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Abstract— In this research, an attempt has been made to 

evaluate the performance of concrete-filled double-skin circular 

steel tubes (CFDSCT) under axial compression and their 

application in buildings in terms of performance. Concrete-

filled double-skin steel tube (CFDST) is a composite 

construction component. It consists of two steel layers with 

concrete sandwiched in between the tubes. The inner hollow 

steel section acts as formwork and reinforcement for the 

concrete. CFDST has numerous advantages, which include high 

strength, high bending stiffness, and good seismic and fire 

performance. Moreover, this type of structural member is not 

being used largely in construction, hence it's vital to investigate 

and obtain a clear analysis of the implementations. This study 

presents a detailed investigation of how CFDSCT columns 

behave under axial compression, by experimenting and further 

verifying it through analysis of the structural component by 

developing a numerical model using “ABAQUS '' finite element 

software. The experimental results were further compared to 

theoretical calculations performed using the “Eurocode 4” 

design standard. The simulation and the theoretical data are in 

good compliance with the test results. Ultimately, using a 

numerical model developed with SAP2000 software, this study 

discusses the feasibility of using CFDST columns in buildings in 

seismic performance.  

Keywords— concrete-filled double-skin circular steel tubes, 

Axial compression, Finite element analysis, Seismic performance  

I. INTRODUCTION  

Concrete-filled steel tube (CFST) structures have recently 
gained popularity in the construction industry due to their 
numerous structural benefits such as high strength, fire 
resistance, ductility, and large energy absorption capacities 
[1]. In comparison to typical reinforced concrete columns, 
CFST members are more cost-effective and exist in a variety 
of shapes, including rectangular and circular CFSTs. Despite 
their favourable characteristics, they do have some 
drawbacks; (1) When subjected to uniaxial compression, the 
steel tube of the CFST member bears a greater portion of the 
load than the concrete core of the same cross-section area due 
to its greater stiffness under composite action. (2) The 
contribution of the centre of the concrete adjacent to the 
neutral axis, to flexural and torsional load bearing is 
negligible. (3) The concrete core has a significant influence 
on increasing the weight of the column and imposes massive 
seismic loads on structures [2].  
 
Concrete-filled double-skin steel tubes are the most recent 
evolution of conventional CFST members. It is formed of two 
steel tubes with a concrete infill sandwiched between them. 
The frictional resistance between steel and concrete is 
causing the interaction between the two materials [3]. When 
these two materials are combined to create a composite 

material, it has extremely high flexural, uniaxial, and 
torsional strength as well as improved strength-to-weight 
ratios [4]. The purpose of the sandwiched concrete is to delay 
or even to prevent the outer steel tube from buckling towards 
the inside, while the inner steel tube prevents concrete from 
deforming laterally under compression. Hence, the steel tube 
confinement can improve the ductility and strength of 
sandwiched concrete [2]. Concrete-filled double-skin steel 
tube columns are made of steel tube with a smaller cross-
sectional area. As a result, the initial confining pressure rises 
rapidly, increasing the elastic strength and stiffness higher 
than in CFST columns. When compared to reinforced 
concrete columns (RCC) with transverse reinforcements, the 
steel tube prevents concrete spalling and reduces 
reinforcement congestion [5]. Also, it is sustainable due to 
less concrete usage.  
 
There are numerous studies available to investigate the 
CFDST short columns. However, in a scenario where the 
column’s height is increased gradually, a lateral displacement 
can be observed in mid-height. As a result of this lateral 
displacement, a mid-height secondary moment is generated 
and hence a reduction in the ultimate load of the column [6]. 
It’s found in studies that the further increase of height in the 
column leads to a secondary bending moment. As a result, the 
column fails by bending rather than compressing, causing 
problems in the stability of the structure. Thus, the behaviour 
of slender columns differs from that of short columns. 
Besides, circular CFDST slender columns with carbon steel 
tubes seem rare in the existing literature to obtain knowledge 
on the experimental results of their performances [7]. 
Therefore, this study is presenting new results relating to non-
linear analysis and the performance of the circular CFDST 
slender columns under axial compression along with finite 
element modelling. Further, its seismic performance was also 
analysed with a numerical model developed using SAP2000 
software. 

