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Abstract

Concrete-Filled Steel Tubular (CFST) columns combine a steel tube and concrete core to form a composite
structure with enhanced strength, ductility, stiffness, and buckling resistance through mutual confinement. L-
shaped CFST columns have gained significant attention in the construction industry due to their high axial load
capacity, efficient space utilization, and superior structural performance with a high strength-to-weight ratio. These
columns provide greater strength and stiffness compared to conventional CFST sections. While experimental
research has extensively covered circular and rectangular CFST columns, comprehensive studies on L-shaped
CFST columns under axial compression is still limited. This study examines the compressive behavior of L-shaped
CFST columns having different sections by testing investigations. The ultimate capacity, deformation, and failure
modes were investigated. A total of nine LCFST specimens with a steel tube thickness of 1.63 mm and heights of
300 mm, 375 mm, and 450 mm, were subjected to concentric loading. Each set has three specimens to measure
the axial capacity accurately. The compressive strength of concrete and yield strength of steel were 36 MPa and
272 MPa, respectively. From the experimental investigation, it was found that the ultimate capacity of the each
specimen of each set gives reasonably uniform results which means the accuracy of testing.
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1 Introduction

Concrete-Filled Steel Tubular (CFST) columns are widely used in critical structures such as bridges, high-rise
buildings, and subway platforms (Lei et al., 2024; Ahmed et al., 2023; Utkarsh et al., 2024), combining steel and
concrete to enhance strength, ductility and stability (Yang et al., 2022; Zheng et al., 2020). In CFST columns, the
infilled concrete core resists inward local buckling of the outer steel tube, while the steel confines the concrete to
prevent the crashing of concrete (Du et al., 2019). Now a days, the experimental and numerical investigations are
quite high for the circular and rectangular CFST columns under compression (Li et al., 2021; Guo et al., 2020;
Hassan et al., 2023; Ahmed et al., 2025). But the research on L-shaped CFST columns is very limited. L-shaped
CFST sections perform well for building corners. Recently, L-shaped CFST columns were used in 109-story, 528
m (1,732 ft) Zun tower constructed by China in 2018. This is the tallest building in the city. The size of the columns
was 900-1200 mm and the height of the column was three time of the section. The steel tube thickness is used as
20 mm (Liu et al., 2016). Although, the practical application got high attention for L shaped CFST columns, but
research on unstiffened hollow configurations without confinement devices remains limited (Shen et al., 2013).
Therefore, there is a scope to investigate the structural behaviour of L-shaped CFST columns. In the recent study,
experimentally investigates nine L-shaped CFST stub columns with varying heights. The concrete compressive
strength was determined as 36 MPa and the yield strength of steel was measured as 272 MPa. The compressive
behaviour of the columns was investigated and the deformation and the failure modes were also examined. From
the experimental analysis, it was found that the ultimate capacity of the columns was 299, 1000 and 1200 kN for
different sizes of columns. The initial stiffness and the ductility behaviour of the tested columns were also
investigated and found that the columns show ductile behaviour.

497


mailto:mdminajul2019@gmail.com
mailto:alnayem100@gmail.com
mailto:bulbul@ce.ruet.ac.bd
mailto:bulbul@ce.ruet.ac.bd

M. M. Islam, A. A. Nayeem & B. Ahmed
ICCEI 2025

2 Experimental Analysis

2.1 CFST Specimens Preparation

In the present study, a total of nine L-shaped CFST stub columns were fabricated with the carbon steel. Three
different sizes of columns were designed including 100-, 150- and 180-mm depth, where the width of the column
was 50, 75 and 90 mm. The thickness of the steel tube was as 1.63 mm. Depth-to-thickness ratio varied from 230
to 280. The schematic view of the specimen is shown in Figure 1. The details of the specimens are demonstrated

in Table 1.
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Figure 1: Schematic view of LCFST columns section.

Table 1: Details of the LCFST columns.

Depth, Width, Thickness, L/D D/t Length, fe fy
D (mm) B (mm) t (mm) L (mm) (MPa) (MPa)
100 50 1.63 3 184.049 300 36 272
150 75 1.63 25 230.061 375 36 272
180 90 1.63 25 276.74 450 36 272
200 100 1.63 2.75 337.423 550 36 272

2.2 Concrete Properties

Compressive strength of the Concrete was determined from the standard test. The mix design has been performed
to make 40 MPa concrete using a standard proportion of 1:1.5:3 for cement, sand, and coarse aggregate
respectively according to ACI code for the LCFST columns. The design was based on standard cylinder
dimensions, with a height of 300 mm and a diameter of 150 mm. A water-cement (W/C) ratio of 0.45 was
maintained to ensure an optimal balance between workability and strength. 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 the compressive strength of samples was measured at 36.45 MPa, 42.70 MPa, and 38.01 MPa, respectively.
The average compressive strength of concrete was 39 MPa and the modulus of elasticity was 29,400 MPa. The
testing procedure and the failure modes of the concrete cylinder is presented in Figure 2.

