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ABSTRACT \

Concrete-filled steel tube (CFST) columns are composite structural members that combine the compressive strength of con-
crete with the confinement and ductility provided by a steel tube. Owing to the passive confinement mechanism and nonlinear
material interaction, accurate numerical modeling of CFST behavior especially with high-strength concrete and thin-walled
steel tubes remains challenging. This study presents a refined three-dimensional finite element model to simulate the axial
compressive behavior of CFST stub columns. The model is developed using the concrete damaged plasticity framework, incor-
porating strain hardening—softening behavior for confined concrete and modified material parameters to capture confinement
effects more accurately. The proposed model was validated against experimental results from the literature and laboratory
tests, showing close agreement in load—strain response, stiffness, ultimate load, ductility, and deformation pattern; in the
laboratory comparison, the numerical and experimental responses matched closely up to about 130 kN. Following validation,
parametric analyses were conducted to evaluate the influence of concrete grade, steel tube thickness, slenderness ratio, and
binding bars on CFST axial compression performance. Increasing steel tube thickness from 1.5 mm to 5.5 mm significantly
enhanced yield capacity, increasing it from approximately 1,550 kN to 2,600 kN for M20 concrete, 1,995 kN to 2,800 kN
for M25 concrete, and 2,050 kN to 3,100 kN for M30 concrete. Concrete grade mainly improved initial stiffness and yield
strength, while post-yield behavior was governed largely by steel confinement. For stub columns with L/D ratios from 1.81
to 10.91, the axial force—strain response remained nearly identical up to yield, indicating limited slenderness influence within
the short-column range. Although binding bars increased initial stiffness, they reduced post-yield strength and ductility due
to stress concentration effects. A comparative cost assessment also showed that a CFST column carrying 1,287 kN was about
16.8% cheaper than an equivalent RC column. The findings provide useful insight for the efficient modeling and practical
design of CFST stub columns under axial compression.
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Introduction

The demand for safer, taller, and more efficient structures has
driven a growing interest in composite construction systems
worldwide (Aznaw, 2025; Ali and Moon, 2018). Among these,
concrete-filled steel tubular (CFST) columns have attracted ex-
tensive research and practical application because of their su-
perior load-carrying capacity, ductility, energy absorption, and
resistance to local and global buckling (Patel et al., 2018). The
synergy between the confining steel tube and the infilled con-
crete enhances structural performance beyond what either ma-
terial can achieve alone (Chen et al., 2023). As a result, CFST
columns are now widely used in high-rise buildings, bridges,
offshore platforms, and other critical infrastructure across seis-
mic and non-seismic regions alike (Han, 2024; Han et al., 2014).
In earthquake-prone countries, the advantages of CFST are par-
ticularly significant. The reduced structural mass, combined
with high confinement efficiency, leads to better seismic per-
formance compared to conventional reinforced concrete (RC)
frames (Huang, 2015). Numerous experimental and numeri-
cal studies have confirmed the reliability of CFST under axial,
flexural, and combined loading, establishing it as a mature and
widely accepted structural solution (Han et al., 2014; Tao et al.,
2013).

Nepal, however, continues to rely predominantly on RC
moment-resisting frames for residential and public buildings.
The 2015 Gorkha earthquake exposed the vulnerability of
such systems: while many RC buildings remained standing,
widespread damage and costly repairs highlighted their limited
ductility and poor energy dissipation capacity. This event re-
inforced the need to explore alternative structural systems that
can better balance strength, economy, ductility, and seismic re-
silience. Despite the global progress of CFST technology, its
application and systematic study remain almost non-existent
in Nepal, creating a clear need to evaluate the axial compres-
sion behavior of CFST columns using material grades, detailing
practices, and construction conditions relevant to Nepal.

A review of international literature shows a strong focus on
experimental testing, analytical modeling using finite element
(FE) simulations of CFST columns (Sakino & Hayashi, 1991;
Wang et al., 2009; Hassan et al., 2015). State-of-the-art FE ap-
proaches, particularly those employing the concrete damaged
plasticity model, have demonstrated high accuracy in predicting
confined concrete behavior and composite interaction (Tao et
al., 2013). Parametric studies worldwide have also established
the influence of steel tube thickness, concrete grade, and con-
finement measures on axial load capacity and ductility. Yet,
these findings have not been contextualized to Nepal’s construc-
tion practices, material availability, and seismic design require-
ments.

