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ABSTRACT: Special-Shaped Concrete-Filled Steel Tube (SCFST) columns have a 

higher bearing capacity, ductility, and energy absorption compared to other columns. Due 

to their special shape, the columns can be utilized in different parts of the building without 

protrusion of member. In L-shaped CFST columns, this study investigated the effect of 

various parameters (such as yield stress of the steel wall, characteristic strength of the 

concrete, height of the column, thickness of the steel wall, and geometry of the stiffeners) 

on the eccentric load-bearing capacity. In other words, the bearing capacity has been 

measured based on the optimal performance of these columns under the effect of axial 

and eccentric loads. Also, the ratio of load-to-weight (p/w) has been considered. Load-

displacement diagrams and the weight of steels used in different columns are compared. 

Based on the obtained results, the changing of the thickness and strength of the steel wall 

has a significant effect on increasing the bearing capacity. Whereas, the concrete strength 

has a lesser impact on the bearing capacity of the columns. The column with greater 

thickness performs better than the column with less thickness in terms of ductility and 

energy absorption capacity under eccentric loading. 

 

Keywords: Special-Shaped Column, Concrete-Filled Steel Tube Column, Eccentric 

Bearing Capacity, Optimal Performance. 

 

1. Introduction 

 

Special-Shaped Concrete-Filled Steel Tube 

(SCFST) columns have a lower steel 

consumption ratio and more stiffness than 

normal steel columns, and this is due to the 

presence of concrete inside the steel pipe. 

Also, in a reinforced concrete column, only 

transverse reinforcements create 

confinement pressure for the concrete core, 

while in the steel column filled with 
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concrete, the entire steel wall plays the role 

of confinement for the concrete core. In 

buildings, columns with a special shape do 

not occupy much space, and as a result, they 

are generally useful in terms of architecture. 

There is no cost of column formatting 

when using the concrete-filled steel tube 

columns (Hatzigeorgiou and Beskos, 2005; 

Dundar et al., 2008). Despite all the 

advantages of SCFST columns, the use of 

these columns has limitations. The 
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complexity of connecting beams to these 

columns and the lack of experience in 

construction are the most important 

limitations. Also, when the steel wall 

yields, the pressure on the concrete core 

increases greatly. Therefore, studying the 

behavior of SCFST columns under axial 

loading requires extensive studies (Ghandi 

et al., 2024; Zhou et al., 2024). Zhi-hua et 

al. (2009) used laboratory tests to 

investigate the mechanical properties and 

failure processes of SCFST columns under 

compressive loads. In order to compare the 

final load capacities and failure modes from 

their simulations with the experimental 

observations, they also carried out a finite 

element analysis. They also created 

methods to forecast these SCFST columns' 

compressive strength.  

Zhang et al. (2018) investigated the 

behavior of seven SCFST columns 

featuring double plate connections 

subjected to axial compressive forces. Their 

study assessed how variations in the height 

and width of these connecting plates 

affected column performance and led to the 

formulation of equations for calculating the 

columns' load-bearing capacity. The tests 

demonstrated that the double LCFST 

columns exhibited strong axial compressive 

performance and that the single columns 

performed effectively within the double 

LCFST column’s structural framework. 

They also utilized 3D nonlinear finite 

element models to analyze the mechanical 

properties and axial compressive behavior 

of the double LCFST columns, finding that 

the model results were consistent with the 

experimental data. Their parametric studies, 

based on these models, explored the impact 

of factors such as the thickness and width of 

vertical steel plates, the slenderness ratio, 

and the size and thickness of the steel pipe, 

and they proposed a new method for 

calculating the slenderness ratio.  

Chen et al. (2021) conducted five sets of 

eccentric compression tests to look at the 

mechanical characteristics of SCFST 

columns under axial stresses and bending 

moments around the center of mass's main 

axis. Their work, which followed 

international standards and integrated finite 

element calculations and experimental 

testing, produced a formula for evaluating 

the in-plane stability of SCFST columns 

that were bent and subjected to axial forces 

around the main axis.  