II. EXPERIMENTAL PROGRAMME 

The aim of this section is to explain how the experiments 
were carried out from the inception stage until they were 
ready for testing. The four tests conducted in this research 
were, the steel coupon test, concrete cube test, circular hollow 
double steel tube (CHDST) compression test, and concrete-
filled double steel tube (CFDST) compression test.  
 

In this experimental programme, three concrete-filled 
double-skin steel tubes with three different diameters and 
three hollow double-skin steel tubes with the same diameters 
as before were tested. The following aspects were considered 



when selecting the sample sizes. The sample which had 135 
mm diameter as the outer tube, a 75 mm diameter and a wall 
thickness of 4.0 mm inner tube were selected specifically 
because that is the downpipe size usually used in the industry. 
The rest of the tubes were selected according to the cost and 
the availability in the market. Also, the lower bound of the 
diameters of the tubes was selected so that there will be 
enough space for concrete with 16 mm aggregates to pass 
through. All the steel tubes had a wall thickness of 4 mm 
except for the 87.4 mm and 48 mm tubes, which had a wall 
thickness of 2.5 mm. The diameter to thickness ratio for the 
outer tube (Do/to) was in the range of 19-57, the diameter to 
thickness ratio for the inner tube (Di/ti) was in the range of 
17-33, and the hollow section ratio (χ) was in the range of 
0.2–0.8 [8]. The slenderness ratio (λ) has to be greater than or 
equal to 22 for the column to qualify as a slender column [7]. 
Also, the columns were prepared in lengths of 0.9 m and 1.2 
m to satisfy the requirement of slenderness. Slender columns 
were selected to implement practical aspects. Fig. 1 
represents the typical cross-section of specimens 03-a and 03-
b used in the experiment. Table 1 contains the details of the 
specimens prepared. All parameters are in mm. 

TABLE I.  DIMENSIONS OF CHDST AND CFDST SPECIMENS 

Test No. �� �� �o, �� L ��/ �� ��/ �� χ λ 

01-a / 01-b 87.4 48 2.5 1200 38 20 0.58 48.14 

02-a / 02-b 115 60 4.0 900 32.86 17.14 0.56 27.75 

03-a / 03-b 135 75 4.0 900 38.57 21.40 0.59 23.31 

 

 

Fig. 1. Typical cross-sections of specimen 03-b (CFDST) and 03-a 
(CHDST) 

A. Steel Coupon Test 

A steel coupon test is required to determine the steel 
properties such as Young's Modulus, yield strength, and 
stress-strain curve. This test was carried out in accordance 
with ASTM standards [9]. For the test, samples were cut from 
tubes and formed into a sheet-type specimen of 12.5 mm in 
length and 3 mm in thickness, and a loading rate of 3 mm/min 
was used.  

B. Concrete Cube Test 

Self-Compacting Concrete in Grade 35 (G35) was used 
for this experiment. Self-compacting concrete was used to 
keep away honeycombs from forming. Ordinary Portland 
cement, silica fume, coarse aggregates, fine aggregates, and 
Glenium 8233 admixture were used as materials. 11 concrete 
cubes were prepared, and crushing was done at 28 days. 

C. Construction of Columns 

First, the tubes were cut and levelled to their final sizes. 
Then 7 mm thick base plates were also cut to match the outer 
steel tube diameter. The centre of the plates was marked, and 
steel tubes were tack welded onto the plate in their marked 
positions. It is critical to tack weld because continuous 
welding could have resulted in premature failure of the base 
plates. Styrofoam was used to keep the space between the two 
tubes constant, and the level of the column was checked with 
a spirit level. Finally, the concrete was filled, and the top 
surface was trimmed and levelled to ensure that when the 
columns were crushed, the steel and concrete cross-sectional 
areas were simultaneously loaded. The samples were then 
cured for 28 days before being tested in the laboratory. 

