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Abstract— Composite steel-concrete construction utilising the benefits of both materials has extensively been used in
structural engineering. Concrete-filled tube columns can provide excellent seismic resistant structural properties such
as high strength, high ductility, and large energy absorption capacity. In addition to the enhancement in structural
properties, a considerable amount of construction time can be reduced due to the prevention of permanent formwork.
In this type of column, the steel tube can support considerable amounts of loads while providing permanent formwork
to the concrete. Likewise, the steel tubes add confinement to the concrete whereas the concrete infill delays the local
buckling of the steel tubes. In recent years, stainless steel tube members have become popular due to the high
corrosion resistance, ease of construction and maintenance as well as aesthetic appearance. Concrete-filled hollow
steel sections are more and more frequently used as compression members in structures nowadays. This paper
investigates the mechanical behaviour such as Buckling behaviour, Load carrying capacity and Seismic resistant of
cold formed steel column with infill.

Keywords— Cold-formed steel, Composites columns, Buckling, Load Carrying capacity, Stainless steel tubes, Axial
loads, Confinement.

I. INTRODUCTION

Concrete-filled steel tubular (CFST) members have been immensely investigated and widely applied in the practical
engineering, especially in high rise even super high-rise buildings and long-span bridges. Besides the conventional CFST
members using single layer tubes made of carbon steel, there have been some improved types of steel concrete composite
tubed sections proposed by researchers around the world. Like concrete-filled stainless steel tubular members and
concrete-filled dual steel tubular members with outer stainless steel tubes. One major purpose of the derived members is
to increase the rust and corrosion resistance, which would be the controlling factor, is structural design under some
special circumstances. Stainless steel is well known for its extreme durability, high resistance to rusting and corrosion,
and easy maintenance. Recently, there has been a fast increasing interest in the use of stainless steel in construction all
over the world [1]. However, this type of advanced material is much more expensive and could only be applied in
structures when the relatively cheap lean duplex material is used. Since past few decades, composite steel-concrete
construction of column is being used in the construction industry. These composite sections have the rigidity and
formability of reinforced concrete with the strength and speed of construction associated with structure, thereby making
them economical. The steel and the concrete element in a composite member complement each other ideally. Composite
members consisting of rectangular steel tubes filled with concrete are extensively used in structures involving very large
applied moments, particularly in zones of high seismic risk. Concrete Filled Tubes (CFTs) have been used as girder,
beam and columns in frame structures.

A steel hollow section in-filled with concrete has higher strength and larger stiffness than the conventional structural
steel section and reinforced concrete. Composite column are structural members, which are mainly subjected to forces
and end moments. The steel tube serves as a formwork for casting the concrete, which reduces the construction cost. No
other reinforcement is needed since the tube itself act as a longitudinal and lateral reinforcements for the concrete core.
The continuous provided to the concrete core by the steel tube enhances the core’s strength and ductility. The concrete
core delays bending and buckling of the steel tube, while steel tube prevents the concrete from spalling. Also concrete
filled tube (CFT) columns are suitable for tall buildings in high seismic regions since concrete delays the local buckling
of steel hollow sections and increases the ductility of the section significantly and. While there is a large number of
studies on the behaviour of CFT columns and beam-columns; there is relatively little research reported on the flexural
behaviour of concrete-filled hollow structural steel column. The structural behaviour of a CFT is governed by the
member strength, reflecting the fact that the load resistance is dependent not only on the material properties but also on
the geometric properties of the entire member.
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Il. LITERATURE REVIEW

