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Abstract

Concrete-filled steel tubular (CFST) columns offer combine advantages of steel and concrete which makes
improved load capacity, ductility, and fire resistance of the columns. Octagonal Concrete-Filled Steel Tubular
(OCFST) columns relatively uncommon geometry that provides both high confinement and flat connection
surfaces. This study presents the experimental investigations on the axial compressive behavior of Octagonal
Concrete-Filled Steel Tubular (OCFST) columns. Experimental tests were performed on OCFST specimens of
two sets having varying diameters (100 mm and 125 mm) with steel tube thickness of 1.60 mm and length-to-
diameter ratio (L/D) of 3. From the experimental analysis, the load—deformation curves, ultimate load capacities,
and failure modes are observed and analyzed. It is worth noting that the OCFST columns provides the higher
capacity and shows the ductile behavior of the column. The inward local buckling was also prevented by infilled
concrete.
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1 Introduction

Due to the excellent composite action and load bearing capacity of Concrete-Filled Steel Tubular (CFST) columns
are widely used in important structures such as long span bridges, high-rise buildings, subway platforms, bridge
piers, and other load-bearing structures (Ahmed et al., 2023; Utkarsh et al., 2023; Hassan et al., 2023; Lei et al.,
2024). The combine effect of steel and concrete enhances higher strength capacity, ductility and stability (Hassan
et al., 2022). In these applications, their main purpose is to withstand compressive forces. CFST columns provide
a cost-effective option for composite structural elements. The steel tube provides confinement to the concrete core,
delaying crushing of concrete, while the concrete core prevents inward buckling of the steel tube and increases
stiffness (Du et al., 2019).

(a) JR Yokohama Tower, Japan (b) Aga Khan Centre, London, UK

Figure 1. Application of OCFST columns in construction.
Therefore, the practical application CFST columns is increasing rapidly. On the other hand, the application of
OCFST columns is also using highly to carry higher load and aesthetic purpose. The octagonal profile offers a
compromise between confinement efficiency and flat faces for easier beam—column connections. For instances,
JR Yokohama Tower was constructed in Japan in 2020 using OCFST columns to cover the carriage way of the
office zone as depicted in depicted in Figure 1(a). The details of the geometry of the columns were as height-3400

381


mailto:bulbul@ce.ruet.ac.bd

M. H. Mahin, K. J. Hasan & B. Ahmed
ICCEI 2025

mm; width-640 mm and the outer steel tube thickness was 2.3 mm. The compressive strength of concrete and yield
strength of steel was 100 MPa and 760 MPa, respectively (The Tower Yokohama Kitanaka). Aga Khan Centre is
constructed in London, UK in 2018 with the OCFST long columns where the height and diameter of the columns
were 8000 mm and 920 mm, respectively (Khan, 2021). The outer steel tube thickness was 3 mm (as depicted in
Figure 1(b)). However, the past research focused on circular, square, and rectangular CFST columns extensively
and codified. Although, the practical application of OCFST columns increased, the research on OCFST columns
under compression is rarely touched in the past. Therefore, there is huge scope to do the research on the structural
behavior of OCFST columns under compression. This study performs experimental investigations of two sets of
OCFST columns with varying diameter and heights, concrete compressive strength 36 MPa, and steel yield
strength 272 MPa to evaluate compressive behavior, deformation, and failure modes.

2 Experimental Analysis

For the experimental investigation, a total of six Octagonal-shaped CFST stub columns were fabricated with the
carbon steel. Two different sizes of columns were designed including 100-, and 125-mm diameter. The thickness
of the steel tube was as 1.60 mm. Depth-to-thickness ratio varied from 62 to 78. The schematic view of the
specimen is shown in Figure 2. The details of the specimens are demonstrated in Table 1.

Figure 2. Schematic view of OCFST columns section.

Table 1: Details of the OCFST columns.

Diameter Thickness L/D D/t Length fe (MPa) fy (MPa)
D (mm) t (mm) L (mm)
100 1.60 3.0 62 300 36 272
125 1.60 3.0 78 375 36 272

2.1 Steel Properties

Tensile coupon tests are widely used in both research and industry to determine the material properties of metallic
materials. The specimens were cut from selected mild steel material according to ASTM E-8 code. The specimen's
dimensions were according to the specifications given in the currently being followed ASTM standard. The mild
steel coupon test was conducted by first measuring the gauge length of the dog-bone samples with a scale, followed
by measuring the specimen’s width, thickness using slide calipers and calculated the cross-sectional area. Then
the samples were placed in the computerized UTM and subjected to tensile stress, the loads were recorded at the
yield point. Stresses were calculated, including yield stress (f;), and the stress-strain curve was automatically

generated by the computer.

= < (c) Specimens after testing

(a) Coupon specimens ; :
(b) Testing of specimens

Figure 3. Specimen preparation and test of steel coupon.
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Figure 4. Stress- strain curves from coupon test.

During the coupon test conducted in the laboratory, the yield strength of the steel was determined for three samples.
The sample-i exhibited yield strength of 284 MPa, the sample-ii demonstrated a yield strength of 243 MPa, while
the sample-iii gave the result 268 MPa. Hence, the yield strength of steel was considered to be 272 MPa, providing
a representative value for the material under investigation, as shown in Figure 4.

2.2 Concrete Properties

In the present study, the concrete properties were determined from the laboratory test. The detail mix design was
proposed in trial-and-error method to make 40 MPa concrete. Mix proportion of 1:1.5:3 for cement, sand, and
coarse aggregate, respectively were fixed according to ACI code for the OCFST columns. A 150 mm x 300 mm
concrete cylinder were tested after 28 days curing period. Compressive strength tests of concrete cylinders
performed with Universal Testing Machine (UTM). A water-cement (W/C) ratio of 0.45 was maintained to ensure
an optimal balance between workability and strength. The details of preparation and testing of concrete cylinder
is shown in Figure 5.

