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Abstract 

Concrete Filled Double-skin Steel Tube (CFDST) is a form of composite column that consists of outer steel and an inner steel tube 
and the space between them is filled with concrete. The structural response of CFDST columns is significantly affected by the 
thickness of outer and inner steel tubes and the compressive strength of infilled concrete.  Although many studies have been in the 
past to understand the effect of inner and outer tubes thickness on the axial compressive response of circular CFDST columns, no 
such study appears in the context of octagonal CFDST columns. In this paper, the thickness of both inner and outer tubes is varied. 
Their effect on axial compressive behavior of CFDST columns containing the concrete of different grades is numerically examined. 
The non-linear FE analysis of CFDST columns is performed using the ABAQUS. The study shows that axial strength and ductility 
of octagonal section CFDST columns are significantly influenced by steel tube thickness and the grade of sandwiched concrete. 
Moreover, the study highlights the importance of the proper selection of inner and outer tube thickness for the better axial response 
of CFDST columns.  
  
Keywords: CFST, square section, gap, Abaqus, axial load-deformation, Drucker-Prager model 
 

1. Introduction 

        Concrete Filled Double-skinned Steel Tubes (CFDST) 
are widely used in high-rise buildings, towers, and bridges 
owing to lesser weight and greater stiffness [1]. The use of an 
inner hollow steel tube in a CFDST column reduces the self-
weight of the structure and enhances the bending stiffness, 
ductility, and seismic performance of the column 
significantly [2]. However, the use of the hollow steel tube in 
a CFDST column obviously alters the confinement 
mechanism compared to conventional CFST columns; 
consequently, the behavior of CFDST columns significantly 
differs from that of conventional CFST. In the CFDST 
columns, the confinement mechanism is significantly 
influenced by the cross-sectional shape, aspect ratio of the 
section, lateral dimension to thickness ratios of outer and 
inner steel tubes, and the strength of the materials. The 
behavior of CFST members is generally found best when they 
are subjected to axial compression or when the load 
eccentricity is minimal, implying the loading point is close to 
the CFST column centroid. As a result, when the CFST 
member has a high slenderness ratio or is subjected to a large 
eccentric load, the bending stiffness controls the load-
carrying capacity of the column. One cannot take advantage 
of its excellent compressive strength capacity due to the 
inadequate bending stiffness of materials near the centroid of 
the member section. Furthermore, the higher self-weight in 

conventional CFST columns increases the cost and puts a lot 
of pressure on the foundations of the structures.  

In order to overcome the issues pertaining to CFST 
columns, the CFDST columns have been utilized and are 
developing rapidly among researchers and engineers. The 
CFDST columns are made up of two concentrically joined 
steel tubes, and the concrete is filled into space between them 
[3]. Several typical sections used for CFDST columns are 
shown in Fig. 1. In the last few decades, wide experimental 
and analytical studies on the structural efficiency of CFDST 
columns have been performed. Tao [10] conducted the tests 
on fourteen stub columns having both outer and inner circular 
hollow sections with different diameter-to-thickness ((D)Ú(t)) 

ratios and different hollow section ratios. The 
experimental observations of these columns proved that the 
failure mode of the inner tube highly depends upon the 𝐷 𝑡⁄  
ratio, as opposed to that of the outer tube, which was the same 
for various 𝐷 𝑡⁄  ratio. Furthermore, the double-skin 
specimens did not appear to be influenced by the hollow 
section ratio. Huang [6] analyzed the fourteen specimens 
identical to those initially introduced by Tao [10] and Hu 
[32], aiming to investigate the accuracy of modeling using 
ABAQUS [7]. Based on the study of the axial stress-strain  
curves for columns, they observed that the columns with a 
higher confinement factor (ξ) demonstrated strain-hardening 
behavior, whereas strain-softening behavior was shown for 
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Figure 1 CFDST short columns  

 
 smaller ξ values. Elchalakani [8] tested eight specimens with 
circular outer and square inner skins in the axial compression, 
and they found that the buckling of both the outer and inner 
tubes was due to the failure of concrete. In addition, the 
sections with large slenderness ratios appeared to be more 
ductile than those with smaller slenderness ratios [9]. than 
those with smaller slenderness ratios [9]. slenderness ratios 
appeared to be more ductile than those with smaller 
slenderness ratios [9]. 

