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Abstract 

 

Concrete-Filled Steel Tube (CFST) columns are composite structural elements that combine the compressive 

strength of concrete and the confining strength of steel, offering enhanced load-carrying capacity and fire 

resistance. This study focuses investigating the behavior of rectangular columns under applied load and the size 

effect of columns of various properties, modeled and analyzed using ABAQUS software. Four column sizes 

ranging from 200 mm × 200 mm to 800 mm × 800 mm were evaluated to investigate the size effect on 

displacement, stress-strain characteristics, and load-bearing capacity. The results demonstrate that larger CFST 

columns can sustain significantly higher loads than smaller dimension columns while exhibiting lower 

displacement under the same loading conditions. Additionally, smaller columns showed more elastic behavior 

compared to larger sections. The study highlights the critical influence of cross-sectional dimensions on the 

mechanical performance of CFST columns, offering valuable insights for the design of tall buildings and heavy-

load structural applications. 
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1 Introduction 

Concrete-Filled Steel Tube (CFST) columns represent a versatile and efficient solution in the realm of structural 

engineering and construction. These columns combine the strength of steel and the durability of concrete, 

offering a range of benefits that make them well-suited for various architectural and engineering applications. 

They consist of a steel tube that is filled with concrete to form a composite column and the steel tube acts as a 

confinement for the concrete core. CFST columns are known for their high load-carrying capacity and strength, 

making them suitable for various applications in buildings, bridges, and other structures. Also, the concrete core 

of CFST columns provides excellent fire resistance, protecting the steel from high temperatures and maintaining 

structural integrity during fires. The structural analysis of CFST column provide valuable insights into the 

behavior of the CFST column under various loading conditions.  

Extensive experimental and theoretical studies have been conducted on the behavior of CFST members, but little 

attention has been paid to the size effect that has been clearly observed in recent tests on large CFST columns 

with a diameter or width of over 300 mm. The size effect has been found to be more significant in rectangular 

CFST columns than in circular CFST columns because of the reduced confinement effect in a rectangular section 

(Ahmed, 2023). This chapter involves the structural analysis of rectangular CFST column of different sizes using 

ABAQUS software. 

 

2 Methodology 

In this study, four rectangular Concrete-Filled Steel Tube (CFST) columns of 300mm×300mm, 400mm×400mm 

and 800m×800mm dimensions were modeled and analyzed using ABAQUS. With the analysis results, 

comparative graphs were plotted among the applied loads and the corresponding displacements of the columns 

and also among the stresses developed in the CFST columns and the corresponding strains. Also the stress 

concentration at the columns under certain loading conditions were shown and a conclusion was drawn using the 

maximum load carrying capacity of each column. 

The result shows that, increasing the dimension of column results in higher load carrying capacity and less 

displacements. Also, increase in the dimension of columns exhibit less elastic property and more strain at the 

same stress level. 
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3 Modelling 

Four rectangular columns of different diameters were modelled using ABAQUS. The depth of the column is 

chosen as three times of the outer dimension maintaining a dimension/thickness ratio of 40. As CFST column is 

a composite member consisting of a steel tube filled with concrete, so the steel tube and the concrete core was 

defined separately. The concrete core was defined as three dimensional deformable solid part and the steel tube 

was defined in the same manner as a three dimensional deformable shell part. After defining the geometry, the 

material properties and cross section properties were selected. The material properties and details of the columns 

are shown in Table 1 and Table 2 respectively. 

Table 1: Material properties of concrete and steel 

Material Descriptions Parameters 

Concrete 

Compressive strength of concrete at 28 days 50 MPa 

Modulus of Elasticity 33234 MPa 

Poisson’s ratio 0.2 

Steel 
Modulus of Elasticity 210000 MPa 

Poisson’s ratio 0.3 

 

Table 2: Details of rectangular CFST columns 

Model Name 
Dimension 

(mm) 

Length of the 

column (mm) 

Thickness of 

steel tube 

(mm) 

Dimension of 

concrete core 

(mm) 

D/t 

Model_Rec_200mm_200mm 200×200 600 5 190×190 

40 
Model_Rec_300mm_300mm 300×300 900 7.5 285×285 

Model_Rec_400mm_400mm 400×400 1200 10 380×380 

Model_Rec_800mm_800mm 800×800 2400 20 760×760 

 

The concrete was modeled using the Concrete Damaged Plasticity (CDP) model to capture nonlinear inelastic 

behavior. The steel tube was defined as an elastic perfectly plastic model. To add a nonlinear plastic behavior to 

the steel material, the yield stress and corresponding plastic strain are selected from a model proposed by Dr. 

