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Abstract—The behavior of glass fiber reinforced
concrete beam strengthened using glass fiber reinforced
polymer (GFRP) laminate is presented in this paper. The
experimental investigations are carried out in M25 grade
of concrete with the addition of 1.5% glass fibers. In this
study three control beams and three glass fiber
reinforced concrete beams were casted. The beams are
designed and casted for 1m length. Each beam was
initially loaded to form the initial crack.The beams are
then retrofitted using GFRP laminates. For the bonding
of the laminates with the RC beams epoxy adhesive
Epoxy Resin LY 556 and Hardener HY 951 and rivets are
used. Each one of the conventional and the glass fiber
beam is retrofitted using the laminate which is bonded
using epoxy, similarly using rivets and using both epoxy
and rivets. The effective use of GFRP laminates in
strengthening of RC beams is studied by measuring the
load carrying capacity and by observing deflection of the
beam.

Keywords— Glass fiber, GFRP laminate,Epoxy Resin
Ly 556 Hardener HY 951, Rivets

I. INTRODUCTION

The maintenance, rehabilitation and upgrading of
structural members, is perhaps one of the most
crucial problems in civil engineering applications.
Moreover, a large number of structures constructed
in the past using the older design codes in different
parts of the world are structurally unsafe according
to the new design codes. Since replacement of such
deficient elements of structures incurs a huge
amount of public money and time, strengthening
has become the acceptable way of improving their
load carrying capacity and extending their service
lives. Infrastructure decay caused by premature
deterioration of buildings and structures has led to
the investigation of several processes for repairing
or strengthening purposes. One of the challenges in
strengthening of concrete structures is selection of a
strengthening method that will enhance the strength

and serviceability of the structure while addressing
limitations such as constructability, building
operations and budget. Typical strengthening
techniques such as section enlargement, externally
bonded reinforcement, post-tensioning, and
supplemental supports may be used to achieve
improved strength and serviceability. Only a few
years ago, the construction market started to use
FRP for structural reinforcement, generally in
combination with other construction materials such
as wood, steel, and concrete. FRPs exhibit several
improved properties, such as high strength-weight
ratio, high stiffness-weight ratio, flexibility in
design, non-corrosiveness, high fatigue strength,
and ease of application. Because the FRP materials
are non-corrosive, non-magnetic, and resistant to
various types of chemicals, they are increasingly
being used for external reinforcement of existing
concrete structures. From the past studies conducted
it has been shown that externally bonded glass fiber-
reinforced polymers (GFRP) can be used to enhance
the flexural, shear and torsional capacity of RC
beams. Due to the flexible nature and ease of
handling and application, combined with high
tensile strength-weight ratio and stiffness, the
flexible glass fiber sheets are found to be highly
effective for strengthening of RC beams. The use of
fiber reinforced polymers (FRPs) for the
rehabilitation of existing concrete structures has
grown very rapidly over the last few years. Among
many options, this reinforcement may be in the
form of preformed laminates or flexible sheets. The
laminates are stiff plates or shells that come pre-
cured and are installed by bonding them to the
concrete surface with a thermosetting resin. The
sheets are either dry or pre-impregnated with resin
(known as pre-preg) and cured after installation
onto the concrete surface.
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II. MATERIALS

Experimental Investigations have been carried out
on the specimens to ascertain the workability and
strength related properties in order to check the
quality of concrete.

A. Cement:

Cement is defined as the building material made by
grinding calcined limestone and clay to a fine
powder, which can be mixed with water and poured
to set as a solid mass or used as an ingredient in
making mortar or concrete. In this project, Ordinary
Portland Cement (OPC) 53 grade was used.

B. Fine Aggregate:

The aggregate fraction from size 4.75 mm to 150 µ
is termed as fine aggregate. The graded fine
aggregate is represented by its zone. In this project,
river sand belongs to zone – II conforming IS 383-
1970 was used.

C. Coarse Aggregate:

The aggregate fraction from size 80 mm to 4.75 mm
is termed as coarse aggregate. In this project,
crushed granular aggregate of 20 mm was used.

D. Glass Fiber:

Glass fiber is a material consisting of numerous
extremely fine fibers of glass.Glass fiber has
roughly comparable mechanical properties to other
fibers such as polymers and significantly less brittle
when used in composites. The glass fibers used are
E-glass fibers typically have a Young modulus of
elasticity 70 GPa, specific gravity 2.68 and length
12mm.