Aoki [27] investigated the axial load carrying capacity of 
the polygonal and octagonal CFDST short columns fabricated 
by welding two half-sections made of folded steel plates. The 
test results were compared with the plate buckling code in 
Japan [28] and with the ECCS [29] recommendations for 
unstiffened circular cylinders. He suggested a design formula 
to predict the local buckling strength of the polygon CFDST 
columns. Yang [3] investigated on CFDST column with 
octagonal outer steel tube and circular inner steel tube under 
axial compressive load. The test results indicated that the 
load-bearing capacity of the columns with octagonal section 
was significantly lower than that of circular section and was 
higher than that with square section. Godat [11] investigated 
the performance of polygon CFDST stub columns on local 
buckling with three different cross-sections: octagonal, 
dodecagonal, and hendecagonal. Ding [12] investigated the 
influence of concrete strength and steel ratios on the behavior 
of octagonal CFDST stub columns under axial compressive  

loading in three ways, namely experimentally, 
numerically, and theoretically. Based on their study, they 
proposed a simplified design approach. Yang [13] also 
carried out an experimental and numerical study on the 
behavior of on octagonal CFDST stub column under axial 
compression loads. In Yang’s study, the CFDST column 
consisted of an octagonal steel tube as an outer skin tube and 
a circle of Polyvinyl chloride (PVC) pipe as an inner skin 
tube, with concrete strength infill between the two layers. He 
examined the effects of concrete strength, radius to thickness 
ratio, hollow sectional ratio, and slenderness ratio on the 
ultimate axial compressive capacity of the CFDST columns. 
Moreover, he proposed a design formula to predict the 
ultimate load of the CFDST columns. Alqawzai [14] 

investigated the octagonal CFDST column under the axial 
compressive load with and without steel strips. The test result 
indicated that the CFDST columns with strips performed 
better than the without strips column.  

Although many experimental and analytical studies have 
been made in the past for different cross-sectional shapes of 
CFDST columns; however, there are only very few studies on 
the efficiency of octagonal CFDST short columns under axial 
compression. Since, in the tubular columns, confinement 
plays a significant role, and the confinement majorly depends 
on the cross-sectional shape, it becomes necessary to 
investigate the axial compressive response of octagonal 
cross-section CFDST columns. The aim of this study was to 
investigate the influence of the thicknesses of outer 
(octagonal) and inner (circular) steel tubes and the strength of 
sandwiched concrete on the ultimate axial compressive 
strength of octagonal CFDST short columns. A finite element 
(FE) analysis was carried out by employing the ABAQUS to 
predict the behavior of CFDST columns under the axial 
compressive loads. 

2. Finite element modeling 

2.1. Modeling of steel 

        In order to capture the non-linear behavior of steel, a 
five-stage stress-strain curve has been used, where the stress-
strain curve has been divided into five regions, namely, 
elastic (𝑂 − 𝐴), elasto-plastic(𝐴 − 𝐵), plastic (𝐵 − 𝐶), 
strain-hardening (𝐶 − 𝐷) and the secondary plastic (𝐷 − 𝐸) 
regions as shown in Fig. 2 [15]. For a steel having yield and 
ultimate strengths as 𝑓௦௬ and 𝑓௦௨ respectively, the stress-strain 
relation is assumed linear up to the proportional limit 𝑓௦௣(=

0.8𝑓௦௬) and its behavior is considered perfectly plastic when 
the stress in steel attains the ultimate stress 𝑓௦௨ (= 1.6𝑓௦௬). 
The stress-strain relation for different regins are as follows: 

𝜎 = 𝐸௦𝜀 𝑓𝑜𝑟 𝜀   𝜀ଵ (=0.8fsy/Es) 

𝜎 = −𝐴𝜀ଶ + 𝐵𝜀 + 𝐶 𝑓𝑜𝑟 𝜀ଵ < 𝜀 ≤ 𝜀ଶ (=1.5𝜀ଵ) 

𝜎 = 𝑓௦௬       𝑓𝑜𝑟 𝜀ଶ < 𝜀 ≤ 𝜀ଷ(= 10𝜀ଶ) 
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Fig. 2 Stress-strain curve for steel 

