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ABSTRACT

FWSCT (FRP Wrapped Steel Corrugated Tube) is a new tube structure composed
of the FRP (Fiber-Reinforced Polymer) material and the steel corrugated tube. The steel
corrugated features inner ribs to improve bonding and to efficiently transfer the axial force
between the concrete core and the FRP layers, and the fibers in FRP layers can be
arranged in any direction depending on the desired designed strength. The using
FWSCT in the SRC columns are to inhibit the concrete spalling in accordance with the
expected flexural failure and remain the axial toughness of the SRC columns at a high
lateral displacement. This paper introduces an experimental program to investigate the
seismic performance of FWSCT-jacketed square SRC (Steel Reinforced Concrete)
columns under axial and lateral loads.

1. INTRODUCTION

Steel-reinforced concrete (SRC) columns have been extensively adopted in the
construction of high-rise buildings to avoid possessing a very large column section due
to high axial compression force from the superstructure. SRC composite columns are
composed of a steel section encased in the concrete. ANSI/AISC 360-22 (2022) also
requires the encased composite member to have additional longitudinal bars and lateral
ties or spirals. It proves that the surrounding concrete protects the steel section from local
buckling, with the result that the strength of the steel section can be completely
developed, providing high axial load-carrying capacity, stiffness, and ductility for the SRC
columns. However, this required high volumetric ratio of the lateral and longitudinal
reinforcement bars brought complexity in the concrete casting issue making the
construction impractical. To eliminate these difficulties, using Fiber-reinforced polymer
(FRP) as the lateral confinement can be one of the solutions.

1 Assistant Professor
2) Graduate Student


mailto:lee.cs@nuu.edu.tw
토니나무
Sticky Note


The 2025 World Congress on
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

In recent years, a relatively new hybrid confinement tube, FRP-wrapped steel
corrugated tube (FWSCT), has been developed by Chou et al. (2018) to effectively
facilitate the complexity in the construction. The FWSCT is a hybrid confinement tube
composed of FRP layers wrapped on the outer surface of a steel corrugated tube. The
steel corrugated tube also features inner ribs to improve bonding and to efficiently
transmit the axial force from the concrete core to the FRP layers. Lee and Asshidigie
(2024) conducted cyclic loading tests of four FWSCT-jacketed circular SRC columns.
The experimental results validated that using FWSCT can effectively reduce the amount
of lateral steel hoops in the circular SRC columns. Fig.1 illustrates the teste specimens
and the configuration of the FWSCT-jacketed circular SRC columns of Lee and
Asshidigie’s tests.

To investigate the efficacy of FWSCT in the square SRC columns, an experimental
program supported by National Science and Technology Council of Taiwan (NSTC 113-
2625-M-002-007) is conducted. The primary aim of the experimental program is to
evaluate the confinement efficiency and structural enhancement provided by the FWSCT
jacket in the square SRC columns, compared to the previous test results of the FWSCT-
jacketed circular SRC columns.
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Fig.1 FWSCT-jacketed circular SRC columns

2. EXPERIMENTAL PROGRAM OF SQUARE COLUMN SPECIMENS
2.1 Square FWSCT

The FWSCT is a thin-walled tubular component formed by wrapping FRP around
a square steel corrugated tube, featuring advantages such as light weight, high strength,
and design flexibility. It can be applied to beam and column members to provide
confinement effects in plastic hinge zones and enhance shear strength, as well as to
prevent buckling of longitudinal reinforcement in compressed sections. In this study, the
manufacturer was commissioned to fabricate three FWSCTs by wrapping FRP around
square corrugated steel tubes (height 2000 mm, width 350 mm, thickness 0.8 mm,
corrugation depth 5 mm) using the wet lay-up method. The single-layer thickness of the
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applied carbon fiber CFRP is 0.29 mm, with a modulus of elasticity (Ef) of 92.5 GPa,
while the single-layer thickness of the glass fiber GFRP is 0.93 mm, with Ef = 24.8 GPa.
Fig. 2 shows the three finished square-section FWSCTSs.