E. Epoxy Resin:

Epoxy resin is one type of adhesive which is used to
stick fiber to concrete surface. It has two
components, component A as resin and component
B as hardener which has to be mixed thoroughly in
the ratio 10:1 by weight

III. MIX DESIGN

The concrete mix M25 is designed as per
IS10262:1982, IS 456:2000 for the conventional
concrete. Mix design is given below in table I.

TABLE I. MIX PROPORTIONS

Cement
Fine

Aggregate
Coarse

Aggregate W/C

1 1.79 3.28 0.45

IV. EXPERIMENTAL PROGRAM

The experimental work consists of casting of 3 nos.
of control beam and 3 nos. of glass fiber RC beam.
RC beams having grade of M25 and cross sectional
dimensions 150mm×250mm and 1000mm.  2-
10mm Ø bottom reinforcement and 2-8mm Ø top
with 6mm Ø vertical stirrups @ 150mm c/c was
provided. The beams are initially loaded up to the
formation of initial crack. The beams are then
strengthened using GFRP laminate. The laminate is
bonded using epoxy, rivets and using both epoxy
and rivets. The flexural test is carried out to study
the flexural behavior of strengthened Beams. The
fig. shows the beam detailing of RC Beam.

.

Figure: 1 Reinforcement details of RC beam

V. INITIAL LOADING OF BEAM

The most commonly used load arrangement for
testing of beams will consist of two-point loading.
The specimen was placed over the 2 steel rollers
leaving 50mm from the ends of the beam. The
remaining 900 was divided into 3 equal parts of
300mm. Loading was done by hydraulic jack. One
dial gauge was placed at the center to measure the
maximum deflection at mid span.

TABLE II. INITIAL CRACK LOAD

Initial
Load
(kN)

(Control
beam)

Deflecti
on

(mm)

Initial Load
(kN)

(Glass Fibre
reinforced

beam)

Deflecti
on

(mm)

80 1.91 85 1.53

65 1.87 75 1.42

VI. STRENGTHENING OF BEAMS

A. BONDING USING EPOXY
Strengthening material: Glass Fiber Laminate
Size of laminate: 150 X 1000 mm
Thickness : 2 mm
Adhesive : Epoxy Resin LY 556

Hardener HY 951
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The adhesive has two components, resin and
hardener which have to be mixed thoroughly in the
ratio 10:1 by weight.

Figure:2 GFRP Laminate

B. BONDING USING RIVETS

Size of laminate: 150X 1000 mm

Thikness : 2 mm

Dia of rivets : 6mm

Figure:3 Positioning of rivets

VII. ULTIMATE LOAD CARRYING CAPACITY

A. BONDED USING EPOXY

Figure:4 Bonding of laminate using Epoxy

TABLE III. ULTIMATE CRACK LOAD

Beam Ultimate Load (kN) Deflection
(mm)

CC 1 144 4.83

GFRC 1 170 5.37

B. BONDED USING RIVETS

Figure:5 Laminate bonded using rivets

TABLE IV. ULTIMATE CRACK LOAD

Beam Ultimate Load (kN) Deflection
(mm)

CC 2 140 5.26

GFRC 2 162 4.95

VIII.CONCLUSION

 The preliminary investigations were done
for basic ingredients of concrete and from the
material property results mix proportions arrived for
controlled concrete of M25 grade as per the IS Code
specifications.
 It is found that the workability of the
concrete decreases with the addition of the Glass
fibers.
 The initial crack of the conventional RC
beam appeared at 80kN, 65kN, 70kN with
deflection of 1.91mm, 1.87mm, and 1.74mm
respectively.
 The initial crack of the Glass fiber
reinforced concrete beam appeared at 85kN, 75kN,
and 80kN with deflection 1.53mm, 1.42mm, and
1.91mm respectively.
 From the experimental results, it was
observed that the initial load carrying capacity of
the Glass fiber reinforced concrete is high when
compared to the conventional RC beam.
 The ultimate load carrying capacity of the
beam strengthened using laminate bonded with
epoxy shows higher strength than the beam bonded
using rivets.
 It shows that beams strengthened
usinglaminates bonded with epoxy, the laminate
remains un bonded from the beam even after the
ultimate load is reached.
 In case of bonding the laminate using rivets
it is found that the laminate tends to tear at the point
of support on reaching the ultimate load.
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IX. FUTURE WORK

Further investigations may include the
strengthening of the beam using the laminates
bonding using both rivets and epoxy and to
determine the bonding of the laminate with the
beam and determination of the ultimate load
carrying capacity of the strengthened beams.
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