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1. Introduction 

 

A close shape of steel built-up sections has appropriate 

behavior under seismic loading and is a desirable choice for 

structural members in buildings (Khorami et al. 2017a, 

Khorami et al. 2017b, Zhang et al. 2018, Chen et al. 2019, 

Mortazavi et al. 2020). The intelligently combination of 

these sections with concrete has provided a cost and time 

reduction in building construction (Han et al. 2014, Judd et 

al. 2018, Kildashti et al. 2019). Nowadays, steel-concrete 

composite columns are widely applied in high-rise 

buildings and bridges with long spans because of their great 

strength, stiffness and higher energy absorption capacity 

than traditional steel and concrete columns (Jalali et al. 

2017).  
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CFT columns use the beneficial properties of both concrete 

a n d  s t e e l  ( Ar a b n e j a d  K h a n o u k i  e t  a l .  2 0 1 0 ,  

Arabnejad Khanouki et al. 2011, Arabnejad Khanouki et al. 

2016). Concrete core delays the occurrence of local 

buckling and prevents inward local buckling in steel tube 

wall (Fig. 1), while the steel tube would prevent the lateral 

expansion of filled concrete like stirrups and increase the 

compressive strength of concrete core through confinement 

effect (Shariati et al. 2013a, Gupta et al. 2014, Luo et al. 

2019, Sajedi et al. 2019, Xie et al. 2019). These types of 

composite sections are used in fast construction without 

removing any formwork and usually connected to the 

reinforced concrete or steel beams to construct an efficient 

lateral resisting frame system (Fig. 2). 

CFT members have been used in china such as the main 

columns of metro stations in Beijing since 1966 and also in 

the power plants building since 1970 or recently in SEG 

tower in Shenzhen province, Rongfeng international trade 

fair in Hangzhou, Canton tower in Guangzhou, Higgo 

building in Kobe city of japan, Gateway building in US, Fifty 

five floor Millennium building in Australia and bank of china 

in Hong Kong (Han et al. 2014). Different papers have been 

studied the dynamic response of the mide-rise building, and 

composite structures under seismic events (Jalali et al. 2012, 

Ahmadi et al. 2016, Kildashti et al. 2019, Mortazavi et al. 

2020), also different types of loading scenarios as full-cyclic, 

half cyclic, reversed cyclic, and shack table have employed to 

evaluate structural behavior of the specimens in full-scale or  
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Abstract.  A concrete filled steel tube (CFT) column with stiffeners has preferable behavior subjected to axial loading 

condition due to delay local buckling of the steel wall than traditional CFT columns without stiffeners. Welding lines in welded 

built-up steel box columns is expected to behave as longitudinal stiffeners. This study has presented a numerical investigation 

into the behavior of built-up concrete filled steel tube columns under axial pressure. At first stage, a finite element model (FE) 

has been built to simulate the behavior of built-up CFT columns. Comparing the results of FE and test has shown that numerical 

model passes the desired conditions and could accurately predict the axial performance of CFT column. Also, by the raise of 

steel tube thickness, the load bearing capacity of columns has been increased due to higher confinement effect. Also, the raise of 

concrete strength with greater cross section is led to a higher load bearing capacity compared to the steel tube thickness 

increment. In CFT columns with greater cross section, concrete strength has a higher influence on load bearing capacity which is 

noticeable in columns with more welding lines. 
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half-scale tests (Shariati et al. 2012a, Shariati et al. 2012b, 

Shariati et al. 2012c, Shariati 2013, Shariati et al. 2013b, 

Mohammadhassani et al. 2014, Shariati et al. 2014a, Shariati 

et al. 2014b, Khorramian et al. 2015, Shariati et al. 2015, 

Shariati et al. 2016, Tahmasbi et al. 2016, Ismail et al. 2018, 

Nasrollahi et al. 2018, Paknahad et al. 2018, Shariati et al. 

2018, Wei et al. 2018, Davoodnabi et al. 2019). An empirical 

finite element (FE) study on load carrying capacity of thin 

and composite steel–concrete stubs subjected to direct 

compression has been performed including one I-shaped 

steel section or two cold formed U-shaped steel plates 

welded to form a steel box (Zeghiche 2013). 

