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Abstract: 

As the buildings and bridges become o ld and as the concrete ages, there will be corrosion in the steel reinforcement, 

constructional and design defects, increase in the demand of service loads and modificat ion of the design guidelines due to 

increase in seis mic activ ity there will be some damage to the structure. These are some of the reasons why rehabilitation bec omes 

very necessary for the existing rein forced concrete structures. Fiber reinforced polymers is a promising civil engineering material 

and has emerged very strongly for the rehabilitation purposes of the existing RC structures. There are different fo rms of 

rehabilitation of structures. They are repairing, strengthening and retrofitting for earthquake affected structures and the structures 

that are not constructed as per the Indian Standard code guidelines. The most familiar shape among the beams and girders is t he 

RC T-beams in  the build ings as well as the bridges. The most dangerous and disastrous mode of failure of RC T-beams is the 

shear failure. The excellent resistance to the corrosion and high strength to weight ratio are FRP composites’ well known 

advantages, due to which it has become a popular s trengthening technique of structures in shear strengthening by bonding FRP 

composites externally for the RC T-Beams. Studies are carried out to strengthen the RC T-Beams in shear by bonding FRP sheets 

externally, even then the performance of beams with FRP jackets under shear are not understood fully. Therefore this study 

provides a scope to explore the prospect to strengthen the T-Beams which is deficient in shear using FRP bonded externally.  This 

project includes experiment on CFRP retrofitted RC T-Beams using four-point loading to fail in shear. Beams were casted with 

different configurations and compared with the control T -Beams. The results show that there is an improvement in  shear capacity 

when retrofitted with CFRP wraps. 
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I. INTRODUCTION 

 

The deterioration of civil engineering infrastructures such as 

buildings, bridge decks, girders, offshore structures, parking 

structures are mainly due to ageing, poor maintenance, 

corrosion, exposure to harmful environments. These 

deteriorated structures cannot take the load for which they are 

designed. A large number of structures constructed in the past 

using the older design codes in different parts of the globe are 

structurally unsafe according to the new design codes and 

hence need up-gradation. Many natural disasters, earthquake 

being the most affecting of all, have produced a need to 

increase the present safety levels in buildings. The knowledge 

of understanding of the earthquakes is increasing day by day 

and therefore the seismic demands imposed on the structures 

need to be revised. The design methodologies are also 

changing with the growing research in the area of seismic 

engineering. So the existing structures may not qualify to the 

current requirements. As the complete replacement of such 

deficient structures leads to incurring a huge amount of public 

money and time, retrofitting has become the acceptable way of 

improving their load carry ing capacity and extending their 

service lives. The conventional retrofitting techniques available 

are concrete-jacketing and steel-jacketing. The concrete-

jacketing makes the existing section large and thus improves 

the load carrying capacity of the structure. But these techniques 

have several demerits such as construction of new formworks, 

additional weight due to enlargement of section, high 

installation cost etc. The steel-jacketing has proven to be an 

effective technique to enhance the performance of structures, 

but this method requires difficult  welding work in  the field and 

have potential problem of corrosion which increases the cost of 

maintenance. With increase in research and introduction of new 

materials and technology there are new ways of retrofitting the 

structure with many added advantages. Introduction of Fiber 

Reinforced Po lymer (FRP) Composite is one of them. FRP 

composites comprise fibers of high tensile strength embedded 

within a thermosetting matrix such as epoxy, polymer or v inyl 

ester. The most widely used matrix is epoxy. FRP was 

originally developed for aircraft, helicopters, space-craft, 

satellites, ships, submarines, high speed trains because of its 

light weight. The application of FRP in the civil engineering 

structures has started in 1980s. 

 

II. LITERATURE SURVEY 

 

The state of deterioration of the existing civil engineering 

concrete structures is one of the greatest concerns to the 

structural engineers worldwide. The renewal strategies applied 

to existing structures comprise of rehabilitation and complete 

replacement. The latter involves a huge expenditure and time; 

hence the rehabilitation is the only option available. Fiber 

reinforced polymers (FRP) are the promising materials in 

rehabilitation of the existing structures and strengthening of the 

new civil engineering structures. This chapter presents a brief 

review of the existing literature in the area of reinforced 

concrete (RC) beams strengthened with epoxy-bonded FRP. 

