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Abstract 

The application of Glass Fiber-reinforced polymers (GFRP) to existing Reinforced Concrete (RC) structural elements as external 

reinforcement has become popular and frequently applied in recent years. An analytical and experimental study has been carried 

out to investigate the behavior of concrete beams bonded with strengthened Glass Fiber- Reinforced Polymer (GFRP) sheets on 

all sides with different thickness under loading. Several investigators carried out experimental and or theoretical investigations 

on concrete beams and columns retrofitted with glass Fiber-reinforced polymer composites in order to study their effectiveness. 

The experiment has been carried out for the comparison and the study of effect of GFRP. Masonry structures also benefit with 

FRP reinforcement. Their use as original reinforcement and for strengthening structure is being specified more and more by 

structural engineers in the construction industry. FRPs using glass fibers are the predominant reinforcing fiber in all industries. It 

has high electrical insulating properties, good heat resistance, and has the lowest cost. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Upgrading of reinforced concrete structures may be required for many different reasons. The concrete may have become 

structurally in adequate for example, due to deterioration of materials, poor initial design and/or construction, lack of 

maintenance, upgrading of design loads or accident events such as earthquakes. In recent years, the development of GFRP (Glass 

Fibre Reinforced Polymer Sheet) and strong epoxy glue has led to a technique which has great potential in the field of upgrading 

structures. Basically the technique involves gluing GFRP plates to the surface of the concrete. The plates then act compositely 

with the concrete and help to carry the loads. The use of GFRP to repair and rehabilitate damaged steel and concrete structures 

has become increasingly attractive due to the well-known good mechanical properties of this material. The advantages are very 

high strength to density ratio, corrosion resistance, reduced maintenance costs and faster installation time compared to 

conventional materials. The application of GFRP as external reinforcement to strengthen concrete beams has received much 

attention from researchers, but only very few studies have focused on structural members strengthened after preloading. The 

behavior of structures which have been pre-loaded until cracking initiates deserves more attention, since this corresponds to the 

real-life use of GFRP retrofitting. Strengthening may require to allow the structure to resist loads that were not included in 

original design. They counteract when structural strengthening is required, additional strength may be required due to deficiency 

in structures ability to carry the original load. In such circumstances materials like GFRP materials were used. 

II. GLASS FIBER REINFORCED POLYMER (GFRP) 

Glass Fibre Reinforced Polymer (GFRP) in combination with other construction materials 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. First developed in the mid 1930's, Glass Fiber Reinforced Polymer (GFRP) has become a staple in the 



Study on Effect of Reinforced Concrete Beam with Bonded Glass Fiber Reinforced Polymer Sheets  
(IJSTE/ Volume 2 / Issue 12 / 114) 

 

 All rights reserved by www.ijste.org 
 

645 

building industry. Originally used merely for the construction of parts, in 1967, the architectural advantages were discovered 

with the attempted destruction of Disneyland's "House of the Future." Built in 1956-7, the futuristic house was built entirely of 

fibreglass, and when the attraction was no longer deemed necessary, it was scheduled to be destroyed in 1967. Amazingly, the 

wrecking ball merely bounced off the structure, and the possibilities for GFRP were recognized and began to grow. By 1994, 

nearly 600 million pounds of composite materials were used in the building industry. Today, Stromberg Architectural provides a 

variety of products in GFRP to fit your building needs and aesthetic vision. 

III. PROPERTY  

 GFRP has a very high strength to weight ratio. 

 Low weights per square meter means faster installation, less structural framing, and lower shipping costs Resistance. 

 Resists salt water, chemicals, and the environment - unaffected by acid rain, salts, and most chemicals Seamless 

Construction. 

 Domes and cupolas are resined together to form a one-piece, watertight structure Able to Mould Complex Shapes Virtually 

any shape or form can be moulded.  

 Research shows no loss of laminate properties after 30 years. 

 GFRP stood up with no damage, while nearby structures were destroyed. 

IV. MATERIALS 

 Concrete: 

Concrete is a construction material composed of Portland cement and water combined with sand, gravel, crushed stone etc. The 

cement and water form a paste which hardens by chemical reaction. The concrete paste is plastic and easily moulded into any 

form. The quality of paste formed by cement and water largely determines the character of the concrete. 

 Cement: 

Cement is a material generally in powder form that can be made into a paste usually by the addition of water. The most widely 

used of the construction cement is Portland cement. The chief raw material is mixture of high calcium limestone known as 

cement rock and clay or shale. The specific gravity is 3.15 for the cement used. 