D. Experimental Results 

Failure loads of both CFDST and CHDST specimens 
were measured during the test and the results are shown in 
Table II. Figure 2 depicts the failure shape of specimens 02-
a and 03-b. 

     
                                (a)             (b) 

Fig. 2. Failure shapes of (a) CHDST (Test No. 02-a) and (b) CFDST (Test 
No. 03-b) 

 

TABLE II.  FAILURE LOADS OF CHDST AND CFDST COLUMNS 

Test No. �� (mm) �� (mm) �� (mm) �� (mm) Failure Load (kN) 

01-a 87.4 48 2.5 2.5 295 

02-a 115 60 4.0 4.0 700 

03-a 135 75 4.0 4.0 1100 

01-b 87.4 48 2.5 2.5 400 

02-b 115 60 4.0 4.0 1040 

03-b 135 75 4.0 4.0 1250 

 

III. THEORETICAL CALCULATIONS  

A. Eurocode 04 

For axially loaded CFDST columns, design compressive 

capacity (��) was calculated using Eurocode 04 [10] by 
adjusting for the additional strength, the inner tube provides 
and accounting for slenderness according to the literature 
[11],  

 �� = 	 (
�ο�ο + 
���� + 
c���)   (1) 

Where 
�o is the cross-sectional area of the outer steel 

tube, 
�� is the cross-sectional area of the inner steel tube, �o 

is the yield strength of the outer steel tube, �� is the yield 

strength of the inner steel tube, 
� is the cross-sectional area 

CFDST 

 

CHDST 



of sandwiched concrete and ��� is the concrete cube strength. 

Reduction factor � can be calculated as follows and it should 
be less than or equal to one. 

 � � 0.65 � �
�∅� ��� !� (2) 

 " � 0.7 [1 � & �' − 0.15) � '2]2 (3) 

& represents the imperfection factor and is usually taken 
as 1.9. The slenderness ratio λ can be calculated using the 
following equations. 

 λ �  - ./
.01   (4) 

Where, �� is the compressive resistance, �2� is the Euler 
buckling strength. 

 �� � 34
�o�o � 34
���� � 0.683′
c��� (5) 

 38 � 2.5 �  9 :4;�<=>=?
@ A BC

4.DE BFGH    (6) 

 I � 0.02 �25 − J
K= )  (7) 

 �LM �  N�OPL
�QJ)�    (8) 

   RS2= R��S��+R�TS�T+0.6R�S� (9) 

K is the effective length factor, and the theoretical value 

is 1.0 when one end is fixed, and the other end is restrained 

in direction but the translation is free in z direction [12]. 

B. Comparison of Theoretical and Experimental Results  

Compressive capacities of CFDST specimens calculated 
using above mentioned theoretical approach were compared 
with experimental results, and it is shown in Table III. As 
visible in the table below, the difference between the results 
lies within a 5% margin and hence it is acceptable. 

TABLE III.  COMPARISON BETWEEN EXPERIMENTAL AND 

THEORETICAL RESULTS 

Test 

No. 

Experimental Failure 

Load (NEXP) (kN) 

Theoretical 

Failure Load 

(NEC4) (kN) 

Difference

(%) 

01-b 400 390 2.5 

02-b 1040 987.6 5.0 

03-b 1250 1219.4 2.4 

IV. FINITE ELEMENT MODEL  

The software package ABAQUS/Standard was used to 
model the behaviour of CFDST members subjected to 
compression and to verify the experimental results by 
comparing them with the results obtained from the FE model. 
Dynamic explicit analysis was carried out.  

