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Abstract

This paper presents a numerical study on the compressive behaviour of Circular Concrete-Filled Double-Skin
Steel Tubular (CFDSST) columns featuring a discontinuous stainless steel outer tube and a continuous carbon
steel inner tube and sandwiched concrete. The discontinuous stainless steel outer tube contributes to delayed
local buckling, thereby improving the load-bearing capacity, ductility, and energy dissipation of CFDSST
columns compared to conventional Concrete-Filled Tubular (CFT) columns, owing to the enhanced confinement
it provides to the concrete core. While CFDSST columns exhibit notable structural advantages, their compressive
behaviour remains insufficiently investigated and requires further in-depth study. To address this gap, a
comprehensive Finite Element (FE) model was developed using ABAQUS, incorporating both material and
geometric nonlinearities. The FE model was validated against available test results in terms of load displacement
behaviour, peak load and failure modes. Subsequently, a small-scale parametric study was conducted to
investigate the compressive behaviour of short CFDSST columns considering a small range of geometric,
material. It was observed that variations in the thickness of the outer and inner steel tubes resulted in different
load-bearing capacities. Additionally, the yield strengths of both the concrete and steel materials produced
distinct post-peak responses, reflecting their differing roles in the overall structural performance.
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1 Introduction

Composite columns are popular for being efficient alternatives to conventional reinforced concrete (RC) columns.
In civil engineering, Concrete-Filled Steel Tube (CFST) columns were widely adopted for various purposes due
to their high strength, ductility, and fire resistance. In CFSTs, the outer steel tube confines the core concrete,
delaying buckling and enhancing load capacity, with circular sections usually offering superior confinement
compared to rectangular ones (Abed et al., 2013; Ibafiez et al., 2018). To further improve strength and stability,
Concrete-Filled Double Tube (CFDT) columns were introduced with the inner steel tube filled with concrete.
However, their excessive weight and cost due to the large concrete volume limited practical applications (Ci, et
al., 2021).

To overcome these limitation, Concrete-Filled Double-Skin Steel Tubular (CFDST) columns were developed by
removing the inner concrete, which reduced self-weight while maintaining strength and ductility.(Pagoulatou et
al., 2014; Vernardos and Gantes, 2019). In modern times, advancements led to Concrete-Filled Double-Skin
Stainless Steel Tubular (CFDSST) columns, where stainless steel were used for the outer tube to provide superior
corrosion resistance, ductility, and fire performance (Hassanein et al., 2013). Despite these advantages, existing
studies remain limited to small-scale tests or simplified FE models, with little focus on realistic loading, long-term
effects, and fire or seismic conditions. To address this gap, a Finite Element (FE) model was developed and
validated in this study. Then, the compressive behaviour of the CFDSST columns were numerically assessed by
conducting a parametric study varying the geometric and material configurations of the columns.

2 Formation of the Finite Element (FE) Model

Zhao et al. (2024) conducted axial compression tests on 19 circular discontinuous CFST stub columns. Each
column consisted of an outer stainless-steel tube, an inner carbon steel tube and a concrete core sandwiched
between them. A 10 mm-wide slit was incorporated with 30 mm carbon steel extending from each end of the end
plates. The geometric properties and material specifications of the columns are summarized in Table 1. Austenitic
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stainless steel was used for the outer tubes and Q235 steel was used for inner tubes. The stub columns were
subjected to monotonic axial compression with displacement-controlled loading.

Table 1: Geometric and Material Properties of the Tested Columns

. Geometric Specifications Concrete Steel (Q235/Stainless Steel)
Specimen H Dixt; feu fouk Fy (fo.2)

Label (mm) Doxt, (mm) (mm) (MPa) (MPa) (MPa) fu(MPa) Es(GPa)
SS6-50-80 500 168x6 80x4 50 66.4 300/320  394/404  202/188
SS6-50-95 500 168x6 95x4 50 66.4 300/320  394/404  202/188
SS6-50-108 500 168x6 108x4 50 66.4 300/320  394/404  202/188
SS6-40-80 500 168x6 80x4 40 52.3 300/320  394/404  202/188
SS8-50-80 500 168x8 80x4 50 66.4 300/320  394/404  202/188
SS510-50-80 500 168x10 80x4 50 66.4 300/320  394/404  202/188

Notes: H is the overall height of the column, Do, to, Dj, ti are the diameter and thickness of the outer tube and inner tube. The
concrete cubes’ compressive strength feuk. Fy is the average yield strength of each type of steel (fo.2 applies to the stainless
steel), fu is the steel’s ultimate strength and Es is the Young’s Modulus.

2.1 Element Type and Size

A three dimensional (3D) nonlinear FE model of the discontinuous CFDSST columns were developed using
ABAQUS (Systémes, 2020). The experimental columns (see Table 1) were replicated in the simulation. Each of
the models consisted of five primary components: an inner carbon steel tube, an outer stainless-steel tube, sandwich
concrete between them and two stainless steel column capitals. All parts were modeled using 8 node linear brick
element with reduced integration (C3D8R). Each part was meshed using 5 distinct element sizes and the
corresponding peak loads were extracted. All parts were assembled following the exact experimental setup of Zhao
et al. (2024) as shown in Figure 1.

