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Abstract: This paper presents experimental research on reinforced concrete beams with flexural strengthening
by Glass fiber reinforced polymer (GFRP) under cyclic loading. A total of 54 beams were cast and externally
bonded with different configurations and three beams were cast without Strengthening (control beam). Each
beam was tested under reversed cyclic loading under a two-point loading system. The loads are applied as
positive and negative loads. The test specimens were evaluated in terms of load-displacement and cracking
patterns. The experimental results show that strengthened RC beam load carrying capacity is observed to be in
the range of 0 % to 25% for forwarding loading (Positive load) and 23.33 % to 66.66% for reverse loading
(Negative load). Deflection is increased in the range 5.34% to 98.96% for forward loading (Positive load) and 0

% to 123.56% for reverse loading (Negative load) as compared to the control beam.
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reinforcement may be classified as flexural
1. Introduction

. . strengthening, improving the ductility of
Recently strengthening of RC structures using
GFRP has become accepted. The current amount of
. ) . compression members, and shear strengthening. It
work is related to fiber- reinforced polymers (FRP)
. . ) is well known that reinforced concrete beams
composites as a repair material for the
. . strengthened  with  externally bonded fiber-
strengthening of structures[1]. A new technique has
. . . reinforced polymer (FRP) to the tension face can
appeared recently which uses fiber reinforced
. exhibit ultimate flexural strength greater than their
polymer (FRP) stripes to strengthened the beams
. . original flexural strength[6-11].Reverse cyclic
which have some favorable characteristics such as
] ) . . ) loading is one of the most challenging cases of
being easy to install, immunity to corrosion, and
. . . forwarding loading and reversed loading [12-
high strength. Fiber materials are used to strengthen
. ) 18].For the past studies conducted it has been
a variety of reinforced concrete elements to
. . shown that externally bonded glass fiber reinforced
enhance the flexural, shear, and axial load carrying
. polymers (GFRP) can be used to increase the
capacity of elements [2-5]. The use of external FRP
Flexural Strength, shear strength of RC beams.
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This paper study effect of different GFRP stripes
configuration (width, length, and layers) on RC
beam under cyclic loading

2. Experimental investigation
The experimental program consists of testing the

54 GFRP

strengthened RC beams (Control beam) under

strengthened and three without
flexural cyclic loading. Test beams were designed
as under-reinforced sections and strong in shear, so
they failed in flexure. To develop the flexural
strength, beams were mainly strengthened at the

bottom face by using GFRP strips. The beams were

cast with the same percentage of internal tensile
steel reinforcement and applied with different
GFRP configurations (length, width, and the
number of layers).

2.1 Details of beam specimen
The experimental work consists of the casting of

RC beams having grade M30, cross-sectional
dimensions of 100mm x 200mm and 1800mm
Length and provided 2-10mm @ bottom
reinforcement and 2-8mm @ top with 6mm @

vertical stirrups @ 130mm c/c. as shown in fig.1.
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Fig. 1. Beam specimen geometry and reinforcement details

2.2 Casting and curing of beam
The experimental work consists of testing 57

simply supported beams. The mould is arranged
precisely and placed over a smooth surface. The
sides of the mould exposed to concrete were oiled
well to avoid the sidewalls of the mould from
absorbing water from concrete and to make easy
removal of the specimen. The reinforcement cages
were located in the moulds and the cover between
the cage and form provided was 25mm. A concrete
mix designed for M30 (1:2.15:2.65) and water-
cement ratio is 0.45.After remoulding they are
cured in pure potable water for 28 days.

2.3 Materials used in the Strengthening of beam
900GSM GFRP strip:

The unidirectional glass fabric is used in the fiber

wrap system. The glass material is orientated in the

0° direction with additional white glass cross fibers
at 90°. The dry fiber has a tensile strength of 3700
N/mm? and E-modulus of 80000 N/mm? the
elongation at rupture is 4.8 %. Dry fibre thickness
is 0.65mm. The use of the resin depends on the
roughness of the substrate.

Resin material: Primer and resin were useful to the
top and bottom areas on the concrete surface where
GFRP material was to be placed. The ratio of
creation of the primer is base: hardener (1:0.5) and
the ratio of creation of the epoxy base: hardener
(1:0.35).

