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Abstract 
 

Due to excellent ductility and corrosion resistance, cold-formed stainless-steel rectangular hollow structural 

sections (RHS) columns are increasingly being used in modern construction. Despite their growing application, 

limited research has addressed their seismic behavior under cyclic bending. This study presents a comprehensive 

numerical investigation into the nonlinear structural response of cold-formed stainless steel RHS columns 

subjected to uniaxial cyclic bending. A detailed three-dimensional finite element (FE) model was developed for 

rectangular hollow section (RHS) columns, incorporating both geometric and material nonlinearities. The model 

also accounted for enhanced material properties in the corner regions resulting from cold-forming effects. The 

model was validated against existing experimental data, demonstrating its ability to accurately replicate observed 

local buckling failure modes and capture the associated hysteretic response. The strong correlation between 

numerical and experimental results confirms the reliability and accuracy of the developed finite element (FE) 

model. Consequently, the validated model provides a robust tool for further parametric studies, offering valuable 

insights into the seismic performance and supporting advancement in structural design practices for cold-formed 

stainless-steel columns.  
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1 Introduction 
 

Stainless steel (SS) is increasingly used in structural engineering due to its excellent corrosion resistance, high 

ductility, aesthetic appeal, and reliable performance in extreme conditions (AISC, 2013). As columns are critical 

load-bearing members, understanding their behavior under complex loading—considering material nonlinearity, 

geometric imperfections, and stainless steel’s unique stress–strain characteristics—is essential.  

 

Cold working introduces residual stresses that alter mechanical properties (Somodi and Kövesdi, 2017; Gardner 

et al., 2006; Howlader et al., 2016), particularly enhancing strength at corner regions (Shu et al., 2013). To 

account for these effects, modified material models like the Ramberg–Osgood formulation and design 

approaches for both flat and corner regions have been proposed (Gardner and Nethercot, 2004; Arrayago et al., 

2020; Zheng et al., 2020). Strain hardening in stainless steel significantly affects energy dissipation, ductility, 

and cross-section classification. For austenitic stainless steel (EN 1.4301) (CEN, 2006), cyclic hardening can be 

modeled using empirical formulations (Zheng et al., 2022), while calibrated isotropic/kinematic hardening 

models such as the Chaboche model help to capture the material degradation precisely (Nip et al., 2010a; Lázaro 

and Chacón, 2022). Local buckling critically influences the ultimate strength and hysteretic response of hollow 

section (HSS) steel columns (Yamada et al., 2018; Shi et al., 2022; Yang et al., 2023). Several studies have been 

conducted on HSS steel columns to investigate their axial load-carrying capacity under both monotonic and 

cyclic axial loading conditions.  

 

Despite previous research, gaps still exist in understanding the nonlinear structural behavior of stainless-steel 

HSS columns influenced by cold forming and cyclic hardening under pure cyclic bending conditions. González-

de-León et al. (2022 and 2024) provided valuable cyclic bending test data on RHS stainless steel columns, 

including properties of flat and corner regions. However, cold-forming effects—essential for modeling localized 

hardening and residual stresses—are often inadequately incorporated into existing FE models (Al-Kaseasbeh and 

Mamaghani, 2020), limiting accuracy in predicting buckling and hysteretic response. Addressing these issues is 

vital for developing robust, code-compliant design guidelines for seismic-resistant stainless-steel columns. This 

study investigates the applicability of non-linear FE modeling and analysis to simulate the cyclic bending 

response of cold-formed austenitic stainless-steel RHS columns, incorporating local imperfections and distinct 

material properties for flat and corner regions. The model was validated against previous experimental studies 

(González-de-León et al., 2024), which is shown in Figure 1. 
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               (a)  Schematic representation of the experimental setup                   (b) Actual experimental setup   

 

Figure 1. Experimental setup of González-de-León et al. (2024) 
 

2 Methodology 
 

In this study, finite element software ANSYS was used to simulate the structural behavior of cold-formed 

stainless-steel RHS columns under cyclic bending. The analysis involved two stages: a linear eigenvalue analysis 

to identify elastic buckling modes, followed by a nonlinear analysis incorporating geometric and material non-

linearities to determine ultimate strength. The FE model used measured cross-sectional dimensions and material 

properties from tensile tests (Arrayago et al., 2020). Components were modeled with SHELL181 elements, while 

bolts and contact interactions used LINK180 and COMBIN39 elements, respectively. A finer mesh (10×10 mm) 

was applied in buckling-prone areas and a coarser mesh (20×20 mm) elsewhere, with bolt holes discretized into 

15 segments for accuracy.  

Rext

t
H

B

      
      

     (a)  Cross sectional details                        (b)  FE model of the column specimen in ANSYS 

 

Figure 2. Cross sectional details and FE model of the RHS column of the present numerical study 

 

To replicate the experimental setup by Gonzalez-de-Leon et al. (2024), the RHS column was modeled as a 

cantilever with all translational degrees of freedom restrained at the base plate (Figure 2 (b)). Contact element 

ends were fixed, and lateral movement of baseplate was restricted in the X and Z directions. Bolt constraints 

were modeled by coupling each bolt’s center node to surrounding bolt hole nodes. Cyclic uniaxial bending was 

applied via displacement-controlled loading at the mid-height node in both Z directions. This displacement-
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controlled bending was applied according to cyclic loading protocol specified in ANSI/AISC 341 (AISC, 2010) 

which is also shown in Fig. 4 of Gonzalez-de-Leon et al. (2024). 