 

𝜎 = 𝑓௦௬ ൤1 + 0.6
𝜀 − 𝜀ଷ

𝜀ସ − 𝜀ଷ

൨ 𝑓𝑜𝑟 𝜀ଷ < 𝜀 ≤ 𝜀ସ(= 100𝜀ଶ) 

𝜎 = 1.6𝑓௦௬ 𝑓𝑜𝑟 𝜀 > 𝜀ସ 

where 𝐸௦ is the modulus of elasticity of steel and 𝐴, 𝐵 and 𝐶 
are constants which are defined as  

𝐴 =
଴.ଶ௙ೞ೤

(ఌమିఌభ)మ , 𝐵 = 2𝐴𝜀ଶ, 𝐶 = 0.8𝑓௦௬ + 𝐴𝜀ଵ
ଶ − 𝐵𝜀ଵ 

where, 𝜀ଵ = 0.8𝑓௦௬ 𝐸௦⁄  and 𝜀ଶ = 1.5 𝜀ଵ                   

2.1 Modeling of Concrete Core 

Various researchers have proposed several stress-strain 
models to define stress variation with strain in the confined 
concrete [16–19]. The uniaxial stress-strain model proposed 
by Hu [20] has been proved to predict the behavior of 
concrete confined in steel tubes satisfactorily, and it is widely 
used to analyze the CFST and CFDST columns [21–24]; the 
same has been adopted in this study. In the stress-strain model 
proposed by Hu [20], the enhanced peak compressive 
strength of confined concrete (𝑓௖௖

ᇱ ) due to lateral confining 
pressure (𝑓୪) and the peak strain (𝜀௖௖

ᇱ ) corresponding to 𝑓௖௖
ᇱ  are 

defined as 
𝑓௖௖

ᇱ = 𝑓௖ + 𝑘ଵ𝑓୪                                                                                                                                   

𝜀௖௖
ᇱ = 𝜀௖

ᇱ ቂ1 + 𝑘ଶ  
௙ౢ

௙೎
ᇲቃ                                                                                                               

Where 𝑓௖
ᇱ is the uni-axial unconfined cylindrical 

compressive strength of concrete, 𝜀௖
ᇱ  is the peak strain 

corresponding to stress 𝑓௖
ᇱ which is usually considered 0.002 

as specified by ACI [30].  In Eqs. 2 and 3, 𝑘ଵ and 𝑘ଶ are 
constants and they are recommended by Richart [25] as 4.1 
and 20.5, respectively. In CFDST columns, the magnitude of 
𝑓௟ significantly depends on the cross-sectional shape and the 
lateral dimension to steel tube thickness ratio. According to 
Hu [31], the magnitude of lateral confining pressure 𝑓௟ for 
octagonal CFDST column can be determined using the 
following equations. 

𝑓௟ = 8.525 − 0.166 ൬
𝐷଴

𝑡଴

൰ − 0.00897 ൬
𝑑௜

𝑡௜

൰

+ 0.00125 ൬
𝐷଴

𝑡଴

൰
ଶ

+ 0.00246 ൬
𝐷଴

𝑡଴

൰ × ൬
𝑑௜

𝑡௜

൰

− 0.00550 ൬
𝑑௜

𝑡௜

൰
ଶ

≥ 0 

                
(4) 

𝑓௟

𝑓௬௜

= 0.01844 − 0.00055 ൬
𝐷଴

𝑡଴

൰ − 0.00040 ൬
𝑑௜

𝑡௜

൰

+ 0.00001 ൬
𝐷଴

𝑡଴

൰
ଶ

+ 0.00001 ൬
𝐷଴

𝑡଴

൰ × ൬
𝑑௜

𝑡௜

൰

− 0.00002 ൬
𝑑௜

𝑡௜

൰
ଶ

 

 
          
(5) 

𝑓௟

𝑓௬௢

= 0.01791 − 0.00036 ൬
𝐷଴

𝑡଴

൰ − 0.00013 ൬
𝑑௜

𝑡௜

൰

+ 0.00001 ൬
𝐷଴

𝑡଴

൰
ଶ

+ 0.00001 ൬
𝐷଴

𝑡଴

൰ × ൬
𝑑௜

𝑡௜

൰

− 0.00002 ൬
𝑑௜

𝑡௜

൰
ଶ

 

 
      
(6) 

where fy = yield strength of the steel tube, Do = distance 
between the parallel sides of external octagonal steel tube, 𝑑௜ 
= diameter of the internal steel tube, and 𝑡଴ , 𝑡௜ = thickness of 
outer and inner steel tubes, respectively.  

