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Abstract— This study deals with experimental investigation 

for strengthening structurally deficient T-beams by using 

fiber reinforced polymer (FRP). Fiber-reinforced polymer 

(FRP) is a very effective way to repair and strengthening 

structures that have become structurally weak over their life 

span. Due to their lightweight, high tensile strength, and 

ease to install on irregular surfaces, the use of FRP systems 

for the repair and strengthening of reinforced concrete 

structures has become an accepted practice within civil 

engineering community. The overall objective of this study 

was to investigate the shear performance and failure modes 

of RC T-beams strengthened with externally bonded FRP 

sheets. In order to achieve these objectives, an experimental 

program conducted consisting of testing of full scale RC 

beams was carried out. Experimental data on load, 

deflection and failure modes of each of the beams were 

obtained. The effect of different amount and configuration 

of FRP on ultimate load carrying capacity and failure mode 

of the beams were investigated. The performance of the 

analytical models considering the effective strain concept 

appeared to be more reliable to predict the shear strength for 

both small and large scale beams than the ones considering 

non-uniform distribution of strains in FRP. 
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I. INTRODUCTION 

he aging infrastructure worldwide has prompted many 

researchers and organizations to seek alternative materials 

and techniques to revive the deteriorating and deficient 

structures. Strengthening and rehabilitation of existing 

reinforced concrete (RC) structures is becoming an 

important issue in situations such as demand in the increase 

of service load levels, repair due to degradation of a 

member, design/construction defects, and response to 

requirements of newly developed design guidelines. When 

the RC beam is deficient in shear, or when its shear capacity 

is less than the flexural capacity after flexural strengthening, 

shear strengthening must be considered. It is critically 

important to examine the shear capacity of RC beams which 

are intended to be strengthened in flexure.  

Different FRP bonding schemes have been utilized 

to expand the shear resistance of RC shafts. These 

incorporates bonding FRP to the sides of the beam only, 

bonding FRP U jacket to both the sides and the strain face, 

and wrapping FRP around the entire cross area of the beam. 

The utilization of fibres in two bearings can clearly be 

useful concerning shear resistance even if strengthening for 

reversed loading is not required, aside from far-fetched case 

in which one of the fiber headings is precisely parallel to the 

shear splits. In this sense, FRP plates with filaments in three 

or more headings may likewise be utilized. 

However, concrete structures deteriote with time a 

repairing and retrofitting of the current structure turn into a 

need. Repairing and retrofitting are generally fulfilled by 

utilizing ordinary material and construction techniques. The 

rehabilitation systems can be of two sorts:  

1) Repairing procedure, when the object is to restore 

the heap bearing limit of the solid component, and  

2) Reinforcing strategies, when the design is to 

expand the heap bearing limit. 

II. OBJECTIVES 

 The main objectives of the present work are:  

1) To study the structural behavior of reinforced 

cement (RC) T-shafts with a transverse gap under 

static load condition 

2) To study the contribution enhanced by externally 

bonded FRP sheets on the shear resistance of RC 

T-beams  

3) To determine the purpose of the FRP composites as 

repair materials for deteriorated RC Structures. The 

lower weight of FRP makes installation and 

handling significantly easier than steel. 

III. EXPERIMENTAL PROGRAM 

A. Materials 

The materials used in this experimental study are 

1) Cement: 

Ordinary Portland cement (OPC) of grade 53 is used which 

is available in nearby store and passes through 0.9µ IS sieve 

and having surface area of 350 Kg/mm
2 

and specific gravity 

as 3.15. 

2) Fine aggregate: 

The sand is brought from quarry and sieve analysis is 

performed. The maximum size of sand is selected as 

4.75mm and specific gravity is found out to be 2.46 with 

Zone III grading conditions. 

3) Coarse aggregate: 

The gravel is also brought from nearby quarry. The shape os 

gravel has crush texture and sieve analysis is performed. 

The maximum size of gravel is taken as 20mm and specific 

gravity is found out to be 2.7. 

4) Water: 

Water that is suitable for drinking is satisfactory for use in 

concrete or Ordinary tap water is  also used for mixing of 

concrete in all the mix.  