Fig. 2 Square-section FWSCTs

2.2 Specimen details

The test specimens included columns and upper and lower foundations, with a total
height of 347 cm. The column itself was 206 cm high, excluding the thickness of the
FWSCT, and had a square cross-section measuring 35 x 35 cm. The column contains
an W-shaped steel section WF150x150x7x10, made of CNS SN400YB/S material. In
addition, eight D16 longitudinal rebars are arranged within the column cross-section. The
proposed square specimens are confined externally using various GFRP and CFRP
layers wrapped around a corrugated steel tube. Four column specimens are fabricated:
the unjacketed specimen (SRC-As Built), the 2-layer GFRP jacket (SRC-2G90-S), the 6-
layer GFRP jacket (SRC-6G90-S), and the hybrid jacket combining 6 layers of GFRP
with 2 layers of CFRP in the axial direction (SRC-6G90-2C00-S).

According to the design code ANSI/AISC 360-22, the standard SRC column
specimen (SRC-As Built) is reinforced in the upper and lower 480 mm plastic zones of
the column with D-13 hoops spaced at 80 mm, while the spacing of hoops in the middle
section of the column is 150 mm. In the other three FWSCT-jacketed SRC column
specimens, only four transverse stirrups were installed inside, spaced at 400 mm, serving
to secure the longitudinal rebars. In addition, in the SRC-3C00-10G90 specimen, the
longitudinal reinforcement is discontinuous at the mid-height of the column. At the
junctions between the FWSCT-wrapped SRC column and its upper and lower
foundations, a 3 cm unwrapped gap is left to prevent the FWSCT from being compressed
against the foundation surface during column deformation. The design strength of the
concrete used for the specimens is 27.6 MPa. Fig. 3 shows the reinforcement layout and
cross-sectional diagrams for the SRC-As Built and SRC-6G90-2C00-S specimens.

2.3 Test Methods
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These experiments will be conducted at the National Center for Research on
Earthquake Engineering (NCREE), using the Multi-Axial Testing System (MATS). After
applying an axial load of 800 kN to the specimen, cyclic lateral loading tests will be
performed under displacement control. The lateral loading protocol consists of two cycles
at 0.25% and 0.375% lateral displacement, three cycles each at 0.5%, 0.75%, 1%, and
1.5% lateral displacement, and three cycles each at 2%, 3%, and 4% and more. The
lateral displacement is increased by 1% for each subsequent loading stage, until
significant damage occurred in the specimen or the axial load capacity was reduced by
more than 50%. Strain gauges will be installed on the steel core, on the outermost
longitudinal bars at both the tension and compression faces, and on the surface of the
FWSCT, specifically in the plastic hinge region and at the 1/4 and 1/2 column heights for
each specimen. Additionally, on the side of the FWSCT, lateral displacement
measurements are recorded at 20 cm height intervals using a motion capture system.
Fig. 4 shows the test setup.
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Fig. 3 Reinforcement details

3. CONCLUSIONS

This study used W-shaped steel to design three FWSCT-wrapped square SRC
column specimens (35 cm x 35 cm, 200 cm in height), as well as one traditional square
SRC column specimen as a control group. This serves to verify the feasibility of using
FWSCT to reduce the required amount of transverse confinement reinforcement in
traditional square SRC columns. This study will observe the lateral strength and
deformation capacity of FWSCT-confined SRC square columns under cyclic lateral
loading and compare the results with those of the control specimens. On the other hand,
the effects of second-order actions under high lateral displacement and high axial loads
on the specimens, as well as their failure mechanisms, will be observed. Another aspect
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of this study will integrate the material behavior of composite materials, corrugated steel
tubes, confined concrete, transverse stirrups, longitudinal reinforcement, and the steel
section within SRC square columns to analyze the confinement effect of FWSCT-
wrapped SRC square sections. Furthermore, the study will develop the mechanical
constitutive relationship for "FWSCT-jacketed SRC square columns"” under lateral
loading, enabling the axial stress-strain relationship of square sections, which will serve
as a basis for design.

The funding of the National Science and Technology Council of Taiwan (NSTC 113-
2625-M-002-007) for this research project is gratefully acknowledged.
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Fig. 4 Test setup
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