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Abstract:

The application of the FRP (Fiber Reinforced Polymer) rebar is presented in
this paper. The various kinds of fibers, depending on the types of the FRP
rebar and types of matrix of FRP are listed. The main tasks of matrix and
fibers are specified. The two methods of FRP bars production are explained.
The selected physical and mechanical properties of the various types of the
FRP rebar are shown and compared. The long-term properties of the FRP
rebar, as relaxation and creeping processes, are also introduced. The FRP
properties were compared to conventional steel reinforcement properties.
Moreover, the typical disadvantages of traditional reinforced concrete, as
the susceptibility to corrosion were presented. It is shown that the FRP
reinforcement is quite opposite, since it has almost total resistance to
corrosion. The corrosion factors, to which the FRP is resistant, are presented
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and explained.
1. INTRODUCTION

Due to the high susceptibility to technological
and material innovations, and huge development
ability as well, civil engineering represents a
significant aspect for development of the material
engineering. Building and engineering structures
are often implemented and operated in very
difficult environmental conditions. In an aggressive
environment, in which reinforced concrete
elements do not comply with the application
requirements, the polymer reinforcements are
used increasingly [1]. In order to develop an
alternative to conventional reinforcing steel, the
Fiber Reinforced Polymer (FRP) rebar, reinforced
with long fibers, were introduced in use. The first
use of fiber reinforced materials, such as glass
fiber, carbon fiber or aramid fiber, were
implemented in the concrete industry in the late
nineteen seventies.

Very good strength properties, low self-weight
and high durability in aggressive environment,
generate an intensive development of verifying the

possibility of applying the FRP rebar as the main
reinforcement in concrete structures [2,3].
Furthermore, due to easy and rapid assembly
under any weather conditions, the composite
reinforcement finds its application in many areas
of the construction industry. Thanks to its non-
magnetic characteristics, this reinforcement is also
used in industrial objects, particularly exposed to
electromagnetic waves. In this situation the FRP
rebar can be used as a reinforcement of, among
others, electrolytic baths or foundations for
transformers of special building and engineering
objects [2].

1.1 Structure of the material

The FRP bars, used as reinforcement of
concrete structures, consist of a matrix (usually
thermosetting resins as polyester, epoxy, vinyl
ester, phenolic etc. or thermoplastic resins as
polyetheretherketone PEEK or PPS polyphenylene
sulphide) and the embedded continuous fibers,
which are internal reinforcement of the composite.
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The main task of the matrix is to take over the
transmission of stresses caused by external loads
on the fibers, but also to provide the proper
separation of reinforcing fibers, to protect them
from damage. In general, the fiber content is
between 30 and 70% by volume of the overall
composite. The fibers' type and their contents
depend on the expected properties of strength and
stiffness of the finished product. Depending on the
used kind of fiber four types of the FRP bar are
distinguished

[4-6]:

e GFRP (Glass Fiber Reinforced Polymers) —
polymer composites reinforced with glass
fibers E-glass, S-glass and resistant to alkalis —
AR-glass (Fig. 1.);

e CFRP (Carbon Fiber Reinforced Polymers) —
polymer composites reinforced with graphite
and carbon fibers (Fig. 2.);

e AFRP (Aramid Fiber Reinforced Polymers) —
polymer composites reinforced with aramid
fibers Kevlar 29, Kevlar 49, Kevlar 149,
Technora H and SVM (Fig. 3.);

e BFRP (Basalt Fiber Reinforced Polymer) —

polymer composites reinforced with basalt

fibers (Fig. 4.).

Fig. 3. AFRP bars [9]

Fig. 4. BFRP bars [7]

1.2 The production process

The two types of production methods of the
FRP bars are distinguished mainly, depending on
the applied matrix [4,10]. Those methods are:

e The composites made of thermoplastic resins
— produced by the injection and extrusion

methods;
e The composites based on thermosetting
resins — produced in two stages: | — the so-

called molding compositions (resins with
additives) are prepared by wet or dry method,
Il — the molding compositions are processed
into finished products.

