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Numerical Analysis And Optimization Of CFST Column 

Under Different Loading Conditions Using ANSYS  
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INTRODUCTION  

 

Concrete-filled steel tubular (CFST) columns are now increasingly used in the construction of 

building structures ,especially high buildings. The column’s features include greater load-bearing 
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ABSRACT 

In today’s world, Concrete-filled steel tubular (CFST) columns are increasingly used in 

the construction of buildings, due to their excellent static and earthquake-resistant 

properties, such as high strength, high ductility, bending stiffness, fire performance 

along with favorable construction ability. CFST column  is made by filling a steel tube 

with concrete. Recently, the use of CFST columns are increasing prominently in short 

to high buildings, therefore it is needed to understand the load deformation 

characteristics of composite columns critically. Numerical finite element analysis using 

software package ANSYS17.0 is used in this paper. The Finite Element Analysis (FEA) 

of ANSYS allows complex analysis of the nonlinear response of concrete filled steel 

tubular column to be carried out in a routine fashion. The main parameter of FEA is 

circular column with 35 grade of concrete. My paper deals with numerical analysis and 

optimization of CFST column, in order to evaluate the improvement of the CFST under 

different loading conditions such as thermal and lateral load. Both loads are calculated 

using buckling analysis. Result from the calculation determines the maximum critical 

load. 
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capacity and fire resistance of CFSTs when compared to traditional steel or concrete columns 

with the same size, enhancement of material performance in composite action compared to steel 

or concrete acting alone. Concrete filled steel tubes are complex structures consisting of a steel 

tube filled with concrete. CFST columns are used by architects owing to their slender and 

attractive appearances .In present practice, CFST columns are used in the primary lateral 

resistance systems of both braced and unbraced building structures. It may be operated for 

retrofitting purposes for strengthening concrete columns in earthquake prone areas.  

 Concrete filled steel tubes are basically used in beams, columns, caissons etc.., for deep 

foundations. In the past, a lot of studies had been carried out to examine the real behaviour of 

concrete-filled steel tube columns under post fire conditions. Structural members will be 

subjected to several phases like the initial loading, the heating phase with the development of 

fire, and the cooling phase when treated with fire. If a member survives after the fire, its residual 

strength needs to be examined to check its appropriateness for daily use. So, finite element 

analysis (FEA) models are prepared for studying the behaviour of concrete filled CHS (circular 

hollow section) under the various combinations of thermal and lateral loading. 

  

 MATERIALS AND METHODS  

 

This study was conducted by the following steps: 

 

1) A detailed literature review was carried out to understand the behaviour of concrete 

filled steel tube columns. 

2) The numerical analysis and optimization of CFST column, in order to evaluate the 

improvement of the CFST under different loading conditions such as thermal and 

lateral load.  

3) The analysis of column was conducted using the software ANSYS v.17. 

4) Both loads are calculated using buckling analysis.  

5) Finally, result from the calculation determines the maximum critical load. 

 

In this study, the following cases were considered for non- linear finite element analysis: 

 

 Eigen value buckling analysis in structural load 

 Non linear value buckling analysis in structural load 

 Eigen value buckling analysis in thermal load 

 Non linear value buckling analysis in thermal load 
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The methodology flow chart for the analysis is shown in Fig 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Overview of methodology 

 

DATA COLLECTION 

  

The required dimensions were collected from the International Journal of Science and Research 

“Parametric Study of Concrete Filled Steel Tube Column” done by Dharshik (2014).The 

materials include M35 concrete and Fe250 steel. The modulus of elasticity and Poisson’s ratio 

are given as per the limits specified in the journal. 

 Concrete: 

            Poisson’s ratio = 0.18 

            Modulus of elasticity =3000 MPa 

 Steel:  

            Poisson’s ratio =  0.3 

           Modulus of elasticity = 2×10
5
MPa 

 

 MODELLING OF CFST COLUMNS 

 

Here the column considered is steel hollow column filled with concrete. The steel selected is 

structural steel of grade 250 and the concrete selected is concrete 35 MPa. The details of the 
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model is shown in Table 1.1. Element used in this analysis is SOLID186 in ANSYS. SOLID186 

is a higher order 3-d 20-node solid element that exhibits quadratic displacement behaviour. The 

element is defined by 20 nodes having three degrees of freedom per node: translations in the 

nodal x, y, and z directions. 

Table 1.1 Preliminary data of the CFST circular column 

Outer Diameter (D) 250mm 

Inner Diameter (d)   200mm 

Thickness of steel tube (t)  7mm 

Length of column  2300mm 

 

ANALYSIS OF CFST COLUMNS 

 

The analysis is conducted on CFST columns using ANSYS. The main aim of the project is to 

obtain the maximum critical load using structural and thermal analysis. Bottom node is fixed 

and 1 N loads are applied at the top node. 

 

FEA OF LATERAL AS WELL AS AXIAL LOAD ACTING ON CFST 

 

To obtain the maximum critical load, structural analysis is done. This critical load can be 

calculated using buckling analysis. Buckling loads are critical loads where certain types of 

structures become unstable. Buckling occurs mainly in members subjected to compressive 

forces. There are two primary means to perform a buckling analysis: 

1) Eigen value buckling analysis 

2) Non linear buckling analysis              

EIGEN VALUE BUCKLING ANALYSIS 

Eigenvalue buckling analysis predicts the theoretical buckling strength of an ideal elastic 

structure. It calculates the structural eigen values for the given system loading and constraints. 