Hu [20] suggested that the stress-strain relation for 
confined concrete may be considered a combination of a 
parabolic segment from 𝐴 to 𝐵 and a descending straight-line 
segment from 𝐵 to 𝐶 as shown in Fig. 3. In the parabolic 
segment, the stress (𝑓) corresponding to strain (𝜀) is 
expressed as 

𝑓 =
ா೎ఌ

ଵା(ோାோಶିଶ)൤
ഄ೎

ᇲ

ഄ೎೎
ᇲ ൨ି(ଶோିଵ)൤

ഄ೎
ᇲ

ഄ೎೎
ᇲ ൨

మ

ାோ൤
ഄ೎

ᇲ

ഄ೎೎
ᇲ ൨

య                     (7)            

  where, 𝐸௖௖  is the modulus of elasticity of confined concrete, 
and its value may be calculated using the recommendations 
of ACI [30] as 

𝐸௖ =  4700ඥ𝑓௖௖
ᇱ                                                                     (8) 

In eq. 4, 𝑅 and 𝑅ா are the model parameters and they are 
defined as (Hu et al. 2003)                                                            

𝑅 =
ோಶ(ோ഑ିଵ)

(ோഄିଵ)మ −
ଵ

ோಶ
  ;  𝑅ா =

ா೎ ఌ೎೎
ᇲ

௙೎೎
ᇲ  ;  𝑅ఌ =  𝑅ఙ = 4              (9) 

In the descending segment of the stress-strain curve, stress 
is assumed to decrease from peak stress linearly (𝑓௖௖

ᇱ ) up to 
the stress at the ultimate stage. Hu [20] recommended the 
magnitude of ultimate strain (𝜀௨) and ultimate stress (𝑓௨) as 
11𝜀௖௖

ᇱ   and 𝐾ଷ𝑓௖௖
ᇱ  respectively, where 𝐾ଷ is a parameter, and 

its value depends on the cross-sectional shape and the lateral 
cross-sectional dimension to steel tube thickness ratio. The 
value of 𝐾ଷ for octagonal CFDST columns is calculated using 
the following empirical relations [31]. 

𝑘ଷ = 1.73916 − 0.00862 ቀ
஽బ

௧బ
ቁ − 0.04731 ቀ

ௗ೔

௧೔
ቁ +

0.00036 ቀ
஽బ

௧బ
ቁ

ଶ

+ 0.00134 ቀ
஽బ

௧బ
ቁ × ቀ

ௗ೔

௧೔
ቁ − 0.00058 ቀ

ௗ೔

௧೔
ቁ

ଶ

≥

0                                                                                  (10)                            
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 fsu 

𝐶 

𝐷 𝐸 

 fsp 

𝜀2 𝜀3 𝜀4 

 fsy 

f 

Es 
𝜀1 𝜀 

𝐴 
 fsu =1.6fsy 

 fsp = 0.8fsy 
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2.3 Finite Element Discretization 

In the CFDST column, the concrete and the inner and 
outer steel tubes are modeled using the 8-node brick elements 
with reduced integration (C3D8R) [26]. The finite element 
meshes for the typical member with circular, square, and 
octagonal sections are shown in Fig. 4. For the application of 
boundary conditions and axial load on CFDST columns in 
ABAQUS, the reference points RP1 and RP2 were 
considered at the top and bottom face of the column. All the 
nodes of the concrete core and both the steel tubes located at 
the top face of the column were connected to RP1 via rigid 
ties, and similarly, all the nodes of the concrete core and steel 
tubes located at the bottom face were connected to RP2. 
While determining the columns axial compressive strength 
via experiments, normally rigid steel plates are provided at 
the top, and bottom face of the column and these plates 
restrain the rotations at the ends of the column. In order to 
replicate the boundary conditions analogous to those 
experienced by CFDST during the experiment, the RP2 was 
fully restrained ൫𝒊. 𝒆. 𝑼𝒙 = 𝑼𝒚 = 𝑼𝒛 = 𝑼𝑹𝒙 = 𝑼𝑹𝒚 =

