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Fibre Reinforced Polymer (FRP) has become a practical alternative construction material in various structural aspects on

account of its intrinsic properties such as light weight, very high tensile strength and does not corrode. It can be used as

reinforcing material replacing conventional steel reinforcement in reinforced concrete (RC) structures. But it is brittle in

nature. To introduce ductility, a composite of Fibre Reinforced Polymer (FRP) and mild steel has been developed by

sandwiching the FRP between steel strips. The present work describes the fabrication process to prepare the specimens in

the laboratory. Specimens of steel-CFRP composite were prepared and tested under uni-axial tension following ASTM

A370-02 guidelines. Model proposed by Gang et al. was used to do the analysis of these specimens. Experimental test

results showed that the stress-strain curves of these specimens were bilinear prior to the fracture of laminate of CFRP.

Good convergence between experimental and theoretical results of yield load, modulus of elasticity and ultimate load of

steel-CFRP composite specimens was achieved using Gang’s model.
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1. Introduction

Fibre Reinforced Polymer (FRP) is being increasingly
used as construction material in various structural
aspects. It can be used externally to improve the
flexural and shear capacities of beams, slabs and shear
wall made by reinforced concrete effectively [2]. Also,
it can be used internally as reinforcement bars (rebar)
replacing conventional steel reinforcement in
reinforced concrete (RC) structures due to its
advantages, such as, corrosion resistance, non-
conductivity, high strength-to-weight ratio and light
weight [3]. However, FRP products have certain
deficiencies such as elastic behavior until failure and
big differences between longitudinal and transverse
mechanical characteristics, as well as between tensile
and compressive stresses. Main deficiencies of FRP,
when compared to steel reinforcement, are their non-
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ductile behaviour while steel is the opposite [4].
Combining the advantages of the two (steel and FRP)
the new composite material is expected to have
outstanding comprehensive properties such as high
strength, a high elastic modulus, good ductility [5, 6].
Gang et al. [ 7] introduced a new reinforcing material
of steel-fibre-reinforced (FRP) composite bar (SFCB)
consisting of different amount of fibre (bundle)
wrapped around steel rebar of 10 mm diameter. Test
results of specimens under uniaxial tension showed
that the stress strain curves of the (SFCB) was bilinear
before the fibre fractures and a post yielding stiffness
achieved. To provide the required increase in capacity
while keeping the ductility within an acceptable range
Emad and M ASCE [8], introduced innovative hybrid
reinforcement system (HRS) consisted mainly of core
reinforcement enclosed by one or two layers of
perimeter reinforcement (carbon or glass fibers). The
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core reinforcement (which is made of either plain
normal mild steel or aluminium bars) was covered
with epoxy and while wet surrounded by perimeter
layers of fiber reinforcement. The HRS was used as
a main reinforcement in slab, detail of HRS could be
seen in [8].

Inspired from the last two research works
mentioned above, in the present work, another
composite of steel and CFRP has been innovated.
The specimens of steel-CFRP composite were made
by sandwiching CFRP laminate between two mild
steel strips. It is worth mention that the amount of
steel used to prepare these specimens was as little as
possible:

1) To introduce ductility in the specimens after
fracture of CFRP laminates.

2)  To provide stiffness so that it can be configured
to any desirable form like 90 degree bends in
anchorage zones and bends in the stirrups or
hoops.

3)  To protect CFRP laminates from the surrounded
environment.

Tensile test conducted on these composite
specimens showed that the stress-strain curves were
bilinear prior to the fracture of laminate. Good
convergence between experimental and theoretical
results of yield load, modulus of elasticity and ultimate
load of steel-CFRP was achieved using Gang’s model.

Objective of Study

In this paper, objective of the present work is to

(a) Study the behaviour of this new composite under
uni-axial tension,

(b) Propose a model gives a better estimate of yield
load, modulus of elasticity and ultimate load.