This study aims to evaluate the axial compression behavior of
CFST stub columns for potential application in Nepalese con-
struction. The specific objectives are to develop and validate
a three-dimensional finite element model, compare the numeri-
cal response with experimental and literature-based results, and
quantify the effects of steel tube thickness, concrete grade, slen-
derness ratio, and binding bar arrangement on load capacity,
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stiffness, and ductility. The scope of the study is limited to
short CFST columns under concentric axial compression; how-
ever, the findings provide a useful basis for future seismic per-
formance studies and practical CFST application in Nepal.

Materials and Methods

Numerical Modelling
Finite element Modeling

In any finite element based analysis, selection of the appropriate
element type is instrumental to the success of the computational
procedure. The Abaqus Standard module inset in ABAQUS
6.14.4 is used for modelling. The Abaqus Standard module con-
sists of a comprehensive element library that provides different
types of elements catering to different situations.

Material models

The cross sections of the CFST columns in this investigation
is basically circular section. To achieve this goal, proper ma-
terial constitutive models for steel tube and concrete are pro-
posed. Then the proposed material constitutive models are ver-
ified against experimental data of Schneider (1998) and Huang
et al. (2002). In the analysis, the Poisson’s ratio and the elastic
modulus of the steel tube are assumed to be 0.3 and 200 GPa.
In this study, the Poisson’s ratio of concrete was taken as 0.2.

Material modelling of steel

Different stress (o)-strain (¢) models have been used for
the steel material by different researchers, including elastic-
perfectly plastic model, and elastic-plastic model with linear
hardening or multi-linear hardening. At strains of general struc-
tural interest (Normally less than 5%), steel exhibits no signif-
icant strain hardening. For the elastic-plastic model with lin-
ear hardening, the strain hardening modulus (E,) was taken as
0.005Es, where Es is the steel modulus of elasticity. A o—
model was proposed by Tao et al. for structural steel with a va-
lidity range of fy from 200 MPa to 800 MPa. This model was
used to simulate the steel material in circular CEST columns,
which is expressed as follows:

Ese, e < ey,
o(e) = fy+ Ep(e —ey), . gy <& < €p, )
fu{l—(ﬂ)}, € > €p.
Eu — Ep

In which f, is the ultimate strength; ¢, is the yield strain, e, =
fy/Es; ep is the strain at the onset of strain hardening; €, is the
ultimate strain corresponding to the ultimate strength; p is the
strain-hardening exponent, which can be determined by

In < fu — fy >
. E, 6(s:u_ ; €p)
ln ( u P )
€p — &y
In which E, is the initial modulus of elasticity at the onset of

strain-hardening, and can be taken as 0.02Es. ¢, and €, are
determined using Eqgs. (3) and (4), respectively.
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Ep =€y + fuT_pfy’ 3)
I e
Eu = Ep + v E, . )

Therefore, the elastic-perfectly plastic model is used to simulate
the steel material in rectangular CFST columns.

Material modelling of concrete

For a CFST column under axial compression, the concrete core
expands laterally and is confined by the steel tube. This con-
finement is passive in nature, and can increase the strength and
ductility of concrete. This mechanism is well understood and is
often referred to as “composite action” between the steel tube
and concrete.

Concrete damaged plasticity model

The concrete damaged plasticity model available in ABAQUS
was used. Since this paper only deals with columns under mono-
tonic loading, damage variables were not defined. Therefore,
concrete nonlinearity was modelled as plasticity only. In this
model, key material parameters to be determined include the ra-
tio of the second stress invariant on the tensile meridian to that
on the compressive meridian (K .), dilation angle (¢/), and strain
hardening/softening rule. Other parameters include the modu-
lus of elasticity (E.), flow potential eccentricity (e), ratio of the
compressive strength under biaxial loading to uniaxial compres-
sive strength (fyo0/ f+), viscosity parameter and tensile behavior
of concrete. For the FE model presented by Han et al. (2014),
constant values of 30°, 0.1, 1.16 and 2/3 were used for 1, e, K.
and fyo/ f+, respectively.