Figure 5. Preparation and testing of concrete cylinder.

The concrete strength test was conducted in the laboratory, and the failure pattern of the cylinder was carefully
examined. Results showed failure in both the concrete and the bonding, which indicates casting was done properly
according to standard procedures and Table 2 shows the results of compressive strength test of samples after curing
in the water for 28 days. And the compressive strength for concrete was considered to be 36 MPa.

Table 2: Design consideration of compressive strength of concrete at 28 days.

No. of specimen DDla(r:ﬁ;c]e)r IL‘ e(nmgr;r; f< (MPa) E. (MPa)
1 150 300 36.45 228375.70

2 150 300 42.70 30712.26

3 150 300 30.01 25747.25
Average strength 36.00 28200.00

2.3 OCFST Specimens Preparation
Depending on the dimensions, thickness, and requirements, the steel tubes for CFST members are made by

bending, welding. A continuous tube is made by shaping the tubes into octagonal forms and then welding them
together longitudinally. The hollow octagonal shaped steel tubes are shown in Figure 6. On the other hand, Table
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3 is design consideration of OCFST specimen preparation. Then according to design concrete mix was poured
inside the tubes and compacted using tamping rod, then curing was done in water for about 28 days shown in the
Figure 7.

Table 3: Design consideration of CFST specimen preparation.

Diameter Width Thickness Length L/D D/t f' (MPa) fy (MPa)
D (mm) b (mm) t (mm) L (mm)
100 41.42 1.60 300 3 62 36 272
125 51.78 1.60 375 3 78 36 272

Figure 7. Specimen preparation of OCFST columns and curing.

2.4 Test Set-up

The experimental setup for testing the OCFST columns was carried out using a UTM with a maximum load
capacity of 1200 KN. During the test, the load was applied concentrically through the centroid of the specimen at
a constant rate of 10 KN per second, and readings were recorded at every 10 KN increment. To monitor the
deformation behavior of the columns, a total of four LVDTs were installed at the outer faces of the columns.

\ )
l Load line Longitudinal LVDT

! Steel tube

Concrete

Specimen

(a) Arrangement of LVDTs (b) Arrangements of strain gauges (c) Test setup

Figure 8. Test set up for OCFST columns.
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Figure 8 (a-b) shows the schematic view of the test setup for the experimental analysis and Figure 8 (c) represents
the specimen tested under UTM with a maximum load capacity of 1200 KN. To monitor the deformation behavior
of the columns, a total of four LVDTSs were installed.

3 Results and Discussions
3.1 Full range curves of columns

The load-deformation curves of OCFST columns are presented in this section as demonstrated in Figure 9. The
initial stiffness, ultimate capacity and the softening behaviour of three specimens of 100 mm diameter columns
give almost similar results. The ultimate capacity of the three columns of first set is 560 kN, 585 kN and 543 kN
and the average value is 563 kN. From the observation, it is noticed that three columns give similar results which
indicates the accuracy of the test. Similarly, the ultimate capacity of the three columns of second set is 827 kN,
920 kN and 873 kN and the average value is 874 kN which means the consistency of test results for high accuracy
of test. The details test results are presented in Table 4.

800 1200
D =100 mm; 1000 + D =125 mm;
—~ 600 t=1.60 mm; . t=1.60 mm;
Z f.' =36 MPa; Z g0 | f' =36 MPa;
~ fy= 272 MPa; ~ fy: 272 MPa;
= 400 = 600 |
= k=)
S S 400 |
—1 200 OCFST-100-1.60-1 | OCFST-125-1.60-1
OCFST-100-1.60-11 200 OCFST-125-1.60-11
OCFST-100-1.60-I11 OCFST-125-1.60-111
0 1 1 1 O 1 1 1
0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0
Deformation, ¢ (mm) Deformation, 6 (mm)
(a) OCFST-100-1.60 (b) OCFST-125-1.60
Figure 9. Full range curves of OCFST columns.
Table 4: Test results for both sets of OCFST columns.
Specimen 1D Length L (mm)  Diameter D Thickness L D fe fy Nu (test)
(mm) t (mm) D T (MP) (MP) kN
OCFST-100-1.60-1 300 100 1.59 3 61.35 36 272 560
OCFST-100-1.60-11 300 100 1.59 3 61.35 36 272 585
OCFST-100-1.60-111 300 100 1.59 3 61.35 36 272 543
OCFST-125-1.60-1 375 125 1.59 3 76.69 36 272 827
OCFST-125-1.60-11 375 125 1.59 3 76.69 36 272 920
OCFST-125-1.60-111 375 125 1.59 3 76.69 36 272 873

3.2 Failure Modes

Figure 10 illustrates the failure modes of OCFST specimens under axial compression. The local buckling of
specimens occurred at mid-span which is expected for compressive columns.

== cklj

Figure 10. Failure modes of OCFST columns.
From the results, it is noticed that local outward buckling of the steel tube near mid-height, with reduced buckling
intensity toward the ends. Some specimens exhibited buckling closer to the top end, possibly due to uneven casting
or welding imperfections, LVDT reading variations, or differences in casting compaction. Consequently, the above
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discussion is based on three types of curves and three corresponding failure modes. It is clear that the results of
specimen samples are more or less similar and their failure modes are also same type.

4 Conclusions

OCFST columns demonstrated high load-carrying capacity and ductility. The failure modes dominated by outward
local buckling of the steel tube. The inward buckling is resisted by the infilled concrete which helps to increases
the ductility of the columns. The initial stiffness, ultimate capacity and the strain softening behaviour shows very
good consistency for all three columns of each sets of specimens.
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