2.4 Types of 900GSM GFRP configuration for
strengthening

Strengthening of RC beams was used different

types of 900GSM GFRP formation like by
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(1600mm,1000mm, and 600mm) by width (100mm
and 50mm) and by varying numbers of layers
(Single, Double, and Three layers). Total 6 types of
GFRP 1600X100mm,
1000X100mm, 600X100mm, and 1600X50mm,
1000X50mm, 600X50mm with single, double,

three layers each for top and bottom surface.

stripes  were  used

2.5. Specimens preparation for strengthening
The beam surface must be clean and free of entire
redundant particles. A grinder was used to remove
the face layer which may contain dust from the
placement process, and then the beams were blown
with compressed air to remove any excess particles.
First, apply the primer on the surface after
application of primer allows the material to cure for
at least 24 hrs or overnight. After that first coat of
resin apply on the surface of the beam then GFRP
strips were placed in the required area and the final
coat of resin is applied on fiber. The layers were

pressed using a rubber roller to ensure the equal

spreading of epoxy resin under the GFRP strips,
also to ensure complete adherence to the concrete
surface.
2.6. Test setup and loading pattern

Tests were performed keeping beams in cyclic
loading equipment. Cyclic loading is the function
of incremental push and pull load. The analysis is
also known as push-pull analysis. Each beam was
tested under reversed cyclic loading tested under a
two-point loading system. The loads are applied as
positive and negative loads. The hand-operated
screw jack (10T) and LVDT were used for loading
and deflection measurement purposes. S type load
cell (5T) was placed between jack and beam.
LVDT with a least count of 0.001 mm was used for
measuring deflection. 5 cycles were imposed. The
load cycle consisted of 10KN, 20KN, 30KN,
40KN, and 50KN for both positive and negative
loads. The test setup is shown in fig. 2.
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Fig.2 Test Set Up Forward loading (Positive load) and Reverse Loading (Negative load)

3. Discussion of results

3.1 Mode of failure.
The beams were tested under flexural cyclic

loading. During the forward loading, cracks have
been developed at the bottom of the specimen as
the loading was progressed the width of the crack

has been widened. And the reverse of the loaded

specimen has to be in the reverse positions, cracks
have been formed at the top and the cracks already
formed in the tension face have to be closed. This
opening and closing of the cracks have been
established till the final failure of the specimen
takes place. The complete cracks pattern of the

beams are shown in fig.3
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Fig.3 Cracks Pattern of the Beam

3.2 Comparison with experimental data
Comparison between Control beam & Strengthened
RC Beams concerning Load and deflection by

different length, width, and layers. Maximum load-

carrying capacity and maximum deflection under
flexural cyclic loading for forward loading
(Positive load) and reverse loading (Negative load)

as shown in table no.1 and table no. 2 respectively

Table 1. Load versus deflection for Control beam & Strengthened RC Beams under forward cyclic

loading (Positive load)

Sr GFRP
no‘ STRIPS Control beam Single-layer Double layer Three-layer
(900GSM)
Max. Max. Max. Max. Max. Max. Max. Max.
(In mm) Load. Deflection. Load. Deflection. Load. Deflection. Load. Deflection.
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
Control
B beam
1800X100 40 5.80 - - - - - -
Bl | 1600X100 - - 50 9.00 50 6.68 50 7.09
B2 | 1000X100 - - 50 8.87 50 7.94 50 8.03
B3 | 600X100 - - 40 6.11 40 6.27 50 8.75
B4 | 1600X50 - - 50 7.09 50 9.21 50 9.47
B5 | 1000X50 - - 50 11.16 50 11.54 50 10.19
B6 600X50 - - 40 6.25 40 6.41 50 8.75

For forward cyclic loading (Positive load) beam
specimen B1 load increase by 25 % with a single
layer, double layer, and three layers. The maximum
deflection of 55.19%, 15.17%, and 22.24%
concerning single layer, double layer, and three
layers as compared to control beam. For beam
specimens B2 load increase by 25 % with a single
layer, double layer, and three layers. The maximum
deflection of 52.93%, 36.89%, and 38.44%
concerning single layer, double layer, and three
layers as compared to control beam. For beam
specimens, the B3 load was the same for single
layer and double layer, increase by 25% in three
layers. The maximum deflection of 5.34%, 8.10%,

and 50.86 % concerning single layer, double layer,

and three layers as compared to control beam. For
beam specimens, the B4 load increase by 25 %
with a single layer, double layer, and three layers.
The maximum deflection of 22.24%, 58.79%, and
63.27 % concerning single layer, double layer, and
three layers as compared to control beam. For beam
specimens B5 load increase by 25 % with a single
layer, double layer, and three layers. The maximum
deflection of 92.41%, 98.96%, and 73.68%
concerning single layer, double layer, and three
layers as compared to control beam. For beam
specimens B6 load was the same for single layer
and double layer, increase by 25% in three layers.
The maximum deflection of 7.75%, 10.51%, and
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50.86% concerning single layer, double layer, and three layers as compared to control beam.