A. Material Properties and FEM Details  

• Concrete 
To model the concrete core behaviour, the “Concrete 
Damaged Plasticity” technique was used. The parameters for 
the “Concrete Damaged Plasticity” model were found using 

past literature [13], and those parameters are shown in Table 
IV. 

TABLE IV.  PARAMETERS FOR CONCRETE DAMAGED PLASTICITY 

MODEL  

Dilation 

angle 
Eccentricity 

The ratio of the strength 

in the triaxial state to that 

in the uniaxial state 

K 

parameter 

20° 0.1 1.0 0.667 

 
Recently, Tao et al. [13] found out that the ratio between 

the strength in the triaxial state to the strength in the uniaxial 
state has a noteworthy influence on the strength and 
behaviour of stub concrete-filled steel tube columns, but it 
had a very small impact on the CFDST slender columns. 
Even though previously it was 1.16 now that ratio was set to 
1.0. The compressive strength of the unconfined concrete was 
determined by cube testing. The density is 25 kN/m3, the 
Young’s Modulus is 28470 MPa, and the Poisson’s Ratio is 
0.2 
 

• Steel 
Material properties of steel were determined by the steel 

coupon test. Young’s modulus 210 GPa and Poisson’s ratio 
0.3 were used. Stress vs strain curves acquired from the steel 
coupon test was used to define the elastic and plastic 
properties of steel in the finite element model. 
 

• Finite Element Type and Mesh 
A typical FE model for the CFDST slender column is 

shown in Figure 3 and it was modelled with upper and lower 
endplates to match the experimental conditions. The bottom 
plate is a discrete rigid and the top plate is a deformable 3D 
plate. A reference point i.e., RP was incorporated at the centre 
of each plate. When considering the element types, four-node 
shell elements with reduced integration (S4R) and 8-node 
brick elements with three translation degrees of freedom at 
each node (C3D8R) were used to model the steel tubes (both 
inner and outer) and sandwiched concrete, respectively. 
Moreover, a mesh sensitivity analysis was done to find the 
suitable size of the mesh which provides relatively accurate 
results with low computational time. That indicated that a 
mesh size of 50 mm is accurate for this particular model. 

 

Fig. 3. Typical finite element model of a CFDST column 

• Interaction between components 
There is an interaction between outer tube and sandwich 

concrete as well as the inner tube and sandwich concrete. 
Hence to model that, “General” contact interaction was used 
for all the surfaces. When defining normal behaviour “Hard” 
contact type was assigned and it avoids material penetration 
into each other under compression. To represent the tangent 
contact, in the “Lagrange Multiplier” model and there is a 



friction between the steel tube and the sandwich concrete and 
to incorporate it into the model, a friction coefficient of 0.4 
was used as suggested by Hassanein and Kharoob [7]. Since 
we assigned boundary conditions to the two reference points 
on end plates, we should constrain the motion of a surface to 
the motion of that single point. Hence the RP of each endplate 
was linked with inner and outer tubes by “Coupling” 
constraint to ensure that the displacements and rotations of 
those connected elements were maintained the same when 
loading the specimen. Also, “Rigid Body” constraint was 
assigned to the top plate and the top RP because it allows 

designating of a collection of regions as a rigid body. 

• Loading and Boundary Conditions  
For both CFDST and CHDST, two end plates were used 

at the top and bottom of the column, to simulate loading and 
boundary conditions. In the experimental process, a bottom 
plate was welded to both the tubes and a top plate was placed 
on top of the tubes and a load was applied to the top plate. 
Therefore, same conditions were simulated in FE model. The 
boundary conditions were assigned to the reference points on 
each endplate. In Abaqus, there are two methods for loading; 
load control method and displacement control method. 
Displacement control method was used for this model. Load 
was applied in terms of a displacement variation at a specific 
rate. The bottom plate is fully restrained in all degrees of 
freedom; therefore, it acts as fixed support. The top of the 
specimen was restrained in all rotations and displacements 
except the displacement along the longitudinal direction. 

