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ABSTRACT 

The static strength of reinforced concrete beams strengthened by gluing glass-fibre-reinforced-polymer (GFRP) sheets with 

suitable epoxy is experimentally investigated. Significant research has been performed on glass fibre-reinforced polymer (GFRP) 

concrete reinforcement. This research has shown that GFRP strengthening exhibits high strength, is lightweight, can decrease time 

of construction. Fibre reinforced polymer (FRP) externally bonding with epoxy resin is recently widely used in construction 

industry to increase the ultimate strength of structures. 

The result indicates the strengthened beam by GFRP significantly increases its load carrying capacity as compared to reference 

GFRP to concrete surface. From this work, it is concluded that as deflection goes on increasing that is ultimate load directly varies 

with deflection. All strengthened beam gives sufficient warning compared to normal beam failure. 

Keywords – Load carrying capacity, retrofitting technique, GFRP (glass fibre reinforced polymer), flexural strength, 

strengthening of beams. 

 

    1. INTRODUCTION                                                   

 
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. Structural strengthening may 

be required due to many different situations. 

 

Additional strength may be needed to allow for higher loads to 

be placed on the structure. This is often required when the use of 

the structure changes and a higher load carrying capacity is 

needed. This can also occur if additional mechanical equipment, 

filing systems, planters or other items are being added to the 

structure. 

 

Strengthening may be needed to allow the structure to resist 

loads that were not anticipated in the original design. This may 

be encountered when structural strengthening is required for 

loads resulting from wind and seismic forces or to improve 

resistance to blast loading. 

Additional strength may be needed due to a deficiency in the 

structure’s ability to carry the original design loads. Deficiencies 

may be the result of deterioration, structural damage, or errors in 

the original design or construction. 

 

When dealing with such circumstances, each project has its own 

set of restrictions and demands. Whether addressing space 

restrictions, constructability restrictions, durability demands, or 

any number of other issues, each project requires a great deal of 

creativity in arriving at a strengthening solution. 

 

1.2 Objective of Proposed Work 

 
(1) To study the behaviour of R.C. beam with GFRP. 
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(2) To study the deformation of the beam due to static 

loading. 

(3) To study the load – deflection relationship of the 

beams.   

(4) To calculate the flexural strength of RC beams 

using different configuration of externally bonded 

GFRP laminates.  

(5) To find the effectiveness of externally bonded 

GFRP laminates on the strength of RC beams.  

(6) Comparative study of strengthened beams.  

 

1.3 Need for Study 

The selection of the most suitable method for 

strengthening requires careful consideration of many 

factors including the following engineering issues: 

 

(1) Magnitude of strength increase. 

(2) Effect of changes in relative member stiffness. 

(3) Size of project (methods involving special 

materials may be less cost effective). 

(4) Dimensional/Clearance constraints (section 

enlargement might be limited by the degree to 

which the enlargement can encroach on 

surrounding clear space). 

(5) Accessibility. 

(6) Availability of materials, equipment’s, qualified 

contractors. 

(7) Environmental Conditions. 

(8) In-place concrete strength and substrate integrity 

(methods relying on bond to the existing concrete 

cab be significantly limited by low concrete 

strength). 

(9) Load testing to verify existing capacity or evaluate 

new techniques and materials.    

 

1.4 Properties of FRP 

Fiber reinforced polymer (FRP) is a composite material 

made by combining two or more materials to give a new 

combination of properties.   However, FRP is different from 

other composites in that its constituent materials are different 

at the molecular level and are mechanically separable. The 

mechanical and physical properties of FRP are controlled by 

its constituent properties and by structural configurations 

at micro level. Therefore, the design and analysis of any 

FRP structural member requires a good knowledge of the 

material properties, which are dependent on the 

manufacturing process and the properties of constituent 

materials. FRP composite is a two phased material, hence 

its anisotropic properties.    It is composed of fiber and 

matrix, which are bonded at interface.   Each of these different 

phases has to perform its required function based on 

mechanical properties, so that the composite system 

performs satisfactorily as a whole.   In this case, the 

reinforcing fiber provides FRP composite with strength and 

stiffness, while the matrix gives rigidity and 

environmental  

protection.  

 

 
Fig.-1.1: Formation of Fiber Reinforced Polymer Composite 

  

1.4.1 Fibres 

A fibre is a long material made into a long filament with a 

diameter generally in the order of 10tm. The aspect ratio of 

length and diameter can be ranging from thousand to 

infinity in continuous fibre. The main functions of the fibre 

are to carry the load and provide stiffness, strength, thermal 

ability and other structural properties in FRP. 

