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Abstract :  In this modern era, most of the buildings all over the world are made up of RCC. A structure is 

intended for a particular period and relying upon the idea of the structure, its plan life fluctuates. For a residential 

structure, this plan life could be as low as a quarter century, while for an open structure, it could be fifty years. 

Weakening in solid structures is a noteworthy test looked by the framework and extension businesses around the 

world. The decay can be predominantly because of natural impacts, which incorporates erosion of steel, 

progressive loss of solidarity with maturing, rehashed high force stacking, variety in temperature, solidify defrost 

cycles, contact with synthetics and saline water and introduction to ultra-violet radiations. As complete 

substitution or reproduction of the structure will be savvy, fortifying or retrofitting is a viable method to 

reinforce the equivalent.  

In this research, the primary objective of this study is to examine the application of GFRP fabric wrap to 

strengthen concrete beams and the associated failure modes. the effects of the number of GFRP layers on the 

strength and ductility of beams are investigated. To study the ultimate load carrying capacity, deflection of 

normal beam and beams strengthened with GFRP fabric wrap. A comparison shall also be done with the ultimate 

load carrying capacity and deflection of normal beam and beams strengthened with GFRP wraps.  

From conclusions, it is seen that from Experimental Study on Structural Strengthening of Beams using Glass 

Fibre Reinforced Polymer Composites conclude the strength of the beams can be increased by wrapping with 

Glass Fibre Reinforced Polymer Composites.  

I. INTRODUCTION 

      A structure is intended for a particular period and relying upon the idea of the structure, its plan life fluctuates. For a 

residential structure, this plan life could be as low as a quarter century, while for an open structure, it could be fifty years. 

Weakening in solid structures is a noteworthy test looked by the framework and extension businesses around the world. The 

decay can be predominantly because of natural impacts, which incorporates erosion of steel, progressive loss of solidarity with 

maturing, rehashed high force stacking, variety in temperature, solidify defrost cycles, contact with synthetics and saline water 

and introduction to ultra-violet radiations. As complete substitution or reproduction of the structure will be savvy, fortifying or 

retrofitting is a viable method to reinforce the equivalent. The most mainstream strategies for fortifying of strengthened solid 

shafts have included the utilization of outer epoxy-reinforced steel plates. It has been found tentatively that flexural quality of an 

auxiliary part can be expanded by utilizing this procedure. Despite the fact that steel holding strategy is basic, practical and 

effective, it experiences a difficult issue of disintegration of security at the steel and cement interphase because of erosion of steel. 

Other normal fortifying strategy includes development of steel coats which is very compelling from quality, firmness and 

malleability contemplations. Be that as it may, it builds in general cross-sectional measurements, prompting increment in self-

weight of structures and is work serious. To dispose of these issues, steel plate was supplanted by consumption safe and light-

weight Fiber Reinforced Polymer (FRP) Composite plates. FRPCs help to build quality and pliability without exorbitant 

increment in firmness. Further, such material could be intended to meet explicit prerequisites by modifying position of strands. So 

solid individuals would now be able to be effectively and successfully fortified utilizing remotely reinforced FRP composites. 

1.2   METHODS OF STRUCTURAL STRENGTHENING 

Structural strengthening is a process whereby an existing structure is enhanced, to increase the probability that, the 

structure will survive for a long period of time and also against earthquake forces. This can be accomplished through the addition 

of new structural elements, the strengthening of existing structural elements, and/or the addition of base isolators.  

Structural repair of reinforced concrete members incorporates numerous repair techniques depending on the structure's 

type of reinforcement, extent of deterioration, and type of distress. Different types of reinforcement require various demolition 

and surface preparation techniques. Typically, structural deterioration of reinforced concrete members can occur as surface 

scaling, spalling, cracking, corrosion of reinforcing steel, weathering, post-tension losses, deflection beam shortening, volume 

shrinkage and strength reduction. Moisture, chlorides, carbonation, and chemical attack induce freeze thaw disintegration, 

sulphate attack, erosion and alkali aggregate reaction. The rehabilitation measure includes various methods accordingly to the 

type of distress. 
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Various Retrofitting techniques include:  

 Injection of cracks  

 Removal and replacement  

 Ferro cement  

 Plate bonding  

 Concrete jacketing  

 Steel plate adhesion  

 Steel jacketing or addition of external steel elements  

 Strengthening with fiber-reinforced polymeric (FRP) composites  

1.3 FAILURE OF FRP STRENGTHENED STRUCTURES 

1.3.1  Flexural Failure 

Flexural failure of a strengthened RC beams is quite similar to failure of non-strengthened RC members, taken the 

additional FRP as additional reinforcement into account. When debonding is prevented, flexural failure of a FRP strengthened 

beam is governed by either FRP rupture (Figure 1.9) or crushing of the concrete in the compressive zone (Figure 1.10). Both 

failure modes could occur before or after yielding of the internal steel reinforcement. However, in practical applications, flexural 

failure is hardly ever observed, as, in general, failure is governed by debonding of the externally bonded FRP. 

