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ABSTRACT 
In order to investigate the analytical behavior of R.C. Columns confined by Fiber Reinforced Polymer (FRP) sheets finite element 
analysis is used. The behavior of unconfined and FRP confined R.C. Columns was studied using ANSYS and the results were 
validated with the experimental results of Feng et.al available in the literature. The load – displacement characteristics for 
confined and unconfined columns were established using ANSYS. The ultimate load carrying capacity of the columns was also 
predicted from ANSYS and the crack patterns at failure loads were also given. From the results, it was found that, it is possible to 
simulate the behavior of FRP confined R.C. columns using ANSYS in a better way. 
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INTRODUCTION 

 

Structural engineers are frequently faced with situations where the strength or ductility of existing elements 

must be increased. Strengthening is required for a variety of reasons including (i) the original design errors that 

underestimated the actual loading on the members (ii) construction errors that resulted in a weaker member (iii) 

increased loading on the member due to change in use (iv) improvements in analytical tools and codes that 

demonstrate the inadequate strength of the member as it was originally designed and constructed. In the case of 

concrete structures, the traditional approach to correct the weakness of the element is by the addition of steel 

reinforcement. This usually involves drilling and anchoring dowels into the existing element, tying a new cage 

of steel reinforcement to the dowels and encasing the new steel in concrete. This procedure is often very 

intrusive and time consuming and it adds significant weight to the existing structure. Thus in some cases, the 

foundation of the structure has to be strengthened to safely carry the newly added mass. A new technique that 

has gained popularity in recent years incorporates Fiber Reinforced Polymer (FRP) materials. These materials 

that have been used for many years in other industries such as shipbuilding and defense, offer unique solutions 

to the rehabilitation of the decaying civil infrastructure. The role of FRP for strengthening of existing or new 

reinforced concrete structures is growing at an extremely rapid pace owing mainly to the ease and speed of 

construction, and the possibility of application without disturbing the existing functionality of the structure. 

Literature Review: 

Feng.P, et al.[1] investigated the behavior of square concrete columns confined by fiber reinforced polymer 

(FRP) sheets, five specimens were tested and analyzed using finite element method (FEM). The loading 

behaviors of the confined concrete columns under uni- axial compression can be divided into three phases. As 



128                   L. Krishnan et al., 2017/Advances in Natural and Applied Sciences. 11(8) June 2017, Pages: 127-136 

 

confirmed by experimental results, finite element analysis (FEA) can effectively simulate the behavior of square 

columns confined by FRP sheets when the proper numerical model is adopted. Based on the test and FEA, the 

stress distributions and the stress development are obtained. This provides theoretical understanding for 

establishing the stress-strain curve model. It is suggested that the FEM is a powerful method for further research 

on numerical test and parameter analysis Jason Donald Ross[2] studied the analytical behavior of reinforced 

concrete columns retrofitted with FRP composites. The focus of his research project is to use the results of an 

already completed test of concrete columns confined by FRP wraps, and compare the resulting stress-strain 

curves to the commonly proposed modeling technology available.The purpose of this research work was to 

determine how accurately the proposed FRP models predict the strength of the tested columns. There are many 

different models that have been proposed, but the key to the future of FRP retrofitting is to create a widely 

accepted, reliable model that engineers can use in design. It is important to normalize the design process of FRP 

retrofitted columns in order to better use the technology in the future. The prediction of nonlinear behavior and 

stress strain relationship of rectangular confined reinforced concrete columns with ANSYS was studied by 

Tavio, T. and Tata, A.[3]. This paper presents a nonlinear finite element modeling and analysis of rectangular 

normal-strength reinforced concrete columns confined with transverse steel under axial compressive loading. 

The results revealed that the ANSYS nonlinear finite element program is capable of modeling and predicting the 

actual nonlinear behavior of confined concrete column under axial loading. 