5) Steel Reinforcement: 

High yield deformation bars of yield strength 415 Mpa of 20 

mm φ are used for main reinforcement and 8 mm φ HYSD 

steel bars are used for stirrups (shear reinforcement). 

6) Fiber Reinforced Polymer Composites: 

Fibre reinforced polymer are brought from Plastics & 

engineering Continuous fiber-reinforced materials with 

polymeric matrix (FRP) can be considered as composite. 

Fiber reinforced polymer (FRP) is a composite material 

made by combining two or more materials to give a new 

combination of properties. Various properties of glass fibre 

are given below 
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B. Compressive strength 

Initially concrete cubes are casted to find out the 

compressive strength of concrete. Generally concrete mix 

design is selected from BIS. To find mix design properties 

of aggregate are found out and mixed design is designed for 

M20 concrete. The mix proportion from standard code IS: 

10262-1982 is obtained as 0.55:1:1.662:2.907 (w/c ratio : 

cement : fine aggregate : coarse aggregate).The concrete 

cubes of dimension 150x150x150 mm were casted with 

above mix proportions. The specimen shall be stored at site 

for 24+ ½ h under damp matting or sack. After that, the 

samples shall be stored in clean water at 27+2
0
C; until the 

time of test. The compressive strength for normal concrete is 

found out to be 26.7 Mpa. 

C. Strengthening of beams:- 

At the time of bonding of fiber, the concrete surface is made 

rough utilizing a coarse sand paper composition and then 

cleaned with an air blower to uproot all dirt and debris. 

After that the epoxy resin is blended as per with 

manufacturer’s instructions. After their uniform mixing, the 

fabrics are slice as per the size then the epoxy resin is 

applied to the concrete surface. Then the GFRP sheet is 

placed on top of epoxy resin coating. Air bubbles entangled 

are eliminated. This operation is carried out at room 

temperature. Concrete beams strengthened with glass fiber 

fabric are cured ( placed in water ) for 24 hours at room 

temperature before testing. 

IV. RESULT 

Four specimens of strengthened solid T beams are casted to 

test strengthening up to failure by applying symmetrical 

four-point static loading system. These T beams were 

separated into 2 group. Out of six samples of beams, one 

beam was not strengthen by FRP and was considered as a 

control beam and remaining three beams were solid beams 

were reinforced with externally bonded GFRP sheets in 

shear zone of the bar. The dimensions of T beam are 

Span of 1300 mm,  

Web 150mm wide, 125mm deep, 

Flange 350mm wide, 50mm deep, 

Effective depth 125mm. 

 
Fig. 1: solid T beams 

A. Control Beam: 

The control beam (CB) was not at all strengthened with 

GFRP. It is designed to study the shear failure under four-

point static loading test. It is weak in shear. 

 
Fig. 2: Control Beam 

B. Control Beam (without any Bonding with GFRP 

Composites) 

LOAD (in 

KN) 

At Point L/3 (in 

mm) 

At Point L/2 (in 

mm) 

0 0 0 

20 0.34 0.42 

30 0.47 0.55 

40 0.59 0.69 

50 0.68 0.87 

60 0.72 0.93 

70 0.83 1.01 

80 0.92 1.18 

90 1.05 1.24 

100 1.23 1.38 

110 1.46 1.52 

120 1.57 1.81 

130 1.85 1.98 

140 1.99 2.14 

150 2.14 2.34 

160 2.36 2.54 

170 2.58 2.67 

180 2.71 2.86 

190 2.89 3.02 

200 3.12 3.19 

210 3.24 3.42 

225 3.49 3.68 

240 3.72 3.91 

Table 1: Control Beam (without any Bonding with GFRP 

Composites) 
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Fig. 3: Load vs. Deflection Curve for CB 

C. Strengthened Beam 1 

The Beam (SB1) is GFRP bonded at Bottom of Web from 

end to end.  The same four-point static loading is applied at 

the middle-third locations.  

