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This study aims to investigate experimentally and numerically the behavior of light-gauge steel tubes filled with normal 
and lightweight concrete under axial loading. A total of thirty-five specimens, including thirty-two composite columns, 
two bare steel columns, and one normal-weight plain concrete column, were considered. The main variables in the 
tests were the concrete infill type (normal-weight and lightweight), the column’s length (1, 1.25, 1.5, 1.75-m), the steel 
tube thickness (2 and 2.4-mm), and the cross-section (100×100 and 150×150-mm). In addition, theoretical capacities 
were computed according to Eurocode 4, and a finite element analysis was conducted using ABAQUS software. The 
results showed that the behavior of lightweight filled steel tubes was similar to the normal weight filled tubes during 
the test; however, their capacities were lower compared to the normal weight filled tubes by a range of (1%-20%). 
Yet, lightweight filled steel tubes can achieve high axial loads. In addition, the axial capacity of all composite columns 
decreased with the increase of the column’s height and increased with the increase of both the cross-section and the 
steel thickness. Current code specifications of EC4 and the numerical results obtained from ABAQUS overestimated 
the capacities of the composite concrete-filled tubes by 3% and 14%, respectively; however, the EC4 was found to 
present close estimations to the experimental results.  

Keywords: light-gauge steel, lightweight concrete, composite action, finite element analysis  

List of Notations 
CFST: Concrete-filled Steel Tube 
LWA: lightweight aggregate 
w/c: water-to-cement ratio 

 lastic resistance of the composite sectionp: pl,RdN 
: area of steel tubesA 

stress of steel: yield yf 
: area of concrete corecA 
: compressive strength of concretecf’ 

buckling load :eN 
effective flexural stiffness :e)EI( 

𝑙𝑙𝑒𝑒: effective length 

1 INTRODUCTION  
When hollow steel elements encounter external loads, local buckling of steel might take place if the dimension to 
thickness ratio is too high. By filling the hollow steel with concrete infill, the potential of steel buckling is reduced. 
These elements are called Concrete-filled Steel Tube (CFST) structures. Although the concrete core enhances the 
strength of the steel tube and avoids buckling, the steel tube also acts as longitudinal and lateral reinforcement for 
the concrete core providing confinement that helps it resisting tension, bending moment, and shear forces. The 
advantages of CFST structures over other composite systems include: the steel tube provides formwork for the 
concrete, the concrete prolongs local buckling of the steel tube wall, the steel tube prohibits excessive concrete 
spalling, and it adds significant stiffness to a frame compared to traditional steel frame construction [1]. Several 
researches were conducted to study the behavior of CFST composite beams [2–4], filled with recycled concrete [5-
6], under acid attack [7], with unequal double spans [8], narrow width girders [9], and cold formed steel [10-11], in 
addition to the bond strength of composite columns [12] and the behavior of composite columns filled with high 
strength concrete [13-14], normal concrete [15-17], foamed and lightweight concrete [18], recycled concrete [19-20], 
and made with light gauge steel [21-23]. The main conclusions -proved that the CFST's recorded higher ductility and 
strength compared to the hollow steel sections in which both composite beams and columns sustained larger 
deformations. In addition, composite columns did not record any buckling of the tube's wall; hence, the failure was 
governed by the crushing of concrete and the yielding of the steel tube. Moreover, the current specifications of the 
EUROCODE 4 (EC4) conservatively estimated the strength of CFST beams and columns. Cortés-Puentes W. et al. 
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[21],  investigated experimentally the compressive strength of light-gauge steel composite columns. Fourteen stub 
columns and twelve full scale columns were considered with width-to-thickness ratio of 125. The tested stub columns 
consisted of concrete only columns, steel only columns, confined concrete columns, and composite columns to 
assess the effect of confinement, local buckling, and the individual contributions of each component to the axial 
capacity. Enhancement has been seen, in capacity of 16% due to confinement; however, its effect was negligible for 
full-scale columns, whereas the load capacity of full-scale columns was found to be proportional to the cross-sectional 
area. Local buckling controlled the strength of steel only columns, where the steel section's capacity reached 33% of 
its tensile capacity. 
On the other hand, the weight of a structure plays a major role in the design process. The lower the self-weight, i.e., 
the dead load, the smaller the stresses that the element encounter; thus, smaller sections can be used to sustain 
similar live loads [24]. This can be achieved in CFST by changing the concrete filling from normal weight concrete to 
lightweight aggregate (LWA) concrete. In 2010, Ghannam S. et al. [25] studied the behavior of eight full scale 
rectangular columns filled with normal and lightweight concrete. Two slenderness ratios were considered; 20 and 25. 
The authors stated that high columns’ strength was achieved with reduction in weight. Salgar P. B. and Patil P.S. 
[26] conducted tests on sixty-four struts up to failure to examine the axial behavior of lightweight CFST. Different 
lengths, sectional sizes, and thicknesses were considered in the study. The results indicated that using lightweight 
concrete as infill reduced the weight of the specimens by 25% compared to struts filled with normal concrete. The 
axial strength of CFT specimen increased as the depth to thickness (D/t) ratio decreased for similar slenderness 
ratios. Similarly, the capacity decreased as the slenderness ratio was increased. 
In light of the above-mentioned literature, this study aims to investigate the behavior of light-gauge steel columns 
filled with normal and lightweight aggregate concrete. The significance of this study comes from combining the 
advantages of filling the empty steel tubes by lighter concrete, which would help reducing the total weight and 
obtaining smaller sections. A total of thirty-five specimens were tested divided into three categories: thirty-two 
composite columns, two empty steel columns, and one normal-weight plain concrete column. Two steel thicknesses 
(2 and 2.4-mm), two square cross-sections (100 and 150-mm), and four columns’ lengths (1, 1.25, 1.5, and 1.75-m) 
were considered. Moreover, the theoretical capacities were calculated according to EC4 [27], and a finite element 
analysis was conducted using ABAQUS software to predict and compare the axial strength with the experimental 
results. 