 

Methodology: 

According to Feng.P[1] a square R.C.Column of 200 mm x 200 mm x 600 mm in dimension is subjected to 

a uni-axial compressive loading. In order to imitate the column in actual building, four longitudinal steel bars of 

10 mm in diameter were settled in the corners of the column and three steel hoops of 6 mm in diameter were 

placed at intervals of 200 mm. two additional hoops were used to reduce the intervals into 45 mm at the end of 

the column to prevent local damage which is schematically represented in fig.1 Glass FRP (GFRP) sheets were 

used. Fibers fully wrapped column around the horizontal cross section. One of the specimens was not wrapped 

which is a control specimen. In the Analysis of R.C. Column Finite Element Analysis concept was adopted and 

for analyzing the Column Finite Element Software ANSYS package was used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Details of R.C.Column Test specimen 

 

1.1. Analytical Investigation: 

A full 3D finite element analysis has been carried out using finite element software ANSYS. The analysis 

carryover in Column is subjected to uni-axial compressive loading. The FEA calibration study included 

modeling a concrete column with the dimensions and properties corresponds to Feng.P model. SOLID65 

Element was used to model the concrete. This element has eight nodes with three degrees of freedom at each 

node –translations in the nodal x, y and z directions. This element is capable of plastic deformation, cracking in 

three orthogonal directions and crushing. A schematic of the SOLID 65 element is shown in fig.2 Smeared 

cracking approach has been used in modeling the concrete in the present study. 
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Fig. 2: Solid 65 element 

 

The reinforcing steel has been modeled using series of two node link (truss) elements (LINK 8). The steel 

for the finite element model is assumed to be an elastic-perfectly plastic material and identical in tension and 

compression. A schematic of the LINK 8 element is shown in fig.3 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Link element 

 

SOLID 45 Element was used for FRP Sheets which is an 8 noded brick element having three degrees of 

freedom at each node translational in x,y and z directions. The geometry of this element is shown in fig.4. 

 

 
  

Fig. 4: Solid 45 element 

 

The finite element analysis calibration study included modeling a reinforced concrete column with the 

dimensions and properties corresponding to analytical column. The material type and the corresponding element 

type are shown in table 1. 

 
Table 1: Element type for calibration model 

Material type Element type 

Concrete SOLID 65 
Reinforcing Steel LINK 8 

FRP sheets SOLID 45 

 

The real constants for this model are shown in table 2. Note that individual elements contain different real 

constants. No real constant set exists for SOLID45 element. Real constant set No. 1 refers to Concrete material 

with a value of 1. 
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For vertical bars the set No. 2 is used with real constant value of 78.50 which represents the area of vertical 

bar and set No. 3 refers to stirrups with a value of 28.26 which represents the area of stirrups. For concrete the 

material reference No 1 and for Bars and Stirrups the reference No is same. 
 

Table 2: Real constants 
Materials Element Material No. Real 

 types  constant 

Concrete SOLID 65 1 1 

Bars LINK 8 2 78.50 

Stirrups LINK 8 2 28.26 

 

1.2. Material properties: 

The following properties of the materials must be entered in ANSYS 

 

(i) Concrete: 

Specific compressive strength (fck) = 27.8 N/ mm2 

Modulus of rupture (fr) =3.69 N/ mm2 

Modulus of Elasticity (Ec) = 2.95 x 104 N/ mm2 

Poisson’s ratio (μ concrete) =0.20 

Open Shear transfer co-efficient (βt) =0.3 

Closed shear transfer co-efficient (βt) =1.0 

Uni-axial crushing stress =-1.0 N/ mm2 

 

(ii) Reinforcing steel: 

Yield strength (fy) = 342 N/mm2 

Modulus of Elasticity (Ec) = 2.10 x 105 N/ mm2 

Poisson’s ratio (μ-steel) =0.20 

 

(iv) Glass FRP sheet (GFRP): 

Tensile strength (fFRP) = 900 N/mm2 

Modulus of Elasticity (EFRP) = 6.5 x 104 N/ mm2 

Thickness of GFRP sheet (t) = 0.304 mm 

Poisson’s ratio (μ-GFRP) = 0.25 

 

1.3. Concrete model: 

Modeling of R.C. Column was done by using key points and with the corresponding element type, real 

constant and material properties as mentioned above. The sample output of concrete model is shown in 

fig.5.The image was taken from plot control option and the numbers depicts the key points of that model. 