_ fw

Ke="

(&)

1 = 30° (typical value used for confined concrete models)

(6)

Although CFST stub columns are not sensitive to tensile behav-
ior of concrete when subjected to axial compression, tension
stiffening needs to be defined in ABAQUS. In the current model,
the uniaxial tensile response was assumed to be linear until the
tensile strength of concrete was reached, which was taken as
0.1f.. Beyond this failure stress, the tensile softening response
was characterized by means of fracture energy (GF). The fol-
lowing equation was used to define GF for tensile concrete:

Gr =0.073 féo'ls d%3%  (fracture energy, empirical form)
@)

Where f. is in MPa, dmay is the maximum coarse aggregate size

(in mm). If dmax had not been reported in a reference, it was

taken as 20 mm.

Finding K.

The ratio of the second stress invariant on the tensile meridian
to that on the compressive meridian (K.) is one of parameters
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for determining the yield surface of concrete plasticity model.
According to Yu et al., the following equation can be deduced
to calculate K.:

5.5 fo
=——. 8
"= B[ 450 ©
Equivalently, the adopted strength-dependent approximation is
5.5
c ®

From this equation, it can be found that K. decreases slightly
from 0.725 to 0.703 when f. increases from 30 MPa to 100
MPa.

Dilation Angle (1))

Dilation angle () is one of parameters required for ABAQUS to
define the plastic flow potential. The allowed value of v ranges
from 0° to 56° in ABAQUS. Different constant values of 1) have
been used by different researchers in the past. Most researchers
adopted a value of 20° or 30° for confined concrete.

The following equation is then proposed based on regression
analysis to determine 1) for circular columns.

56.3(1 — &e), £ < 0.5,

10
T4 ) &> 0.5. (10

Y= .
164+ &,

6.672 exp (
Where the confinement factor &, is expressed as

_ Ay
AfL

In which A and A, are the cross-sectional areas of the steel tube
and concrete, respectively.

Mesh

When a CFST column is subjected to axial compression, the in-
filled concrete core behaves as a single solid block that under-
goes compression without any rotation. ABAQUS 6.14.4 pro-
vides a set of Solid (continuum) elements specially designed for
such cases. The most commonly used elements are 4-node lin-
ear tetrahedron (C3D4), 6-node linear triangular prism (C3D8)
and 8-node linear brick elements (C3D8). Each of these ele-
ments possesses three translational degrees of freedom (DOFs)
at each node. It is observed that for CFST members, C3D4
and C3D6 elements provide slow convergence and require very
fine mesh which increases computational time and effort. C3D8
brick elements are found to be most suited from both the accu-
racy as well as time required viewpoints. It can be used for com-
plex nonlinear analysis involving contact, plasticity and large
deformations.

&e

an

The hollow steel tube can be meshed by using either the shell el-
ements or the solid brick elements. However, in addition to the
translational DOFs, the shell elements also possess rotational
DOFs. This may give rise to compatibility issues at the junc-
tion of concrete core and steel tube, since the concrete core el-
ements come with only translational DOFs. Hence, trials were
performed using C3D8 elements to mesh the steel tube also. A
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single layer of these elements through the element thickness is
found to reproduce the deformed shape of the tube with good
accuracy.

Interface Modelling

In order to obtain all the above mentioned advantages from the
CFST columns, it is pertinent that steel tube and concrete core
composite must behave as a single member and not merely as
a combination of two different materials. This makes the simu-
lation of composite action between concrete and steel tube the
single most important factor guiding the behaviour of the com-
posite member. The normal contact between the two materials
is provided using friction, with the inner surface of the steel tube
as the slave surface. The coeflicient of friction between the two
surfaces is chosen as 0.6. Hard Contact is provided between the
two surfaces, which causes the pressure to be transmitted across
the two surfaces only when there is actual contact among them,
while causing the surfaces to separate under the influence of a
tensile force.

Loading and Boundary Conditions

The steel tube and the concrete core are left completely unre-
strained in all directions to allow any possible deformation in
the column. The bottom rigid plate is fixed completely using
the encastre boundary condition applied at its reference node,
while the loading was applied by providing total displacement
in small increments at the top surface. The value of the total dis-
placement was generally kept slightly higher than the maximum
value for the same in the corresponding experimental investiga-
tion.