2 MATERIALS 

2.1 Cement  
ordinary Portland - Pozzolana Cement (CEM II/A-P 42.5N) was used in compliance with the Jordanian Code of JS30-
1:2007 and the European Code EN197-1:2000. The cement had a specific gravity of 3100 kg/m3, and an initial setting 
time of 150 minutes.  

2.2 Aggregates  

2.2.1 Normal Weight Aggregates 
Crushed limestone was used as coarse aggregates in this study, having a maximum size of 20-mm. The aggregates 
were sieved according to the ACI E-701 [28] to get their gradation ranging between sieve number 20 and sieve 
number 4. Water absorption and bulk density were tested according to ASTM C127 [29] and the results are illustrated 
in Table 1. 

2.2.2 Lightweight Aggregates  
The LWA used in this study were tuff stone with an abrasion value of 38%. Water absorption and bulk density were also 
tested according to ASTM C127 [29] and the results are shown in Table 1. 

Table 1. Coarse Aggregates Properties 

Property Normal Weight Aggregates Lightweight Aggregates 

Water Absorption % 1.23 11 

Bulk Density (Unit Weight kg/m3) 1669 636 

2.2.3   Fine Aggregates  
Silica sand was used from local sources, containing mineral particles with a diameter ranging between 0.06 and 2.0-
mm.  

2.3 Light-Gauge Steel  
Light-gauge steel is also called cold-formed steel is used in this study. Two steel thicknesses were considered: 2 and 
2.4-mm. The steel tubes were formed without any heat exposure, i.e., at room temperature. To protect the steel from 
corrosion, the steel sheets were coated with zinc. Yield strength, tensile strength, and elongation tests were 
performed according to ASTM A370 [30] and the results are reported in Table 2. 
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Table 2: Properties of Steel 

Sample Yield Strength - fy (MPa) Tensile Strength - fu (MPa) 

t = 2 mm 220.1 350.2 

t = 2.4 mm 219.6 353.4 

3 EXPERIMENTAL PROGRAM  

3.1 Details of Mix Proportions  
Both the control mix and lightweight concrete mix were designed according to the ACI 318-19 [31] to reach a 
compressive strength of 30-MPa after 28-days of casting and curing. Both mixes had a water-to-cement ratio (w/c) 
of 0.48. Table 3 shows the mix proportions and compressive strength of each mix. To obtain the compressive strength 
of concrete, six cubes of 150×150×150-mm are taken from each batch in which two cubes were tested at 7-days and 
the others were tested at 28-days of curing.  