 
Figure 1.8. FRP rupture 

 
Figure 1.9. Concrete crushing 

1.3.2 Shear Failure 

FRP that is used to strengthen a structure in flexure does not significantly contribute to the shear capacity of the beam 

and is therefore often neglected in the verification of the shear capacity. Shear failure could become the governing failure mode 

(Figure 1.11), as the flexural capacity is increased. Shear failure should however be avoided due to the brittleness of this type of 

failure. If additional shear capacity is needed, it is possible to strengthen the structure in shear with FRP. 

 

 
 

Figure 1.10. Shear failure 

1.3.3 Debonding of the Externally Bonded FRP  

Failure after debonding of the FRP is in most cases the governing failure mode of FRP-strengthened structures. Several 

debonding mechanisms can be distinguished, which can initiate at several locations along the length of the laminate (Figure 1.12). 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                            www.jetir.org (ISSN-2349-5162) 

JETIR1907T02 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 226 
 

 
Figure 1.11. Possible debonding mechanisms of a FRP-strengthened beam. 

The debonding mechanisms that can be distinguished are; 

1. Debonding at flexural cracks  

2. Debonding due to high shear stresses  

3. Debonding at shear cracks  

4. Debonding at the end anchorage  

5. Plate-end shear failure  

6. Concrete cover rip-off  

7. Debonding due to the unevenness of the concrete surface  

When a FRP-strengthened beam cracks, high stress concentrations will develop in the FRP at the intersection with a crack. 

These stress concentrations are transferred to the concrete by means of shear stresses at both sides of the crack. It is expected that 

exceeding the shear strength only result in local non-progressive debonding close to the crack tip of the (flexural) crack, as the 

stress concentration will decrease after debonding over a short distance (Figure 1.12). 

 
Figure 1.12 Local debonding at flexural cracks 

 

           II SCOPE AND OBJECTIVE 

The primary objective of this study is to examine the application of GFRP fabric wrap to strengthen concrete beams and 

the associated failure modes. More particularly, the effects of the number of GFRP layers on the strength and ductility of beams 

are investigated. To study the ultimate load carrying capacity, deflection of normal beam and beams strengthened with GFRP 

fabric wrap. A comparison shall also be done with the ultimate load carrying capacity and deflection of normal beam and beams 

strengthened with GFRP wraps. The scope of the study is to improve the strength of the existing structure for the updation of 

current code.  

The scope of this investigation is to study the effectiveness of GFRP sheets and the increase of the flexural strength of concrete 

beams by Fiber-reinforced polymer (FRP). 

The main objectives of this investigation are:   

 To study the structural behaviour of reinforced concrete (RCC) beams under static loading condition.   

 To study the contribution of externally bonded Fiber Reinforced Polymer (FRP) sheets on the flexural behavior of RCC 

beams.   

 To examine the effect of different parameters number of layers, enhancement of load carrying capacity and load deflection 

behavior of beam. 
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III LITERATURE REVIEW 

GENERAL 

 Studies have specifically focused on structural strengthening of RCC beam using GFRP. This includes the work of  

 D.N. Shinde et al (2014) investigates the Flexural behavior of R.C.C. beam wrapped with GFRP (Glass Fiber Reinforced 

Polymer) sheet. Experimental results shows that Effective procedure of wrapping enhances the strength considerably and 

flexural retrofitting also increases the shear strength of concrete. 

 Rameshkumar U More  et al (2014) studied experimentally the flexural behaviour of the beam externally bonded aramid 

fiber reinforced polymer specimens subjected to two point loading mechanism only..Ultimate load carrying capacity in 

beams is found to be increasing with increase in layer of AFRP strip.With increase in degree of damage, deflection at 

ultimate load is found to be decreasing by applying AFRP strip. 

 Sandeep G. Sawant et al (2013) investigates the effect of number of GFRP layers and its orientation on ultimate load 

carrying capacity and failure mode of the beams.Results shows that U-Shape wrap and bottom wrap was good for improving 

shear strength as well as for reducing deflection of RC member as compare to both side wrap. 

 Patel Mitali R et al (2012)carried out experimental work on shear strengthening of different beams using FRP and the effect 

of different parameters on the strength of beams strengthened externally with FRP sheets or strips. Results show that for 

strengthening of beam in shear, use of strips of CFRP was best mechanism. This mechanism has largest residual strength and 

less brittle failure.51% increase in shear capacity was achieved with addition of CFRP reinforcement externally. 