Chen et al. (2021) investigated the 

effects of uniaxial eccentric compression on 

CFST composite columns with double sheet 

connections, taking into account varying 

eccentricities and loading directions. Axial 

load-displacement curves and fracture 

models from experimental testing, as well 

as finite element calculations, were 

compared. They proposed a new formula 

for the stability capacity of CFST 

composite columns with double plate 

connections. They introduced a theoretical 

formula for predicting the bearing capacity 

of specimens under uniaxial eccentric 

compression. They achieved this by 

applying the superposition principle and 

slenderness ratio calculation methods based 

on steel structure design standards.  

The temperature distribution, axial 

deformation, fire resistance, and failure 

modes of LCFST columns were 

investigated by Yang et al. (2022). Their 

parametric research showed that fire 

resistance is highly dependent on factors 

such as component thickness, eccentricity 

ratio, slenderness ratio, and thickness of the 

fire protection layer. In comparison to the 

current CFST column fire design standards, 

they found that a thicker fire protection 

layer could result in higher fire resistance 

ratings for LCFST columns. They also 

proposed simplified formulas for 

determining fire resistance and the required 

thickness of the fire protection layer, which 

could result in a 50% reduction in thickness. 

Liu et al. (2024a,b) investigated a novel 

L-shaped irregular concrete-filled steel tube 

column design, which offers enhanced 

convenience for installation and 

construction. Their study included tests on 

two full-scale specimens under axial 

compression and two under eccentric 

compression, and they developed finite 
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element models to simulate the loading 

process. The results from the FE models 

were in close agreement with the 

experimental findings. Ma et al. (2025) 

studied L-shaped columns constructed from 

recycled aggregate concrete-filled steel 

tubes using eccentric compression tests and 

numerical validation, developing an N-M 

relationship curve for improved safety 

predictions. Chen et al. (2024) designed and 

tested a steel cage featuring transverse steel 

bars for ultra-thin high-strength steel tube 

high-strength concrete medium-long 

column specimens. Their findings showed 

that the steel cage effectively mitigated 

bulging in the specimens and enhanced the 

steel pipe’s restraint on the concrete.  

A review of existing research highlights 

ongoing limitations in understanding the 

behavior of CFST columns with specific 

shapes under eccentric loading conditions. 

This manuscript addresses these gaps by 

employing finite element modeling to study 

SCFST columns and exploring methods to 

improve their performance under eccentric 

loading scenarios. For the first time, this 

study considers the load-to-weight ratio 

(p/w) as a key factor for optimizing SCFST 

column performance under eccentric 

loading, aiming to identify the most 

effective columns based on their p/w. This 

study evaluates a wide range of samples and 

distinguishes between the five best-

performing and five weakest-performing 

columns across two categories: short and 

long columns. 

 

2. Numerical Simulation 

 

In fact, the SCFST columns are a special 

form of CFST columns that are made up of 

several single columns connected by sheets 

and stiffeners. These columns are divided 

into different types based on the shape of 

the cross-section and the placement of 

single columns and their connections. Some 

examples of these columns are shown in 

Figure 1. In this study, the simulation of 

SCFST columns is conducted using the 

finite element software ABAQUS. The 

numerical simulation process involves 

several key steps: modeling the column 

geometry, simulating the material behavior, 

defining boundary conditions and 

interactions between model components, 

selecting appropriate element types, 

creating a mesh, applying the specified 

loading conditions to the model, and 

choosing the suitable analysis type. 

 

2.1. The Geometry and Materials 

The SCFST column consists of several 

components, including a square steel tube, 

connecting plates, concrete, transverse 

stiffeners, loading plates, and both upper 

and lower column stiffeners, as illustrated 

in Figure 2. In the ABAQUS software, these 

components are modeled separately. 