There are different available techniques for data 

validations and predictions such as employing artificial 

neural networks (Safa et al. 2016, Sadeghipour Chahnasir et 

al. 2018, Chuanhua Xu 2019, Katebi et al. 2019, Shariati et 

al. 2019a, Shariati et al. 2019b, Trung et al. 2019b), Finite 

element method (Daie et al. 2011, Shariati et al. 2011, 

Khorramian et al. 2017, Mahdi Shariati 2019, Taheri et al. 

2019, Usefi et al. 2019), Finite strip method (Sinaei et al. 

2011, Shao et al. 2015, Sharafi et al. 2018a, Sharafi et al. 

2018b, Shariati et al. 2020b, Shariati et al. 2020a, Sharafi et 

al. 2018c, Shi et al. 2019) and other specific smart ways of 

analysis in civil engineering area (Shah et al. 2015, Shariat 

et al. 2018, Zandi et al. 2018, Ziaei-Nia et al. 2018). Finite 

element method which is generally carried out by FE  

 

 

 

programs as ABAQUS and ANSYS performed as a reliable 

technique for empirical data validation and response 

prediction. In this case, the ABAQUS program has been 

numerically predicted the failure loads. Thus, comparing of 

results which are computed through FE model has shown a 

good agreement with test results, confirming that the length 

and discontinuous welding fillet for empty stubs has a 

drastic influence on load carrying capacity and the failure 

mode is majorly a premature local buckling mode. Thin-

walled structures have demonstrated a sustainable strength 

against the axial compressive loads (Heydari et al. 2018, 

Taheri et al. 2019) and low flexural capacity, thermal 

stability and hysteresis response especially when their 

section was perforated or partially opened (Shah et al. 2015, 

Shah et al. 2016a, Shah et al. 2016b, Shah et al. 2016c, 

Shariati et al. 2018). Rectangular steel tubs with continuous 

welding on mid-depth improve the load carrying capacity 

for both rectangular empty steel and composite tubs. CFT 

columns with continuous welding has a greater lateral 

stiffness and rupture strength compared to the CFT columns 

with discontinuous welding steel sections (Hosseinpour et al. 

2018). Test results have shown that I-shaped steel stubs 

have greater compression load carrying capacity with a 

lower load decrement rate compared to the traditional 

rectangular steel stubs with a height over 200 mm. I-shaped 

composite stubs wouldn’t reach to the unlimited strength 

 

Fig. 1 Local buckling in hollow and CFT sections (Ahmadi et al. 2019) 

 

Fig. 2 Lateral resisting frame system with CFT column (Han et al. 2014) 
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when the failure mode is by local buckling of steel flange, 

steel–concrete bond failure and concrete crushing. In case 

of lateral stiffeners or shear connectors, I-shaped composite 

reach higher failure loads (Xu et al. 2019). The structural 

features of square CFT stub columns by using cold formed 

thin steel plates have been studied by (Lee et al. 2011b). 

Concrete has outstanding compressive strength due to its 

dense and robust texture which does not experience the 

local or distortional buckling or other accidental 

deformations along with low flexural and torsional strength 

which made the concrete a useful material for columns axial 

structural elements (Nosrati et al. 2018, Shariati et al. 

2019c, Trung et al. 2019a). Accordingly, thin walled cold-

formed square column steel square concrete filled tubular 

column has been introduced and structural function of the 

welded built-up square stub column has been analyzed by 

the structural experiment for ten specimens with concrete 

strength’s parameters, steel tube type, and the ratio of width 

to thickness in steel tube (Lee et al. 2011a). In both generic 

CFT specimens and welded built-up CFT specimens, out-

of-plane local buckling has been observed at the edges of 

ribs set up for preventing the stress concentration in the 

lower and upper ends of columns followed by a steady 

increment in load capacity. Later, load capacity is 

progressively decreased when the column center swelled. 

Also, the composite effect of concrete and steel is improved 

by the vertical inner anchor. Since the ribs set up within the 

steel tubes of welded built-up square CFT columns reduce 

the width thickness rate, the load capacity of columns is 

increased. Columns with higher concrete strength have 

higher load bearing capacity, because concrete core delays 

the local buckling of steel tube. High strength steel could be 

applied to decline the local buckling and to use thinner steel 

tube (Lee et al. 2011a, Shariati et al. 2019d, Shariati et al. 

