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II. CATEGORIZATION OF FIBERS

Abstract: Incorporation of the different types of fibers in the
concrete composite has become a conventional approach in the
recent era. The culminating enhancement of various properties of
the cement and concrete composite by the instigation of the fibers
and their feasibility to the various environmental conditions make
them stand out in the present scenario. Furthermore, the hybrid
fibers in various combinations have a synergetic effect which
causes the advancement of two more parameters of the concrete
composites. This paper lines up the transformations in the
physical, chemical and the mechanical properties of fiber
reinforced concrete. This provides the abbreviation of the
classification of fibers and the impact of mono fibers and hybrid
fibers as well in the concrete composites. Thus the different
literature reviews throw light on the necessity, choosing the right
fiber and their consecutive effects on the type of concrete
composite used. Steel fibers and polypropylene fibers were noted
to improve the mechanical strength to an extend whereas glass
and carbon fibers tend to have the same effect in lower level which
had also become a hazardous one owing to the various chemical
reactions. Though the natural fibers have good durable
properties, it is used less due to its degradable nature

Different types of mono fibers or hybrid fibers are used to
enhance various properties like creep, shrinkage, micro
cracks, workability, tensile strength and compressive strength
of the concrete structures. On the basis of literatures review
various types of fibers are detailed in this paper.
A. Steel fibers
Being the most commonly used fiber for most of the non
structural and structural elements [6], when steel fiber is
introduced in concrete at various contents by the volume of
concrete, utmost compressive strength were noticed at 1.5%
fiber in concrete showing 15.3% higher strength than the high
strength concrete obtained without fiber [7]. It was reported in
another study that the concrete mix developed with smaller
fibers reciprocated larger compressive strength than the
concrete with long fiber [8]. Laboratory research was
conducted on fiber reinforced concrete (FRC) in the year
1963 in the United States [9]. The splitting tensile strength of
concrete was noticed to rise 159.8% higher than the
unreinforced concrete when incorporated with 1.5% hooked
end steel fiber [10]. Steel fiber along with pozzolanic
materials was found to be effective and recommended in
another study [11].Upon the addition of 2% of hooked end
steel fiber having the energy absorption properties and
flexural strength were found to be higher than the concrete
with crimped and straight fibers [12]. The creep of concrete
were also notably reduced up to 24% than the plain concrete
in steel fiber reinforced cement composites[13].Steel fibers in
concrete restricts the extension of drying and plastic
shrinkage cracks and in turn minimizing the permeability of
concrete.

Key words: fiber reinforced concrete, mono fibers, hybrid
fibers, classification of fibers, natural fibers.

I. INTRODUCTION

Though the usage of cement and cementitious materials in
concrete is inexorable, the low strain capacity and tensile
strength of these materials make them to be brittle in nature.
The minor cracks and brittleness of the concrete structures are
visibly minimized by the addition of the fibers [1]. The
durability performance, ductility and toughness were also
increased with the addition of fibers. This is achieved by
limiting the initiation and propagation of cracks [2].
Polymeric, natural and metallic fibers are used for the
enhancement of the concrete properties [3].A single type of
fiber only improves any one property of the concrete
composite, whereas a hybrid fiber improves two or more
parameter of the concrete structures [4] by deriving the
benefits from individual fibers which in turn creates a
synergetic response in the concrete structures [5].

B. Polypropylene fiber
One of the most commonly used and compatible fiber with
almost all of the concrete types and chemical admixtures are
the polypropylene fiber. They are developed from the
propylene gas by conventional melt spinning. By the increase
in the polypropylene fiber volume fraction, the workability of
concrete declined proportionally [14], which can be rectified
by the addition of high range water reducing admixtures [15].
Upon the addition of 1.5% of polypropylene fiber in concrete,
the split tensile, flexural and compressive strength were
improved [16].Whereas in another study, the compressive
strength of concrete increased up to 17% from 4% upon the
addition of polypropylene fibers [17].
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The split tensile strength and flexural strength were reported
to increase with the increasing fiber content up to 9kg/m3 by
the conduction of tensile stress to the fibers which in turn
arrests the micro cracks [18]. Thus the polypropylene fibers
are widely used since it greatly improves fracture parameters
[19], arrests the plastic cracks [20] and also reduces the
plastic shrinkage [21].

of fibers in order to enhance the overall response of the
structure. Various types of hybrid fibers are reviewed below:

 Polymer-Polymer hybrid fiber
In a detailed study when two volume fractions of 1.2% and
2% of polypropylene and polyvinyl alcohol fibers having
various hybrid fiber ratios are used as reinforcement, it
improved the ductility behavior at the best for a polyvinyl
alcohol/polypropylene ratio of 75/25 % [29]. The impacts of
the polypropylene/polyethylene polymeric hybrid fiber as
reinforcement on the mechanical and rheological properties
of the composites were correlated with Polyacrylonitrile
(PAN) fibers of bean shape. The polypropylene/polyethylene
hybrid type fibers were blended together by six packages of
filaments by extruding process and they were recorded to
enhance the mechanical properties by 40% for the hybrid
fiber included cementitious composites [30]. The
compressive strength, flexural strength and splitting tensile
strength were noticed to increase than the mono fiber
reinforced concrete when the polypropylene fibers of macro
mono filament and microfiber of various percentages are
included in the cementitious matrix.Thus when two various
polymer fibers are used together in cementitious matrix, it
tend to enhance the strain capacity, strength and ductility

C. Glass fibers
Glass fibers were first used in Russia and were noted to
corrode by the alkaline cement matrix which later on induced
to develop the alkali resistant glass fibers. The polymer plate
jackets developed with glass fibers effectively prevented the
longitudinal bar buckling in columns [22]. However large
deflections and crack width were noticed in the concrete
members developed with reinforced polymer bars due to the
lower modulus of elasticity of the fiber compared with that of
the steel fiber [23]. In another study when 20 various types of
glass fiber reinforced polymer bars are tested in three variant
alkaline environment under different tensile loading (22-68%
of ultimate strength) along with the stress corrosion
mechanism by micro structural analysis. Stress dominated,
diffusion dominated and crack propagation dominated stress
corrosion mechanisms were identified under different
sustained stress levels [24]. Thus the glass fiber is much
pronounced in the improvement of stability of the concrete
structures.