To obtain the continuity of physical and
mechanical parameters and to guarantee the
highest quality of the composite rebar in
production the pultrusion method is used.
A scheme of the pultrusion process is presented in
Fig. 5. In this method, before the reinforcing fibers
are pulled through the chamber, where the fibers
are impregnated with a synthetic resin, the fibers
are pulled from fiber (roving) creels controlled by
the pulling system. The fibers exit the resin bath
and enter the performer where material is shaped.
Subsequently, the composite passes through the
heated die where the final cross-section is
determined and cured. Finally, the product is cut
to desired length [10,11].

. . Guide plate Preformer

Fiber Creel

. Resin bath
Cut-off saw

Pulling
system

Fig. 5. Scheme of the pultrusion process [11]

Forming and
curing die
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2. PROPERTIES OF FRP BARS

Considering the mechanical and physical
characteristics of the FRP rebar it should be noted
that they are directly related not only to the type
of used fibers, but also to the direction of fibers
orientation, its percentage content of the entire
volume of the composite and the diameter of the
rebar. The type of used polymer matrix and the
method of production can also significantly affect
the physical and mechanical properties of the FRP
rebar [6,10].

2.1 Physical and mechanical properties

The selected basic physical and mechanical
characteristics of the FRP reinforcement, based on
the product data sheets and American design
recommendations, are presented in the Table 1.

Table 1. The selected physical and mechanical
properties of the FRP rebar [7, 13, 14]

Type of rebar depends on used
Properties fibers
GFRP BFRP CFRP | AFRP
(7] (7] [14] (13]

Density[g/cm3] | 1.85— | 1.99— 16 1.25-

2.04 2.26 ) 1.40
Tensile strength < < < <
[MPa] 1250 | 1450 | 3100 | 2540
Tensile modulus 1-
of elasticity <55 <78 | <£148 125
[GPa]
oot 2o (20|, [ as-
the fiber [%] ’ ) )
Tensile
strength/density | 613 642 1938 | 1814
ratio

In comparison to the reinforcing steel, wherein
the density is from 7.5 to 8.7 g/cm3 (usually the
average value 7.85 g/cm3 is taken), [15], the FRP
bars are characterized by nearly fourfold lower
density and therefore — much less dead load. The
highest density of the FRP bars have basalt fiber
reinforced (BFRP). In turn, bars reinforced by
carbon fibers (CFRP) are characterized by the
largest tensile strength/density ratio — for steel
bars this ratio is approx. 88.

The strength properties of the FRP bars in
tension have linear elastic characteristics until
rupture. Since there is no plastic deformation, the
destruction takes place suddenly, without any
prior indications [6,7]. Furthermore, the tensile

strength of the reinforcing steel, in comparison to
the FRP bars, is considerably lower, whereas the
tensile modulus is relatively low (except for the
CFRP bars).

2.2 The long-term properties

The properties of the FRP bars, which are under
the long-term action of load, are significantly
different from the characteristics of those under
the short-term action [6]. It is estimated that after
50 vyears the load reduction, as a result of
relaxation, is 2 — 10% for the CFRP rebar, 4 — 14%
for the AFRP and 11- 25% for the GFRP [16]. In
turn, the susceptibility to creeping process
increases with the intensification of the load level.
The environmental factors, i.e. high temperature
or UV radiation, also contribute to intensification
of creep. The lowest susceptibility to creep, after
500 000 h, have the CFRP bars (reduction of the
short-term tensile strength at rupture is approx.
7%) and the next is for the AFRP bars (53%
reduction). The most susceptible are the GFRP bars,
where reduction is up to 77% [17]. Moreover, the
concrete elements reinforced with FRP bars have
very good fatigue properties, under the
assumption that the load acts parallel to the
direction of fibers [12].