B. Results of Finite Element Modelling 

All CHDST columns showed global buckling failure and 
the failure load increased with the increase of diameter. When 
considering CFDST columns, specimens showed a 
combination of local and global buckling and local buckling 
has been localized to the top end of the columns. Also, it is 
an outward buckling. Specimen 01-b showed only a global 
buckling. 

C. Comparison of Experimental Results and FEM  

• Failure Shapes  
Failure shapes of specimen 02-a obtained from the 

experiment and FE model are shown in Figure 4. Failure 
modes obtained from both approaches are similar and hence 
can determine that the FE model complies with CHDST 
columns concerning the failure shape. 

 

     
                         (a)                                   (b) 

Fig. 4. Comparison between deformed shapes of specimen 02-a (a) test 
failure mode and (b) numerical failure mode 

Failure shapes of specimen 03-b are shown in Figure 5. 
Global and local buckling can be seen in both experimental 

output and FEM output. The same failure shape can be 
observed. Local buckling was localized to the top end of the 
specimen in both cases.  

 

       
                  (a)                                    (b) 

Fig. 5. Comparison between deformed shapes of specimen 03-b (a) test 
failure mode and (b) numerical failure mode 

Failure shapes of specimen 01-b obtained from the 
experiment and FEM are shown in Figure 6. Global buckling 
can be seen at the mid-height of the specimen. Failure modes 
obtained from the two methods comply with each other. 

 

    
                 (a)                                     (b) 

Fig. 6. Comparison between deformed shapes of specimen 01-b (a) test 
failure mode and (b) numerical failure mode 

• Failure Loads 
Failure loads of the specimens are tabulated below. 

Failure loads measured from the experiment is complying 
with the results obtained from the FE model. The variation 
between the two approaches is less than 5%. Hence, it can be 
seen that the FE model complies with the behaviour of the 
CFDST specimens. 

TABLE V.  COMPARISON OF EXPERIMENTAL AND FEM RESULTS 

Test No. NEXP (kN) NFEM  (kN) Difference(%) 

01-a 295 309.4 4.8 

02-a 700 728.4 4.1 

03-a 1100 1152.1 4.7 

01-b 400 417.1 -4.3 

02-b 1040 1001.4 3.7 

03-b 1250 1204.2 3.6 

 

V. APPLICATION OF CFDST COLUMNS IN BUILDINGS  

One of the applications of CFDST members can be used 
in buildings is where it is used as columns of the building. 
Hence, an 8-storey building consisting of CFDST columns 
was modelled to assess its performance in terms of the 



seismic behaviour in the Sri Lankan context. Parameters like 
time period, storey displacement, and storey drift were 
compared. 

A. Modelling and Analysis 

Two buildings with a plan dimension of 24 m × 24 m with 
8-stories were modelled, one with CFDST columns (B1-
CFDST) and another with RC columns (B2-RCC). In both 
buildings, reinforced concrete beams were used. All other 
aspects were kept identical in those two buildings and 
SAP2000 software was used. 

TABLE VI.  GEOMETRICAL AND MATERIAL PROPERTIES OF THE 

BUILDING 

Description Value 

Total height of the building 28 m 

Length of the bay in the X direction 3.5 m 

Length of the bays in X &Y directions 6 m 

No. of bays in X & Y directions 4 

Column type Circular 

Size of CFDST columns 
U0=500 mm, U�=200 mm,  

V =10 mm 

Size of RCC columns 500 mm ϕ 

Size of RCC beams 400x300 mm 

The thickness of the slab 150 mm 

Grade of concrete for beams and slabs C30 

Grade of concrete for columns C35 

Density of concrete 25 kN/ m3 

Grade of structural steel S355 

Young’s modulus of steel 210 GPa 

Poisson’s ratio of steel 0.3 

Density of steel 76.98 kN/m3 

 

TABLE VII.  LOADING VALUES OF THE BUILDING 

Loads Value (kN/m2) 

Imposed Load 2.5 

Finishes 0.75 

Partitions 1.0 

Services 0.5 

Seismic load calculations were done according to the 
Australian standard - AS 1170.4:2007 [13]. Static analysis 
was carried out. 

