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Abstract: Reinforced concrete is the main material which is 

being used in major construction projects. However, the 
deterioration of reinforced concrete structures is the serious 
problem worldwide. Apart from regular maintenance, many 
structures require extensive repair and strengthening. 
The researchers have studied three different methods of 
retrofitting considering the strength and cost aspects. 
In this study, Ferro-cement, Carbon Fiber Reinforced Polymer 
(CFRP) and Plate Bonding method are used for retrofitting 
deteriorated beams. Flexural strength of the retrofitted beams are 
tested and compared. 
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I. INTRODUCTION 

The existing infrastructure now a day is subjected to overuse 
and hence degradation or deterioration is taking place. 
In India, it has been seen that many old structures are in very 
unsafe structural condition due to negligence of timely 
repairs and maintenance. Due to which they need major 
repairs. In many places, where constructions are very old but 
still, they are occupied for residential purpose. In Rajasthan 
region most of the constructions are old and such buildings 
occupied for residency. This can be led to serious accidents. 
If a building is not maintained or repaired for about 25 to 30 
years of its service life span, then it is reasonable to expect 
that it would need some major structural repair soon. 
There are many causes which lead to dilapidation condition 
of a building such as ageing effect, inadequate maintenance, 
weathering, overloading the structure, poor quality of 
material for construction and poor design of structure. 
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Retrofitting is nothing but repairing the deteriorated 
structure and increasing its life span. Use of ferrocement, 
CFRP sheets and steel plate bonding are some of the 
methods of retrofitting the structural members and increase 
its load carrying capacity. Carbon Fiber Reinforced Polymer 
(CFRP) is a composite material made from Carbon Fiber and 
Polymers. Carbon fibers are responsible for good strength 
and stiffness and polymers hold the fibers together and 
provides cohesiveness and toughness to the material.  
Ferrocement is combination of a thin reinforcement layer 
and a plaster mortar. A mesh of thin, well distributed 
reinforcement is applied with a plaster mortar on its both 
sides to make ferrocement. Steel Plate Bonding is a 
technique in which steel plates are bonded to the concrete 
member using some adhesives. These steel plates serve as a 
new reinforcement and takes active part in taking loads.  

II. METHODOLOGY 

A. Specimen of Deteriorated Beams 

Original deteriorated beams are of length 700mm and 
cross section 150mm2 reinforced using 2 bars of 10mm 
diameter at bottom. 

It is observed that the average compressive strength of 
virgin beams is 4.566 MPa. 

B. Surface Preparation for Application 

Existing surface of beam is firstly prepared by removing the 
unwanted particle to give hard surface.  

C. Application of Retrofitting Techniques 

C.1 Application of Carbon Fiber Reinforced Polymer 

Bonding agent is first applied evenly on the cleaned surface 
of beam. This bonding agent (Epoxy) is prepared by mixing 
resin and thinner.CFRP sheets are cut in the required shape 
and size and then placed on a thin layer of bonding agent 
which was applied previously on the clean surface of 
member. The CFRP sheets are pressed equally all over the 
surface. Cut the extra portion of sheet. 
 

                
a. Application of Epoxy            b. Layer of CFRP Sheet  

Fig. 1. Application of CFRP 
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C.1 Application of Ferro-cement. 

Wire meshes are fixed on the cleaned surface using 
anchorages. One-inch deep holes are drilled in two lines on 
three sides of beam. 
 
Cement slurry is prepared and poured into the holes to fix the 
nail into the holes. 
Fix a single layer of mesh accurately and tightly wrapped 
around three sides of the beam. After application of the first 
layer of mesh, two 6mm diameter bars are placed on each 
working faces of beam ie. Six numbers of bars are required 
for one beam. Bars are placed near the nail lines. 

The second layer of mesh is now tightened using the nails. 
Prepare a micro concrete of grade M40 having proportion 
1:1 (Cement: Fine sand passing through 2.36mm sieve). 
Apply this mortar on the tightened mesh evenly and level the 
surface. Cure the member for 28 days. 

 

 
 

  a. Layer of Mesh            
 

    
 

b. Preparation of Mortar           c. Application of Mortar  
                     

Fig. 2. Application of Ferro-cement 

C.3 Application of Steel Plate Bonding Method  

Bonding agent (Epoxy) is first applied evenly on the cleaned 
surface of beam. Avoid excessive use of agent. 
The Steel plates are placed on the layer of epoxy and pressed 
by keeping heavy weight on it for 24 hrs. Props are used on 
site for supporting the steel plates. 

     

a. Application of Bonding           b. Steel plates bonded to  
    Agent on the Surface.                         the Surface        
                      

 Fig. 3. Application of Steel Plate Bonding Method 

III. EXPERIMENTATION 

The beam specimens are tested against standard 
specification given by IS: 516(1959) for flexural strength. 
Four specimens are used for every retrofitting method. For 
finding the final value of flexural strength average value of 
three specimens are considered. 
 

         

       a. Beam with CFRP                 b. Beam with Ferro- cement 
 

   

                       c. Beam with Steel Plate Bonding 

   Fig. 3. Testing of Retrofitted Beams 

IV. RESULT AND DISCUSSION 

A. Compressive Strength and Flexural Strength 
 

 
 

 

a. Result for Virgin Beam Sample 2 
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b. Result for CFRP Beam Sample 2 
 

 
            

c. Result for Ferro-cement Beam Sample 2 
 

 
d. Result for Steel Plate Bonded Beam Sample 2 

 
Fig.4. Results on Virgin and Retrofitted Beams for 

Sample no. 2 
 
It is observed from the experimental results that the average 
compressive strength of virgin beams is 4.566 MPa, beams 
wrapped with CFRP sheet is 7.721Mpa, beams fitted with 
Ferro-cement sheet combined bars with 6 mm diameter bar is 
10.278 MPa and beams retrofitted with Steel Plate Bonding 
is 5.470 MPa. Comparison is shown in Fig 5.  
From the compression load taken by the beams, average 
value of flexural strength is calculated. Flexural strength of 

virgin beams is 6.760 MPa, beams wrapped with CFRP sheet 
is 11.438 Mpa, beams fitted with Ferro-cement sheet 
combined bars with 6 mm diameter bar is 15.220 MPa and 
beams retrofitted with Steel Plate Bonding is 8.103 MPa. 

 
 

Fig.5. Comparison of Load Carrying Capacity 
 

B. Cost Calculation 

The total cost of material, workmanship, equipment is 
worked out and cost comparison is done. 

Fig.6. Cost Comparison for Retrofitting Methods 
 
C. Comparative Results   
 

   Following results are observed considering the average 
flexural strength of all three methods: 
1) Beams retrofitted with Steel Plate Bonding method 

shown 1.198 times increase in strength.  
2) Use of Carbon Fiber Reinforced Polymers (CFRP) for 

retrofitting of beams enhances the strength by1.69 times. 
3) Ferro-cement wrapping combined with two bars of mild 

steel has drastically increased the strength by 2.25 times. 
4) The cost comparison chart (Fig. 6.) shows that Carbon 

Fiber Reinforced Polymers (CFRP) requires highest 
cost. 
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V. CONCLUSION 

The experimental results and the cost comparison showed a 
promising potential of Ferro-cement wrapping used with a 
combination of mild steel bars. This combination has given 
higher strength as compared to CFRP in much lesser cost. 
It is also observed that the Steel Plate Bonding is economical 
to adopt but the strength gained is very less compared to 
other two methods. 
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