 
Fig. 5: Concrete model 

 

1.4. Confined and Unconfined Concrete model: 

Concrete is a quassi-brittle material. it behaves differently in compression and tension. The stress-strain 

curve of concrete is linearly elastic up to 30 percent of the maximum compressive strength in compression . 

After this point, the stress increases non-linearly up to the maximum compressive strength. Beyond the 

maximum compressive strength, the curve into the softer region and eventually crushing failure occurs at a 

ultimate strain [6]. In tension, the stress-strain curve for concrete is approximately linearly elastic up to 

maximum tensile strength. The stress strain curve for concrete is shown in fig.6 
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Fig. 6: Critical Stress Strain for Concrete 

 

The material model for concrete used in this analysis is based on a model suggested by Pedro Faustino and 

Carlos Chastre [5]. This model considers different Stress -strain curves of concrete in zone confined by stirrup 

and concrete outside Stirrup. In the confinement model suggested by Pedro Faustino and Carlos Chastre, the 

confined concrete stress and strain are computed as 

 

  2R 
⦌(ftu)   fcc = fco + k1⦋ 

B      

  
Ɛcc = k2*Ɛco* [ 

ftu 
]   

fco     

 ftu    

Where 

 

the effective confinement ratio.The effective confinement ratio is is a measure of the effectiveness of the fco 
onfining steel configuration; the higher value and the better use of the confinement. 

 

1.5. Reinforcement model: 

The reinforcing steel were modeled using by using key points and with the corresponding element type, real 

constant and material properties as mentioned above and the key points are linked using Lines under modeling 

option which are shown in fig .7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Reinforcement steel model 

 

1.6. Meshed R.C.Column model: 

Meshing was done by setting mesh attributes under meshing option and then by using mesh tool the 

Column was meshed and is shown in fig.8 as below. 
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Fig. 8: Meshed R.C. Column model 

 

1.7. Support conditions: 

In order to represent the actual behavior the column was supported and the respective boundary conditions 

were provided. By restraining All DOF at the base the necessary end condition was achieved. The support 

condition is shown in fig. 9. 

 

 
Fig. 9: Support conditions 

 

1.8. Modeling of FRP layer: 

FRP layer was created as volume and are meshed using Solid 65 element which is fig.10. shown below 

 
Fig. 10: Modeling of FRP layer 

 

1.9. Crack pattern: 

The smeared concrete damage plasticity model was adopted for the present study in ANSYS. In order to 

view the nonlinear analysis and the corresponding crack pattern at failure the necessary stress strain properties 

of concrete has to be given.[4] The fig.11 shows the crack pattern of unconfined R.C. Column at ultimate load 

800 kN and fig.12 shows crack pattern of Glass FRP (GFRP) confined R.C. Column at ultimate load 1100 kN. 

Fig.13 shows crack pattern of Carbon FRP(CFRP) confined R.C. Column at ultimate load 1100 kN. The red co 
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lour indicates the formation of first crack and the green co lour indicates second crack and the Blue co lour 

indicates third crack. 

 
Fig. 11: Crack pattern of unconfined R.C. Column 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Crack pattern of GFRP confined specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Crack pattern of CFRP confined specimen 

 

2. Results: 

Due to the given load the column deformed from its original shape. The deformations of the column at each 

load for confined and unconfined R.C. Column are shown in table 3 as below. 