2019e). A research by (Abed et al. 2013) has experimentally 

and numerically investigated the compressive behavior of 

circular Concrete Filled Steel Tubes (CFSTs) under axial 

compressive loads. It was found that B/t ratio has a greater 

effect on load bearing capacity of CFT columns compared to 

concrete strength. By increasing B/t ratio, axial strength and 

members’ stiffness are decreased because steel tube has 

provided less confinement to concrete. Also, the column's 

ductility is decreased when the concrete infill strength is 

increased for higher D/t rates, but for lower D/t rate, the 

opposite is true. Few formulas and equations are verified to 

measure the axial capacity of CFST columns. Typically, 

many models have provided conservative estimates, except 

for the ones defined by (Mander et al. 1988b) who said that 

the deviations of estimates (test results) are reduced when 

D/t ratio is increased, which is attributed to the reduced 

confinement effects at high D/t ratios. FE model has been 

analyzed with one of the tested CFST samples after 

incorporating the material nonlinearity of steel tube and 

concrete infill. Test data and the output of model have 

shown a good agreement in terms of axial capacity and 

failure mode. Like the failure modes occurred in tested 

specimens. Dominant failure mode in FE analysis of CFST 

columns is local buckling of steel tube followed by the 

crushing of concrete infill. For the modeled CFST 

specimen, steel tube is bulged outwards locally near the 

loading ends and in the mid-height of specimens. The 

buckling at the mid-height of column took place at the early 

stages of loading time followed by a localized buckling near 

the ends of element. Similar failure modes have been 
occurred across the tests for all CFST specimens (Xu et al. 

2019). In another research (Tao et al. 2005) has conducted a 

test on concrete-filled steel tubular stub columns with inner 

or outer welded longitudinal stiffeners under axial 

compression. The sectional capacity of the composite stub 

columns has been raised when stiffeners are provided. Thus, 

the longitudinal stiffeners could both delay the local 

buckling of the plate panel, and surpass the lateral curb of 

concrete core. The outer stiffened specimens have 

approximately represented the same behavior as the inner 

stiffened ones, however, the stiffeners should have higher 

flexural rigidities to ensure their effectiveness. The larger 

D/t ratio is, the larger the rigidity requirement of stiffeners 

is. Theoretical method and design codes have been applied 

for the prediction of load versus axial strain relationships 

and load-carrying capacities of the adequately stiffened 

composite sections that is followed by reasonable results. 

The mentioned design codes have generally underestimated 

the strength of adequately stiffened stub columns. By 

considering confinement enhancement effects from 

stiffeners, the prediction of load-carrying capacities of 

columns has been formulated (Ahmadi et al. 2017, Trung et 

al. 2019b). Regarding all the studies in welded built-up 

sections, few insights have been provided into the influence 

of various confinement steel tubes with various welding 

lines (stiffeners) on load capacity of CFT stub columns (Tao 

et al. 2005). The objective of this study is to study the axial 

performance of built-up CFT tube columns composed by 

connecting two pieces of cold-formed U-shaped or four 

pieces of L-shaped thin steel plates with continuous 

penetration groove welding line located at mid-depth of 

stub column section. High strength welding lines have been 

applied due to higher thickness and yield stress of welding 

lines compared to steel tubes. ABAQUS finite element is 

used to study the nonlinear performance of welded built-up 

CFT columns subjected to axial pressure (Systèmes 2007). 

In terms of key parameters of this study, two cross sectional 

types as U-shaped and L-shaped, compressive strength of 

filled concrete (C20, C40, and C80), and the effect of 

welding lines are provided. 

 

 

2. FE model 
 

Abaqus has been numerically measured the behavior 

and ultimate strength of Welded built-up steel box columns 

fabricated by connecting two pieces of cold-formed U-

shaped or four pieces of L-shaped thin steel plates under 

axial pressure. Accordingly, actual elastic-plastic, non-linear 

materials, engineering considerations, and stress-strain 

relationship obtained from the test have been evaluate in 

numerical method. Typical static model has been used in the 

analytical model and loading is controlled by considering 

the displacement.   
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2.1 Element type and mesh 
 

Four-node reduced shell (S4R) element has been used 

for modeling the steel tube and welding line including 6 

degrees of freedom at each node as a precise resolution for 

many applications (Systèmes 2007, Sedghi et al. 2018). 