 Properties:  

 Type of cement Used        =OPC 53 grade as per IS 8112  

 Specific Gravity of cement used     =3.15 

 Fineness of cement         =2% 

 Initial setting time           =30 minutes 

 Fine Aggregate: 

Fine aggregate (sand) is an accumulation of grains of mineral matter derived from the disintegration of rocks. It is distinguished 

from the gravel only by the size of the grains. Usually commercial sand is obtained from river beds or sand dunes originally 

formed by the action of winds. The sands are usually quartz and other siliceous material. The fine aggregate was passing through 

4.75mm sieve and had a specific gravity of 2.68. 

 Properties: 

 Specific gravity of Fine Aggregate   =2.68 

 Water absorption of Fine Aggregate   =1% 

 Fineness Modulus of Fine Aggregate  =3.15 

 Moisture content          =0.5% 

 Coarse Aggregate: 

Coarse aggregate are the crushed stone used for making concrete. Commercial stone is quarried, crushed and graded. Machine 

crushed granite broken broken stone is angular in shape and used as coarse aggregate. The maximum size of coarse aggregate 

was 20mm and specific gravity of 2.78. 

 Properties: 

 Specific gravity of Coarse Aggregate   = 2.78 

 Water absorption of Coarse Aggregate   = 0.6% 

 Fineness Modulus of Coarse Aggregate  = 6.34 

 Moisture content           = 0.5% 
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 Water: 

Water fit for drinking water is generally considered fit for making concrete. Water should be free from acids,alkali,vegetables or 

other impurities. Water has two functions 1) React chemically with cement to form a cement paste in which the inert aggregates 

held in suspension until the cement paste hardened. 2) Serve as a lubricant in mixture of fine aggregate and cement. 

 Reinforcement: 

Longitudinal reinforcement used was high yield strength deformed bars of 10mm diameter. The stirrups were made with 6mm 

dia bar. 

 Glass Fiber: 

These are fibers commonly used in the industrial field to produce composites of medium-high performance.Glass fibers also 

available as thin sheets called mats.A mat may made be of both long continuous and short fibers randomly arranged and kept 

together by a chemical bond.Glass fibers typically have a Young modulus of elasticity lower than carbon.To enhance the bond 

between fibers and materials,as well as to protect the fibers itself against the alkaline agents and moisture,fibers undergo sizing 

treatment acting as coupling agents. 

 Properties: 

 Specific gravity of GFRP     =2.68 

 Water absorption of GFRP    =0.5% 

 Flexural Modulus        =5517 MPa 

 Epoxy Resin: 

Epoxy resins are relatively low molecular weight pre- polymers capable of being processed under a variety of conditions. Two 

important advantages are 1) They can partially have cured and stored in that state 2) Exhibit low shrinkage. Approximately 45% 

of total amount of epoxy resin produced is used in protective coatings while remaining used in structural applications. A range of 

epoxy resins is now available, Ethyline-diamine are most widely used aliphatic amines for cured epoxy group. 

V. EXPERIMENTAL PROCEDURE 

All the specimens were tested in Advanced Concrete Technology lab in RVS Technical campus, Coimbatore. After 28 days of 

curing, the beam was washed and surface was cleaned for clear visibility of cracks. The most commonly used load arrangements 

for testing of beam will consist of two points loading. Load is transmitted through a load cell and spherical seating on to a 

spreader beam. This beam bears on rollers seated on steel plates bedded on the test member with mortar. The test member is 

supported on roller bearings acting on spreader plates. The loading frame must be capable of carrying the expected test loads 

without significant distortion. Ease of access to the middle third for crack observations, deflection readings and possibly strain 

measurements is an important consideration, as if safety when failure occurs. The specimen was placed over the two steel rollers 

bearing leaving 150mm from the ends of the beam. The remaining 1200mm was divided into three equal parts 400 mm loading 

was done by hydraulic jack. Three number of dial gauge were used for recording the deflection of the beams. One dial gauge was 

placed just below the Centre of the beam and the remaining two dial gauges were placed just below the point load to measure 

deflection. 

 Analytical Study: 

 Introduction: 

A static structural analysis determines the displacements, stresses, strains, and forces in structures or components caused by loads 

that do not induce significant inertia and damping effects. Steady loading and response conditions are assumed; that is, the loads 

and the structure's response are assumed to vary slowly with respect to time. 

Transient dynamic analysis is a technique used to determine the dynamic response of a structure under the action of any general 

time-dependent loads. The time scale of the loading is such that the inertia or damping effects are considered to be important.  