 

The fibres in the FRP must have the following properties: 

1) High modulus of elasticity 

2) High ultimate strength 

3) Low variation of strength among fibres 

4) High stability of their strength during handling 

5) High uniformity of the diameter and surface dimension 

among the fibres 

There are three types of fibre dominating the civil 

engineering industry: 

a) Glass fibre 

b) Carbon fibre  

c) Aramid fibre 
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Fig.-1.2: Discontinuous Glass Fibres   

 

TABLE – 1 

PROPERTIES OF DIFFERENT FIBRES 

Materials S Glass E Glass Graphite 

High 

Strength 

Kevlar 49 

Density 2.50 2.54 1.7 1.45 

Tensile 

Modulus 

86 70 240 130 

Tensile 

Strength 

4.50 3.45 2.6 2.8 

Specific 

Modulus 

34.5 27 140 89.5 

Specific 

Strength 

1.8 1.35 1.5 1.9 

Relative 

Cost 

Moderate Low High Moderate 

Table 1: Properties of different fibres. 

 

2. EXPERIMENTAL SETUP 

The experimental setup consists of casting of two 

reinforced concrete beams named R1 & R2 respectively. 

Beam R1 is the control beam and beam R2 is strengthened 

with GFRP at the compression side. Experimental data on 

load, deflection, and failure modes of each of the beams 

were obtained. Beams were designed, so they are failed in 

flexure and strong in shear. To improve the capacity or 

performance level of a beam, it is necessary to strengthen 

or retrofit the beam in flexure.   

 
TABLE – 2 

CONFIGURATION OF G.F.R.P 

 

Sr. 

No 

Configuration 

of GFRP 

Abbreviation No. of 

beams 

Tested 

for 

1 Reference 
beam without 

GFRP 

R1 01 Flexural 
Strength 

& 
deflection 

2 Compression 
side bonded 
with GFRP 

(150mm wide) 

R2 01 Flexural 
Strength 

& 

deflection 

Table 2: Configuration of GFRP 
 

2.1 Details of Beam Specimens 

2 beam specimens, each one of them 1500mm long, simply 

supported reinforced concrete beams with an effective span 

of 1300mm, were designed, constructed in the laboratory 

and tested under monotonic two point bending loading. The 

beams R1 and R2 was designed to fail in flexure. The shear 

failure was avoided by reinforcing the beams with dense 

stirrups, 6mm steel bars at 50mm centres at spans, all 

specimens were provided with this adequate transverse 

reinforcement to prevent shear failure. 

TABLE – 3 

PROPERTIES OF MATERIALS  

Sr. 

No 
Material Cemen

t 

Aggregate Steel 

Property coarse fine coarse fine 

1) Specific 
Gravity 

3.15 2.6 2.9 --- --- 

2) Compressiv
e strength 

@ 7days 
(MPa) 

51.2 --- --- --- --- 

3) Consistenc
y 

(%) 

28% --- --- --- --- 

4) Initial 
Setting 
Time 

200min --- --- --- --- 

Final 
Setting 
Time 

275min --- --- --- --- 

5) Water 
Absorption 

(%) 

--- 1.0 3.5 --- --- 

6) Yield 

Stress 
(MPa) 

--- --- --- 250 415 

Table 3: Properties of Different Materials 
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TABLE – 4 

PROPORTION OF MATERIALS 

Sr.  

No 

Content Weight Proportion 

1) Water  186kg 0.46 

2) Cement 404.35kg 1 

3) Sand 626.77kg 1.55 

4) Aggregate 1209.60kg 2.99 

Table 4: Proportion of Materials 

 

 

 

TABLE – 5 

DESIGN TABULATION OF MIX DESIGN 

 

Sr. 

No 

Property Design Standard 

1) Characteristic compressive 
strength required in field at 28 

days 

20MPa 

2) Max size of aggregate 12mm 

3) Degree of workability 0.90 compacting 
factor 

4) Degree of quality control Good 

5) Type of exposure Mild 

Table 5: Design Tabulation of Mix Design 

 

2.2 Testing Procedure 

All the specimens were tested in the loading frame of the 

“Concrete and Highway Engineering” Laboratory of Sree 

Sastha Institute of Engineering & Technology, 

Chembarambakkam. The testing procedure for the entire 

specimen was same. After the curing period of 28 days was 

over, the beam as washed and its surface was cleaned for 

clear visibility of cracks. The most commonly used load 

arrangement for testing of beams will consist of two-point 

loading. The dial gauge was fixed at mid-span and 1/3 span 

from both ends of beam specimen and initial readings are 

noted. A proving ring was also placed at the top to 

determine the load.    

