibres (almost 20500 polypropylene fibres in>fiibre) create breakage of bond between cement ggregates and this
inclusion represents a large surface area of nadtbreaking the cement and aggregates bonding usectoss of

compressive strength [10].

Flexural Strength (Modulus of Rupture)—By using fibrillated polypropylene fiber content 8f1 percent by
volume, there was a slight increase in flexuradrggth (0.7 to 2.6 percent), and at 0.2 to 0.3 g volume there was a
slight decrease. Moreover the modulus of ruptuseerined at 7 and 28 days was slightly greaterfifmillated
polypropylene FRC at fiber contents of 0.1 to Oe8cgnt by volume in comparison to plain concretaother study
reveals that the flexural strength of the mix vitie dosage of 0.5% and 2% increased by 16% andr8§péctively [11].

Split Tensile Strength In a study the split tensile strength varies fro#8 MPa to 9.2 MPa for 28 days. Failure
patterns of splitting tensile test indicate thaté@mens after first cracking do not separate urtlileeconcrete failure. Fibre
bridging mechanism is responsible for enhancedildueilure pattern. Strength enhancement in spijttensile strength
due to polypropylene fibre addition varies from 58®23% at 28 days [11]. Another study indicates tha addition of PP
fiber has profitable influence on the residual ttplj strength of concrete after elevated tempeeatabout 40%C) at
0.9kg/nt [12].

Impact Strength— A large number of test setups has been usedséstigate the performance of polypropylene
FRC under impact loading. Due to the variable retof such testing and the need to apply specialaealytical
techniques to each test setup, cross test comparesmnot be made. There are reports of increaggaict strength when

using polypropylene fibers.

Fatigue Strength— One of the important attributes of FRC is the ewkament of fatigue strength compared to
plain concrete. Failure strength is defined asmfaimum flexural fatigue stress at which the bean withstand two
million cycles of non-reversed fatigue loading.niny applications, particularly in pavements aridd® deck overlays,
full depth pavements and industrial floors, andsloffre structures, flexural fatigue strength anduesntte limit are

important design parameters mainly because thaseuates are subjected to fatigue load cycles.

In a study at four different loading frequenciesiz, 1 Hz, 1/4 Hz and 1/16 Hz, the fatigue lifee(thumber of
cycles to failure) at lower frequencies is lesatkizat at higher frequencies. However, the fibersmprove the fatigue
behavior significantly under low loading frequerkci&uch trend can be attributed to the effectiverdsthe fibers in

bridging cracks, and thus inhibiting the crack esten under cyclic loads [13].

Flexural Toughness and Post-Crack Behavier Flexural toughness and post-crack behavior haven bee
reportedfor fiber contents ranging from 0.1 to Pdrcent byvolume. Factors such as fiber lengtterfimaterial, fiber

geometry, and bonding characteristics also infleeghe toughness and post-crack behavior.

The flexural strength of the mix with the dosag®di and 2% are increased by 16% and 36% resphctnd
the enhancement in flexural strength is achievezitduihe improvement in mechanical bond betweert¢ineent paste and
fibre. As amount of fibre increases in mix, widemiof crack is reduced more effectively, and inceglathe flexural
strength [11].

Abrasion ResistanceAn accelerated test of abrasive erosion of concwee performed allowing the high-

velocity jet of water/sand mixture to act on theface of the test specimens. The research resettoudstrate that the
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abrasive resistance of concrete is in an inversetifon of the water/cement factor; the concreted Wigher compressive
strength and higher bending strength have alsdititeer abrasive resistance; the micro-reinforcattoetes demonstrate
higher abrasive resistance in comparison to thelraark concrete. The addition of polypropylene ribkas a positive
effect and contributes to increase of concretestasce to abrasive erosion by increasing the vaju¢o 15.43% by

conducting experiments at different water/cemetivsd14].

Shrinkage and Cracking—Rectangular and square slab specimens have beériacudemonstrate the ability of
SNFRC at low volume fiber additions to control diag resulting from volume changes due to plastid arying
shrinkage. Several reports have shown that lowedditer, and therefore high fiber count (numberfibérs per unit
volume), reduces the effects of restrained shriakagcking. There is presently no standardizedguhoe for quantifying
the effects of polypropylene, or any other synthéitier, on plastic or drying shrinkage or on cliagkthat result from
volume changes under restrained conditions. Howewany procedures have been suggested and theltsrase being
studied by the ASTM Subcommittee C09.42

Four commercially available polypropylene fibersrevénvestigated at dosage rates varying from 0.4%.3%.
Results indicate that while polypropylene fibersganeral are effective in controlling plastic skege cracking in
concrete, a finer fiber is more effective than arser one, and a longer fiber is more effective thahorter one. Further,

fiber fibrillations appear to be highly effective ¢ontrolling plastic shrinkage crackifith].

Permeability Tests at Elevated Temperaturesdt has been shown that polypropylene fiber reirgddrconcrete
may not be compatible with certain autoclave cutexhniques. Results of certain tests indicate ¢batposites cured in
an autoclave at 58 psi (0.4MPa), 284 F (G)0for 24 hours and then oven-dried at 241 F (11@8€24 hours suffer a
considerable loss in ductility due to thermal oxivka degradation of the polypropylene fibers. Itswater proven that the
thermal degradation was caused by the high oveimgitgmperature employed and that autoclave curingpnjunction

with oven-drying could be used only if drying temgteires are greatly reduced.

Shear Strengthlin a test, the polypropylene fibres added to the imireased the shear strength of the mix with
the dosage of 0.5% and 2% by 23% and 47% respBbctifefibre reduces the crack spacing, thus indigata more
redistribution of stresses. As the first crack fernhe fibres bridge it, transmitting stresses senie crack surface. In
order to enforce further crack opening the appléed! has to be increased, which leads to the faomatf another crack
[11].

Applications of SNFRC

Commercial use of SNFRC currently exists worldwigemarily in applications of cast-in-place coner¢such as slabs-
on-grade, pavements, and tunnel linings) and fast@mnufactured products (such as cladding panidisgs shingles, and
vaults). Currently, there are two different synibditoer volume contents used in applications todByey are 0.1 to 0.3
percent, which is referred to as low volume pemmget and 0.4 to 0.8 percent, which is referred stchigh-volume
percentage. There are also two different physibalr fforms. They are monofilament and fibers praalfrom fibrillated

tape. Most synthetic fiber applications are atGHepercent by volume level to control plastic skaige cracking.
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CONCLUSIONS

There is a wide range of fibers to use as the fibforcement in concrete such as steel, polymgtass, carbon,
aramid, natural, etc.

Increment in modulus of elasticity and in compressstrength provided by steel fibers can be consddle

negligible for design purposes.

With respect to fiber geometry, the fiber length filser diameter ratio (aspect ratio) is particlyyamportant for

mixing and for the performance.

High fiber volume fraction and high yield strengthfiber is needed for high strength concrete tdpice ductile

failure.

Pre cracking behavior in tension can be defineddglecting the effect of steel fibers. Postcrackiegavior can

be different depending on the fiber length, contehéipe and diameter.

Application of steel fiber reinforcement in conereahay produce residual tension forces in the crhakess

section after cracking resulting tougher behavior.

According to the results of compressive strengtstste the concrete compressive strength increased

proportionately with the increase in volume ratidgropylene fibers.
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