Table 2. Load versus deflection for Control beam & Strengthened RC Beams under reverse cyclic loading
(Negative load)

STRIPS Control beam Single-layer Double layer Three-layer
ID | 900 Gsm
Max.
(In mm) Max. Deflecti Max. Max. Max. Max. Max. Max.
Load. on. Load. Deflection. Load. Deflection. Load. Deflection.
(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
Control
B beam
1800X100 30 5.94 - - - - - -
Bl 1600X100 - - 50 5.94 50 6.83 50 8.02
B2 1000X100 - - 50 7.45 37 5.68 50 4.77
B3 600X100 - - 37 6.26 40 7.74 30 2.45
B4 1600X50 - - 50 5.94 46 491 50 10.61
B5 1000X50 - - 50 13.28 42 11.61 40 5.57
B6 600X50 - - 40 7.30 40 7.53 35 2.40
For reverse cyclic loading (Negative load) beam beam specimens B4 load increase by 66.66 % with
specimens Bl load increase by 66.66% with a a single layer, three layers, and load increase by
single layer, double layer, and three layers. The 53.33% with double layers. The maximum
maximum deflection of 0%, 14.98%, and 35.01 % deflection of 0%, 78.45% concerning single layer,
concerning single layer, double layer, and three three layers, and decrease 17.34% for double layers
layers as compared to control beam. For beam as compared to control beam. For beam specimens
specimens B2 load increase by 66.66 % with a B5 load increase by 66.66%, 40%,33.33% with a
single layer, three-layer, and load increase by single layer, double layer, and three layers. The
23.33% with double layers. The maximum maximum deflection increase by 123.56%, 95.45%
deflection increase by 25.42% for the single layer, concerning single layer, double layer, and decrease
and decrease by 4.3%, and 19.69% concerning by 6.22% for three layers as compared to control
double layer, three layers as compared to the beam. For beam specimens, B6 load increase by
control beam. For beam specimens, B3 load 33.33% with a single layer, double layer, and
increase by 23.33%, 33.33% for single layer, 16.66% for three layers. The maximum deflection
double layer, and same three layers. The maximum increase by 22.89%, 26.76% concerning single
deflection increase by 5.28%,3.30% concerning layer, double layer, and decrease by 60% for three
single layer, double layer, and decrease by 58.75% layers as compared to control beam.

for three layers as compared to control beam. For

3.3 Hysteretic curves
From table 1 and 2 hysteretic curves were a plot for

control beam and strengthened RC beam as shown
in fig.4 and 5
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Fig.5 Hysteresis curves of specimens for strengthened RC beam(B1, B2, B3, B4, B5, B6)

Fig.4 and 5 express the hysteresis loops of each
specimen obtained in the tests. It can be seen that
the control specimens exhibited reduced hysteretic
response, which was considered by narrow
hysteresis loops and rapid degradation of load-

4. Conclusions
1.0n varying length, width, and the number of

layers of 900GSM GFRP strip from 50mm to
100mm and lengths 1600mm,1000mm, and 600mm
increase in load-carrying capacity is observed to be
in the range of 0% to 25% for forwarding loading
(Positive load) and 16.66 % to 66.66% for reverse
loading( Negative load).

2. On application of single layer, double layer, and
three-layer of 900GSM GFRP strips the deflection
is increased in the range of 5.34% to 98.96% for
forwarding loading (Positive load). The deflection
is increased in the range of 5.28 % to 123.56% and
decreased in the range of 0% to 60% for reverse

loading (Negative load).

carrying capacity. While the strengthened RC beam
displayed more established hysteretic behavior,
which was considered by more numbers of
hysteretic loops, larger area of hysteretic loops, and
slower degradation of load-carrying capacity

3. Effect of cyclic loading on beams opening and
closing of the cracks has been recognized till the
failure for single, double, and three layers bonded
900GSM GFRP strips.

4. A flexible epoxy system will certify that the
connection line in a single layer, double layers, and
three layers 900GSM GFRP strengthened beams do
not split before failure and contribute fully to the
structural resistance of the strengthened beams with
GFRP.
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