Above mentioned objectives are the preliminary
requisite of a broader objective of continuing work on
the study of the response of concrete beams reinforced
with the composite in lieu of conventional reinforcing
steel bars under quasi-static loading. To cast the
concrete beams reinforced with the composite, stirrups
and longitudinal reinforcement have been made.
Fig. 1 shows the stirrups and longitudinal bars that
would be used to reinforce concrete beams in the
continuing work.

2. Material Properties

Three materials were used to prepare the specimens.
These are CFRP (SikaWrap®-300C), adhesive
(Sikadur®-330) and steel strips. The mechanical
properties of steel strip found experimentally, along
with specified properties of CFRP (SikaWrap®-300C)
and adhesive (Sikadur®-330) as reported by
manufacturer are listed in Table 1.

(a) (CFRP) SikaWrap®-300C

It is a unidirectional woven carbon fiber fabric for the
dry application process. It is commercially available
with 50 m/roll, 300 or 600 mm width, areal weight
300 g/m? + 15 g/m and density 1.79 g/m3.

(b) Adhesive (Sikadure-330)

In this research, sikadure-330 was used. It is two

Fig. 1: Stirrups and longitudinal composite reinforcement
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Table 1: Properties of material used in preparing specimens

Material SikaWrap®- Sikadur®- Steel strip
300C 330

Tensile strength (MPa) 3900 30 388

Tensile E-modulus (MPa) 230000 4500 150000

Elongation at break 1.5% 0.9% 30%

Thickness (mm) 0.166 - 1.5

part epoxy (A+B) impregnation resin. Part A is the
resin while part B is hardener.

(c) Steel Strips

Mild steel strips 200 mm long, 20 mm wide and 1.5
mm thickness are cut and configured according to
ASTM A370-02. Tensile tests were conducted on the
steel strip specimens to calculate yield stress, ultimate
stress and the modulus of elasticity of steel, Table 1

3. Experimental Programme
(a) Preparing of Steel Strips

Mild steel strips 200 mm long, 20 mm wide and 1.5
mm thickness are cut from full size standard plate at
first. Then the dimensions of these steel strips were
configured according to ASTM A370-02. A reduction
in specimens’ width at 50 mm from strip’s edges was
made on Lathe machine. Fig. 2 illustrates the
dimensions and finally machined steel specimens.

Fig. 2: Steel specimens

(b) Fabrication Composite Specimens

Surface preparation of the metal substrate is
indispensable to achieve a good bond between the
metal and the CFRP. The strength of the adhesive
bond is directly proportional to the quality of the
surfaces it mates. ASTM provides guidance for the
surface preparation of metals for adhesive bonding.
Surface preparation involved the following:

1)  Mild surface grinding to remove all scaling, rust,
paint, and primer from the steel strips is done
using grinder.

2)  Specified SikaWrap®-300C fabric cut to the
desired dimensions.

3) Resin and hardener (Sikadur®-330) were
correctly proportioned by using sensitive balance
and thoroughly mixed together by using a drill,
Fig. 3.

4)  The Sikadur®-330 was applied to the prepared
substrate using a brush.

5)  The SikaWrap®-300C fabric was placed in the
required direction onto the Sikadur®-330.

6) The excess epoxy and air were removed
applying mild pressure by a plastic roller moving
in the direction of the fibre.

7)  For additional layers of Sika Wrap®-300C fabric,
Sikadur®-330 were applied to previously applied
layer and the laminating procedure was repeated.

Fig. 3: Sensitive balance
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8)  The final stage of preparing the specimen was
to place the second steel strip on the last layer
of polymer. Parallel clamps were tightened to
hold the sandwiching CFRP and steel specimens
together to ensure removal of any air that might
be entrapped between CFRP laminate and the
second strip. Fig. 4 illustrates used parallel
clamps.