 

The finite element model included both linear and nonlinear material properties. In material modeling, Austenitic 

stainless-steel columns were modeled using the Chaboche nonlinear kinematic hardening model with Voce 

isotropic hardening, while carbon steel components (baseplate, stiffeners, bolts) used a bilinear kinematic 

hardening model with a defined tangent modulus. The baseplate–foundation interaction was simulated using 

compression-only springs, allowing tension separation and compression resistance. Only local geometric 

imperfections were included, based on the first buckling mode shape from linear perturbation analysis. 

Imperfection amplitudes (w0) were calculated using the Dawson and Walker (1972) model, modified by 

Nethercot and Gardner (2005), as a function of plate thickness (t), 0.2% proof stress (σ0.2), and elastic critical 

buckling stress (σcr) of individual constituent plate element with four edges being simply-supported. In this study 

for RHS, the value of σcr for the flange was considered as elastic critical buckling stress. Nonlinear behavior was 

solved using the Newton–Raphson method, and the deformation results were thoroughly simulated in the FE 

model which is shown in Figure 3. 

 

 
 

Figure 3. Deformed shape of the RHS column specimen in FE analysis 
 

2 Simulation of Experiment and Discussion  
 

To validate the finite element model, the hysteretic behavior of 5 cold-formed stainless steel RHS stub columns 

was analyzed and compared with experimental results available in the literature (González-de-León et al., 2024). 

The geometric parameters—such as web depth (H), flange width (B), wall thickness (t), external corner radius 

(Rext), and effective column length (L)—are illustrated in Figure 2 (a). The material properties, including 

Young’s modulus (E) and 0.2% proof stress (σ0.2) for both flat and corner regions, were adopted from the 

corresponding studies and summarized in Table 1. Geometric imperfections, based on Dawson and Walker 

(1972), were introduced in the local buckling regions and aligned with the direction of cyclic lateral loading.  

 

Table 1. Geometric configurations and material properties of column specimens 

 

Experiment Specimen H 

(mm) 

B 

(mm) 

t   

(mm) 

Rext 

(mm) 

L 

(mm) 

E (MPa) σ0.2 (MPa) 

Flat  Corner Flat Corner 

Gonzalez-

de-Leon et 

al. (2024) 

S1-L1-C 120 80 6 20.10 1020 185800 185400 479 635 

S1-L2-C 120 80 6 20.10 755 185800 185400 479 635 

S2-L1-C 99.8 80.2 3.90 12.60 1020 183100 181400 398 539 

S2-L2-C 99.8 80.2 3.90 12.60 755 183100 181400 398 539 

S3-L1-C 120.1 41.1 3.90 12.10 1020 197100 172700 563 652 
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Additionally, the cyclic hardening behavior was incorporated using the material modeling approach developed 

by Nip et al. (2010b). The Chaboche kinematic and isotropic hardening parameters, as presented in Table 2, were 

employed to simulate the cyclic response of the RHS column specimens. 

 

Table 2. Material plastic parameters for simulation of the RHS column specimens  

 

Material 

Section 

Kinematic hardening parameters Isotropic hardening parameters 

C1 (MPa) γ1 C2 (MPa) γ2 C3 (MPa) γ3 R0 (MPa) R∞ (MPa) b 

S1 70000 100 15000 50 1000 10 0 100 2 

S2 100000 100 1000 50 100 10 0 100 2 

S3 50000 100 1000 50 100 10 0 100 2 

 

2.1 Failure mode of the RHS columns 

The failure modes of RHS column specimens S2-L1-C and S3-L1-C were compared between the experimental 

(González-de-León et al., 2024) and numerical models of the present FE study in Figure 4 and 5 respectively. 

Both the experimental and numerical studies indicated that the failure of RHS columns under cyclic bending was 

initiated by local buckling near the base of the column sections along the direction of cyclic loading. The 

experimental results also exhibited clear signs of fracture in this region. 

 

     
             (a) González-de-León et al. (2024)                            (b) Present numerical study 

 

Figure 4. The failure mode of column specimen S2-L1-C 

 

     
                    (a) González-de-León et al. (2024)                            (b) Present numerical study 

 

Figure 5. The failure mode of column specimen S3-L1-C 
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2.2 Hysteresis response of the RHS columns 

The numerically obtained load–displacement hysteresis curves under cyclic bending showed reasonable 

agreement with the experimental results reported by Gonzalez-de-Leon et al. (2024) through similar trend and a 

clear overlap in the initial hysteresis cycles up to yielding, as shown in Figure 6. Minor discrepancies were 

observed, primarily due to the early onset of fracture in the local buckling zones during the experiments, which 

affected the later cycles of loading. Although the FE model could not explicitly simulate fracture, it effectively 

captured the overall hysteretic behavior, ultimate strength, and failure patterns of the cold-formed stainless steel 

RHS columns up to the initiation of fracture. 
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Figure 6. Comparison of the hysteresis responses among the FE simulation in the present study and the 

experiment conducted by Gonzalez-de-Leon et al. (2024) 
 

3 Conclusion  
 

A finite element model was developed to simulate the structural response of cold-formed stainless steel hollow 

structural section (HSS) columns subjected to uniaxial cyclic bending. The 3D model accounted for both 

geometric and material nonlinearities. The numerical results from this study showed good agreement with the 

experimental findings of Gonzalez-de-Leon et al. (2024), particularly in terms of load–displacement behavior 

and failure modes initiated by local buckling. This validation confirms that the developed FE model is 

sufficiently accurate for replicating experimental outcomes. As a result, the model can reliably be used for 

extended numerical investigations, eliminating the need for additional experimental testing. Furthermore, the 
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study offers valuable insights into the complex cyclic behavior of cold-formed stainless-steel columns, benefiting 

both structural engineers and researchers. 
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