Moreover, eight nodes have reduced the solid element with 

3 degrees of freedom at each node (C3D8R) used for the 

concrete core inside the steel tube (Fig. 3), also various 

mesh sizes are examined to gain reliable results with less 

computational cost. 

 
2.2 Loading of the boundary element 
 

Applied boundary conditions in FE model has reflected 

the prior test conditions in which two rigid plates have been 

simulated at the bottom and top of the specimens, 

representing the loading device and supporting the test 

model. RP is defined for each plate for which the boundary 

conditions have been applied so that the plates are fixed at 

all degree(s) of freedom except in a direction in which the 

displacement has been applied (axial loading to RP along 

the axis 3 is applied through displacement downwards). 

 

2.3 Modelling of interaction between steel wall and 
filled concrete 

 

The interaction between concrete and steel has been 

modeled through the contact pair option and choosing the 

surface to surface contact (Systèmes 2007, Sedghi et al. 

2018a) in which two contact surfaces are required and 

called master and slave (to decline the numerical errors, the 

slave surface should be selected from a softer material and  

also have a better mesh than master surface). Afterwards,  

 

 

 

 

 

the internal surface of steel tube wall and the outer surface 

of concrete are identified as master and slave surfaces. The 

normal behavior between slave and master surfaces is 

simulated by “hard” contact which permits the separation of 

two surfaces after contact. On the other hand, tangent 

behavior between two surfaces is simulated by Coulomb 

friction model with a friction coefficient of 0.25. 

 
2.4 Modeling of the confined concrete 
 

Based on the literature, the concrete core in CFT columns 

has been limited by steel tubes and the confinement effect 

has been decreased by the raise of fy and B/t ratios, which 

should be considered in a concrete model that is simulated 

in Abacus model (Systèmes 2007, Lim et al. 2014). Fig. 4 

represents the stress-strain curves of the confined and 

unconfined concrete. fc and c show the compressive 

strength and its corresponding strain in unconfined concrete 

(Safa et al. 2016, Trung et al. 2019a). Also f cc and  0 are 

the stress and strain of the confined concrete. The strain 

correspondent to the stress in unconfined concrete is 

computed by use of Eq. (1) suggested by (Tasdemir et al. 

1998). 

The ultimate strength of confined concrete and its 

correspondent strain can be expressed as Eqs. (2) and (3), in 

which Eq. (2) has been suggested by Xiao et al and used for 

numerical modeling of normal and high strength concrete 

(Xiao et al. 2010, Taheri et al. 2019), also Eq. (3) is 

proposed by (Lim and Ozbakkaloglu 2014). 

In the Eq. (3), fr and cf   are in MPais calculated by c  

Eq. (1). fre is the residual stress of confined, concrete and 

calculated by Eq. (4). The inflection point (ec,i) of 

descending branch is computed by Eq. (5). 

 

     

Fig. 3 Mesh types used in the numerical model (a) Numerical model without welding line, (b) Numerical model with 4 

welding lines and (c) Numerical model with 2 welding lines 
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In the Eq. (5), the post peak region of the confined concrete 

curve was plotted using the proposed stress-axial strain 

equation by (Popovics 1973),which was then modified by 

(Mander et al. 1988a). In this equation , and  

are in MPa. and  is in . 

The plastic model of concrete failure in Abaqus has been 

used in numerical modeling of concrete core. Thus, the 

default variables of 0.1 and 0 are applied for the flow 

potential eccentricity and viscosity parameter. All other 

parameters of this concrete like dilation angle ,  

ratio an  can be determined by the Eqs. (10) to (12) 

recommended by (Tao et al. 2005). 

 (1) 

 
(2) 

 (3) 

…  (4) 

 

(5) 

 

 

 

 

 

(6) 

In Eq. (6), the pre peak region of confined concrete 

curve has been modeled by (Binici 2005, Usefi et al. 2019) 

 
(7) 

  
β= equal to 0.92

= proposed by (Tao et al. 2005) 

 

 (8) 

 = Confinement coefficient of CFT columns 

presented in Eq. (7) 

 
(9) 

the area of steel and concrete =s and A As  

 (10) 

 
(11) 

 
(12) 
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Fig. 4 Stress-strain curves of unconfined and confined concrete (Lim et al. 2014) 
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2.5 Model verification 
 

To verify the numerical modeling, the results have been 

compared to the test results of force-displacement, thus the 

numerical results are in a good agreement with test results 

(Fig. 5) (Sharafi et al. 2018a). 