Column
Capital
Top

Outer Tube Sandwich Concrete Inner Tube Assembly of parts

Figure 1:Assembled column with mesh in FE model

2.2 Material Models

The stress-strain behaviour of the sandwiched concrete was captured using the constitutive material model
proposed by Tao et al. (2013). The nonlinear behaviour, having both plasticity and confinement effects due to the
outer and inner steel tubes, was simulated in ABAQUS through the Concrete Damage Plasticity (CDP) model. The
primary material parameters governing the CDP model and their adopted values for the study were: the dilation
angle (y=20°), the ratio of biaxial to uniaxial compressive strength (fuo/fc’=1.16), the ratio of the second stress
invariant on the tensile meridian to that on the compressive meridian (K.=0.725), eccentricity (e=0.1), viscosity
parameter 0.0001 and fracture energy (Gg=0.096 N/m).

The stress-strain relationship of the carbon steel material was simulated using elastic-plastic model with linear
hardening also proposed by Tao et al. (2013). Additionally, the nonlinear behaviour of the outer stainless steel tube
confining the concrete was incorporated into the models by the stress-strain relationship proposed by Ramberg and
Osgood (1943). Equation 1 was applied up to the yield stress g, ,, While equation 2 (Rasmussen, 2003), was used
for higher stress levels.
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where E is the Young’s Modulus; g, , is the yield stress; €, is the total strain at g, stress; o, is the ultimate

strength; g, is the corresponding total strain; n = ll"((fooz)) where g, is the 0.01% proof stress; E,, = ﬁ;
n . . n—
0.2

70.01

m=1+3522
Oy

2.3 Surface Interactions, Loading and Support Conditions

To simulate the interactions between the surface pairs, the Coulomb friction model was used with hard contact to
represent normal behaviour. A sensitivity analysis of frictional coefficient was performed considering a range of
coefficient values and extracting the peak loads. Among them, frictional coefficient of 0.8 provided the most
accurate peak load value. In FE model, four surface to surface interactions were created between steel and concrete
surfaces which are (a) column capital top to concrete, (b) column capital bottom to concrete, (c) outer tube to
concrete, and (d) inner tube to concrete. A vertical downward displacement of 60 mm was applied while the lateral
displacements were restrained on the top of the column (Ux = 0, Uy = -60, U, = 0). Three rotational degrees of
freedom were unconstrained (URy # 0, URy # 0, UR; # 0). At the bottom surface of the column, pin condition was
applied by fully restraining transitional movements while permitting free rotation about all axes (Ux =0, Uy = 0,
U, =0, URx#0, URy # 0, UR; # 0).

3 Validation of FE Model

To ensure accuracy and reliability, the developed FE models were validated in three steps. Firstly, the axial load
vs displacement curves generated by the FE models were compared with that of the experimental results from Zhao
et al. (2024), as shown in Figure 2. This comparison evaluated the performance of the developed FE model by
predicting the initial stiffness, peak strength and post-peak response of 6 column specimens: SS6-50-95, SS8-50-
80, SS6-40-80, SS10-50-80, SS6-50-80, SS6-50-108. The post-peak behaviour captured by the FE model closely
replicated the experimental results. The buckling and the failure pattern of the FE model were further compared
with the experimental specimen of Zhao et al. (2024) as shown in Figure 3. The SS6-50-95 specimen exhibited a
failure pattern consistent with the experimental results. In particular, the comparison showed that the local buckling
of the outer steel in the FE model resembled that of the experimental specimen. Additionally, the crushing of the
concrete and inward buckling of the inner tube were consistent with the damage plot obtained from the FE
simulation. Finally, the peak axial strengths obtained from the FE simulations were also compared with the test
results from Zhao et al. (2024).

Table 2 shows all the test and FE predicted results, where Pee denotes the FE predicted peak loads and Pexp denotes
experimental peak loads. It was observed that the FE analysis yielded a mean predicted-to-experimental strength
ratio of 0.99 and a coefficient of variation (COV) of 3.8%.
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Figure 2: FE Model Validation (load—displacement comparison)
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(a) Outer Stainless Steel Tube (b) Sandwiched Concrete (c) Inner Carbon Steel Tube
Figure 3: Comparison of damage prediction by test and FE simulation of SS6-50-95

Table 2: Peak Load Comparison (Test vs. FE simulation)

. Experimental peak FE simulated . Standard
Specimen load (kN) peak load (kN) Ratio (Pre/Pexe) Mean Deviation
S556-50-95 1966.67 1962.19 0.99
S556-40-80 2043.48 1956.25 0.96
SS6-50-108 1857.14 1851.99 0.99 0.99 0.04
SS8-50-80 2265.28 2415.51 1.07
SS10-50-80 2575.26 2616.22 1.02
S56-50-80 2123.81 2032.02 0.96

4 Parametric Study

A parametric study was performed to examine the compressive behaviour of the discontinuous CFDSST stub
columns over a range of geometric and material configurations. In each case, one parameter was altered while all
the remaining parameters were kept constant. A summary of the various parameters is listed in the Table 3.