Laboratory Test

To evaluate the behavior of CFST columns, laboratory tests
were conducted on both plain concrete cylinders and CFST stub
columns (Table 1). The experimental program was designed to
establish the compressive strength of the mix and to study the
axial performance of CFST specimens with varying slenderness
ratios. M10-grade concrete was designed and used for casting
specimens. Nine cylindrical concrete samples with a diameter
of 100 mm and height of 200 mm were prepared. Compressive
strength tests were carried out at 7, 14, and 21 days of curing,
with the 21-day strength taken as the reference value for com-
parison. Similarly, all CFST stub columns were fabricated us-
ing circular hollow steel tubes filled with the prepared concrete.
Six CFST specimens were prepared with the same diameter and
thickness but different heights in order to investigate the effect
of slenderness ratio (L/D) on axial load behavior. The nominal
specimen heights were 250 mm, 300 mm, and 350 mm. The
properties of the steel tube were as follows:

Table 1. Properties of steel tube used to prepare CEST stub

column
Parameters Unit Value
External diameter (D) mm 137.46
Wall thickness (t) mm 448
Yield strength (fy) N/mm? 250
Elastic modulus (Es) N/mm? 200,000

All concrete cylinders and CFST specimens were tested un-
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der monotonic axial compression at 21 days of curing using
a compression testing machine. Load—deformation data were
recorded for each specimen and used for subsequent analysis.

Results and Discussion

Validation of Proposed FEM Model

The precision of the numerical model was judged by comparing
the results from the model against the experimental results of
authors like Schneider (1998), Sakino and Hayashi (1991) and
Tomii et al. (1977). The parameters under evaluation were: a)
peak compressive load capacity, b) load vs. displacement re-
sponse at the moving end, c) deformed shape of the column, d)
stiffness, and e) Ductility. From the figures, it is evident that
a good reproduction of the load deformation pattern can be ob-
tained from the model. The experimental and the numerically
obtained deformed shapes are observed to be in good agreement
as shown in Fig. 1. In the present model, C3D8 eight-node
brick elements were used because they are suitable for nonlin-
ear analysis involving contact, material plasticity, and large de-
formation. Other ABAQUS elements such as C3D8R reduced-
integration brick elements, C3D20R quadratic brick elements,
C3D10 tetrahedral elements, and S4R shell elements for the
steel tube may also be used to capture nonlinear behavior, de-
pending on the required accuracy, mesh quality, and computa-
tional cost.

1200

800

Force (kN)
2
g8

—— FE Modeling e Test (Tomii et al., 1977) — —FE modeling by Katwal et. al (2016)

0 0.005 0.01 0.015 0.02 0.025 0.03
Strain

Fig. 1. Graphical comparison between the proposed modeling
and test result for SHN

Test Result

The proposed finite element model was used to calculate strain,
displacement, and ultimate load of the tested CFST specimens.
As shown in Fig. 2, the experimental and FE responses showed
close agreement up to approximately 130 kN, indicating that
the model captured the initial stiffness accurately. A slight de-
viation was observed beyond a strain of about 0.0025, mainly
due to the nonlinear steel-concrete interaction and progressive
confinement effect after yielding. Although the yield strain var-
ied slightly, both responses showed similar ductile behavior.
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Fig. 2. Comparison between lab test and FEM results (Test 1),
where the vertical axis represents force (kN) and the horizontal
axis represents strain.

Combined Effect

The comparison of stress—strain responses (Fig. 3) shows that
the concrete-filled steel tube (CFST) specimen possesses higher
initial stiffness and yield strength than the simple arithmetic sum
of the plain concrete and hollow steel tube tests. This improve-
ment results from the composite interaction between steel and
concrete: as the concrete core dilates under compression, the
surrounding steel tube develops hoop tension that applies lat-
eral confinement to the concrete. This confinement transforms
the stress state of concrete from uniaxial to triaxial compression,
thereby enhancing both its compressive strength and strain ca-
pacity. Simultaneously, the concrete core restrains inward buck-
ling of the steel wall, allowing the tube to yield and harden in
a more stable manner. Together, these mechanisms explain the
steeper initial slope and higher yield point of the CFST curve
compared to the non-composite case which is similar to the
observation of Han et al. (2014) and Giakoumelis and Lam,
(2004). This confirms that the improvement in CFST behav-
ior is not simply the sum of the individual material strengths,
but the result of confinement pressure developed at the steel—
concrete interface and restraint against local inward buckling of
the steel tube.

