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Abstract - Concrete Filled Steel Tube (CFST) columns are
composite elements that combine steel and concrete to achieve
high strength and load-bearing efficiency. This study was
mainly investigated to evaluate the axial loading performance
of rectangular tapered CFST columns under Single-Side (SS)
and Double- Side (DS) taper conditions with varying taper
ratios. Results obtained that higher taper ratios result in
higher load capacity but also increases deflections. Double-
Side Tapered columns consistently outperform than Single-
Side Tapered columns in both load resistance and controlled
deflections due to their symmetric design.
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1. INTRODUCTION

A Concrete Filled Steel Tube (CFST) columns are structural
elements where a steel tube is filled with concrete,
combining the high strength and ductility of steel with the
compressive power of concrete. In CFST members, steel
confines concrete for strength and ductility, while concrete
prevents steel tube buckling, boosting load capacity. This
design improves load bearing, stability and fire resistance,
making CFST columns ideal for high-rise buildings, bridges
and other structures. Non-prismatic CFST columns are CFST
columns with varying cross-sectional sizes along their
length. While tapered CFST columns are a type of non-
prismatic CFST columns with a gradually changing cross
section, typically wider at the base. In this study, tapered
CFST columns were developed with various configurations,
including Single-Side (SS) and Double-Side (DS) taper
conditions, incorporating different taper ratios subjected to
axial loading. This investigation is important as it aims to
enhance the structural efficiency and overall performance of
CFST columns, offering potential improvements in material
optimization, load-carrying capacity and durability for
advanced construction applications.

1.1 Non-prismatic CFST Column
Non-prismatic CFST columns feature a varying cross-

sectional area along their length. The design of non-
prismatic columns allows for material optimization, placing

more material where stresses are higher and reducing it
where stresses are lower. This approach can lead to material
savings, improved aesthetics and better accommodation of
architectural requirements. Tapered CFST columns are a
specific type of non-prismatic column where the cross-
sectional dimensions change gradually along the length,
typically narrowing towards the top. This tapering can be
symmetrical or asymmetrical in their geometry. The design
of tapered columns aims to align the structural capacity with
the distribution of internal forces, providing more material
where needed and reducing it where possible. The key
influencing parameter, taper ratios ranging from 1 to 3 for
both single-side and double-side taper play a significantrole
in the structural response.

2. OBJECTIVES

The main objectives of this study are to evaluate the axial
loading performance of tapered Concrete Filled Steel Tube
(CFST) columns under various configurations and to study
the structural behaviour of tapered rectangular CFST
columns under single-side and double-side taper conditions
with varying taper ratios.

3. FINITE ELEMENT MODELLING
3.1 General

To investigate structural behavior of tapered rectangular
Concrete Filled Steel Tube (CFST) columns with single-side
and double-side tapering conditions with varying taper
ratios, finite element models were developed using Ansys
Workbench 2024 R2.

3.2 Geometry

The geometry of 0° SS and DS taper rectangular CFST column
was created using ANSYS Design Modeler. A total of six CFST
column models were developed using nonlinear static
analysis includes 0° single-side and double-side prismatic
CFST with taperratio 1:1 (160 mm X 160 mm), 0° single-side
and double-side taper rectangular CFST column with taper
ratio 1:2 (160 mm X 320 mm) and 0° single-side and double-
side taper rectangular CFST column with taper ratio 1:3 (160
mm X 480 mm). Each model had a height of 1386 mm and
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the steel tube thickness of 2.92 mm were considered.
Detailed geometric details of 0° SS and DS taper CFST
columns are presented in Table 1 and material properties of
steel and concrete presented in Table 2. 3D models and top
view of the CFST column models of 0° single-side and
double-side taper CFST columns with taper ratio 1, 2 and 3
were created in ANSYS workbench and are illustrated in
Figures 1, 2, 3, 4, 5 and 6 respectively.

Table -1: Dimensional details of 0° SS and DS taper CFST

columns
Column Column Taper Top width Bottom
Inclination | Condition ratio (mm) width (mm)

1.0 160 160

Single-Side 2.0 160 320 Fig -2: 3D model and top view of 0° Single -side taper

taper 3.0 160 480 with taper ratio 2
1.0 160 160
00
2.0 160 320
Double-
side taper | 3 160 480

Table -2: Material properties of steel and concrete

Material Steel Concrete
Properties
Yield strength 389 MPa
Ultimate Strength 532 MPa
Compressive - 63 MPa
Strength Fig -3: 3D model and top view of 0° Single -side taper with
Poisson’s Ratio 0.3 0.12 taper ratio 3
Young’s modulus 206 GPa 35GPa

Fig -4: 3D model and top view of 0° Double -side taper

with taper ratio 1
Fig -1: 3D model and top view of 0° Single -side taper with

taper ratio 1
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Fig -5: 3D model and top view of 0° Double -side taper
with taper ratio 2

Fig -6: 3D model and top view of 0° Double -side taper
with taper ratio 3

3.3 Meshing

Meshing is the process of dividing a complex object into
smaller, simpler parts called elements, enabling engineers to
analyze how the object behaves under various conditions. A
mesh size of 50 mm with a shape of hexahedron and
adaptive sizing of meshing type for both steel and concrete
has been utilized in the finite element simulation. The
element type used for both steel and concrete is SOLID 186.
Figure 7 shows the meshing of CFST column.