𝑼𝑹𝒛 = 𝟎൯ while the point RP1 was allowed to displace along 
axial loading direction only ൫𝒊. 𝒆.  𝑼𝒙 = 𝑼𝒚 = 𝑼𝑹𝒙 =

𝑼𝑹𝒚 = 𝑼𝑹𝒛 = 𝟎; 𝑼𝒛 ≠ 𝟎൯ as shown in Fig. 7. The axial load 
was applied at RP1 concentrically in the form of displacement 
control. For the simulation of plastic deformation in the 
concrete core, the Extended Drucker-Pager model [7] was 
used, and the parameters associated with this model given as 
input in ABAQUS were Angle of friction, ϕ = 20°, Flow 
Stress ratio, k = 0.8, and Dilation angle, β = 20° [20]. 

2.4 Modeling of interaction between steel tube and concrete 
   
To simulate the interaction between the steel tube and 

concrete in the CFDST column, the contact interaction, 
available in ABAQUS [7], has been used in the present study. 
In ABAQUS, the contact interaction is expressed in terms of 
geometric and mechanical properties. For defining the  

 

Fig. 4. Schematic view of mesh configurations and 
boundary conditions 

 
geometrical property of contact surfaces, firstly, an 

appropriate contact discretization is considered; 
subsequently, master and slave surfaces are identified. In this 
study, steel is considered master surface, and concrete is 
defined as slave surface, allowing the penetration of the steel 
tube in concrete, but the reverse is not permitted. However, 
in CFDST columns, such penetrations can be further 
eliminated by carefully selecting the master surface and 
discretizing contact surfaces with the finite elements [6].  
 
Moreover, a small sliding tracking approach is selected for 
the contact. Since the actual sliding between steel and 
concrete surfaces in the CFDST column would be relatively 
minimal, this method is more effective in the calculation. The 
precision of the finite element modeling was verified by 
developing FE models and comparing them with the results 
of preceding experiments. 

3. Validation of the FE model 

Validation of the current models involved a 
comparison of previous experimental results of Alqawzai 
[14] and Yang [3] with the corresponding ABAQUS model  
considering both concrete and steel models are given above. 
The geometric details and material properties of a total of 5 
analyzed specimens, along with their experimental, are 
shown in Table 1. where 𝑵𝒖,𝑬𝒙𝒑  is the experimental 
compressive strength and 𝑵𝒖,𝑭𝑬𝑴 presents the ultimate axial 
load predicted by the non-linear FE analysis. The axial load 
vs. axial shortening behavior of the CFDST specimens, 
namely O1S00, 02S00, are shown in Fig.5. The figure  
 

Table 1. Validation of numerical modeling to predict the ultimate axial compressive strength of octagonal CFDST column. 
Specimens 𝑫𝒐  

(mm) 
𝒕𝒐 

(mm) 
𝒅𝒊    (mm) 𝒕𝒊 

(mm) 
L 

(mm) 
𝒇𝒔𝒚𝒐 

(MPa) 
𝒇𝒔𝒚𝒊 (MPa) 𝒇𝒄

ᇱ  (MPa) 𝑵𝒖,𝑬𝒙𝒑 (kN) 𝑵𝒖,𝑭𝑬𝑴 (kN) 𝑵𝒖,𝑭𝑬𝑴

𝑵𝒖,𝑬𝒙𝒑
 

Ref 

O1S00 300 2.7 114 4 900 468.3 437.3 42.5 3139 3207 1.02 
[12]  

O2S00 300 2.7 180 5 900 468.3 375.5 38.4 3130 3119 1.00 
2 197 3.3 108 3 594 300.0 260.0 37.0 1904 2011 1.06  

[3] 3 216 3.4 108 3 648 300.0 260.0 37.0 2461 2498 1.02 
4 240 3.3 114 3 720 300.0 365.0 37.0 2996 3223 1.08 

 

Fig. 3. Stress-Strain Curve of Confined 
Concrete  
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Table 2. Effect of outer and inner steel tube thickness and concrete strength on ultimate axial load Strength of octagonal CFDST 
Columns 

Spec. 