 

IV MATERIALS 

     CEMENT  

Portland Pozzolona Cement (PPC)-53 grade was used for the investigation. It was tested for its physical properties in 

accordance with Indian Standard specifications. 

       FINE AGGREGATE 

Locally available fine aggregates are used in the investigation. 

       COARSE AGGREGATE  

 Locally available coarse aggregates are taken  and sieved to the required quantity of volume to the maximum nominal 

size of 20 mm. Care is taken to arrive the size of coarse aggregate ranging from 4.75 mm to the maximum nominal size of 20 

mm. 

        WATER  

Potable water available in Concrete and highway laboratory of department of civil engineering is used for mixing the 

concrete and curing the specimens. 

        REINFORCING STEEL  

HYSD 10mm and 8mm diameter bar is used as main reinforcement. 6 mm dia. mild steel bars is used as a shear 

reinforcement. 

        GLASS FIBRE 

 Woven Glass Fibre Reinforced Polymer is used for wrapping the specimens. 

         RESIN 

  Polymer resin is used for wrapping the specimens with GFRP. 

         ACCELERATOR 

 It is used along with catalyst to harden the resin from liquid states to solid states. 

         CATALYST 

 Catalyst increases the rate of a chemical reaction of two or more reactants and helps in rapid hardening of the mix 

          PIGMENT 

 A pigment is a material that changes the color of mix. Blue pigment is used for wrapping the specimens with GFRP. 

       PREPERATION OF MOULD 

Fresh cement, being plastic requires some sort of structure work to form it to the required shape and furthermore to hold 

it till it sets. The structure work has, subsequently, got the chance to be reasonably structured. It ought to be sufficiently able to 

take the dead burden and live load, during development and furthermore it must be inflexible enough to withstand any bulging, 

twisting or hanging because of the load.The form work used for casting of all specimen consists of mould prepared with 3.5mm 

thick iron plate at the sides and 5 mm thick plate at the bottom. These plates are bolted together using angle section of dimension 

40 mm by 40 mm by 6 mm inorder to gain more stiffness. 
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Figure.  Moulds 

 

    V RESULTS AND DISCUSSIONS 

      LOAD VS DEFLECTION GRAPH 

The analysis of beam specimens are made and corresponding Deflection are obtained for the corresponding loads 

applied. The deflections where noted at mid span, Y1 and one-third span, Y2 for corresponding loads. Load vs Deflection graph is 

plotted as shown in figure 11.1 and 11.2. 

 
Figure Load Vs Deflection Graph, Y1 

 
Figure Load Vs Deflection Graph, Y2 

From the figures of load vs Deflection and the table from appendix, it is observed that the deflection of beams increases 

with the increase in load. It was also noted that, as the number of GFRP layer increases, the deflection decreases for a 

corresponding load. 
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 LOAD AT INITIAL CRACK 

Under two point static loading of beam examples, at every augmentation of burden, deflection and crack improvement 

were watched .In CB commencement of break happens at a heap of 30 KN. The crack inception of beam examples BS I, II and III 

were not unmistakable because of utilization of GFRP around the beam. The breaks were just unmistakable in the wake of 

arriving at extreme load 

 It was noted that vertical cracks were found at the center one- third span, propagating from the bottom towards 

the top conforming that the beam fails for flexure alone. 

 
Figure Crack pattern on the specimen  

 RESULTS OF ULTIMATE LOAD 

After the elastic range all the specimens are subjected to failure and hence the ultimate loads are determined. Visible 

crakes first appeared at the center one-third surface of the beam and then propagated from the bottom of the beam towards the top, 

hence conforming flexural failure. 

Table Test Results of Ultimate Load (Pu)  

Type   Ultimate Load, Pu(kN) 

CB 76 

BS I 99 

BS II 122 

BS III 147 

 

The ultimate loads for the specimens are tabulated in table  and a plot is made between ultimate load  on different 

specimens as shown in Fig. It is observed that the ultimate load increases with increase in the number of layers of GFRP 

wrapping. 

  
Figure Ultimate Load on different specimens 

 VI CONCLUSIONS 

The accompanying ends are drawn from the test outcomes. 

i) It is concluded that an increment of 23.23% of ultimate load (Pu) is observed in BS I when compared with CB. 

ii) It is concluded that an increment of 35.24% and 18.85% of ultimate load (Pu) is observed in BS II when compared 

with CB and BS I respectively. 

iii) It is concluded that an increment of 48.29%,32.65% and 17.06% of ultimate 

load (Pu) is observed in BS III when compared CB,BS I, BS II respectively. 

iv) The deflection of Reinforced Concrete Beams increases with increase in load within the elastic range. 

 

Hence from Experimental Study on Structural Strengthening of Beams using Glass Fibre Reinforced Polymer Composites 

conclude the strength of the beams can be increased by wrapping with Glass Fibre Reinforced Polymer Composites. 
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