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Abstract— As per the requirements of advanced 

infrastructure, good quality building materials and new 

technologies are required. The use of composite materials 

has been increased in strengthening of concrete structures in 

recent years. In present paper, various techniques for 

improving performance of reinforced concrete column are 

analysed with the application of composite material - FRP. 

Linear analysis of column specimen was accomplished using 

ANSYS. The analysis done will be useful for determining 

deformation of concrete column reinforced with FRP bar. 
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I. INTRODUCTION 

The conventional reinforcement methods in reinforced 

concrete column have been undergo for many years as a 

popular practice between designers and contractors. There 

has been a large amount of research completed and 

designers are capable of predicting the future functioning of 

the columns.  

Fiber reinforced polymer (FRP) is used for 

reinforcing structures, and for rehabilitation of structures. 

FRP composites in form of sheets, cables, rods, and plates, 

have proven to be a future alternative to steel reinforcements 

because of their light weight, no corrosiveness, high specific 

strength, specific stiffness and are easily constructed [1,2] 

Aramid, glass, and carbon; AFRP, GFRP and 

CFRP are common types of FRP used in various studies and 

real life application[3-5]. 

The object of this research is to model and analyse 

the behaviour of reinforced concrete columns with CFRP. 

The results and observations presented in this paper are 

useful for engineers to predict the compressive strength of 

concrete column while using CFRP. 

II. OBJECTIVES 

The main objectives of this study are: 

1) To investigate the behaviour of reinforced concrete 

columns reinforced with steel bar under pure axial 

load. 

2) To study the behaviour of reinforced concrete 

columns under longitudinal compression and 

transverse compression with carbon fiber 

reinforced polymer under the condition of pure 

axial load. 

3) To compare the Structural behaviour of RCC and 

GFRP Column. 

III. FINITE ELEMENT MODELING 

A. Geometry 

The details of testing columns were shown in Fig.1. 

Analysis was carried out in column specimens, where all 

columns had a square cross-section with a 400mm side and 

length of 3000mm. Analyzed columns had main 

reinforcement(Steel, CFRP) 8#16mm [5-8]. 

The transverse reinforcement (Steel, GFRP) was 

ф6 mm stirrups spaced 250mm, characteristic compressive 

strength of concrete columns 30 N/mm2 [9]. 

 
Fig. 1: Details of reinforcement of columns 

B. Element Types 

An eight-node solid element, solid65, was used to model the 

concrete. 

 
Fig. 2:  Solid-65 Element for concrete 

To model the reinforcement A link8 element was 

used for bar of polymer. In this, two nodes are required for 

this element. Each node has 3-degrees of freedom, 

translation in the nodal x, y, and z directions. The element is 

also capable of plastic deformation [9], [10]. 

 
Fig. 3:  A link 8 Element for Reinforcement 

C. Material Properties 

The input data for the concrete, CFRP, and steel properties 

are shown in Table I. 

 Concrete 
Steel 

reinforcement 
CFRP 

Unit Weight 

(N/mm3) 
2.40e-5 7.90e-5 

1.60e-

5 

Ultimate 

Compressive 

Strength(N/mm2) 

30 NA NA 

Tensile 

Strength(N/mm2) 
2.2 490 2070 

Elastic 

Modulus(N/mm2) 
2.40e4 2e5 1.52e5 

Poisson ratio 0.2 0.3 0.2 

Table 1: Input data for the concrete, CFRP, and steel 
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IV. LOADING 

The parametric studies included in this investigation are the 

reinforcement ratios and reinforcement types, and the 

characteristic compressive strength of concrete, ultimate 

load bearing capacity etc.  

Col  

no 

Reinforcement    

ratio 

(%) 

Ultimate load 

on column 

(KN) 

Remark 

1 0.8 2477 
Steel used as 

reinforcement 

2 0.8 4148 
CFRP used as 

reinforcemnt 

Table 2: Ultimate Load on column (KN) 

V. ANALYSIS OF COLUMN USING ANSYS & COMPARISON   OF 

RESULTS 

A. Linear Analysis 

Table 3 shows analytical results of deformations using 

ANSYS and also shows the comparison of deformations in 

columns using Steel and CFRP as a reinforcement. 

Col 

no 

Reinforcement    

ratio(%) 

Deformation

(mm) 
Remark 

1 0.8 1.875 
Steel used as 

reinforcement 

2 0.8 2.785 
CFRP used as 

reinforcement 

Table 3: ANSYS Results for Deformation (Linear Analysis) 

B. Validation for deformations 

The values of deformations obtained from ANSYS (In 

Linear Analysis) are validated with the help of Equation of 

Elasticity for composite material. [6]. Table IV show the 

validation of deformation when steel and CFRP is used as 

reinforcement in concrete columns. 

Col 

no 

Reinforcement    

ratio(%) 

Deformation

(mm) 
Remark 

1 0.8 1.919 
Steel used as 

reinforcement 

2 0.8 3.220 
CFRP used as 

reinforcemnt 

Table 4: Validation for Deformation 

VI. COST COMPARISON OF STEEL AND CFRP 

Col no Reinf    ratio(%) 
Cost 

of Steel 

Cost 

of CFRP 

1 0.8 795 2835 

Table 5: cost analysis & comparison 

VII. CONCLUSION 

The conclusion made from this analysis is as follows: 

1) The deformation results from finite element analysis 

are in good agreement with the values of deformation 

obtained from equation of elasticity for composite 

material. 

2) In case of CFRP the ultimate load bearing capacity of 

the column is significantly increased. 

3) The cost of CFRP is more than steel reinforcement 

however it becomes cost effective in long run as : 

4) The CFRP is corrosion free, Weigh 1/4 th of steel,has 

greater tensile strength and also reduce the 

maintenance cost to a greater extent. 
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