2.1 Buckling Behaviour

Yong Ye et al. (2018) conducted studies on square concrete-filled stainless steel/carbon steel bimetallic tubular stub
columns under axial compression [1]. The bimetallic tubes in the CFBT columns in this research comprised an outer
layer made of stainless steel and an inner layer made of carbon steel as shown in Fig.1. 14 CFBT columns and two
conventional concrete-filled steel tubular (CFST) counterparts were tested to failure under axial compressive loading.
The test parameters included the stainless steel grade (Grade 316, 304, and 202), wall thickness of the stainless steel tube
layer (ts = 0.84, 1.32, and 1.88 mm), and cube compressive strength of concrete (fo, = 54.5, 68.4, and 80.5 MPa). A finite
element analysis (FEA) model was established and validated against the experimental measurements. All the square
CFBT and CFST columns behaved in a ductile manner, local buckling of the steel tube accompanied with obvious axial
shortening of the entire specimen was observed. Local buckling occurred at the ends of the tube in specimens t2¢3-316-2,
t1c2-316-2, t2¢2-202-1 and t2¢2-202-2, primarily due to the slightly fastened clamps as shown in Fig.2. The failure mode
of square CFBT stub columns is multiple outward local buckling in the bimetallic tube and the crush of core concrete at
the corresponding positions. Compared with the reference CFST column specimens, more bulges appear in the CFBT
columns at failure.
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Fig.1. Cross Sections of Square CFST and CFBT Columns [1]
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Fig.2. Overall Failure modes of the CFST and CFBT Specimens [1]
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M.F. Hassanein et al. (2018) conducted studies on finite element modeling of concrete-filled double-skin short
compression members with CHS outer and SHS inner tubes [2]. This paper provides the behaviour of CFDST short
columns under concentric compressive loads. The specimens studied consist of an outer skin, which is a circular hollow
section (CHS), and an inner skin, which is a square hollow section (SHS), with the annulus filled with concrete while the
inner tube is completely empty. The best combination of the constitutive models of both the steel (suiting the cold-
formed tubes) and the concrete (filled in double-skin tubes) is found based on previous research and considered. The
comparison of the final shape of these two specimens demonstrated that both the axial shortening and the buckling,
which occurred around the same height, are very close to the test results. Mizan Ahmed et al.(2018) studied nonlinear
analysis of rectangular concrete-filled double steel tubular short columns incorporating local buckling [4]. The paper
describes a computationally efficient fiber-based modeling technique developed for determining the behavior of
concentrically-loaded rectangular CFDST short columns including the local buckling effects of the external steel tube and
the confinement offered by the internal circular steel tube. The rectangular CFDST column made of an outer non-
compact or slender steel section is susceptible to local buckling. When the applied axial load attains the initial local
buckling stress of the steel plate, the plate undergoes local buckling. The D/t ratio of the column was 99.5, which was so
large that the local buckling of the external square steel tube under compression occurred.

Craig Buchanan et al. (2018) conducted studies on testing, simulation and design of cold-formed stainless steel circular
hollow section (CHS) columns [3]. The flexural buckling tests were conducted which consisted of 17 austenitic, 9 duplex
and 11 ferritic concentrically loaded, pin-ended column specimens with a wide range of local and global slendernesses.
The load versus mid-height lateral deflection curves was presented. The most common failure mode was global buckling
which starts with the axial load of 100KN, 50KN, 50KN and 45KN for the specimens 106*3, 88.9*2.6, 104*2 and
80*1.5 CHS respectively. Experimental load versus mid-height central deflection curves for these specimens are shown
below.
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Fig.3: Experimental load versus mid-height central deflection curves for the 106*3 & 88.9*2.6 CHS Specimens [3]
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Fig.4: Experimental load versus mid-height central deflection curves for the 104*2 & 80*1.5 CHS Specimens [3]
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Aizhu Zhu et al.(2017) conducted Experimental study of concrete filled cold-formed steel tubular stub columns. A total
of 30 CFCFST stub columns were tested [5]. The cold-formed square hollow section (SHS) tubes included unstiffened
sections and longitudinally inner-stiff-ened sections using different stiffening methods. Two tubular thicknesses of 6 mm
and 10 mm were considered. The overall nominal dimension of the steel section was 200 x 200 mm, and the length of the
stub columns was 600 mm. Normal concrete and self-consolidating concrete with a nominal compressive strength of 30
MPa were used to fill the cold-formed SHS steel tubes. For specimens with unstiffened steel sections, the buckling took
place near the upper (loading) end. For specimens with Section type-b with a total of two stiffeners, outward buckling
occurred at several locations in the steel plates from the unstiffened specimens, and local buckling occurred earlier in the
two unstiffened walls of the tube than in the stiffened walls. At the end of loading process, the buckling deformation of
the unstiffened walls was significantly larger than that of the stiffened walls. The unstiffened plate of the specimen Pb-6-
2 even cracked along the central weld due to the large buckling deformation. Specimens with Section type-d had wider
stiffeners with a width of 60 mm as compared to 40 mm in Section type-c. In these specimens, major longitudinal
buckling tended to be effectively suppressed, and instead, local buckling occurred in multiple locations and between the
adjacent stiffeners. Hua Yang et al.(2017) studied behaviour of concrete-filled cold-formed elliptical hollow section
beam-columns with varying aspect ratios [6]. Experimental and numerical studies were conducted to investigate the
behaviors of the concrete-filled cold-formed elliptical hollow section beam-columns. A total of 11 specimens were tested
to evaluate the failure modes, load-deformation histories and strains development in the steel tube. Complementary finite
element (FE) models were developed and validated against experimental results. The eccentrically loaded stub columns
failed by local buckling of the steel tube at the compression side accompanied by concrete crushing. While the axially
loaded and eccentrically loaded slender columns failed by global buckling, and local buckling was also observed in the
compression region at mid-height of some specimens. Lui Faqi et al.(2017) investigated Behaviour of concrete-filled
cold-formed elliptical hollow sections with varying aspect ratios [8]. Twenty one stub columns were tested to investigate
the fundamental behaviours of these elliptical concrete-filled steel tubular (CFST) columns. The axial load versus
displacement curves, longitudinal and transverse strains in steel tube and failure modes were obtained and discussed.