Bulbul Ahmed in 2020. 

Homogeneous solid sections and shell sections were assigned to concrete and steel regions respectively. For 

models using separate parts for steel and concrete, an assembly was created with independent instances (Figure 

1). In the CFST model, tie constraints were applied between the inner surface of the steel tube and the outer 

surface of the concrete core to simulate perfect bond behavior. 

 
 

Figure 1 Assembly of concrete and steel 
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Surface-to-surface contact was defined between the steel tube and concrete core, using hard contact and a friction 

coefficient of 0.6 where the with the steel is chosen as the master surface. Figure 2 and Figure 3 represents the 

interaction between steel and concrete surface. 

  
Figure 2 Concrete-steel surface interaction Figure 1 Steel-concrete surface interaction 

A static general step was used for loading, with appropriate boundary conditions (Figure 4 and Figure 5) and 

mesh applied based on column dimensions (length/18 and width/15). The mesh sizes are shown in Table 3 and 

Figure 6 represents mesh module. 

 

 
 

 
 

Figure 4 Boundary condition at steel bottom Figure 5 Boundary condition at concrete bottom 
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Table 3: Mesh sizes of columns 

Model Name Mesh Size (mm) 

Model_Rec_200mm_200mm 33×13 

Model_Rec_300mm_300mm 50×20 

Model_Rec_400mm_400mm 66×26 

Model_Rec_800mm_800mm 133×54 

 

 

Figure 2 Mesh of the CFST column 

Analysis jobs were created and run individually, and results such as stress and displacement were obtained for 

performance evaluation. 

 

4 Analysis Results and Comparison 

 

From the analysis of the four CFST column models, the results of various parameters like displacements, strains 

etc. are observed and a comparative study of load-displacements and stress-strain relationships are carried out. 

The displacements of the columns under applied loads are shown in Figure 7.  
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Figure 7 Displacements of columns under applied loadings 

From the load displacement curves, it is observed that at the same load, the displacement is maximum in 

200mm×200mm column and minimum in 800mm×800mm column. This indicates that with the increase of the 
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dimension of the column, the load carrying capacity of the column increases. The following figure shows the 

maximum load that was taken by the column. 
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Figure 8 Maximum loads at the columns 

From Figure 8, it is shown that 800 mm×800 mm column takes more than 3.5 times load than 400mm×400 mm 

column. This indicates that change in dimension can abruptly change the load carrying capacity of the columns. 
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Figure 9 Comparison of stress-strain relationships of columns 

From stress-strain curve of Figure 9, it is observed that smaller size columns exhibit more elastic property than 

larger columns. Also at the same stress level, strain is more in higher dimension column. The Von Mises stress 

distribution in the columns is shown in Figure 10, Figure 11, Figure 12, Figure 13 respectively. 
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Figure 10 Von Mises stress distribution in 200 mm × 

200 mm column 

Figure 3 Von Mises stress distribution in 300 mm × 

300 mm column 

  

Figure 12 Von Mises stress distribution in 400 mm × 

400 mm column 

Figure 13 Von Mises stress distribution in 800 mm × 

800 mm column 

5 Conclusions 

 

The main objective of this study is to investigate the behavior of rectangular columns under applied load and the 

size effect of columns on various properties. The following summary can be drawn from the current 

investigations: 

1. Increasing the dimension of column results in higher load carrying capacity. By increasing the 

dimension two times, the load carrying capacity increases more than 3.5 times. 

2. At the same load, the displacement under applied load decreases with the increase in dimension. 

3. Finally increasing the dimension of columns exhibit less elastic property. The elastic range of smaller 

dimension columns are higher than larger dimension columns. Moreover, at the same stress level, strain 

increases with the increase in column size. 
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