 Polymer-Natural fiber
When steel fiber and palm fiber are introduced together at 2%
of total volume fraction in the concrete composite, the
residual strength and flexural strength are visibly increased
when compared with the mono fiber concrete composite [31].
Though the incorporation of natural fibers in concrete
structures develops mineralization in alkaline environmental
conditions [32], they also play major role in the cost reduction
of the weight of the structures. The study of hybrid fiber
reinforced concrete having natural fibers are limited and these
toughness enhancing polymer-natural hybrid fibers are to be
experimented and studied more in future.

D. Carbon fibers
The low weight, high stiffness and high strength made the
carbon fibers to be an important material in the aerospace
industry which is later on very commonly used in the
construction industry also due to its extended benefits. The
mechanical properties of the concrete mixture were noted to
improve by the high resistance to cracks and permanent
deformation in the flexible pavement [25]. The electrical
conductivity and the performance were better in carbon fiber
included pavement than the graphite one. Thus it insists the
clearance of snow and ice by thermo-electrical techniques
during the winter season in the highways [26] [27].

 Steel-Steel hybrid fiber
Hybridization of macro (fiber diameter =0.8mm) and micro
(fiber diameter =0.4 and 0.45mm) crimped steel fibers i.e.,
use of smaller crimped steel fiber with alike length improved
the flexural toughness of the concrete [33].The tensile
strength, cracking and toughness are visibly improved with
the addition of both carbon steel hooked end fiber and
amorphous metallic straight fiber in the fiber reinforced
concrete in another study [34]. When long and short
corrugated hybrid steel fiber are introduced at 1, 1.5 and 2%
into the concrete mix resulting in a good workable concrete
but no positive enhancement were observed in the residual
strength and flexural toughness of the fiber reinforced
concrete[35]. The tensile strength and split tensile strength
were notably higher for a blend of steel and brass coated steel
at 1.5% and 2% respectively when the seismic behavior of the
beam- column joints for three different fibers namely brass
coated steel fiber; polypropylene fiber and hooked end steel
fiber were analyzed under cyclic loading. Also the damage
tolerance capacity, member ductility and shear capacity were
found higher than the conventional concrete [36]. Altogether
hybrid steel fibers are good enough to uplift the mechanical
and durability properties of the
concrete composite.

E. Asbestos fibers
Asbestos fibers are developed from the rocks containing
asbestos which is the crushed to produce the fibrous material
(asbestos). It was earlier referred as the miracle mineral in the
18th century by the Greek and Romans. Asbestos fibers can be
either added to the concrete or to the cement. In a study of the
plain and modified asphalt mixtures, the hydraulic properties
and the void contents were studied and compared. One
polymer modifier was introduced in two different mixtures
and asbestos was used in another one modifying the base
matrix. After the fatigue test, the hydraulic properties and
void content were noticed to decrease for plain and SBS
modified mixture, whereas no decrease in no decrease in void
content with minimal rutting and unchanged drainage
properties were observed in the mixture with asbestos
fiber[28].
F. Hybrid fiber
Hybrid fibers are developed to exhibit a synergetic effect in
concrete by extracting the beneficiary from two or more types
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 Steel- Polymer hybrid fiber:

 Polypropylene fibers improves the fracture strength
and compressive strength up to 17%
 Glass and carbon fibers tend to improve the
mechanical properties of the concrete composites
but they were also noted to be hazardous to the
environment.
 The natural fibers were reported to increase the
durability of the concrete structures; however they
are used less due to their lower stability and
degradation nature.
 Hybrid fibers improve the mechanical as well as
durability properties of concrete through the
synergetic effect than any other mono form of fiber
reinforced concrete.

The multiple cracking and strain hardening behavior were
investigated for the hybrid fibers blended with polyethylene
and steel fibers. A critical fiber volume fraction concept was
proposed upon the experimental verification which can be
tuned by ideal picking of fiber diameter, length and interfacial
bonding strength. The fibers with lower modulus behaved
better during multiple cracking and strain hardening in the
post cracking zone. Elevated polyethylene fiber content
improved the strain capacity in the hybrid system [37].
Compared to the mono fiber reinforced concrete, the hybrid
–polypropylene-steel FRC in lower fiber volume fraction of
0.5% enhanced the mechanical performance of the concrete.
Similar results with 0.5% steel fiber reinforced concrete were
noted when 03 volume % of steel fiber and polypropylene
fibers were replaced [38].In another study of partial
replacement of steel fibers with polyvinyl alcohol fiber at a
total fiber volume fraction of 2%, both flexural toughness and
flexural strength were enhanced developing the best energy
absorption capacity at 1.75%steel + 0.25%polyvinyl alcohol
hybrid composite mix. The deformability and ductility were
also enhanced due to the delay in the development of macro
cracks by the steel fibers with lower elastic modulus [39]. The
shear behaviors of FRC with two different combinations of
fibers were studied. The hybrid steel/polypropylene fibers
performed well exhibiting good workability in fresh concrete
and better toughness in hardened concrete compared with the
steel/ recycled Polyethylene terephthalate fibers [40]. Thus
the hybrid steel-polymer fiber was found to enhance the
durability of concrete mix at various conditions.
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