Fig. 4: Parallel clamps

(c) Specimens and Test Set-up

Five groups of specimens, each consisting of three
specimens were prepared. The CFRP was
sandwiched between two steel strips for four groups
with different numbers of layers starting from two
layers to five layers while the fifth one has been left
without any layer of CFRP. Thus, three specimens
each of two layers, three layers, four layers and five
layers were prepared. Fig. 5 shows the prepared
specimens. Each specimen was tested in tension in a

Fig. 5: Prepared specimens

500kN capacity Zwick Roell universal testing machine
with a loading rate of 2 mm/min. The test continued
until the fracture of steel strip.

(d) Behaviour of Specimens Under Uniaxial
Tensile Load

Figs. 6 show the load—displacement curves of one
specimen for each type under tensile load while Fig.
7 shows the stress-strain curves of the uniaxial tensile
test on these specimens. Until the strain reaches
almost 0.002 the load is shared by both the materials
that is steel and CRPF laminate of the composite
specimen and it behaves elastically. Yielding of steel
makes the CFRP laminate a dominating component
to resist the load and becomes sole responsible to
carry additional load until it ruptures at peak load.
Having CFRP laminate fractured, the load decreases
rapidly to a value much lower than the peak load and
the steel carries the entire load till steel ultimately
breaks.
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Figs. 6 A-F: Load-displacement curves

Fig. 7: Stress-strain curves for all specimens

4. Test Results

Table 2 shows the values of yield and ultimate load of
specimens. The values represent the average of values
of three specimens.

From the Table 2 and Fig. 4, the following
observations can be drawn:

1)  The stress-strain curve for all the specimens
was bilinear before the laminate fractures.

2)  The yield and ultimate loads increased with the
increase of the number of layers of CFRP.

(a) Theoretical Model of Steel-CFRP Composite

Gang et al. [ 7] presented a theoretical model for steel-
fibre-reinforced polymer composite bar (SFCB) under
auniaxial tensile load on Crescent-rib steel rebar with
a diameter of 10 mm wrapped with different fiber
amounts (bundles) around. The stress-strain behavior
of all specimens was bilinear before the fiber
fractured. The specimen showed the ideal failure
mode of steel yielding first, followed by the outside
fiber fracture and, finally, followed by tensile failure
of steel.

Table 2. The strengthening effects of bonding CFRP laminate to the steel strips

Specimens Steel With laminate of With laminate of ~ With laminate of With laminate of
(two trips) two layers three layers four layers five layers

Yielding load (N) 11175 12789 14164 15904 17628

Ultimate load (N) 14540 21250 26750 29450 33750
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Table 3: Theoretical and experimental results of steel-CFRP specimens

Specimen Area Theo. Exp. Theo. Exp. Exp. Theo.
(mm?) elastic modulus elastic modulus yield stress yield stress  ultimate  ultimate tensile
E1 (GPa) (GPa) 0,(MPa) (MPa) tensile load kN
load kN

With laminate of two layers 63.75 103.2 100 206.4 202 21.25 25.49
With laminate of three layers 68.75 102.6 102.9 205.2 206 26.75 32.65
With laminate of four layers 71.25 105.7 110 2114 218 29.45 39.8
With laminate of five layers 76.25 105 115 210.13 225 33.75 42

The equations for tensile stress ¢; and elastic
modulus E| are as follows:
o, =EA+EA)A 0<e<e

6]

E =(E,A +E,A)/A, )

OSSSQ

where A , E and g, are elastic modulus, cross section
area and yield strain of steel, respectively; E % and A .
= elastic modulus and, cross section area of fibre;
and A = AS +A -+ Ar, where Ar is the area of resin in

SFCB.

The equation for the ultimate tensile stress is as
follow:

o, =(f,A +€E,A,)/ A, £, <e<¢g, 3)
where, fy = yield of stress of steel, and € = fracture
strain of the FRP.

The behaviour of steel-CFRP under uniaxial
tension, in the present study, was similar to that of
SFCB. Also the materials used to manufacture the
two types of specimens, steel-CFRP and SFCB, were
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