Table 3: Concrete Mix Proportions and Compressive Strength 

Mix Coarse Aggregates 
(kg/m3) 

Fine Aggregates 
(kg/m3) 

Cement 
(kg/m3) Water (kg/m3) w/c 

fcu (MPa) 

7-days 28-days 

Control 1145 638 375 180 0.48 26.79 Control 

Lightweight 636 656 450 216 0.48 25.17 Lightweight 

3.2 Preparation of Columns  

The steel tubes were prepared by welding two steel plates using an Exx70 weld type with 3 mm weld thickness and 
placed on a wooden floor to ensure that no concrete leakage could take place from the bottom side. The concrete 
was then poured inside the steel tube in three layers, with each layer compacted for 25-stroke using a long steel rod 
to avoid any segregation and eliminate all the air voids. 
3.3 Column’s Geometry  
All columns had a square cross-section; however, the sections differed in size and steel thickness. Figure 1 illustrates 
the sections’ sizes, geometry, and steel sheet detailing. Two sections were considered: (100×100) and (150×150)-
mm square sections with two different steel thicknesses for each section: 2 and 2.4-mm, and four columns’ lengths: 
1, 1.25, 1.5, and 1.75-m.  

  

Fig. 1.  Cross-Sections; (a) 100-mm Cross-Section; (b) 150-mm Cross-Section. 

3.4 Specimen’s Details  
A Total of thirty-five columns were tested in this research divided into eight groups based on the cross-section 
dimensions, steel thickness, and concrete infill. Two additional groups were also considered; group 9 and 10, which 
refers to empty steel columns and one plain concrete column, respectively. Table 4 illustrates the groups and 
specimen’s labels. The columns were labeled in an order of (Type of concrete infill – Steel thickness – cross-sectional 
dimension – column’s length). For example, the specimen LW-2-10-175 refers to a 100-mm square column with 2-
mm steel thickness and 1.75-m length filled with lightweight concrete. On the other hand, group 9, which refers to 
the group containing 1-m length empty steel columns were labeled as (S – steel thickness). For example, S-2.4 refers 
to a bare-steel column with 2.4-mm steel thickness. Finally, group 10, contains one column labeled as C that refers 
to a plain concrete column with a 1-m length.  
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Table 4: Specimens’ Details and labeling 

Cross-Section 
Dimension (mm) 

Steel Thickness 
(mm) Length (m) Concrete Infill Group 

Number Column's Label 

100 

2 

1 

Normal 1 

NW-2-10-100 

1.25 NW-2-10-125 

1.5 NW-2-10-150 

1.75 NW-2-10-175 

1 

Lightweight 2 

LW-2-10-100 

1.25 LW-2-10-125 

1.5 LW-2-10-150 

1.75 LW-2-10-175 

2.4 

1 

Normal 3 

NW-2.4-10-100 

1.25 NW-2.4-10-125 

1.5 NW-2.4-10-150 

1.75 NW-2.4-10-175 

1 

Lightweight 4 

LW-2.4-10-100 

1.25 LW-2.4-10-125 

1.5 LW-2.4-10-150 

1.75 LW-2.4-10-175 

150 

2 

1 

Normal 5 

NW-2-15-100 

1.25 NW-2-15-125 

1.5 NW-2-15-150 

1.75 NW-2-15-175 

1 

Lightweight 6 

LW-2-15-100 

1.25 LW-2-15-125 

1.5 LW-2-15-150 

1.75 LW-2-15-175 

2.4 

1 

Normal 7 

NW-2.4-15-100 

1.25 NW-2.4-15-125 

1.5 NW-2.4-15-150 

1.75 NW-2.4-15-175 

1 

Lightweight 8 

LW-2.4-15-100 

1.25 LW-2.4-15-125 

1.5 LW-2.4-15-150 

1.75 LW-2.4-15-175 

Empty Steel 
2 1 - 

9 
S-2 

2.4 1 - S-2.4 

Plain Concrete - 1 Normal 10 C 

3.5 Test Setup  
All columns were supported at the bottom end with a steel plate connected to the ground while the top end of the 
columns was free. The columns were subjected to an increasing axial force applied using a DARTEC- universal- 
testing machine with a capacity of 2000 kN. Figure 2 illustrates the test setup.  
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Fig. 2.  Test Setup 

