
IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 11, 2021 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 111 

Strengthening of Corroded Beams in Shear by Using Carbon Fiber-

Reinforced Polymer 

Rutu U. Dusunge1 Dr.Prof. Sudhir Patil2 

1,2Department of Applied Mechanics 
1,2M.I.T. College of Engineering, Pune, India

Abstract— Corrosion of reinforcement is one of the main 

factors which affected on the serviceability and durability of 

reinforced concrete structure. The repair and rehabilitation of 

corroded reinforced concrete (RC) structures is a challenging 

problems in engineering. This paper represent experimental 

result and analytical study of the shear performance of 

reinforced concrete beams with corroded stirrups strengthen 

with CFRP sheets. There were totally nine RC beams 

constructed in these experiments, embedded stirrups of six 

beams were corroded by an accelerated corrosion system. 

After corrosion this beams were strengthened in shear with 

externally bond carbon fiber-reinforced polymer (CFRP) 

sheets. Shear capacity of the specimens with respect to 

control beams and corroded beams were investigated. The 

validness of the proposed models was verified through 

comparison with the experimental data. 
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I. INTRODUCTION 

The existing concrete structures may, perform 

unsatisfactorily due to a variety of reasons. Which causes 

poor performance of the structures under service loading, in 

the form of excessive deflections and cracking, or there could 

be inadequate ultimate strength. In the recent economic 

climate, rehabilitation of damaged concrete structures to get 

the more stringent limits on serviceability and ultimate 

strength of the current codes, and strengthening of existing 

concrete structures to carry higher permissible loads, seem to 

be a more effective alternate to demolishing and rebuilding. 

Due to the wide variety of reinforced concrete uses, RC 

structures are subjected to a range of different environmental 

exposures including marine, industrial, nuclear, and other 

extreme environments. As a result, many RC structures 

experience loss in serviceability or safety far earlier than 

expected. Severe premature deterioration has been reported 

in a large number of concrete structures in corrosive 

environments. 

 The performance of current techniques of 

rehabilitation and strengthening using externally bonded steel 

plates and fiber-reinforced plastic (FRP) laminates has been 

extensively investigated. A traditional retrofit method that 

aims to increase the flexural and shear capacities of corroded 

or deficient structures would involve attaching steel cover 

plates to these members. The technique of retrofitting using 

externally bonded steel plates has gained widespread 

popularity, being quick, causing minimal site disruption, and 

producing only minimal change in section size. However, 

there are several disadvantages with this method, such as 

difficulty in handling heavy steel plates, corrosion of the 

steel, procedure is time consuming and labor intensive, 

occurrence of undesirable shear failures and there will be an 

increase in the weight of the retrofitted member. 

 In the recent years, carbon fiber-reinforced polymers 

(CFRP) composite materials, in the form of fabrics and 

laminates would appear to offer an ideal alternative to steel 

plates. The advantages of using these composites are high 

strength to weight ratio, high stiffness to weight ratios, 

lightweight, chemically quite inert, cost effective and durable 

retrofit. CFRP systems can also be used in areas where 

traditional techniques would be difficult to implement. 

 To retrofit the corroded RC structures, numerous 

studies have been devoted to the method of non-corroded RC 

components retrofitted with carbon fiber reinforced polymer 

(CFRP). There is, less research available on corroded, 

patched and CFRP-repaired RC specimens. The damage to 

RC structures resulting from the steel reinforcement 

corrosion is exhibited in the decrease of the steel cross section 

and the formation of rust (iron oxide) inside the concrete. As 

a result, an internal stress is induced in the concrete, which 

leads to the cracking and spalling of concrete. 

 A previous study carried out by Hongming Li, Jin 

Wu, and Zhe Wang which is based on the analytical study, 

the models to predict remaining shear capacity of corrosion-

damaged and corroded-strengthened beams were proposed. 

The validness of the proposed models was verified through 

comparison with the experimental data. EI-Maaddawy and 

Chekfeh investigated the shear strength of the T-beams with 

corroded stirrups using composites. However, the beams 

were subjected to only two types of the stirrup corrosion level 

in his study. Xu and Niu, Higgins and Farrow et al. proposed 

the models to evaluate the residual shear capacity of beams 

with corroded stirrups based on their own experimental data. 

However there are some limitations in their studies, such as 

some assumptions for the models and the feasibility in 

practice.  

    This paper was initiated to evaluate the shear strength 

increase by the strengthen corroded beams with respect to 

corroded beams and non-corroded beams. 

Group Current density (mA/cm2) Samples Date and timing Retrofitted samples Date and timing 

A 1 

A 
27/4/2017 to 30/4/2017 

3.30 PM to 4 PM 

A 

 B B 

C C 

B 2 

A 4/5/2017 to 6/5/2017 

9 AM to 7.30 PM 

A 

 
B B 

C 
8/5/2017 to 10/5/2017 

8 AM to 6.45 PM 
C 

Table 1: Test Matrix 
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II. EXPERIMENTAL INVESTIGATION 

The test matrix of the experimental program is summarized 

in Table 1. A total of 9 beams were tested. Out of 9 beams, 6 

beams were corroded by an accelerated corrosion system for 

two different density of current and this beam were retrofitted 

with CFRP sheets, and 3 specimens were un-corroded as the 

control beams. 