#-Steel+Concrete &~ CFST
1600

1400
1200
1000+ f

800 77777*- ~
-'i——",

Force (kN)

~
600 -—

400
!

200 &

ol
0 0.01 002 003 0.04 005 0.06

Strain

Fig. 3. Comparison of force—strain curves for CFST specimens
and the arithmetic sum of individual concrete and hollow steel
tube columns, where the vertical axis represents force (kN) and
the horizontal axis represents strain.

Beyond yielding, the gap between the CFST and the “separate-
sum” curve widens because confinement becomes more effec-
tive as the concrete expands laterally, while the steel experi-
ences strain hardening. This interaction sustains load-carrying
capacity and improves ductility, in contrast to the rapid post-
peak decline of the unconfined concrete and thin-walled steel
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when tested separately. Prior studies (Zhao et al., 2022; Tao
etal., 2011) confirm that CFSTs achieve superior ductility, ulti-
mate strength, and energy absorption due to this synergy of con-
finement and buckling restraint, which cannot be reproduced by
simply summing the strengths of their individual components.

Effect of slenderness ratio in short column

The ABAQUS simulations show that CEST stub columns with
L/D ratios ranging from 1.81 to 10.91 exhibited nearly identical
force—strain responses up to yield, with only marginal post-yield
variation in load capacity (Fig. 4). This suggests that within the
stub-column regime, axial strength and ductility are governed
by composite interaction, specifically the active confinement of
concrete by the steel tube and the restraint of the steel on lo-
cal buckling, rather than by geometric slenderness variations.
In contrast, standalone concrete specimens demonstrate a well-
established sensitivity to L/D. As the aspect ratio increases, re-
ported compressive strength tends to decrease due to reduced
end-restraint and enhanced potential for buckling or fracture ini-
tiation.

1600
1400
1200
1000

800

Force (kN)

600

L=350(L/D=2.54)
—o— L=500(L/D=3.63)
—a— L=1000(L/D=7.27)

®- L=250(L/D=1.81)

400 L=400(L/D=2.91)
—e— L=600(L/D=4.36)

200 —— L=1500(L/D=10.91) ——

—#— L=300(L/D=2.18)
- < L=450(L/D=3.27)
—e— L=900(L/D=6.55)

0
0 0.01 0.02 0.03 0.04 0.05 0.06

Strain

Fig. 4. Force—strain curves of CFST stub columns with varying
L/D ratios (1.81, 2.18, 2.54, 2.91, 3.27, 3.63, 4.36, 6.55, 7.27,
and 10.91), where the vertical axis represents force (kN) and the
horizontal axis represents strain.

For instance, in rock (a brittle composite with similar fail-
ure mechanisms), sandstone shows a nonlinear decline in peak
strength with increasing L/D, from about 194 MPa at L/D =
1.6 down to approximately 115 MPa at L/D = 2.0, reflecting
a significant strength drop of over 40 MPa. The strength re-
duction slows as L/D grows further (Zhang et al., 2022). Even
in standard concrete cores, the ASTM and BS codes prescribe
correction factors: cylinders with L/D = 1.25 show strengths ap-
proximately 4 percent higher than those with L/D =2.00 (Cook,
1989). These corrections underline the importance of L/D in
isolated concrete testing. This L/D effect in concrete tests is the
reason why standards such as ASTM and EN specify and nor-
malize to a fixed L/D (commonly 2:1) for consistency. In CFST
stub columns, however, the steel confinement and local stability
mechanisms essentially neutralize L/D sensitivity across moder-
ate slenderness values, maintaining consistent performance up
to yielding.