According to Fig. 6, simulated buckling is similar to the 

experimental buckling. Therefore, comparing of results has 

shown an acceptable ability of FE in simulating other 

parameters which has not been investigated in an 

experimental study. 

 

 

3. Numerical simulation and discussion 
 

In this section, the results of nonlinear analyses of short 

built-up CFT columns composed with steel plates are 

presented. In order to prepare welded built-up specimens, 

steel boxes are fabricated by connecting of four pieces of L-

shaped thin steel plates or two pieces of cold-formed U-

shaped (Fig. 7). 

The models are grouped in terms of different cross sections 

and concrete strength: 

1. Generic CFT columns with no welding lines (B specimens) 

2. Built-up CFT columns with 2 welding lines (U specimens) 

3. Built-up CFT columns with 4 welding lines (L specimens) 

 

 

 

The nomenclature used in this section (B70×70-4-20, 

U70×70-4-20, L70×70-4-20) consists of a cross-sectional 

type in which “B” shows a column with no welding lines, 

“U” and “L” show columns with two pieces of cold-formed 

U-shaped and four pieces of L-shaped thin steel plates. The 

1th and 2nd number show the cross sectional dimensions, 

also the steel tube wall thickness and compressive strength 

of concrete are shown by the 3rd and 4th number. The load-

displacement curves under axial compression for CFT 

columns with no welding lines in terms of different B/t 

ratios and concrete strength (20,40, and 80) are shown in 

Fig. 8. Therefore, B/t ratio is increased by the load bearing 

capacity increment. More ductile behavior compared to 

others because of lower concrete strength is shown in Fig. 

8(a). Furthermore, these specimens have similar descending 

and ascending rate. However, the descending branch rate 

for specimen in Fig. 8(c) has been significantly changed due 

to greater concrete strength. Also, by the raise of steel tube 

thickness, the load bearing capacity has been also increased 

due to more confinement effect. Respectively, the average 

raising ratio is 16% and 35% for B120×120 and B70×70 

specimens, deduced that for a greater cross section, the raise 

of concrete strength has led to higher load bearing capacity 

compared to the raise of steel tube thickness. In contrast, the 

reverse case is true for columns with lower sizes. Moreover, 

higher concrete strength leads to higher load bearing 

capacity. 

  

 

Fig. 5 Comparison of numerical and experimental results (Sharafi et al. 2018a) 
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Continued- 
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Fig. 6 Comparing of failure in experimental (Sharafi et al. 2018a) and numerical models for cold-formed CFT columns 

 
Fig. 7 (a) Generic Steel box section, (b) Steel box made by connecting two pieces of cold-formed U-shaped steel plates, 

and (c) Steel box made by connecting four pieces of cold-formed L-shaped steel plates 
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Apparently, in CFT columns with higher cross section, the 

influence of concrete strength on load bearing capacity is 

more visible. The load bearing capacity of B120×120-6-80 

increased by 42% is compared to B120×120-6-40 and 16% 

for B120×120-6-40 is compared to B120×120-6-20. 

However, B 70×70-6-80 with an increment of 13% is 

compared to B 70×70-6-40 and B 70×70-6-40 with an 

increment by 7% is compared to B 70×70-6-20. As a result, 

for greater cross section, the raise of concrete strength has 

led to higher load bearing capacity which is compared to the 

raise of steel tube thickness. In contrast, the reverse is true 

for columns with lower sizes. 

 

 

Fig. 9 shows the load-displacement curves under axial 

compression for built-up CFT columns with 2 welding lines 

(U specimens) considering different B/t ratios and concrete 

strength (20, 40.80). Thus, in CFT columns with higher 

cross section, concrete strength has a significant effect on 

load bearing capacity. U120×120-6-80 with an increment of 

47% is compared to U120×120-6-40 and U120×120-6-40 

with an increment by 25% is compared to U120×120-6-20. 