A constitutive model for concrete in the elliptical CFST columns was proposed. Finite element (FE) models were
developed and validated against the test results. Parametric studies were carried out to identify the influence of key
parameters on the load-bearing capacity. Key parameters included aspect ratio, steel tube to concrete area ratio, yield
strength of steel and compressive strength of concrete. The elliptical hollow sections and elliptical CFST columns
subjected to concentric loading failed by local buckling and shear failure of the concrete infill, respectively. The
specimens upon removal of steel tube are also presented both inward buckling and outward buckling were observed in
the elliptical hollow sections, however, only outward local buckling was observed in the steel tube of elliptical CFST
columns, since inward buckling deformation of the steel tube was prevented by the concrete core. During the tests, the
local buckling in the steel tube of elliptical hollow sections became apparent at load around 70% of the ultimate load.
However, the local buckling in the steel tube of the elliptical CFST columns occurred at about 90% ultimate load. The
delay of the local buckling in the steel tube may be attributed to the in-filled concrete. Qihan shen et al.(2018) conducted
studies on performance and design of eccentrically-loaded concrete-filled round-ended elliptical hollow section stub
columns [9]. A nonlinear numerical model that adopts an equivalent stress-strain model for the novel type of confined
core concrete was established, and verified via experimental data. Fig.5 shows the typical FE model of CFREHS stub
column under eccentric pressure. A parametric study on the mechanical behaviour of eccentrically loaded stub columns
was conducted.
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Fig.5: Typical FE model of CFREHS stub column under eccentric compression [9]
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Outward buckling in steel tube was occurred with an increased load-eccentricity ratio at mid height of section. It was also
observed that outward local buckles in the thin-walled steel tubes were accompanied by shear failure of core concrete,
and these were observed from the top to middle parts of the columns. T. Sheehan et al.(2012) investigated Structural
response of concrete-filled elliptical steel hollow sections under eccentric compression [10] . Laboratory test were carried
out using eight stub columns of two different tube wall thicknesses and axial compression force was applied under
various eccentricities and full 3D finite element model was developed, comparing the effect of different material
constitutive models, until good agreement was found. Specimens failed by local buckling of the steel on the compression
side. Specimen such as MA100-5 and MI25-5 buckled at the mid height whereas other specimens buckled at lower
location. From the above literatures, it is evident that local buckling occurred at the ends of the specimens in most of the
case. Concrete-filled double steel tubular column made of outer non-compact or slender steel section is susceptible to
local buckling whereas Global buckling occurred in cold formed stainless steel circular hollow section columns. The
buckling deformation of the unstiffened wall was significantly larger than that of stiffened walls.

2.2 Load Carrying Capacity

Yong Ye et al.(2018) carried out studies on square concrete-filled stainless steel/carbon steel bimetallic tubular stub
columns under axial compression [1]. Fourteen CFBT columns and two conventional concrete-filled steel tubular (CFST)
counterparts were tested to failure under axial compressive loading and a finite element analysis (FEA) model was
established and validated against the experimental measurements. As the cross-sectional area of the stainless steel tube
layer increases, the axial load carried by the stainless steel tube layer increases accordingly. When thickness of steel tube
increases from 0.84 to 1.88 load carrying capacity increases as 1200 KN and 2500 KN respectively. On the other hand,
different stainless steel grades (316, 304, and 202) seem to have minor influence on the overall behavior and load-
carrying capacity of CFBT columns, mainly due to the similar mechanical performance of the three grades of stainless
steel. M.F. Hassanein et al.(2018) carried out studies on finite element modeling of concrete-filled double-skin short
compression members with CHS outer and SHS inner tubes [2]. FE models with concentric axial loads are developed and
compared against results from past experiments. The behaviour of CFST specimens was analysed with various steel yield
strengths ranging from 350 to 700, 1050 and 1400MPa. Four curves of steel yield strengths 350, 700, 1050, and 1400
was plotted as shown in Fig.6 and the results showed that increasing the steel yield strength considerably improves the
axial capacity of CFDST short columns.
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Fig.6: Axial Load-Displacement curves for CFDST with different steel yield strength [2]

A nonlinear analysis of rectangular concrete-filled double steel tubular short columns incorporating local buckling was
carried out by Mizan Ahmed et al. (2018) Comparative studies are undertaken to verify the fiber-based model with the
relevant test results [4]. The computational model is then employed to investigate the axial load—strain responses of
rectangular CFDST short columns with various key design variables. The author concluded that the load carrying
capacity of axially loaded CFDST short column increases with the compressive strength of concrete is increasing. Craig
Buchanan et al. carried out studies on testing, simulation and design of cold-formed stainless steel circular  hollow
section (SHS) columns. A comprehensive experimental program had been undertaken to provide benchmark data to
validate numerical models and underpin the development of revised buckling curves; in total 17 austenitic, 9 duplex and
11 ferritic stainless steel CHS column buckling tests and 10 stub column tests have been carried out.