 
Fig. 7. Floor plan of the 8-storey building 

B. Results 

TABLE VIII.  RESULTS OF THE SEISMIC ANALYSIS OF THE BUIDLING 

 
Building Type 

B1-CFDST B2-RCC 

Dead weight of the building (kN) 9508 9193 

Seismic Weight (kN) 40036 66433 

Max. Time Period (Sec) 0.59 0.92 

Base Shear (kN) 
X Dir. 1215 1330 

Y Dir. 767 882 

Max. Displacement (mm) 33 45 

Max. Drift Ratio (%) 1.53 2.29 

C. Graphical Interpretation of Results  

Here, the results obtained in Table VIII, are graphically 
interpreted below to analyse the difference between the two 
buildings  

                          (a)                                                            (b) 

                           (c)                                                            (d)                                  

    (e)                                                         (f) 

Fig. 8. Exhibits the variation of (a) Dead weight; (b) Seismic weight; (c) 
Maximum time period; (d) Maximum base shear; (e) Maximum 

displacement; (f) Maximum drift ratio (%) 

VI. CONCLUSION   

• This study studied the behaviour of concrete-filled double-
skin steel tubes under axial compression. Even though the 
axial capacity of columns with small dimensions can be 
determined experimentally, it is not possible to determine the 
axial strength of real columns which are larger in dimensions. 
experimentally. Since it is not practical to determine the axial 
capacity of these columns experimentally, we can analyse 
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them using finite element software. From the results obtained 
from the experiment and FE model, it is concluded that the 
proposed numerical model provides a reliable solution for 
predicting the axial capacity of CFDST columns of any 
dimension. 
 
Furthermore, the primary objective of this study is to 
determine the application of concrete-filled double steel 
tubes, hence the behaviour of CFDST columns in buildings 
is being analysed. There are several advantages of using 
CFDST structural elements as columns in buildings, for 
instance, reducing the displacement of the building, 
improving the seismic performance, and utilizing the center 
void of the column for some services, such as downspouts or 
electrical wiring, telecommunication lines and drainage 
pipes. If we employ CFDST members as columns in 
buildings, there is no need to dedicate a separate core for 
services. This study evaluated the seismic performance of a 
building with CFDST columns to that of an RCC structure 
with the same dimensions under Sri Lankan conditions. By 
considering above mentioned results, the following 
conclusions can be made.  
 

• The dead weight of the building with CFDST 

columns is 3.4 percent greater than the dead weight 

of the building with RC columns. 

• The seismic weight of a building with CFDST 

columns is 40% less than that of a building with RC 

columns. 

• The time period of building with CFDST columns is 

decreased by 36% compared to the building with RC 

columns, implying an increase in stiffness in the 

building with CFDST columns.  

• The base shear of B1-CFDST is decreased by 8.6% 

more than the building with RC columns. 

• When compared to RCC buildings, CFDST 

buildings have a 26% lower displacement. 

• The drift ratio of B1-CFDST is decreased by 33% 

more than the building with RCC 

According to the above, observations the performance of 
buildings with CFDST columns is greater than conventional 
buildings with RCC columns in terms of displacement and 
storey drift. As a result, the seismic performance of structures 
with CFDST columns is far superior to that of RCC columns 
because it exhibits less displacement and greater resistance to 
structural forces. 
 
Apart from the structural performance of this element, there 
is a need to analyse the connectivity of CFDST columns with 
beams. Also, this study evaluated only the axial performance 
of CFDST columns and there is still ample scope for research 
further about columns with combined compression and 
bending due to eccentrically loaded columns.  
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