This finding is more noticeable than CFT columns with no 

welding lines. U70×70-6-80 with an increment by 29% is 

compared to U70×70-6-40 and U70×70-6-40 with an 

increment of 3% is compared to U70×70-6-20. This is due  

 
(a) 

 
(b) 

 
(c) 

Fig. 8 Load-displacement curves of columns with no welding lines (a) Compressive strength is 20 MPa, (b) Compressive 

strength is 40 MPa and (c) Compressive strength is 80 MPa 
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to the fact that columns with two welding lines (stiffeners) 

can provide more confinement effect. Additionally, the load 

bearing capacity of these specimens has been increased 

when the steel tube thickness is increased due to more 

confinement effect, representing an average increment of 

21% and 40% for U120×120 and U70×70, respectively. For 

greater cross section, an increment of concrete strength has 

resulted a higher load bearing capacity compared to the 

increment of steel tube thickness. However, the reverse is 

true for columns with lower sizes. Moreover, higher 

concrete strength has higher load bearing capacity. 

Thereafter, columns with lower concrete strength have 

shown more ductile behavior compared to others. 

Moreover, speeding rate for columns in 6a is roughly the 

same as both ascending and descending branch. 

However, descending branch for specimens in 6c has been 

significantly changed at higher rate. Also, when B/t ratio is 

decreased the load bearing capacity is increased. 

 

 

The load-displacement curves under axial compression 

for CFT columns with four welding lines with different B/t 

ratios and concrete strength (20, 40, and 80) is shown in 

Fig. 10. 

Accordingly, B/t ratio is increased by the load bearing 

capacity increment. In CFT columns with higher cross 

section, concrete strength has a greater impact on load 

bearing capacity. The load bearing capacity of L120×120-6-

80 increased by 51% is compared to L120×120-6-40 and 

the load bearing capacity of L120×120-6-40 increased by 

23% is compared to L120×120-6-20. Also, L70×70-6-80 

with an increment of 31% is compared to L70×70-6-40, and 

L70×70-6-40 with an increment of 16% is compared to 

L70×70-6-20. Therefore, columns with four welding lines 

(stiffeners) have higher load bearing capacity compared to 

columns with two and no welding lines. Additionally, the 

load bearing capacity of these specimens is increased when 

the steel tube thickness is increased due to more  

 
(a) 

 
(b) 

 
(c) 

Fig. 9 Load-displacement curves of columns with two welding lines. (a) Compressive strength is 20 MPa, (b) 

Compressive strength is 40 MPa and (c) Compressive strength is 80 MPa 
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confinement effect, with an average increment of 24.3% 

and 40% for L120×120 and L70×70, respectively. 

Alternatively, the increment of concrete strength with 

greater cross section has led to higher load bearing capacity 

compared to the increment of steel tube thickness. As a 

result, by the increment of steel tube thicknesses, the CFT 

columns with more welding lines have obtained the highest 

ultimate strength. 

 

 

 

 

 

 

4. Conclusions 
 

This study has presented a numerical model for the 

simulation of built-up concrete filled steel tube columns 

under axial pressure using the FE with ABAQUS. 

Subsequently, FE is validated by comparing axial load 

bearing capacity and typical failure patterns of steel tube 

and core concrete of corresponding experimental specimens. 

Consequently, the proposed model can be applied to predict 

the axial load capacity and local buckling of CFT columns.  

 
(a) 

 
(b) 

 
(c) 

Fig. 10 load-displacement curves of columns with four welding lines. (a) Compressive strength is 20 MPa, (b) 

Compressive strength is 40 MPa and (c) Compressive strength is 80 MPa 
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 Welding lines (stiffeners) are effective on increasing the 

confining pressure of built-up CFT columns while they 

are increasing the confinement strength of concrete and 

raising the ductility and load bearing capacity of concrete. 

 By raising the welding lines, the confining pressure has 

been also increased. However, by raising B/t ratio and 

concrete strength, the confining pressure has experienced 

a decrement.  

 By the increment of steel tube thickness, the load bearing 

capacity of columns is raised due to more confinement 

effect. This average amount is more significant in CFT 

columns with more stiffeners.  

Concrete strength increment with more cross section has 

led to higher load bearing capacity compared to the steel 

tube thickness increment. 

 In CFT columns with greater cross section, concrete 

strength has greater influence on load bearing capacity, 

which is more noticeable in columns with four welding 

lines. 

 A good agreement has been occurred between the 

numerical model and experimental outcomes while 

considering the failure state. Thus, the proposed numerical 

FE method could be properly applied for the subsequent 

parametric researches to scrutinize the other factors 

affecting CFT columns. 
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