4 RESULTS AND DISCUSSION 

4.1 General Behavior and Failure Modes 
All composite columns filled with both normal and lightweight concrete failed in a similar manner, which was 
represented by the local buckling of steel tube and crushing of concrete core at either one end or both ends of the 
column. The same observation was reported by Salgar P. B. and Patil P.S. [26]. In hollow steel columns, the inward 
and outward deformation occurred at both ends; however, the inward deformation was prevented by the concrete 
infill in composite columns. For the concrete only column, hair cracks initiated near the bottom end and propagated 
until they reached approximately the column’s mid-height. Figure 3 shows the failure modes of all columns.  

   
(a) NW-2.4-15-100 (b) NW-2.4-10-125 (c) NW-2-10-175 

   
(d) Concrete Core Crushing (e) LW-2.4-15-150 (f) LW-2.4-10-125 
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(g) LW-2-15-175 (h) Empty Steel Columns (i) Plain Concrete Column 

Fig. 3. Failure Modes of Columns 

4.2 Experimental Capacity  
The experimental axial carrying capacities of all columns were obtained from the test and the results are shown in 
Table 5. Specimens (NW-2-10-150, LW-2-10-150, NW-2-15-125, and LW-2-15-125) showed abnormal values and 
patterns than other specimens; thus, the results were eliminated. 

Table 5: Experimental Capacities of All Columns 

Steel Thickness 
(mm) Length (m) 

100x100-mm 150x150-mm 

Column's Label Experimental 
Capacity (kN) Column's Label Experimental 

Capacity (kN) 

2 

1 NW-2-10-100 495 NW-2-15-100 948 

1.25 NW-2-10-125 485 NW-2-15-125 - 

1.5 NW-2-10-150 - NW-2-15-150 859 

1.75 NW-2-10-175 470 NW-2-15-175 832 

1 LW-2-10-100 412 LW-2-15-100 870 

1.25 LW-2-10-125 409 LW-2-15-125 - 

1.5 LW-2-10-150 - LW-2-15-150 739 

1.75 LW-2-10-175 401 LW-2-15-175 700 

2.4 

1 NW-2.4-10-100 588 NW-2.4-15-100 1041 

1.25 NW-2.4-10-125 554 NW-2.4-15-125 970 

1.5 NW-2.4-10-150 519 NW-2.4-15-150 933 

1.75 NW-2.4-10-175 513 NW-2.4-15-175 864 

1 LW-2.4-10-100 516 LW-2.4-15-100 982 

1.25 LW-2.4-10-125 512 LW-2.4-15-125 953 

1.5 LW-2.4-10-150 495 LW-2.4-15-150 871 

1.75 LW-2.4-10-175 412 LW-2.4-15-175 852 

2 1 S-2 163   

2.4 1 S-2.4 265   

- 1 C 305   

4.2.1 Effect of Column’s Length  
The capacity of all columns decreased with the increase of the column’s length; however, this reduction in capacity 
increased with increasing the steel thickness and the cross-sectional size. This can be attributed to the fact that by 
increasing the steel thickness or the section size, the portion of load carried by the steel increases, and according to 
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the specifications the failure of steel under compression is critical due to the local buckling; thus, the reduction in 
capacity increases. 
For 100×100-mm sectional size, the reduction in capacity was ranging between (1%-5%) and (1%-20%) for 2 and 
2.4-mm steel thickness, respectively. On the other hand, for 150×150-mm sectional size, the reduction in capacity 
was (9%-20%) and (3%-17%) for 2 and 2.4-mm steel thickness, respectively.  
Further, for 2-mm steel thickness, the reduction in capacity was ranging between (1%-5%) and (9%-20%) for 
100×100 and 150×150-mm sectional size, respectively, while it was (1%-20%) and (3%-17%) for the same sectional 
sizes mentioned, respectively. Figure 4 illustrates the change in columns’ capacity with its length. 