Effect of Concrete Grade:

Fig. 5 clearly indicate that increasing the steel tube thickness
in CFST stub columns substantially enhances both yield and
ultimate load capacities across all tested concrete grades. For
example, in M20-grade concrete, yield strength rose from ap-
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proximately 1,550 kN for a 1.5 mm tube to about 2,600 kN for
a 5.5 mm tube. Similarly, M25-grade specimens showed an in-
crease from around 1,995 kN to 2,800 kN, and M30-grade spec-
imens increased from roughly 2,050 kN to 3,100 kN. This trend

(@)

4000

—e—t=1.5mm —t=2.5 t=3.5 t=4.48

——t=5.5

3000

2000

Force (kN)

1000

0.08 0.1

Strain

(©

5000

0.12 0.14 0.16 0.18

—e—t=1.5mm —e—t=2.5

4000

)

3000

kN

(

2000

Force

1000 §

0

0 0.02

0.04 0.06

0.08

suggests that thicker steel tubes offer stronger confinement and
improved stability under axial compression, yielding nearly par-
allel strengthening trends across grade variations.

(b) —e—t=1.5mm t=2.5 t=3.5 t=4.48 ——t=5.5
5000
4000
~3000
4
=
82000 |~ e e
S Prt——o——o | o — -2
= ] \MWA’*")*/'777

1000

0

0 0.02 0.04 0.06 0.08 0.1

Strain

0.12 0.14 0.16 0.18

t=3.5 =4.48

——t=5.5

L 01 0.12 0.14 0.16 0.18

St
Fig. 5. Force—strain comparison for varying grade of concrete: ( ar)aIRJZO, (b) M25, and (c) M30; for different thicknesses of
steel tube (t = 1.50 mm, t = 2.50 mm, t = 3.50 mm, t = 4.48 mm, and t = 5.50 mm), where the vertical axis represents force

(kN) and the horizontal axis represents strain.

Such behavior is consistent with established findings in CFST
research. Finite element studies and parametric investigations
have shown that thicker steel tubes enhance concrete confine-
ment, which in turn results in increased compressive strength.
For instance, numerical analyses have demonstrated that in-
creasing outer tube thickness leads to a linear increase in com-
pressive strength of stub columns, owing directly to improved
confinement performance (Shah and Ganesh, 2022). More-
over, parametric studies have shown that a lower diameter-to-
thickness ratio (i.e., thicker tube) correlates with better axial
capacity, while increasing D/t ratios (indicating thinner tubes)
diminish ultimate load performance (Yadav & Chen, 2017).
Therefore, the observed rise in yield and ultimate loads with
increased tube thickness across varied concrete grades reflects
the enhanced composite action and confinement efficiency pro-
duced by a more robust steel shell.

Effect of thickness of Steel Tube

The results displayed in Fig. 6 indicate that increasing the con-
crete grade enhances both yield and ultimate load capacities
of CFST stub columns, regardless of steel tube thickness. For
all tested tube thicknesses; 1.5 mm, 2.5 mm, and 4.48 mm, a
near-parallel upward trend in yield strength is observed with
increased concrete grade, and the increase in capacity is more
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pronounced in the yield region than at ultimate load. This trend
suggests that higher-strength concrete contributes substantially
to early stiffness and initial yield behavior, while post-yield en-
hancements are governed more by the steel tube confinement.
The uniformity of this trend across varying steel thicknesses im-
plies that confinement efficiency provided by the steel tube re-
mains effective, enabling concrete grade improvements to trans-
late directly into higher performance without significant interac-
tion effects between thickness and grade.

These observations align closely with findings from exist-
ing parametric and finite element studies. Yadav and Chen
(2017) demonstrated that the ultimate axial capacity of CFST
columns increases with concrete grade, irrespective of changes
in diameter-to-thickness ratios, reflecting the concrete’s pri-
mary role in defining compressive strength. Similarly, Ti-
wary and Gupta (2021) highlight that increasing core concrete
strength enhances stiffness and load-bearing capacity, although
it may introduce brittleness in failure mode. Taken together,
these studies underscore that improvements in concrete qual-
ity result in more substantial gains in early structural resistance,
which remain consistent even as steel thickness varies. The re-
sults in Fig. 6 therefore validate these theoretical and numerical
findings and affirm that concrete grade is a dominant factor in
CFST column behavior.
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the horizontal axis represents strain.