The major achievements and results reported in the literature 

are highlighted.  Deifalla and Ghobarah have studied several 

cases of loading, geometrical configurations, flexure beams and 

girders, RC T-beams strengthened using fiber reinforced 

polymer (FRP) fabrics subjected to combined shear and torsion. 

The shear and torsion carrying capacities were increased up to 

71% more than the control specimen, as well as increasing the 

stiffness of the beams after cracking as compared to that of the 

control beam. Strengthening increased the deformability of the 

beam and preserved its integrity up to fa ilure. Lee et al. have 

investigated the behavior and performance of RC deep beams 

having T-section strengthened in shear with CFRP sheets. Key 

variables evaluated in this study were strengthening length, 
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fiber direction combination of CFRP sheets, and an anchorage 

using U-wrapped CFRP sheets. Crack patterns and behaviour 

of the tested deep beams were observed during four-point 

loading tests. It was concluded from the test results that the key 

variables of strengthening length, fibre direction combination, 

and anchorage have significant influence on the shear 

performance of strengthened deep beams. 

 

III. EXPERIMENTAL PROCEDURE AND 

INVES TIGATION   

 

 Parameters– The parameters selected for the experimental 

study are as follows: 

 The parameters selected for the experimental study are as 

follows:  

a. Section variation (balanced and under reinforced)  

b. Variat ion in number of layers of FRP for 

balanced section. 

c. Variat ion in number of layers of FRP for under 

reinforced section. 

 

Test S pecimens– experimental program consists of eight 

number of reinforced concrete beams with a T-shaped cross-

section. Two of these eight number of beams was not 

strengthened by FRP and was considered as a control beam, 

three numbers of the beams with balanced section and three 

numbers with under reinforced section strengthened with 

externally bonded CFRP sheets in shear zone with d ifferent 

number of layers of CFRP. 

 

 
Figure.1. Cross-section and reinforcement details of the 

control beam. 

 

All the T-beams are 1300 mm long. The beam sections are 

designed for flexure as per Indian code IS: 456-2000 in order 

to guarantee a shear failure. Based on design, two numbers of 

12 mm for under reinforced and two numbers of 10 mm p lus 

12 mm HYSD bars for balanced section are used as flexural 

reinforcements. The cross-section and reinforcement details of 

the control beam are shown in fig. 1.  

Beams strengthened with different configurations of externally 

bonded glass FRP sheets have same cross -section and 

reinforcement details as that of the control beams.  

 

Material properties – Ordinary Port land cement (OPC) was 

used in preparation of beam specimens. It was tested for its 

physical properties in accordance with Indian standard 

specifications. The specific gravity of cement was found to be 

3.15. The fine aggregate used in this investigation was clean 

river sand, passing through 4.75 mm sieve with specific 

gravity of 2.65. The grad ing zone of fine aggregate was zone 

II as per Indian standard specificat ions. The machine crushed 

granite broken stone angular in shape was used as coarse 

aggregate. The maximum size and specific gravity of coarse 

aggregate were found to be 20 mm and 2.49, respectively. 

Portable water was used for both concrete mixing and curing 

of concrete. The concrete mix p roportion designed by IS 

method to achieve the characteristic strength of 20 N/mm
2
 was 

1:1.79:2.76 by  weight. The water ce ment rat io was fixed  at 

0.5. Three cube specimens were prepared at the casting of the 

each beam and tested at the age of 28 days and the average 

compressive strength of three cubes are presented in table 1.  

 

Table. 1. Average cube compressive strength of concrete. 

 

 
Figure.2. Model of T-beam with CFRP for both balanced as 

well as under reinforced. 

 

 EXPERIMENTAL S ETUP –  All the beams were tested 

under two symmetrical point loads, so that the beams fail by 

shear. The tests were carried out at the ‘Structural Engineering’ 

Laboratory of Civil Engineering Department, Dr. AIT, 

Bangalore. A loading frame with 500 kN capacity was used to 

apply a concentrated load on a spreader beam which generated 

two concentrated loads on the test specimen. The specimen was 

placed over the two steel rollers bearing at a distance of 50 mm 

from the ends of the beam. The remain ing 1200 mm was 

divided into three equal parts of 400 mm each as shown in Fig. 