Figure 2. Test of concrete cylinder.

2.2 Steel Properties

According to ASTM E8 codes, the specimens were cut from mild steel material. The yield strength of the
specimens was tested under computer controlled UTM to record the load and deformation. The yield stress (f,),
and the stress-strain curve was generated by the computer. The testing procedure and the testing of the specimen
is depicted in Figure 3. Stress-strain curve for the three samples and the average stress-strain curve is plotted and
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demonstrated in Figure 4. From the figure it is noticed that the yield stress and ultimate stress are 272 and 336
respectively.

Figure 3. Preparation of steel coupon.
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Figure 4. Stress- strain curves.

2.3 Preparation and testing of LCFST columns

A total of nine specimens were fabricated in the laboratory. Each set has three specimens having similar geometric
dimensions as demonstrated in Figure 6. After having the compressive strength of concrete, the LCFST columns
were casted with that concrete and kept 24 hours for hardening. After 24 hours, the prepared sample were cured
for 28 days in a pond in front of the Civil Engineering Department of Rajshahi University of Engineering &
Technology as presented in Figure 7.
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Figure 5. Fabricated LCFTS columns using carbon steel.

Figure 6. Sample Preparation and curing.

The experimental setup for testing the L-shaped CFST 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
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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.

' Load line

Steel tube
Transverse
strain gauge
LVDT
Specimen /f T

I Concrete core

3 Results and Discussions

3.1 Comparison of Test Results

From the experimental analysis the load versus axial deformation (Nu—d) curves of three sets of LCFST columns
are presented in Figure 8. In figure 8(a), it is noticed that the ultimate capacity and the initial stiffness are quite
similar which indicates the accuracy of the test. The ultimate capacity is 397 kN, 389 kN, 429 kN for sample I, Il,
111 and the average value is 405 kN.

Longitudinal
strain gauge

Transverse
strain gauge

2 LVDTs of
10 mm

2 LVDTs of
25 mm

Schematic view Test set up

Figure 7. Test set up for LCFST columns.
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Figure 8. Full range curves of LCFST Specimen.

The axial capacity of the 150 mm depth columns is 722 kN, 813.2 kN, 837 kN respectively for sample I, Il, 111 and
the average capacity is as 790 kN. The ultimate capacity for third specimen is quite higher compared to first
specimen which is still reasonably acceptable. The ultimate capacity of sample CFST-180-1.63-110.43 is 1069.40
kN, 1099.61 kN, 1045.67 kN respectively for sample I, 11, 11 which is presented in Figure 8(c). The variation of
load capacity in Figure:-(a), (b), (c) is 2%, 3%, 2.82%, respectively which is reasonably acceptable. In figure 8(a),
the stiffness of the three curves is more or less similar, but the ultimate load capacity of sample-I11 differs from
samples | and Il. The softening behavior of samples Il and 111 is similar and differs from sample I. In figure 8(b),
stiffness, ultimate load capacity, and softening are more or less similar for samples Il and 11, but both ultimate
capacity and softening differ from sample 1. In figure 8(c), stiffness is similar in samples Il and 111 but slightly less
in sample 1. Softening is similar in samples | and 111 but slightly less in sample 1, while ultimate capacities are
almost same for three curves. It is worth noting that the axial capacity, initial stiffens and the softening behaviour
of all curves are quite similar that make the confidence to the experimental results.

3.2 Failure Modes

The failure modes of the specimens were also observed noticed the local buckling of the columns as illustrated in
Figure 9. For all the specimens, the local buckling has been occurred at mid-span of the columns which is expected.
The degree of local buckling gradually decreased to the upper and lower end.

Local Buckling

Figure 9. Observations of failure modes

4 Conclusions

Test data was obtained for three types of specimens and all three showed uniform results in performance. The
results showed similar structural behavior across all specimens, with closely matched load-deflection responses,
failure modes, and ultimate capacities. The structural behavior of L-shaped CFST stub columns was successfully
analyzed with experimental testing.
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