This is known as classical Euler buckling analysis. This method is not applicable for accurate, 

real-world buckling prediction analysis.  

NON LINEAR BUCKLING ANALYSIS 

Nonlinear buckling analysis is more accurate than eigenvalue analysis because it employs non-

linear, large-deflection static analysis to predict buckling loads. Its mode of operation is very 

simple: it gradually increases the applied load until a load level is found whereby the structure 

becomes unstable . 

In these two methods, thickness and inner diameter are changed by assigning them with 

different values. The results obtained from eigen value buckling analysis is total deformation 

and the result from non linear buckling analysis is total deformation, equivalent stress and force 

reaction. 
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EIGEN VALUE BUCKLING ANALYSIS IN STRUCTURAL LOAD 

 

 
Fig.2 Eigen value buckling analysis of thickness 20 mm and inner diameter 210 mm 

 

Fig.3 Eigen value buckling analysis of thickness 22 mm and inner diameter 206 mm 

 

 

Fig.4 Eigen value buckling analysis of thickness 25mm and inner diameter 200 mm 

As the thickness increases, the critical load also increases. The minimum critical load is obtained 

at a thickness of 20 mm is equal to 1.13 x 10
7
 N. The maximum critical load is obtained at a 

thickness of 25 mm is equal to 1.16 x 10
7
 N.  

Table1.3Results obtained from Eigen value buckling analysis 

Thickness (t) Inner diameter(d) Critical load(N) 

25mm 200mm 1.16×10
7
N 

22mm 206mm 1.08×10
7
N 

20mm 210mm 1.13×10
7
N 
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NON LINEAR ANALYSIS IN STRUCTURAL LOAD 

 

Fig.5 Non linear buckling analysis of thickness 20 mm and inner diameter 210 mm 

 

Fig.6 Non linear buckling analysis of thickness 22 mm and inner diameter 206 mm 

 
 

Fig.7 Non linear buckling analysis of thickness 25 mm and inner diameter 200 mm 

As the thickness increases, the critical load also increases. The minimum critical load is obtained 

at a thickness of 20 mm is equal to 3.82 x 10
6
 N. The maximum critical load is obtained at a 

thickness of 25 mm is equal to 3.97 x 10
6
 N.  

Table 1.4 Results obtained from Non linear buckling analysis 

Thickness(mm) Inner diameter(mm) Critical load (N) 

25mm 200mm 3.97×10
6
N 

22mm 206mm 3.83×10
6
N 

20mm 210mm 3.82×10
6
N 
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EIGEN VALUE BUCKLING ANALYSIS IN THERMAL LOAD 

 
         Fig.8 Eigen value buckling analysis of thickness 20mm and inner diameter 210mm 

 
 

Fig.9Eigen value buckling analysis of thickness 22mm and inner diameter 206mm 

 
 

Fig.10 Eigen value buckling analysis of thickness 25mm and inner diameter 200 mm 

 

As the thickness increases, the critical load remains the same. The temperature in the outer tube 

is about 900℃.The temperature is supplied on the outer surface of the CFST column. So 

critical load will not be changed. 

 

Table 1.5 Results obtained from Eigen value buckling analysis 

Thickness (t) Inner diameter(d) Critical load(N) 

25mm 200mm 1.79×10
7
N 

22mm 206mm 1.79×10
7
N 

20mm 210mm 1.79×10
7
N 
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NON LINEAR VALUE BUCKLING ANALYSIS IN THERMAL  LOAD 

 
         Fig.11 Non linear buckling analysis of thickness 20mm and inner diameter 210 mm 

 
 

   Fig.12 Non linear buckling analysis of thickness 22 mm and inner diameter 206 mm 

 
         Fig.13 Non linear buckling analysis of thickness 25 mm and inner diameter 200 mm 

As the thickness increases, the inner diameter decreases, the critical load also decreases. The 

minimum critical load is obtained at a thickness of 20 mm is equal to 3.961 x 10
6
 N. The 

maximum critical load is obtained at a thickness of 25 mm is equal to 4.018 x 10
6
 N.  

Table1.6 Results obtained from non linear buckling analysis 

Thickness (t) Inner diameter(d) Critical load(N) 

25mm 200mm 4.018×10
6
N 

 22mm   206mm 3.823×10
6
N 

20mm 210mm 3.961×10
6
N 
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CONCLUSION 

 

The important conclusions drawn from the study are listed below: 

1. ANSYS is able to model both structural and thermal analysis. 

2. In structural and thermal analysis, maximum critical load is obtained using eigen and non 

linear buckling analysis. 

3. The results obtained from eigen value buckling analysis is total deformation. 

4. The results obtained from non linear buckling analysis, being more accurate, is total 

deformation, equivalent stress, force reaction. 

5. The final result of the analysis i.e critical load helps to maintain the stability of columns. 

6. The overall analysis result suggests that the non linear buckling analysis are more 

accurate than the eigen buckling analysis. 
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