 

  
Fig. 4: Single Layered GFRP bonded at Bottom of Web 

from end to end 

LOAD  

(in KN) 

At Point L/3 

 (in mm) 

At Point L/2 

(in mm) 

0 0 0 

20 .22 .29 

30 .32 .42 

40 .43 .51 

50 .51 .64 

60 .69 .83 

70 .78 .92 

80 .92 1.09 

90 1.02 1.29 

100 1.14 1.37 

110 1.28 1.56 

120 1.41 1.78 

130 1.62 1.82 

140 1.81 2 

150 1.97 2.12 

160 2.07 2.39 

170 2.29 2.56 

180 2.41 2.72 

190 2.59 2.85 

200 2.73 2.97 

210 2.87 3.11 

220 3.1 3.31 

230 3.15 3.42 

240 3.25 3.53 

250 3.38 3.68 

260 3.49 3.89 

270 3.61 3.98 

276 3.87 4.21 

290 4.1 4.54 

Table 2: LOAD 

 
Fig. 5: Load vs. Deflection Curve for SBA1 

D. Strengthened Beam 2 

The Beam (SB2) is GFRP bonded at Bottom of Web from 

L/3 to 2L/3. The same four-point static loading is applied at 

the middle-third locations. 

 

 
Fig. 6: Single Layered GFRP bonded at Bottom of Web 

from L/3 to 2L/3 

LOAD  

(in KN) 

At Point L/3  

(in mm) 

At Point L/2  

(in mm) 

0 0 0 

20 .23 .28 

30 .32 .35 

40 .41 .47 

50 .51 .59 

60 .63 .71 

70 .74 .81 

80 .88 1.00 

90 0.97 1.13 

100 1.1 1.31 

110 1.24 144 

120 1.39 1.58 

130 1.52 1.70 

140 1.78 1.94 

150 1.87 2.02 
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160 2.09 2.24 

170 2.21 2.47 

180 2.42 2.68 

190 2.58 2.84 

200 2.75 2.98 

210 2.91 3.14 

220 3.01 3.31 

230 3.14 3.49 

240 3.38 3.69 

250 3.57 3.89 

260 3.76 4 .0 

270 4.12 4.24 

290 4.34 4.58 

Table 3: Load 

 
Fig. 7: Load vs. Deflection Curve for SB2 

E. Strengthened Beam3: 

The beam (SB3) is modeled U- Jacketed Single Layered 

GFRP retrofitted on beam from end to end. The same four-

point static loading is applied at the middle-third locations. 

 

 
Fig. 8: U- Jacketed Single Layered GFRP bonded from end 

to end 

LOAD  

(in KN) 

At Point L/3  

(in mm) 

At Point L/2  

(in mm) 

0 0 0 

20 .41 .45 

30 .52 .55 

40 .61 .68 

50 .72 .83 

60 .87 .96 

70 0.91 1.09 

80 1.1 1.22 

90 1.21 1.36 

100 1.32 1.48 

110 1.41 1.60 

120 1.57 1.72 

130 1.62 1.84 

140 1.79 1.96 

150 1.88 2.10 

160 2.00 2.22 

170 2.12 2.38 

180 2.29 2.55 

190 2.49 2.72 

200 2.53 2.89 

210 2.78 3.06 

220 2.94 3.23 

230 3.1 3.41 

240 3.22 3.62 

250 3.37 3.78 

260 3.68 4.01 

270 3.72 3.87 

306 3.89 3.99 

326 4.10 4.24 

Table 4: Load 

 
Fig. 9: Load vs. Deflection Curve for SB3   

V. CONCLUSION 

The present studies deals with GFRP composites externally 

bonded with concrete to increase shear resistance. The test is 

made to wind up load carrying capacity of beam with 

respect to deflection. The following conclusions are made 

 Being a light weight material, The overall weight of 

structure reduces when it is compare with steel bars 

proving shear resistance 

 The cost of this FRP composites is low when 

compared to steel bars, Hence proved to be 

economical 

 The test results confirm that the strengthening 

technique of FRP system is applicable and can 

increase the shear capacity of T-beams 
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 When compare to control beam the load carrying 

capacity of SB1, SB2 and SB3 has been increase. The 

load carrying capacity has been increased for beam 

SB3 when FRP composites are modeled as U- 

Jacketed Single Layered GFRP retrofitted on beam 

from end to end 

 Hence GFRP composites prove to be an innovative 

element in modern techniques of retrofitting in Civil 

Engineering for strengthening of beams when bonded 

externally  
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