2.3 The corrosion resistance

The undoubted disadvantage of traditional
reinforced concrete is susceptibility to corrosive
factors. The building and engineering structures
are often exposed to the influence of frequent
wetting, temperature changes, impact of large
external loads etc. Those interactions often cause
the destruction of protective coating of
reinforcement, which can lead to corrosion.
Expansion of corrosion products results in
thedestruction of concrete elements [18,19].

During the designof engineering structures
(especially bridges), it is necessary to use
repeatedly the construction and materials
solutions, which have possibly the highest
corrosion resistance. This is largely possible to
achieve by application of the FRP rebar [12,20].
The properties of the FRP bars allow for their use
in structures, in which the use of conventional
reinforced concrete does not meet the set
requirements. For example, the industrial
equipment, which produces strong power and is
placed close to the reinforced concrete element
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can cause the induced current in the steel rebar.
The result is rapid corrosion and loss in load
carrying capacity of the whole structure [12].

The undeniable advantage of the FRP
reinforcement is its total resistance to corrosion.
The composite rebar does not conduct electricity
and electrical equipment that properly operate
near works. In addition, structural elements
reinforced with FRP bars are free of defects that
appear in reinforced concrete structures, i.e. they
are resistant to the harmful effects of water, salt
water or acid environment [21]. The corrosion
resistance is a common feature of the fiber
reinforced rebar. To obtain such an effect is
possible by using the polymer matrix. The polymer
fibers, used to produce the FRP rebar, are
characterized by very high chemical resistance to
oxidation, but also to corrosion, which is caused by
chlorides, sulfates, mold, rust, etc. This is a
particularly important feature, especially in the
case of aggressive environment impact, caused by
vicinity of the sea water or influence of the heavy
industrial area [12].

3. SUMMARY

In order to eliminate the typical defects and
disadvantages of conventional reinforced concrete
the FRP rebar are increasingly investigated and
used in the construction industry. The reason is
multitude of very good physical and mechanical
properties of this material, such as high tensile
strength and resistance to corrosion, low density,
electromagnetic, electrical and electro-static
neutrality. All of these properties are related to the
internal structure of the rebar. It consists of
embedded continuous long fibers (carbon, glass,
basalt, aramid), which act as internal
reinforcement of the composite and matrix
(thermosetting or thermoplastic resins), which
provide not only the proper separation of
reinforcing fibers and protection from damage, but
also the proper transmission of stresses on the
fibers.

The mechanical and physical properties of the
FRP rebar depend on the used type and content by
volume of fibers, direction of these fibers (i.e. load
acts parallel to the direction of the fibers) and
chosen method of production (e.g. pultrusion).
Because of materials used in production, the
density and self-weight of the FRP is much lower
than steel. The differences in density appears also
between types of bars. The basalt fiber reinforced
bars (BFRP) are characterized by the highest

density and thus, the highest self-weight. On the
other hand, the largest tensile strength/density
ratio is a characteristics of the CFRP bars (approx.
22 times more than reinforcing steel). In
comparison to the reinforcing steel, the tensile
strength of the FRP bars is very high and has linear
elastic characteristics until rupture. Moreover,
with exception of the CFRP bars, the tensile
modulus is relatively low. However, the attention
should be paid to the fact that properties of the
FRP bars under the long-term action of load are
different from those at the short-term. It is
expected that the highest load reduction, as
a result of relaxation has the GFRP rebar (11-25%)
and the lowest the CFRP — 2 — 10%. The CFRP bars
also have the lowest reduction of the short-term
tensile strength at rupture (approx. 7%) as a result
of creep.

The fact that the FRP rebar has the high
corrosion resistance should not be left out. It is
one of the properties of the FRP bars, which
contributes to reducing the traditional reinforced
concrete defects, i.e. the influence of acid
environment or action of water. The high corrosion
resistance is provided by the polymer matrix,
which is characterized by very high chemical
resistance to oxidation and corrosion caused by
chlorides, sulfates, mold and rust. The corrosion
resistance is one of the most important
characteristics of reinforcing materials, especially
when the concrete structure works in an
aggressive environment.
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