3.4 Loading and Boundary Condition

The boundary conditions are crucial in Finite Element
Analysis (FEA) because they directly influence the accuracy
and realism of the simulation results. They represent the
physical constraints and interactions that a structure or
system experiences in the real world, ensuring that the
model behaves as expected under various loading and

environmental conditions. Without proper boundary
conditions, the model would lack the necessary restraints or
forces, leading to unrealistic or meaningless results. In this
study, the boundary condition is both ends are hinged
support, in which each end of the member, movement in all
directions (X, Y and Z) is prevented, so the ends cannot slide
or lift, but the member is free to rotate at those points and
axially loading was considered.

|

Fig -7: Meshing of CFST column

[A] support

['E] load

Fig -8: Application of boundary conditions

4. RESULTS AND DISCUSSIONS

4.1 Comparative Study of Rectangular CFST Column
with 0° Single-Side (SS) and Double-Side (DS) Taper
with Taper Ratio 1, 2 and 3

A comparative study of 0° single-side and double-side taper
CFST column with varying taper ratios under axial loading
was done. In this study, models of 0° with taper ratios
ranging from 1 to 3 with width of top section of column was
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160 mm for all models and width of bottom section of 160
mm, 320 mm and 480 mm was considered for both single-
side and double-side taper. The thickness of steel tube wall
of 2.92 mm and the height of CFST column of 1386 mm for
all models was also considered.

Total Deformation represents the overall displacement
experienced by a structure due to applied loads. Total
deformation of 0° SS and DS taper CFST columns are shown
in Figures 9 and 10 respectively.

Equivalent Plastic Strain quantifies the accumulated
irreversible deformation in a material due to plastic loading
and Equivalent von Mises Stress is a scalar value derived
from the stress tensor at a point. The von Mises yield
criterion is a commonly applied approach to determine the
onset of yielding in ductile materials subjected to complex
loading. In this study, the effective CFST column was
obtained as 0° Double-side taper CFST column with taper
ratio 3. The equivalent plastic strain and equivalent von-
misses stress was presented in Figures 11 and 12
respectively.

Table 2 illustrates the displacement values at peak load for
each model, as obtained from Finite Element Analysis (FEA).
Chart 1 depicts the Load-deflection behavior of 0° SS & DS
tapered rectangular CFST column, providing insights into
their deformation patterns under applied loads.
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Total Deformation Total Deformaton

Type: Total Deformation 2024R2 O Deformation 2024R2
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Time: 15 Time: 15
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37601 37601
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Fig -9: Total Deformation of 0° Single-side taper CFST
column with taper ratio 1,2,3
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Fig -10: Total Deformation of 0° Double-side taper CFST
column with taper ratio 1,2,3
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Fig -11: Equivalent plastic strain of 0° Double-side taper
CFST column with taper ratio 3

F:0D D3 Ansys
Equivalent Stress

Type: Equivalent {von-Mises) Stress 2024R2
Unit MPa STUDENT

Time: 15

A

Fig -12: Equivalent von-misses stress of 0° Double-side
taper CFST column with taper ratio 3
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Table -2: FE Analysis Results of 0° SS & DS taper CFST

columns
Type of Model Taper Results
column name ratio Load Deformation
(kN) (mm)
Single- 0°SS-1 1.0 2272.2 8.0330
side (SS) [gogs_2 | 20 | 23973 13.422
taper
0°SS-3 3.0 2508.1 15.245
Double- 0°DS-1 1.0 2272.2 8.0333
side(DS) | gops_2 | 20 | 25254 13.811
taper
0°DS-3 3.0 2615.4 13.088

3000

2500 / —-

-~ —("88-1
2000 ‘o

/ 0°88-2

1500 0°88-3
0°DS-1

~—(°D§-2

500 0°D§-3

LOAD (kN)
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DEFLECTION (mm)

Chart -1: Load v/s deflection curve of 0° SS & DS taper
CFST column

In Single-Side Tapered (SS) CFST columns, increasing the
taper ratio from 1 to 3 results in deflection rising from 8.03
mm to 15.24 mm, while axial load capacity improves from
2272.4 kN to 2508.3 kN. This increase in taper enhances
axial strength by promoting more favorable stress
distribution along the column but reduces stiffness, leading
to greater lateral displacement. Conversely, Double-Side
Tapered (DS) columns exhibit a moderate increase in
deflection from 8.03 mm to 13.08 mm and a higher load
capacity gain, reaching 2615.4 kN. The symmetric tapering in
DS columns ensures better load path continuity and reduces
stress concentrations, thereby improving stiffness and
overall structural stability compared to SS columns.

5. CONCLUSION

The load-carrying capacity of rectangular tapered CFST
columns was enhanced by increasing the taper ratio in
double-side taper conditions. These rectangular CFST
columns were tested under axial loading conditions by
varying parameter of taper ratio.

The key conclusions drawn from the analysis are:

e Double Side Tapered (DS) columns exhibits higher load
bearing capacity compared to Single-Side Tapered (SS)

columns, because their symmetrical tapering from both
sides maintains a balanced cross-sectional profile along
their length, leading to uniform stiffness and improved
structural stability.

e Increasing the taper ratio in double-side tapered
rectangular concrete-filled steel tubular (CFST) columns
leads to a significant enhancement in theirload-carrying
capacity.

e The improved performance is attributed to better
confinement of the concrete core and optimized stress
distribution along the column length, which delays local
buckling and increases axial strength.
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