A. Specimen Description 

    The test specimen was an RC beam with a rectangular 

cross section, as shown in fig. 1. A specimen cross section 

was designed with a width of 150mm, an overall depth of 

150mm, an effective depth of 120mm, two bars of 10mm 

diameter at top and three bars of 10mm diameter at bottom, 

8mm diameter stirrups provided. The overall length of the 

beam was chosen as 1000mm with a 900mm distance 

between supports. The stirrups had a clear cover of 30mm and 

a spacing s of 100mm. The specimens were tested under 

three-point bending. 

 
 

           
Fig. 1: Specimen cross section 

B. Materials 

Ordinary portland cement with a 28 days compressive 

strength of 40 MPa was used for specimens. The fine 

aggregate used was river sand and coarse aggregate with 

maximum aggregate size was 20mm was used in the concrete  

mixture. the concrete mixture proportion was cement:  water: 

sand: gravel = 1:0.4:2.075:2.815. The cube compressive 

strength was 44.88 MPa. CFRP sheets was used for 

strengthening. The fabric was bonded to the specimen with a 

epoxy resin. Mechanical properties of the CFRP materials 

used in the shear strengthening are given in Table 2. 

Material 

Tensile 

strength 

MPa 

Tensile 

modulus 

MPa 

Ultimate 

elongation 

% 

Carbon fiber 

dry Fabric 
3060 2.1 x 10^5 1.6 

Epoxy resin 35.5  2.1 

Carbon fiber 

dry Fabric + 

Epoxy resin 

_ 
1.25 x 

10^5 
_ 

*Thickness of typical one-layer CFRP is 0.22mm 

Table 2: Mechanical Properties of CFRP Materials Used in 

Strengthening 

C. Accelerated Corrosion of Stirrups 

To induce corrosion damage in test specimens within a 

reasonable amount of time, an accelerated corrosion 

technique was used. After the 28 days of curing of the test 

specimens, the test beams were immersed in 5%NaCl 

solution by weight of the water in a tank. At the starting of 

each setup depth of water maintain constant throughout 

testing. current density of  1 and 2 mA /cm2 have choose to 

corroded respected test specimen, wire mesh is acting as a 

negative terminal of circuit and a copper wire connecting all 

stirrups act as anode, and epoxy 

 
(a) 

 
(b) 

Fig. 2: Accelerated corrosion setup (a) Corrosion setup (b) 

Electric setup 

 
Fig. 3: Corroded beam sample 

grout was used at a junction of main steel and stirrups to 

isolated main steel corrosion. Fig.2 shows accelerated 
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corrosion setup and in Fig.3 corroded sample for 2mA/cm2 

shows.  

D. Half-cell potentiometer 

    This instrument measure potential and electrical resistivity 

between the reinforcement and surface to evaluate corrosion 

activity and condition on surface. In which steel acting as 

electrode and concrete acting as a electrolyte. Electrical 

potential on surface of steel can be measured with reference 

to calomel electrode (as a reference electrode). Practically its 

achieved by connecting one wire to rod and one wire to 

concrete surface and other end connected to multimeter this 

circuit will lead to voltage difference that will be read by 

multimeter. Negative half cell voltage shows in fig.4 for 

1mA/cm2 and 2mA/cm2. 

 
(a) 

 
(b) 

Fig. 4: Negative half cell voltage – sections on side faces of 

beam (a) Half cell voltage for 1mA/cm2 (b) Half cell 

voltage for 2 mA/cm2 

E. Retrofitting/ Strengthening Methodology 

Strengthening of the corroded beams included surface 

preparation and wet lay-up application of completely 

wrapped CFRP sheets. During the retrofit process, the 

concrete surface was firstly cleaned and smoothed with the 

putty fillers followed by pasting the primer along the axial 

direction, and then the saturating resin was used to 

impregnate followed by bonding CFRP sheets. Completely 

wrapped CFRP sheets a width of 300mm each were placed at 

a spacing Sf of 300mm. The concrete surface was properly 

prepared and the corners were chamfered as per code to 

prevent stress concentrations in the CFRP system and voids 

between concrete and CFRP system. 

 Surface preparation based on the application of the 

CFRP system. There are two types of applications such as 

bond-critical or contact critical. In this paper bond-critical 

application was selected. In bond-critical application, 

concrete surface on which CFRP applied was freshly exposed 

and free of loose or unsound materials. The corner of the 

rectangular cross section were chamfer to prevent the stress 

concentration. Roughened corner was smoothened with 

putty. Obstructions, concave surface, embedded objects, 

pointed corners can affect the performance of the CFRP 

system. Obstructions and embedded objects need to be 

remove before applying CFRP system. Surface preparation 

was done by using adhesive or water-blasting  techniques. 