3. The beam to be tested was marked with lines at L/3, L/2, and 

2L/3 locations from the left support (L = 1200 mm) and three 

dial gauges were used for recording of the deflection of the 

beams. One dial gauge was placed just below the centre of the 

 

Specimen Name 

Specimen 

Identificat ion 

Average Cube 

Compressive 

Strength (MPa) 

Balanced Control 

Beam 

BCB 29.06 

Balanced 

Strengthened Beam 1 

BSB1 29.06 

Balanced 

Strengthened Beam 2 

BSB2 29.24 

Balanced 

Strengthened Beam 3 

BSB3 29.25 

Under reinforced 

Control Beam 

URCB 28.33 

Under reinforced 

Strengthened Beam 1 

URSB1 28.36 

Under reinforced 

Strengthened Beam 2 

URSB2 29.17 

Under reinforced 

Strengthened Beam 3 

URSB3 29.27 
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beam, i.e. at L/2 distance and the remaining two dial gauges 

were placed just below the point loads, i.e. at L/3 and 2L/3 to 

measure the deflections. 

 

 
Figure.3. Details of the test setup with location of dial 

gauges. 

 

IV. TEST RESULTS AND DISCUSSION 

Cracking pattern and failure modes - The cracking pattern 

and modes of failure of the control beam and strengthened RC 

T-beams are shown in Fig. 4. The crack patterns of the beams 

were observed with the progress of the load. The initial cracks 

were visualized for the all the beams. The init ial cracking loads 

recorded during the testing are presented in Fig. 4. It is 

observed that the initial cracks in the strengthened RC beams 

are developed at a higher load than the control beam. The load 

at first crack of all strengthened beams is  more than 40% 

higher than the control beam.  With the increase of load, the 

beam exhibited different failure modes. The initial crack in the 

control beam enlarged with the increase in load and finally 

failed in shear at a least load of 105 kN.  

 

 
Figure.4. crack pattern 

 

 LOAD DEFLECTION HIS TORY - the mid-span 

deflections were measured at different load steps for the control 

beams and the deflection profile for the control beams bcb and 

urcb are shown in fig 5 and fig  6 and the load–deflection 

history of the beams strengthened with cfrp strips of various 

configurations is presented in fig. 7 and fig. 8.  It is observed 

that strengthened beams experienced less deflection than the 

control beam under the same applied  load. The beams 

strengthened with 3 layers of strips are expected to perform 

better in shear than that with the single layer strip. The 

percentage reductions in mid-span deflections sb compared to 

cb were considerable. It is observed that strengthened beams 

perform well in shear compared to the control beam.  

 

 
Figure. 5: load deflection curve for bcb 

 

 
Figure.6: load deflection curve for URCB  

 
Figure. 7: load deflection curve of balanced section beams  

 
Figure. 8: load deflection curve of under reinforced beams  
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Figure. 9: load carrying capacity of BB 

 

 
Figure. 10: load carrying capacity of URB  

 

 
Figure. 11: load carrying capacity of  all beams  

 

V. CO NCLUSIONS 

 

In this experimental investigation the shear behavior of RC T-

beams strengthened by CFRP sheets are studied. The test 

results illustrated in the present study shows that the external 

strengthening with CFRP composites can be used to increase 

the shear capacity of RC T-beams, but the efficiency varies 

depending on the test variables such as number of layers, and 

section of the beam. Based on the experimental results, the 

following conclusions are drawn: 

 

 Externally bonded CFRP reinforcement can be used 

to enhance the shear capacity of RC T-beams. 

 The test results confirm that the strengthening 

technique of FRP system can increase the shear 

capacity of RC T-beams. 

 The cracks in  the strengthened beams are formed at a 

higher load compared to the ones in the control 

beam. 

 A proportional increase in shear capacity with 

increasing CFRP amount cannot be achieved when 

de-bonding is not prevented. 

 The ultimate load carrying capacity of the strengthen 

beams were found to be greater than that of the 

control beams. 

 

Based on the above, the use of CFRP sheets as an external 

reinforcement is recommended to enhance the shear capacity 

of RC T-Beams. 
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