 Introduction to PRO-E: 

Pro/ENGINEER, PTC's parametric, integrated 3D CAD/CAM/CAE solution, is used by discrete manufacturers for mechanical 

engineering, design and manufacturing. Created by Dr. Samuel P. Geisberg in the mid-1980s, Pro/ENGINEER was the industry's 

first successful parametric, 3D CAD modelling system. The parametric modelling approach uses parameters, dimensions, 

features, and relationships to capture intended product behaviour and create a recipe which enables design automation and the 

optimization of design and product development processes.  

 Introduction to ANSYS: 

ANSYS is an engineering simulation software provider founded by software engineer John Swanson. It develops general-

purpose finite element analysis and computational fluid dynamics software. While ANSYS has developed a range of computer-

aided engineering (CAE) products, it is perhaps best known for its ANSYS Mechanical and ANSYS Metaphysics products. 
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ANSYS Mechanical and ANSYS metaphysics software are non-exportable analysis tools incorporating pre-processing 

(geometry creation, meshing), solver and post-processing modules in a graphical user interface. These are general-purpose finite 

element modelling packages for numerically solving mechanical problems, including transient/dynamic structural analysis (both 

linear and non-linear), heat transfer and fluid problems, as well as acoustic and electro-magnetic problems. 

ANSYS Mechanical technology incorporates both structural and material non-linearity. ANSYS metaphysics software 

includes solvers for thermal, structural, CFD, electromagnetic, and acoustics and can sometimes couple these separate physics 

together in order to address multidisciplinary applications. ANSYS software can also be used in civil engineering, electrical 

engineering, physics and chemistry. 

 Static Structural Analysis: 

A static structural analysis determines the displacements, stresses, strains, and forces in structures or components caused by loads 

that do not induce significant inertia and damping effects. Steady loading and response conditions are assumed; that is, the loads 

and the structure's response are assumed to vary slowly with respect to time. The types of loading that can be applied in a static 

analysis include: 

 Externally applied forces and pressures 

 Steady-state inertial forces (such as gravity or rotational velocity) 

 Imposed (nonzero) displacements 

 Temperatures (for thermal strain) 

VI. ANALYSING THE REINFORCED CONCRETE STRUCTURE 

 
Fig. 1: Deformation-RCC Beam without GFRP 

 
Fig. 2: Deformation-RCC Beam with GFRP 
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Fig. 3: Equivalent Elastic Strain-Without GFRP 

 
Fig. 4: Equivalent Elastic Strain-Beam with GFRP 

 
Fig. 5: Equivalent Stress-Without GFRP 
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Fig. 6: Equivalent Stress-Beam with GFRP 

 Comparison of Results: 

The results of two sets of beam tested are shown in table. 

 Experimental Result: 

Material Ultimate Capacity Total deformation (mm) 
Stress 

MPa 
Strain 

RCC beam without GFRP 35 KN 4 0.116 2x10-3 

RCC beam with GFRP 45 KN 2 0.16 3X10-3 

 Analytical Results: 

Material Total deformation (mm) 
Stress 

MPa 
Strain 

RCC beam without GFRP 0.00499 0.002 2.13X10-8 

RCC beam with GFRP 0.00485 0.0017 2.5X10-8 

VII. CONCLUSION 

In this project, both experimental and analytical studies were carried out to study the flexural and shear behavior of reinforced 

concrete beam strengthened by Glass Fiber Reinforced Polymer Sheets were studied. Two sets of RCC beams were casted and 

tested. One set is without GFRP and one set is with GFRP. The following conclusions are drawn: 

 Initial flexural crack appear at a higher load by strengthening the beam at soffit. The ultimate load carrying capacity of the 

strengthen beam is 33% more than the beam without GFRP. 

 Analytical analysis were carried out to find the flexural behaviour and is compared it with experimental findings 

 When the beam is strengthen in shear, only flexural failure take place which gives sufficient warning 

 The bonding between GFRP sheet and the concrete is intact upto failure of beam which clearly indicates the composite 

action due to GFRP sheets. 

 Upgrading of RCC beams with GFRP sheets can result in increased stiffness and shear strength. It is a highly effective 

technique. 

Rehabilitation by GFRP has proven itself to be a better feasible option than other methods. So the future prospects for the 

utilization of GFRP in Civil engineering infrastructure are good. Researchers around the world are now looking at the new and 

innovative ways of utilization of the same. The behavior of concrete beams strengthened with GGFRP unidirectional composite 

laminates have been studied. GFRP pasted beams behaves better thanthe RCC beam. Deflections in the beams retrofitted with 

GFRP are less than RCC beam. Failure has occurred in the rehabilitated beam due to the delaminating of GGFRP plate. The 

delaminating is occurred due to the stress concentration at the ends of the plate. From the finite element analysis the RCC with 

GFRP has the higher stiffness than all other cases. For the same load the RCC beam with GFRP have the less stresses and 

strains.  
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