Bug holes and voids was filled with epoxy putty. 

III. ANALYTICAL STUDY 

A. Analysis of RC beams 

Three bars of 10mm diameter provided at bottom and two 

bars of 10mm diameter provided at top. 

After using IS 456 - 2000, so we provide 8 mm diameter 

stirrups at 100mm spacing  

B. Analysis of shear capacity for corroded strengthened 

beams 

From ACI 440.2R Code – 

The nominal shear capacity of a CFRP-strengthened concrete 

member can be determined by adding the contribution of  

CFRP reinforcement to the contribution from the stirrups and 

the concrete.as given follows 

ФVn = ф (Vc + Vs + Ѱf Vf)                                         (1) 

 Where, ф is the strength reduction factor, taken as 

0.7 for brittle section, Vf  is the nominal shear strength 

provided by  

FRP stirrups, Vc is the nominal shear strength provided by 

concrete with steel flexural reinforcement, Vs is the nominal 

shear strength provided by steel stirrups, Ѱf is additional FRP 

strength reduction factor, this value taken from table 3. 

Vf = Afv. ƒfe( sin α + cos α) df / Sf                            (2) 

 

Afv = 2.n.tf.wf                                                              (3) 

 Where, Afv is the cross sectional area of CFRP 

sheet; n is the number of CFRP layers; n is the number of 

CFRP layers; tf is the nominal thickness of one ply of the FRP 

reinforcement; wf is the width of the FRP reinforcing plies, 

taken as 300mm; α is the angle of the inclination of the 

stirrups, taken as 90°; df is the depth of FRP shear 

reinforcement, taken as 150mm; Sf is the spacing between 

two CFRP sheets, taken as 300mm; ƒfe is the effective stress 

in FRP; Ɛfe is the effective strain in CFRP; Ef is the tensile 

modulus of elasticity of CFRP, taken as 125GPa. 

Ѱf = 0.95 Complete wrapped members 

Ѱf = 0.85 Three-sided U-wraps or bonded face piles 

Table 3: Additional Reduction Factor (Table 10.1) 

ƒfe = Ɛfe.Ef                                                                (4) 

according to ACI 440.2R, For complete wrapping scheme Ɛfe 

is given by  

 Maximum stain =0.4% 

Ɛfe = 0.004 ≤ 0.75 Ɛfu                                               (5) 

≤ 0.75 x 1.6/100 

         0.004 ≤ 0.012 
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Take , 

Ɛfe = 0.004 

From equation (3), 

Afv = 2 x 1 x 0.22 x 300 = 132 mm² 

From equation (2), 

 Vf = 132 x 500 x (sin 90 + cos 90) x 150 / 300 = 33 KN 

From equation (1), 

ФVn = 0.7 (34.18 + 0.95 x 33) = 45.87 KN 

IV. RESULT 

 
Fig. 5: Shear capacity of the RC beam, corroded beam and 

retrofitted corroded beam for 1mA/cm2 

Sample  

RC  

Beam 

(Expe

rimen

tal) 

Average 

Shear 

Capacity 

(Experim

ental) 

RC 

Beam 

(Analyt

ical) 

Corroded Beam 

Shear Capacity 

( Referenced) 

Retrofitted Corroded 

Beam Shear Capacity 

Average Retrofitted 

Corroded Beam Shear 

Capacity 

1 

mA/cm2 

2 

mA/m2 

1 

mA/cm2 

2 

mA/cm2 

1 

mA/cm2 

2 

mA/cm2 

A Shear 

Capacit

y at 

Failure 

(tv) 

MPa 

2.11 

2.055 1.899 1.738 
 

1.6088 

  

  

B 2   

C 2.055   

Table 5: Shear capacity of the RC beam, corroded beam and retrofitted corroded beam 

 
Fig. 5: Shear capacity of the RC beam, corroded beam and 

retrofitted corroded beam for 2mA/cm2 

 Table IV shows experimental and analytical average 

shear capacity of the RC beam, average refrence shear 

capacity of the corroded beam and retrofitting work is in 

progress. Fig. 4 and fig.5 indicate comparision between shear 

capacity of the RC beam, corroded beam and retrofitted beam 

(expected outcomes). 

V. CONCLUSION 

1) The shear capacity of the retrofitted corroded beam with 

respect to corroded beam (1mA/cm2 current density) by 

using 400GSM CFRP sheet, should be increase by 

26.67% for 1ma/cm2. 

2) The shear capacity of the retrofitted corroded beam with 

respect to corroded beam (2mA/cm2 current density), 

should be increase by 31.20% for 1mA/cm2 

3) Completely wrapped system will increases shear 

capacity about 31.20% is expected. 

4) This models can be used to calculate the shear capacity 

of unstrengthen and CFRP-strengthened beams with 

corroded stirrups. 
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