Cost Comparison of CFST column with RC column

To compare the cost of the column with these two material, a
CFST column of 1.5m length, 137.46mm outer diameter and
thickness 4.48mm filled with concrete of characteristic strength
14.17N/mm?* was modelled in ABAQUS. Ultimate load carry-
ing capacity of the model was determined to 1287KN. Then, a
RCC column was designed to carry the same compressive load
as a short column under axial compression only. The steel per-
centage of 2.5% was used to calculate the size of column and
accordingly provided. The size of column required was found
to be 364mm and hence a column of size 370*370mm was used
for calculation. The cost of the RCC column may increase fur-
ther by at least 10% due to formwork requirements, whereas the
steel tube in a CFST column acts as permanent formwork. For
the same axial load capacity of 1,287 kN, the CFST column was
found to be approximately 16.8% cheaper than the equivalent
RCC column.

Effect of binding bar On CFST

The influence of binding bars on joint performance was found
to be significant. A similar strengthening concept was therefore
extended to the column specimens. In this configuration, a pair
of binding bars was provided at the mid-height of the column in
a cruciform (cross) arrangement and welded at their ends to the
steel tube. A corresponding numerical model was developed
to capture the structural response of this configuration, and de-
tailed analyses were carried out. For columns constructed using
M20 grade concrete and Fe250 binding bars, the results are sum-
marized in Fig. 7. The load—deformation responses indicate a
noticeable modification in the structural behavior due to the in-
clusion of binding bars.
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Fig. 7. Comparison of CFST column behavior with and without
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Across all analyzed cases, the presence of binding bars led to
an increase in the initial stiffness of the column system, as ev-
idenced by the steeper slope of the initial portion of the load—
displacement curves. This enhancement can be attributed to im-
proved confinement and restraint provided by the binding bars,
which delayed the onset of cracking and elastic deformation.
However, beyond the yielding stage, a reduction in the ultimate
load-carrying capacity was observed in comparison to the cor-
responding specimens without binding bars. The premature lo-
calization of stresses around the welded binding bars appears to
have influenced post-yield behavior adversely, leading to earlier
strength degradation.

Furthermore, the post-yield deformation capacity was reduced
in the specimens with binding bars, indicating a decrease in
overall ductility. Although the initial stiffness enhancement is
beneficial from a serviceability perspective, the compromised
ductility suggests that the use of binding bars may negatively
affect the energy dissipation capacity of the column system un-
der higher deformation demands. Therefore, although binding
bars improved the initial stiffness response, their use in CFST
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columns should be carefully reconsidered because the welded
regions may create local stress concentration and reduce post-
yield deformation capacity.

Conclusion

This study investigated the axial compressive behavior of
concrete-filled steel tube (CFST) stub columns using a validated
finite element modeling approach. A three-dimensional numer-
ical model was developed in ABAQUS and verified against es-
tablished experimental results from the literature and selected
laboratory observations, with the laboratory comparison show-
ing close agreement between the numerical and experimental
response up to approximately 130 kN. The validated model was
then used to examine the effects of composite action, slender-
ness ratio, concrete grade, steel tube thickness, cost efficiency,
and the introduction of binding bars on column performance.
The results show that CFST columns perform significantly bet-
ter than plain concrete or hollow steel tubes due to effective
steel—concrete interaction, leading to higher stiffness, strength,
and ductility. Steel tube thickness was found to be the most
influential parameter, with yield capacity increasing from ap-
proximately 1,550 kN to 2,600 kN for M20 concrete, 1,995 kN
to 2,800 kN for M25 concrete, and 2,050 kN to 3,100 kN for
M30 concrete as tube thickness increased from 1.5 mm to 5.5
mm; higher concrete grades mainly enhanced initial stiffness
and yield strength. Slenderness effects were minimal within
the stub-column range considered, as specimens with L/D ra-
tios from 1.81 to 10.91 showed nearly identical force—strain re-
sponses up to yielding. Although binding bars improved initial
stiffness, they reduced post-yield strength and ductility, mak-
ing them unsuitable for column applications without alternative
detailing. In addition to structural advantages, the CFST col-
umn with 1.5 m length, 137.46 mm outer diameter, 4.48 mm
tube thickness, and 1,287 kN ultimate load capacity was approx-
imately 16.8% more economical than an equivalent reinforced
concrete column, confirming its suitability as an efficient and
cost-effective compression member in practical design.
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