 

 
Fig. 1. Different configurations of SCFST columns (Chen et al., 2020) 
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Fig. 2. The column and its components modeled in ABAQUS 

 

The modeling process involves first 

constructing the steel column and stiffeners, 

then filling the space with concrete, and 

finally placing the loading plate on top of 

the column to apply the force (Chen et al., 

2024; Wang, 2024). To simulate the SCFST 

columns, both concrete and steel materials 

are utilized. The Concrete Damage 

Plasticity (CDP) model from the ABAQUS 

material library is employed to define the 

concrete’s behavior. This model is based on 

two primary mechanisms for concrete 

failure: tensile cracking and compressive 

crushing (Labibzadeh et al., 2017 and 

2018). The CDP model is capable of 

capturing the complex behavior of concrete 

through isotropic elastic damage coupled 

with plasticity for both compressive and 

tensile forces. It is also designed to handle 

dynamic, one-way, and cyclic loading 

conditions (Labibzadeh and Hamidi, 2017). 

The majority of credible research studies 

use the CDP model for concrete. For 

defining the elastic properties of concrete, 

the modulus of elasticity and Poisson’s ratio 

are required, which can be obtained from 

laboratory tests or estimated using ACI 318 

(2011) standards. 

 

3. Results 

 

3.1. Eccentric Bearing Capacity of 

SCFST Columns  
To investigate the effect of different 

parameters on the eccentric bearing 

capacity of SCFST columns, different 

models with varied specifications are built. 

For this purpose, all the investigated 

parameters are considered fixed (L0, C20, 

F250, H2, A25) and only one of them is 

changed. Then, the column is subjected to 

eccentric loading.  

 

3.1.1. Effect of Steel Tube Thickness  
To compare the energy absorption and 

ductility of SCFST columns under eccentric 

load, three specimens with thicknesses of 4, 

6, and 8 mm have been considered. In the 

specimens simulated in ABAQUS, the 

specifications of examined columns are 

considered constant (C20, F250, H2000, 

A25), and only the thickness of the steel 

tube has changed (t = 4, 6, and 8 mm). The 

dimensions of the steel tube are 100 mm. 

Energy is equal to the area under the 

load-displacement diagram up to the peak 

point of the curve. In Figure 3, the bearing 

capacity of columns with different 

thicknesses and eccentric loading are 

compared. In Table 1, the amount of energy 

absorption of each column under eccentric 

loading is also listed. It can be seen that the 

amount of energy absorption of the column 

with a tube thickness of 8 mm under loading 

with eccentricity of -120 mm is about 3.7 

times more than the column with a tube 

thickness of 4 mm and 1.7 times more than 

the column with a tube thickness of 6 mm. 

Also, the energy absorption of the column 

with a thickness of 8 mm under loading with 

eccentricity of 120 mm is 2.5 times more 

than the column with a thickness of 4 mm 

and 1.5 times more than the column with a 

thickness of 6 mm. 

Concrete
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stiffeners
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stiffeners
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Fig. 3. Effect of steel tube thickness on load-carrying capacity under eccentric loading 

 
Table 1. Comparison of energy absorption of SCFST columns 

Feature E (kN.mm) E (kN.mm) E (kN.mm) E (kN.mm) 

Eccentricity (mm) e = 60 e = -60 e =120 e = -120 

t = 4 mm 4822.198 5234.006 5732.06 7035.35 

t = 6 mm 10457.41 8734.964 10601.38 10468.35 

t = 8 mm 17910.99 13100.36 17315.1 15359.85 

 

The ductility of a member is the ability 

to deform plastic without a significant loss 

of strength before failure. Deformation 

capacity is generally utilized to acquire 

ductility. The ductility of the column is 

calculated considering the P-∆ diagram. 

Eq. (1) is applied to calculate the 

ductility of columns (Tao et al., 2008; 

Dancygier and Berkover, 2016). 