 
Fig. 4. Change in Capacity with the Columns’ Length 

4.2.2 Effect of Concrete Infill Type 
In all groups, and for the same column’s height, the capacity of the column filled with normal-weight concrete was 
higher than their corresponding column filled with lightweight concrete. This reduction decreased with increasing the 
section size. For 100×100-mm cross-section, the capacity decreased by (15%-17%) and (5%-20%) for 2- and 2.4-
mm steel thicknesses, respectively. However, for 150×150-mm cross-section, the reduction in capacity was ranging 
between (8%-16%) and (1%-7%) for 2- and 2.4-mm steel thicknesses, respectively. The results match the same 
conclusions reported by Ghannam S. et al. [25]. Figure 5 represents a comparison between the normal-weight and 
lightweight filled steel tubes.  

 

Fig. 5. Axial Capacity of Columns; 
(a) 2-mm Steel Thickness; 
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Fig. 5. Axial Capacity of 
Columns; (b) 2.4-mm Steel 
Thickness 

4.2.3 Effect of Steel Thickness  
The Axial capacity increased with increasing the thickness of the steel tube. For normal weight filled columns with 
the same height, the axial capacity increased more than its corresponding lightweight filled column. However, this 
increment decreased with increasing the section size. The capacities of 2.4-mm normal-weight steel filled columns 
were (8%-16%) and (4%-9%) higher than the capacities of their corresponding 2-mm steel columns for 100×100 and 
150×150-mm section sizes, respectively, while for lightweight filled steel columns, the percentages were (3%-20%) 
and (11%-18%) for the previously mentioned sections, respectively.  

4.2.4 Effect of Section Size  
Both the normal and lightweight concrete filled steel columns had a similar trend, in which their capacity increased 
with increasing the section size. The columns with 150×150-mm cross-section recorded higher capacities than the 
columns with 100×100-mm cross-section by a range of (68%-111%).  

5 FINITE ELEMENT ANALYSIS (FEA) BY ABAQUS  

5.1 Modelling  

5.1.1 Materials  
The elasticity of both steel and concrete was defined with a poisson’s ratio of 0.3 and 0.2, respectively. Steel was 
defined as a plastic material, while the plasticity of concrete was defined using the Concrete Damage Plasticity (CDP) 
model with plasticity parameters defined according to ABAQUS user guide manual [32]. The compressive and tensile 
stress-strain behaviors of concrete were obtained according to Tsai’s equations [33] and are illustrated in Figure 6. 

 

Fig.6. Stress-Strain 
Relationship of Concrete; (a) 
Compressive Stress-Strain 
Diagram; 
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5.1.2 Sections 
Sections are used to link each part with its corresponding material. For this model, two sections were defined as a 
solid homogeneous type and associated with one of the predefined materials. After that, each part was linked with 
its corresponding section. However, the discrete rigid plate was not assigned to any section due to its definition.  

5.1.3 Meshing, Interactions, and Boundary Conditions  
the steel tube and the concrete core, were meshed with a size of 30 mm and assigned to 3D stress family with 
C3D8R element type, while the steel plate was meshed with a size of 20 mm and assigned to discrete rigid element 
family with R3D4 element type. All parts were assigned to hexahedral-shaped element and meshed before the 
assembly of the model. Table 6 illustrates all parts’ details and Figure 7 shows the model and meshed parts in 
ABAQUS. 

  
 

 
(a) (b) (c) (d) 

Fig. 7.  FE Model; (a) Steel Tube; (b) Concrete Core; (c) Steel Plate; (d) Assembled Model 

Table 6: ABAQUS Parts’ details 

Part Mesh Size (mm) Mesh Shape Family Element Type 

Steel Tube 30 hexahedral 3D stress C3D8R 

Concrete Core 30 hexahedral 3D stress C3D8R 

Plate 20 hexahedral discrete rigid R3D4 

Surface-to-surface interaction was created between the steel tube's internal faces and the concrete core’s external 
faces with a friction coefficient of 0.3 and a hard contact property. This is to ensure that all parts will act as one body 
when applying the load.  
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Fig.6. Stress-Strain 
Relationship of Concrete; (b) 
Tensile Stress-Strain Diagram 
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The top end of the column was designed to move in the axial direction only with constraining all types of movements 
and rotations. The bottom end was fully fixed to simulate the actual setup.  
A dynamic explicit step was defined to apply the displacement to the column, this test is applicable as long as the 
kinetic energy is maintained to almost zero. The maximum displacement was applied to the discrete rigid plate using 
the boundary conditions with a smooth step amplitude. After the analysis, the axial capacity was obtained and 
compared to the experimental results.  