Organized By: School of Engineering & Technology, Sharda University 198



International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES)
“Research Symposium on Advancements in Engineering, Science, Management, and Technology
Volume 5, Special Issue 04, April-2019

Five different cross-section sizes (covering class 1 to class 4 sections) and a wide range of member slendernesses had
been examined. The load carrying capacity for specimens 106x3, 104x2, 88.9x2.6 and 80%1.5 was 260KN, 240KN,
430KN and 120KN respectively. It showed that load carrying capacity of 88.9x2.6-400-P SHS column had maximum
load carrying capacity than any other column.

From the studies conducted by Hua Yang et al. (2017) on behaviours of concrete-filled cold-formed elliptical hollow
section beam-columns with varying aspect ratios, it was found that the load-carrying capacity of the elliptical CFST
columns decreases with the increase in load eccentricity [6]. A total of 11 specimens were tested to evaluate the failure
modes, load-deformation histories and strains development in the steel tube. Assessing the stub column specimens S-8,
for example, the load-carrying capacity of the column with 25 mm and 50 mm eccentricity decreases by 24.7% and
44.4%, respectively, relative to that of the axially loaded stub column. The load-carrying capacity significantly decreases
with the increase of slenderness ratio. Assessing the specimens with a load eccentricity of 25 mm for example, the load-
carrying capacity decreases by 15.6% and 29.7% for columns with slenderness ratio of 35 and 50, respectively, relative
to that of the stub column (A = 8). Zhi-Bin Wang et al. (2018) carried out study on axial compressive behaviour of
concrete-filled double-tube (CFSDT) stub columns with stiffeners [9]. A total of 14 stub columns were prepared and
tested, including 12 CFSDT stub columns and 2 thin-walled CFST counterparts. The author concluded that the load
carrying capacity of CFSDT stub column increases with increase in compressive strength of column. The axial load
carrying capacity for compressive strength of 42.1 MPa was found to be 2500KN whereas for compressive strength of
69.8 MPa was 3300KN. The measured compressive strengths (Nue) of all the stub columns are compared in Fig. 7.
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Fig.7: Effects of different variables on ultimate strength [9]

Qihan shen et al.(2018) conducted studies on performance and design of eccentrically-loaded concrete-filled round-ended
elliptical hollow section stub columns [11]. A nonlinear numerical model that adopts an equivalent stress-strain model
for the novel type of confined core concrete was established, and verified via experimental data. Steel hollow sections
with various nominal yield stress (i.e. 235, 345, 420, and 550 MPa) were examined to determine the effect of the material
properties on the eccentric compressive performance of CFREHS stub column. The results showed that eccentric load
bearing capacity of this type of stub composite column increased with an increase in the steel strength. An investigation
of the effect of the cross-sectional area was also conducted and the results suggested that the eccentric load bearing
capacities of the CFREHS stub column evidently improved as the cross-sectional area increased, although the steel ratios
was constant. T. Sheehan et al.(2012) investigated Structural response of concrete-filled elliptical steel hollow sections
under eccentric compression [10]. Laboratory test were carried out using eight stub columns of two different tube wall
thicknesses and axial compression force was applied under various eccentricities and full 3D finite element model was
developed. Axial load-displacement curves were plotted. For test specimens MA100-6.3 and MA100-5, only a slight
decrease occurs in axial load after yield. Specimens M175-6.3 and M175-5 yield at significantly lower loads than the
major axis bending specimens and undergo gradual decrease in axial load under increasing axial displacement.

The load carrying capacity of square concrete-filled stainless steel/carbon steel bimetallic tubular stub column increases
with increase in thickness and cross-sectional area of steel tube. In concrete-filled double steel tube column, increasing
the steel yield strength and concrete compressive strength considerably improves the axial capacity of CFDST short
columns. Load carrying capacity of the elliptical Cold-formed steel tube columns decreases with the increase in load
eccentricity.
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I11. CONCLUSIONS

Based on the study done, it can be concluded that Concrete-filled steel tube column can be effectively used as it can
increase the load carrying capacity of column when properly designed with efficient design parameters such as depth to
thickness ratio, length to depth ratio, concrete compressive strength, shape of column and cross-sectional area. Apart
from load carrying capacity, Special considerations have to be made on buckling behaviour of column as it faces local
and global buckling.
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