 

𝜇0.85 =
∆0.85
∆𝑦

 (1) 

 

where ∆0.85: is the displacement 

corresponding to the point where capacity 

degrades to 85% of its peak.  

According to Figure 3 and Table 1, it 

can be stated that the eccentric bearing 

capacity of the column with a tube thickness 

of 8 mm under loading with e = –120 mm is 

about 1.4 times more than the bearing 

capacity of the column with a tube thickness 

of 6 mm and 2.15 times more than the 

column with a tube thickness of 4 mm. 

Meanwhile, the weight of steel used in the 

column with a tube thickness of 8 mm is 

1.09 and 1.2 times more than the weight of 

steel used in the column with a tube 

thickness of 6 mm and 4 mm, respectively. 

Also, the ductility of examined columns 

with the tube thickness of 8 mm under 

loading with e = -120 mm is 1.02 and 1.05 

times that of the column with tube thickness 

of 6 mm and 4 mm, respectively (Table 2). 
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Table 2. Comparison of energy absorption 

Feature  Pu (kN) Pu (kN) Pu (kN) Pu (kN) 𝝁𝟎.𝟖𝟓 𝝁𝟎.𝟖𝟓 𝝁𝟎.𝟖𝟓 𝝁𝟎.𝟖𝟓 

Eccentricity (mm) e = 60 e = -60  e = 120  e = -120  e = 60  e = -60  e = 120  e = -120  

t = 4 mm 1088 1193 1635 748 3.18 5.3 6.04 8.4 

t = 6 mm 1640 1718 2342 1123 3.42 5.59 6.48 8.6 

t = 8 mm 2427 2420 2872 1610 3.65 6.48 6.95 8.8 
 

3.1.2. Columns with Different 

Eccentricities 
According to the outputs, it is clear that 

the best performance is for the specimen 

without eccentricity and the lowest height. 

Accordingly, in this sub-section, the effects 

of eccentricity are studied only on the short 

columns (H = 2 m). Figure 4 presents the 

load-displacement curves for a column with 

a height of 2 meters subjected to various 

levels of eccentricity.  

The results demonstrate that 

eccentricity has a considerable effect on the 

column’s load-bearing capacity. As 

eccentricity increases from 0 to 60 mm, the 

column's capacity drops by 95%, whereas 

increasing eccentricity from 0 to -60 mm 

leads to a 99% reduction in capacity. 

Furthermore, when eccentricity is increased 

to 120 mm and -120 mm, there is a 181% 

and 207% decrease in capacity, 

respectively. The column exhibits its 

poorest performance under the conditions 

of maximum height and the greatest 

negative eccentricity. 
 

3.2. Performance of the Columns Based 

on the p/w Index 
In this study, the numerical models 

simulated in ABAQUS have five different 

eccentricities (L = 0, 60, -60, 120, -120 

mm), three types of concrete resistance (C 

= 15, 20, 40 MPa), two types of steel tubes 

(F = 250, 400 MPa), three types of steel 

wall thickness (t = 4, 6, 8 mm), five types of 

height (H = 2, 3, 4, 5, 6 m). Moreover, there 

are three types of columns with the 

stiffeners at different intervals (A = 20, 25, 

35 mm). Also, due to the fact that the 

distance between the stiffeners has no effect 

on the bearing capacity of the column, a 

distance of 25 mm has been applied in all 

the models. 

According to the change of material and 

dimensions of each specimen, a total of 

1100 models are evaluated. The load-to-

weight ratio (p/w) is used to seek the best 

performance. In other words, the optimal 

column is the one that has the highest ratio 

of load-to-weight. To compare the overall 

performance of the columns, the specimens 

are divided into two types of short and long 

columns. Then, each of the short and long 

columns is examined separately, and the 

performance of each is studied according to 

the load-to-weight ratio.  