 

 

Fig.- 2.1: Hydraulic Loading Frame 

 

 

 

 

The beam was then loaded to check the effectiveness of test 

setup. The beam is then subjected to loading through the 

incremental loading stages up to the failure and an interval 

of two divisions is being made along the loading procedure. 

Dial gauge readings were taken for all stages. The beams 

were tested on a loading frame of capacity 50 tonnes.  

Cracks formed on the faces of the beams were marked and 

identified. 

 

Fig.-2.2: Two Point Loading with dial gauge and proving 

ring 
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2.3 Results 

The tabulation and load – deflection curve for beam R1 

(reference beam) and beam R2 (beam bonded with GFRP on 

compression side). The following tabulation and graphs 

giving the details have been mentioned below. 

 

TABLE – 6 

BEAM R1 (CONTROL BEAM) 

Load (KN) Average Deflection 

0 0.0 

5 0.13 

10 0.27 

15 0.43 

20 0.56 

25 0.68 

30 0.90 

35 1.06 

40 1.30 

45 1.43 

50 1.61 

55 1.82 

60 2.04 

65 2.30 

70 2.60 

75 2.90 

80 3.10 

85 3.42 

90 3.80 

95 4.06 

10 4.55 

Table 6: Beam R1 (Control Beam) 

 

 

Fig.- 2.3: Load vs. Deflection Curve for Beam R1 

 

TABLE – 7 

BEAM R2 WITH GFRP IN COMPRESSION SIDE 

Load (KN) Average Deflection 

0 0 

5 0.08 

10 0.34 

15 0.18 

20 0.96 

25 1.22 

30 1.40 

35 1.75 

40 2.16 

45 2.50 

50 2.82 

55 3.20 

60 3.68 

65 4.16 

70 4.60 

75 5.06 

80 5.50 

85 5.95 

90 6.30 

95 6.75 

10 7.25 

10 7.60 

11 8.01 

Table 7: Beam R2 with GFRP in Compression Side 

 

 

Fig.- 2.4: Load vs. Deflection Curve for Beam R2 

 

TABLE – 8 

COMPARISION OF EXPERIMENTAL RESULTS 

Sr. 

No 

Configuration Max 

Load 

Average 

Deflection 

Mode of 

Failure 

1) Beam R1 
(without GFRP)  

95  4.50 Flexural 
failure 

2) Beam R2 ( with 
GFRP on 

compression 

110 8.03 Flexural 
failure + 

debonding 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-3, ISSUE-6, JUN-2016                                    E-ISSN: 2349-7610 

VOLUME-3, ISSUE-6, JUN-2016                                                COPYRIGHT © 2016 IJREST, ALL RIGHT RESERVED                                                                                       6 

side) 

Table 8: Comparison of Experimental Results 

 

2.4 Crack Pattern 

The crack patterns at collapse section for the tested beams 

were checked. The beam R1 exhibited widely spaced cracks 

compared to the strengthened beam R2 that exhibited 

relatively closely spaced cracks. This shows the enhanced 

concrete confinement due to GFRP strengthening. This 

action has caused a resulting shift of failure mode from 

flexural failure (steel yielding) in beam R2 to peeling of 

GFRP sheet. The debonding of GFRP due to cracks can also 

be seen. 

 

3. CONCLUSION 

In this experimental investigation the flexural behaviour of 

concrete beams strengthened with GFRP have been studied. 

The following conclusions were drawn after testing of the 

beams R1 and R2: 

1) The load carrying capacity for the M20 grade beam 

R2 is increased by 25% after strengthened with 

GFRP on compression side when compared with 

beam R1. 

2) It was found that analytical analysis predicts 

lower value than the experimental findings. 

3) Flexural – Shear failure was also seen in beam R1 

(without GFRP) which is more dangerous than the 

flexural failure, as they may not give any signs of 

warning before collapse. Therefore it is 

recommended to check the shear strength of the 

beam. 

4)  Encouraging and effective results were found in 

the experimental investigations hence the use of 

GFRP for strengthening can be considered feasible 

for upgrading the strength of the concrete. 

5) Results conclude that the strengthening with GFRP 

greatly enhances the deflection of the beam R2 and 

hence is a feasible method of configuring strength. 
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