No 

𝑫𝒐  
(mm) 

𝒕𝒐 
(mm) 

𝑫𝒐 

𝒕𝒐

 
𝒅𝒊  

(mm) 
𝒕𝒊 

(mm) 
𝒅𝒊 

𝒕𝒊

 
L 

(mm) 
𝒇𝒔𝒚𝒐, 𝒇𝒔𝒚𝒊 (MPa) 𝒇𝒄 

(MPa) 
𝑵𝒖,𝑭𝑬𝑴 
(kN) 

𝑵𝒖,𝑬𝑪𝟒 
(kN) 

OCO1 379 3.0 126 100 3.0 33 900 345 51 5007 5283 
OCO2 379 3.5 108 100 3.0 33 900 345 51 5332 5473 
OCO3 379 4.0 95 100 3.0 33 900 345 51 5492 5662 
OCO4 379 4.5 84 100 3.0 33 900 345 51 5561 5885 
OCO5 379 5.0 76 100 3.0 33 900 345 51 5713 6044 
OCI1 379 3.0 126 100 3.5 29 900 345 51 5321 5333 
OCI2 379 3.0 126 100 4.0 25 900 345 51 5404 5383 
OCI3 379 3.0 126 100 4.5 22 900 345 51 5489 5433 
OCI4 379 3.0 126 100 5.0 20 900 345 51 5545 5482 

OCCS1 379 3.0 126 100 3.0 33 900 345 35 4903 4130 
OCCS2 379 3.0 126 100 3.0 33 900 345 55 6415 5571 
OCCS3 379 3.0 126 100 3.0 33 900 345 75 7621 7012 
OCCS4 379 3.0 126 100 3.0 33 900 345 95 8324 8453 
OCCS5 379 3.0 126 100 3.0 33 900 345 105 9219 9173 

 
 

 

 
Fig. 5. Experimental versus analyzed axial load–strain 

curves for specimens O1S00 and O2S00. 
 
demonstrates the post-peak behavior and the ultimate load of  
the octagonal CFDST column. However, the numerical 
model exhibited superior ductility to its experimental 
counterpart. Furthermore, the specimen displayed an equal 
axial load vs. axial shortening performance until the 
experimental column reached its maximum capacity. The 
model shows better behavior in terms of its ultimate strength 
and post-peak (ductility).  

Moreover, Table 2 shows that with the increase in outer 
steel tube thickness from 3 mm to 5 mm, the (𝐷௢ 𝑡௢⁄ ) ratio 

reduces from 126 to 76; as a result, the axial load carrying 
capacity of the column increases by 14%, mainly because of 
an increase in the outer steel tube cross-section area. 

4.1 Effects of (𝒅𝒊 𝒕𝒊⁄ ) ratio on Compressive Response of 
CFDST Columns 

     To examine the influence of the (𝑑௜ 𝑡௜⁄ ) ratio on the 
compressive  response   of   CFDST   columns,   keeping   the 
diameter of the inner steel tube (𝑑௜) constant, the thickness of 
the inner tube was varied from 3 mm to 5 mm.  The axial  

compressive strengths of OC-I1 to OC-I4 column 
specimens with different inner tube thicknesses are listed in 
Table 2, and the axial load-displacement curves for these 
columns are shown in Fig. 6 (b). Table 2 depicts that the 
(𝑑௜ 𝑡௜⁄ ) ratio has little effect on the ultimate axial 
compressive strength of columns. This could be because the 
contribution of the inner steel tube in steel provided in the 
column is smaller than the outer steel tube. The study reveals 
that the thickness of the inner steel tube may be selected 
smaller to reduce the self-weight of the column as well to 
reduce the cost of the structure. 