 

 
Fig. 4. Load-displacement curve of column (H = 2 m) with different eccentricities   
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In Table 3, the best and weakest 

performances of the considered columns are 

summarized. In the last column of Table 3, 

the failure behavior of each specimen is 

referred. In this regard, the behavior of the 

column in the state of failure is revealed in 

Figures 5 to 7. In each figure, three points 

“A”, “B”, and “C” are specified along with 

the von-Mises yield criterion. Point “A” is 

related to the yield stress of the column, 

point “B” is related to the maximum bearing 

capacity of the column, and point “C” 

represents the column's ductility. Also, 𝑃𝑢: 

is the ultimate load, ∆𝑢: is the ultimate 

displacement, 𝑃𝑦: is the yield load, and ∆𝑦: 

is the yield displacement. It is worth noting 

that 𝜇0.85: indicates the ductility of the 

column.  

Based on the results, it is interesting that 

the specimen (column) with better 

performance based on the p/w index has 

less ductility than the specimen with lower 

performance. Also, the specimen with 

better performance based on the p/w index 

has the highest carrying capacity. 

 
Table 3. Short columns with the best and weakest performance based on the p/w index 

Performance 
Height 

(m) 

Wall 

thickness 

(mm) 

Yield 

stress of 

steel 

(MPa) 

Compressive 

strength of 

concrete (MPa) 

Eccentricity 

(mm) 
(p/w) Behavior 

best 2 8 400 40 0 1.34 Figure 11 

weakest 4 4 250 15 -120 0.15 Figure 12 

 

 
Fig. 5. Failure status of the best performance short column with P/W = 1.34 

 

 
Fig. 6. Failure status of the weakest performance short column with P/W = 0.15 
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Fig. 7. Performance comparison between the strongest and weakest short columns 

 

4. Conclusions 
 

In this manuscript, the L-shaped CFST 

columns with different eccentricities were 

studied. Numerical modeling was done 

using ABAQUS software to evaluate these 

columns under the effect of axial and off-

axis loading. The changes in the eccentric 

bearing capacity of the studied columns 

were analyzed and compared based on the 

strength of steel and concrete. Also, the 

optimal performance of the examined 

columns was assessed according to the p/w 

ratio (load-to-weight). The results of these 

analyzes were fully presented in the 

previous sections, and in this section, the 

most important results are briefly stated: 

 Under the effect of eccentric loading, 

the columns with thicknesses of 4, 6, and 8 

mm did not have a significant difference in 

term of ductility. The biggest difference 

(7%) was observed in the eccentricity of 

120 mm. 

 The energy absorption of the column 

with a tube thickness of 8 mm under loading 

with the eccentricity of -120 mm was 3.7 

times more than the column with a tube 

thickness of 4 mm and 1.7 times more than 

the column with a tube thickness of 6 mm. 

 In the comparison of the columns in 

terms of peak load under eccentric loading, 

the column with a tube thickness of 8 mm 

had 74% and 25% more capacity than the 

column with a tube thickness of 4 mm and 

the column with a tube thickness of 6 mm 

(on average), respectively.  

 Among the different parameters, the 

biggest impact on the eccentric bearing 

capacity of the columns was related to the 

thickness of the steel tube. Also, the least 

impact was related to the distance between 

connecting plate and the compressive 

strength of concrete. 

 According to the acquired data, it is 

quite clear that the increase in height 

decreases the carrying capacity (i.e., 

reduction of p/w ratio). The important point 

is that by simultaneously increasing the 

height of the column and its weight, 

reducing the thickness of the steel tube can 

optimize the columns performance of the 

same rank (due to weight loss). 

 For the column with a tube thickness 

of 8 mm, loading under e = -120 mm caused 

the greatest absorption of energy. For the 

column with a tube thickness of 6 mm, 

loading under e = -60 mm caused the 

greatest absorption of energy. For the 

column with a tube thickness of 4 mm, 

loading under e = 60 mm caused the greatest 

absorption of energy. 
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