4.1 Variation in thickness of outer steel tube

The outer steel tube thickness was varied to investigate the influence of the compressive behaviour of the
discontinuous CFDSST stub column. When the thickness was increased from 6 mm to 8 mm, it was observed that
the peak (refer to Figure 4(a)) increased by 14.74%. At large axial shortening, the post peak dropped. However,
when the thickness was decreased from 6 mm to 4 mm, it was observed that the load capacity declined by 15.61%
affirming that the lower the thickness, the less the confining effect and hence the strength.
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Table 3: Summary of Parameter Variations

Parameter

Column designation

Thickness of outer
tube

SD160T8-d80t4-SS320-CS300-C50
SD160T6-d80t4-SS320-CS300-C50
SD160T4-d80t4-SS320-CS300-C50

Thickness of inner
tube

SD160T6-d80t6-SS320-CS300-C50
SD160T6-d80t4-SS320-CS300-C50
SD160T6-d80t3-SS320-CS300-C50

Yield stress of inner
carbon steel tube

SD160T6-d80t4-SS320-CS690-C50
SD160T6-d80t4-SS320-CS300-C50
SD160T6-d80t4-SS320-CS450-C50

Compressive
strength of
sandwich concrete

SD160T6-d80t4-SS320-CS300-C35
SD160T6-d80t4-SS320-CS300-C50
SD160T6-d80t4-SS320-CS300-C75

ICCEI 2025
Outer Inner Steel Inner Steel
Steel Tube Tube yield Concrete
strength
Do X to Di X ti strength (MPa)
(mm) (mm) (MPa)
160x8
160x6 80x4 300 50
160x4
80x6
160x6 80x4 300 50
80x3
690
160x6 80x4 300 50
450
35
160x6 80x4 300 50
75

Notes: S-Stub columns, D-outer tube diameter, T-outer tube thickness, d-inner tube diameter, t-inner tube thickness, SS-

stainless steel, CS- carbon steel, C-concrete
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(a) Effect of thickness of outer stainless-steel tube.
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(c) Effect of yield strength of inner carbon steel tube.
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(b) Effect of thickness of inner carbon steel tube.
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(d) Effect of compressive strength of sandwich concrete.

Figure 4. Parametric study (load vs displacement curves)

4.2 Variation in thickness of inner steel tube
Figure 4(b) shows the influence of varying the inner steel tube thickness on the axial load—displacement behaviour
of the columns. The control configuration was adopted to have 4 mm thickness. As the thickness was increased to
6 mm, a 7.5% improvement in peak load capacity was observed whereas, thickness reduced to 3 mm resulted in a
3.57% reduction in peak load capacity. This trend can be attributed to the confinement effect provided by the inner
steel tube, where increased thickness enhanced the axial load resistance, while reduced thickness weakened the
confinement and consequently lowered the peak capacity.
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4.3 Variation in inner carbon steel tube’s yield strength

Variations in the yield strength of inner carbon steel tube generated load-displacement response curves shown in
Figure 4(c). Increasing the yield strength from 300 MPa to 450 MPa resulted in a 7.8% increase in peak load. An
additional 11.3% increase in peak-load was observed when the yield strength was raised to 690 MPa. The post-
peak behaviour demonstrated a steeper drop for columns with higher yield strengths due to reduced ductility and
localized buckling. In contrast, columns with lower yield strength steel exhibited greater ductility, leading to a
more gradual post-peak decline. Therefore, higher yield strength in the carbon steel enhanced the load-bearing
capacity, but ultimately resulted in a more brittle failure mode.

4.4 Variation in cube strength of sandwich concrete

The sandwiched concrete cube strength was increased from 35 MPa to 50 MPa which lead to a 10.4% rise in peak
load (shown in Figure 4(d)). Further enhancement to 75 MPa led to an additional 14.9% increase, reaching a peak
load of 2162.10 kN. The post-peak behaviour exhibited a gradual decline in axial load, indicating a ductile failure
mode. In summary, higher-strength concrete improved load transfer, stiffness, and confinement, thereby enhancing
the compressive performance and energy absorption capacity of the columns.

5 Conclusions

This study investigates the compressive behaviour of CFDSST columns, showing that the discontinuous stainless
steel outer tube enhances load-bearing capacity, ductility, and energy dissipation compared to conventional CFT
columns. The FE model validation yielded a mean predicted-to-experimental strength ratio of 0.99, with a
coefficient of variation (COV) of 3.8%. Parametric studies revealed that increasing the outer tube thickness from
6 mm to 8 mm resulted in a 14.74% increase in peak load, while decreasing it to 4 mm led to a 15.61% reduction
in load capacity. Increasing the inner steel tube thickness from 4 mm to 6 mm improved the peak load by 7.5%.
Additionally, enhancing the yield strength of the inner tube from 300 MPa to 690 MPa resulted in a 19.1% increase
in peak load. The study highlights that optimizing these parameters can significantly improve the performance of
CFDSST columns for more efficient and durable structural applications.
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