5.2 FEA Results  

The FEA was conducted using ABAQUS software and the results are illustrated in Table 7. ABAQUS was not 
conservative with predicting the axial capacity of composite columns, as the results were around 14% higher than 
the experimental ones. The difference between the experimental results and ABAQUS results increased with 
increasing the column’s length. This could be due to the confinement and interaction between the steel tube and 
concrete core.  

Table 7: FEA Results 

Column's Label Pexp (kN) PABAQUS (kN) PABAQUS / Pexp  
NW-2-10-100 495 490 0.99  
NW-2-10-125 485 489 1.01  
NW-2-10-150 - - -  
NW-2-10-175 470 492 1.05  
LW-2-10-100 412 441 1.07  
LW-2-10-125 409 442 1.08  
LW-2-10-150 - - -  
LW-2-10-175 401 443 1.10  

NW-2.4-10-100 588 527 0.90  
NW-2.4-10-125 554 525 0.95  
NW-2.4-10-150 519 521 1.00  
NW-2.4-10-175 513 518 1.01  
LW-2.4-10-100 516 521 1.01  
LW-2.4-10-125 512 521 1.02  
LW-2.4-10-150 495 522 1.05  
LW-2.4-10-175 412 519 1.26  
NW-2-15-100 948 1159 1.22  
NW-2-15-125 - - -  
NW-2-15-150 859 1155 1.34  
NW-2-15-175 832 1153 1.39  
LW-2-15-100 870 997 1.15  
LW-2-15-125 - - -  
LW-2-15-150 739 987 1.34  
LW-2-15-175 700 989 1.41  

NW-2.4-15-100 1041 1185 1.14  
NW-2.4-15-125 970 1207 1.24  
NW-2.4-15-150 933 1203 1.29  
NW-2.4-15-175 864 1215 1.41  
LW-2.4-15-100 982 1088 1.11  
LW-2.4-15-125 953 1032 1.08  
LW-2.4-15-150 871 1034 1.19  
LW-2.4-15-175 852 1031 1.21  

Mean 1.14  
coefficient of variation 0.126  
Reduction Percent (%) -14%  
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6  CAPACITY CALCULATIONS ACCORDING TO EUROCODE 4 

6.1 Equations  
The axial capacities of composite columns were calculated according to the EC4 [27] using the following equations: 

𝑁𝑁𝑝𝑝𝑝𝑝,𝑅𝑅𝑅𝑅  =  𝐴𝐴𝑠𝑠 𝐹𝐹𝑦𝑦 + 0.85𝐴𝐴 𝑐𝑐𝑓𝑓′𝑐𝑐                                                                                                                                   (1) 

𝑁𝑁𝑒𝑒 = π2 (𝐸𝐸𝐸𝐸)𝑒𝑒
𝑝𝑝𝑒𝑒2

                                                                                                                                                              (2) 

Where 𝑁𝑁𝑝𝑝𝑝𝑝,𝑅𝑅𝑅𝑅 is the plastic resistance of the composite section, As is the area of steel tube, fy is the yield stress of 
steel, Ac is the area of concrete core, f’c is the compressive strength of concrete, 𝑁𝑁𝑒𝑒 is the buckling load, (𝐸𝐸𝐸𝐸)𝑒𝑒 is the 
effective flexural stiffness, and 𝑙𝑙𝑒𝑒 is the effective length. 

6.2 Eurocode 4 Results  
The EC4 [27] was used to predict both the buckling load and the axial capacity of all composite columns. Table 8 
presents the theoretical capacities of composite columns obtained according to the EC4 [27]. 