4.1 Effects of concrete compressive strength (fc) 

The octagonal CFDST columns were analyzed with different 
cylindrical compressive strengths of concrete ranging 
between 35 to 105 MPa at an interval of 20 MPa. The 
compressive strengths of OC-CS1 to CS5 columns with 
different concrete strengths are shown in Table 2, and the 
axial load-deformation curves for these columns are shown in 
Fig. 6 (c). The table shows that the axial compressive strength 
of the column enhances with the increase in the cylindrical 
compressive strength of concrete. Moreover, the Table 
exhibits that while increasing the concrete strength from 35 
MPa to 105 MPa, the axial compressive strength of the 
column increases by 88%. Moreover, Fig. 5 (c) shows that the 
axial load-displacement curves of the columns tend to show 
similar load-deformation responses, and the trend of the load- 
deformation remains almost unaltered up to the failure stage. 
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(a) Variation of outer steel tube thickness (to) 

 

 
(b) Variation of inner steel tube thickness (ti) 
 

 
(c) Variation of Different Concrete Strength (fc) 
 
Fig. 6. Axial Load-axial deformation response of 
octagonal CFDST columns having (a) Variation of 
outer steel tube thickness [to], (b) Variation of inner 

steel tube thickness [ti], and (c) Variation of Different 
Concrete Strength [fc] 

4.2 Compressive strength of CFDST columns 
according to Eurocode-4 

In order to check the feasibility of using the Eurocode-
4 (EC4) procedure for calculating the axial compressive 
strength of octagonal CFDST columns, the numerically 
determined axial compressive strength of octagonal CFDST 
columns are compared with those calculated according to 
EC4 as shown in Table 2. In this study, the (𝐷௢ 𝑡௢⁄ )  and 
(𝑑௜ 𝑡௜⁄ ) ratios of the column are varied between 126 to76  and 
33 to 20, respectively Moreover, keeping the (𝐷௢ 𝑡௢⁄ )  and 
(𝑑௜ 𝑡௜⁄ ) ratio fixed as 126 and 33 respectively, the cylindrical 
strength of concrete is varied from 35 to 105 MPa. Table 2 
indicates that for the medium concrete strength (51 MPa) and 
smaller internal tube thickness (3 mm and 3.5 mm), the EC4 
overestimates the axial compressive strength of octagonal 
columns; however, as the thickness of the internal tube is 
gradually increased from 3.5 mm to 5 mm, the EC4 tends to 
underestimate the compressive of the column. Moreover, for 
the CFDST columns having internal and outer steel tube 
thicknesses equal to 3 mm, as the concrete strength is 
increased from 35 to 75 MPa, the EC4 underestimates the 
compressive of CFDST column, and for higher concrete 
strengths (95 and 105 MPa), the EC4 again overestimates the 
compressive strengths. Hence, for the normal strength 
concrete (51 MPa), EC4 may safely be used to calculate the 
axial strength of octagonal CFDST columns having the 
(𝐷௢ 𝑡௢⁄ )  and (𝑑௜ 𝑡௜⁄ ) ratios between 126 to 76 and 33 to 28, 
respectively. 

5 Conclusions 

The aim of this paper was to evaluate the influence of the 
thicknesses of outer (octagonal) and inner (circular) steel 
tubes and the strength of sandwiched concrete on the ultimate 
axial compressive strength of concrete-filled double-skinned 
tubular (CFDST) short columns. A finite element (FE) 
analysis was carried out by employing the ABAQUS to 
predict the behavior of CFDST columns under the axial 
compressive loads. Based on the numerical results, the 
following conclusions have been drawn 

 The finite element method is capable to numerically 
simulate the complex behavior of composite CFDST 
columns.  

 The axial compressive strength of octagonal CFDST 
column specimens significantly decreases as the 
outer width to thickness ratio i.e. (𝐷௢ 𝑡௢)⁄  increases, 
however, the inner tube diameter to thickness ratio 
i.e. (𝑑௜ 𝑡௜⁄ ) seems to have less effect on the 
compressive strength. 

 The strength of sandwiched concrete is observed to 
highly influence the axial compressive strength of 
the CFDST columns.  

 The Eurocode-4 may safely be used to determine the 
axial compressive strength of octagonal CFDST 
columns having the (𝐷௢ 𝑡௢⁄ ) and (𝑑௜ 𝑡௜⁄ ) ratios 
between 126 to 76 and 33 to 20, respectively. 
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