 
Table 3: Load Deformation (FEM Value) 

Unconfined  R.C. Column FRP Confined R.C. Column 

Load(kN) Deformation (mm) Load(kN) 
GFRP Deformation 

(mm) 
CFRP Deformation(mm) 

0 0 0 0 0 

100 0.02 100 0.016 0.02 

200 0.045 200 0.042 0.043 

300 0.09 300 0.086 0.088 

400 0.18 400 0.14 0.16 

500 0.3 500 0.25 0.27 

600 0.45 600 0.40 0.43 

700 0.65 700 0.60 0.63 
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800 0.86 800 0.82 0.84 

- - 900 1.08 1.12 

- - 1000 2.0 1.5 

- - 1100 3.0 1.90 

 

 
 

Fig. 14: Stress strain curve for concrete using empirical formula 
 

The stress strain curve for unconfined and confined R.C Column based on empirical relation is shown in 

fig. 14. The graph shows increased stress for GFRP confined R.C Column on par with CFRP confined and 

unconfined R.C. Column. This shows increased stiffness of the column with the use of FRP laminates and 

enhanced strength of column load carrying capacity. 

 

Discussion: 

According to Feng, P., et al., [1] model, the experimental ultimate load carrying capacity of unconfined 

R.C.Column was 828.8 kN and the analytical FEM value was 897.20 kN. Similarly for GFRP (1 full ply) 

confined R.C.Column the experimental ultimate load carrying capacity was 1077.20 kN and the analytical FEM 

value was about 1106.80 kN. Also for CFRP ( 1 fully ply) confined R.C. Column the experimental ultimate load 

carrying capacity was 1050 kN and the analytical value was 1128 kN. From the current study, the analytical 

FEM values of load displacement curve, it is shown that for unconfined R.C.Column the ultimate load carrying 

capacity was nearly 800 kN and for the GFRP Confined R.C. Column the FEM value was 1100 kN and for 

CFRP nearly 1100 kN. The Peak axial stresses are contrasted with the experimental results. The experimental 

test value of unconfined R.C. Column was 20.72 N/mm2 and for GFRP and CFRP wrapped R.C.Column 26.93 

N/mm2and 26.26.N/mm2 respectively. The analytical value of unconfined and GFRP confined R.C. Column are 

23.70 N/mm2 and 28.70 N/mm2. Likewise for CFRP the FEM value was 27.50 N/ mm2. The sample outputs are 

shown fig. 15 and fig.16 respectively. 

 
Fig. 15: Peak axial stress of un confined R.C. Column 
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Fig. 16: Peak axial stress of GFRP confined R.C. column 

 

3.1. Comparison of load displacement curve: 

According Feng, P. et al., [1] model the experimental load displacement curve for un- confined and FRP 

confined R.C. Column are shown in fig.17 below. C0 refers control specimen and CM1 refers GFRP (1 full ply) 

specimen ans CM4 refers CFRP (1 full ply) specimen. 

 
Fig. 17: Experimental load displacement curve 

 

The load carrying capacity of FRP Confined R.C Column  has increased stiffness  and FRP confinement 

gives increased ductility characteristics which are clearly depicted in the below comparison graph. The 

comparison of load deformation characteristics of ANSYS value are shown in Fig.18 as below. 

 

 
Fig. 18: Comparison of load displacement curve (FEM) 

 

Conclusion: 

The Structural behavior of square concrete column was analyzed by Finite Element Analysis software 

ANSYS and the following conclusions are drawn. 

a. The load carrying capacity of GFRP confined R.C.Column dominates over CFRP and the unconfined 

R.C. Column. 

b. The confinement of FRP strengthen the RC square column and thus increases the strength and vertical 

stifness of the square column 

c. Square concrete column experiences sharp edge effects and increased stress concentration in corners 
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d. The FRP confinement enhances stiffness of the RC Column and shows improved load carrying 

capacity 

e. The effect of thickness of confinement on strength and stiffness showed much improved deformation 

characteristics. 

f. The GFRP Confined RC Column shows enhanced stiffness than CFRP Confined RC Column. 

The above conclusions necessitate that ANSYS is capable of predicting FRP confinement characteristics of 

R.C. Column and also the nonlinear behavior. 
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