Table 8: Theoretical Capacities According to EC4 

Column's Label Pexp (kN) 

Theoretical 
Capacity (kN) Pu / Pexp PBuckling/Pexp 
Pu PBuckling 

NW-2-10-100 495 488 3093 0.99 6.25 
NW-2-10-125 485 488 1979 1.01 4.08 
NW-2-10-150 - - - - - 
NW-2-10-175 470 488 1010 1.04 2.15 
LW-2-10-100 412 432 3093 1.05 7.51 
LW-2-10-125 409 432 1979 1.06 4.84 
LW-2-10-150 - - - - - 
LW-2-10-175 401 432 1010 1.08 2.52 

NW-2.4-10-100 588 524 3694 0.89 6.28 
NW-2.4-10-125 554 524 2364 0.95 4.27 
NW-2.4-10-150 519 524 1641 1.01 3.16 
NW-2.4-10-175 513 524 1206 1.02 2.35 
LW-2.4-10-100 516 470 3694 0.91 7.16 
LW-2.4-10-125 512 470 2364 0.92 4.62 
LW-2.4-10-150 495 470 1641 0.95 3.32 
LW-2.4-10-175 412 470 1206 1.14 2.93 
NW-2-15-100 948 958 10529 1.01 11.11 
NW-2-15-125 - - - - - 
NW-2-15-150 859 958 4679 1.12 5.45 
NW-2-15-175 832 958 3438 1.15 4.13 
LW-2-15-100 870 831 10529 0.96 12.10 
LW-2-15-125 - - - - - 
LW-2-15-150 739 831 4679 1.12 6.33 
LW-2-15-175 700 831 3438 1.19 4.91 

NW-2.4-15-100 1041 1014 12592 0.97 12.10 
NW-2.4-15-125 970 1014 8059 1.05 8.31 
NW-2.4-15-150 933 1014 5596 1.09 6.00 
NW-2.4-15-175 864 1014 4111 1.17 4.76 
LW-2.4-15-100 982 888 12592 0.90 12.82 
LW-2.4-15-125 953 888 8059 0.93 8.46 
LW-2.4-15-150 871 888 5596 1.02 6.42 
LW-2.4-15-175 852 888 4111 1.04 4.83 

Mean 1.03 6.04 
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Column's Label Pexp (kN) 

Theoretical 
Capacity (kN) Pu / Pexp PBuckling/Pexp 
Pu PBuckling 

coefficient of variation 0.081 0.490 
Reduction Percent (%) -3% -504% 

According to the EC4, buckling of columns will occur at high loads due to the slenderness of the test specimens; 
hence, the failure of composite columns will be caused by concrete crushing and steel local buckling. This confirms 
well with the outcomes of this study. The maximum axial capacities predicted by EC4 were around 3% higher than 
the experimental results; thus, the EC4 was not conservative in predicting the capacities. This can be attributed to 
the fact that the predicted capacities according to the EC4 depends only on the cross-section without considering the 
effect of the column’s length, as it was seen that the capacity decreased with increasing the column’s length.  

7 CONCLUSIONS  
It can be concluded from the results of this research that all composite columns, regardless of the concrete infill type, 
showed similar behavior during the test and failed in a similar manner.  
Although the axial capacity of lightweight CFST’s was lower than their corresponding normal-weight composite 
columns by a range of (1%-20%), high axial loads can be achieved. However, the axial capacity decreased with 
increasing the column’s height by (1%-20%) and (3%-17%) for 100x100 and 150x150 mm sections., respectively, 
and increased with increasing both the cross-section and the steel tube’s thickness by (68%-111%) and (3%-20%), 
respectively.  
Both the concrete core and the steel tube enhanced the behavior and capacity of each other by (95%-204%) and 
(2%-93%), respectively. The concrete infill delayed the local buckling of the steel tube, and the steel sheets increased 
the axial capacity of the plain-concrete column and changes its failure from brittle to ductile.  
Although the EC4, in general, was found to overestimate the axial capacities of composite columns; however, its 
results were found to be close to the experimental capacities, as the difference between the theoretical and 
experimental capacities was about 3% only. On the other hand, the numerical capacities predicted by ABAQUS 
software were found to overestimate the axial capacities of composite columns by about 14%. 
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