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ABSTRACT 

In recent years, stainless steel has seen increased use in construction due to its 

exceptional corrosion resistance and mechanical strength, especially in structural elements like 

channel sections, hollow pipes, and angles. Cold-formed stainless steel (CFSS) channel 

sections with edge-stiffened web holes have emerged as a significant development in the 

construction industry, with a focus on streamlining the installation of plumbing and electrical 

services. Previous research indicated that these edge stiffened web holes offer comparable axial 

capacity to plain webs in cold-formed steel (CFS) channel columns.  In building industry, 

stiffening of the web hole is very common, which results in increase of the load carrying 

capacity of the stainless-steel column. However, no comprehensive study has been reported in 

the literature for such stainless-steel column subjected to compression. This paper investigates 

the axial capacity of the stainless-steel column with unstiffened and edge-stiffened web holes. 

A non-linear finite element (FE) model is developed and validated against the experimental 

results available in the literature. An extensive parametric study is conducted based on 2016 

validated FE models. EN 1.4509 (Ferritic), EN 1.4462 (Duplex) and EN 1.4301 (Austenitic) 

grades of stainless steel are considered for the current study. Subsequently, parametric study 

results are compared with guidelines available for stainless steel in the standards, namely 

AS/NZS 4600: 2018, ASCE: 08, AISI. Finally, a modified EWM and DSM equations are 

proposed for the CFSS section with edge-stiffened web holes. Finally, a reliability analysis was 

conducted to ensure that the proposed equation could be reliable. 

Keywords: Cold-formed stainless-steel channel, channel sections, axial compression, edge-

stiffened web hole, finite element model, effective width method, direct Strength method  
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CHAPTER 1. Introduction 

1.1 General 

Cold-formed stainless steel (CFSS) channels are increasingly favoured as structural 

elements due to their appealing aesthetics and advantageous material properties, including heat 

and corrosion resistance. These sections commonly feature web perforations, facilitating the 

convenient installation of various services. The austenitic, ferritic, and duplex grades stand out 

as the most prevalent among all stainless steel material grades. Its widely acknowledged that 

the stress-strain behaviour of stainless steel deviates from that of carbon steel, where the latter 

typically exhibits an approximately linear relationship up to the point of yield stress. 

The utilization of CFSS has appeared as a good corrosion protection and compelling 

material choice in structural engineering, merging the cost-effectiveness and adaptability of 

cold-formed steel with the exceptional characteristics of stainless steel. This combination 

presents a distinct array of benefits, including corrosion resistance, durability, and visual 

appeal, considering CFSS as a promising candidate for diverse structural process. 

This research investigates the compression characteristics of CFSS channel profiles 

featuring plain webs, unstiffened web holes, and web holes with edge stiffened. The study 

utilizes material property data sourced from literature for stainless-steel types EN 1.4509 

(ferritic), EN 1.4462 (duplex), and EN 1.4301 (austenitic) [1, 2-4]. Two specific channel 

profiles, C200 and C300, are analysed [3]. The web holes have designated nominal diameters 

(a) relative to the web depth, set at ratios of 0.2, 0.4, and 0.6, positioned centrally within the 

sections. Meanwhile, the nominal length of the edge stiffener (q) is standardized at 10 mm and 

15 mm. Notably, existing literature lacks studies on determining the axial capacity of CFSS 

channel profiles. Additionally, guidelines provided by the American Society of Civil Engineers 
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(ASCE) [5] which not offer any guidelines for determining axial capacity of CFSS channel 

sections with edge stiffened holes.  

The study accounted for the impact of column length and opening spacing. Material 

properties were sourced from existing literature, and initial imperfections were assessed via 

laser scanning. The results of load-axial displacement, load-lateral displacement, load-strain 

relationship, and failure modes were reported. 

1.2 Manufacturing process 

 Cold-formed stainless-steel components are typically manufactured through the process 

of cold forming or cold rolling. Cold forming is the process of shaping metal at temperatures 

lower than its recrystallization point, often carried out at room temperature. This method is 

commonly employed in the fabrication of diverse stainless-steel profiles, including channels, 

angles, tubes, and other structural configurations, distinguishing it from Hot Rolled Steel 

(HRS) members. In the case of CFSS channel sections, web holes are punched at predetermined 

positions to facilitate service installation, thus simplifying the assembly process. Illustrated in 

Figures 1–1, the manufacturing procedure involves shaping the material via press-braking or 

cold-roll forming to achieve required shape [2]. 
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Press breaking for an angle Cold rolling of a box section 

Figure 1-1: CFSS manufacturing process [6] 

1.3 Application of CFSS channel sections in building industry 

 The utilisation of edge-stiffened holes in the webs of cold-formed steel channels (CFS) 

has become widely adapted in New Zealand, primarily aimed at simplifying the installation of 

plumbing and electrical services. CFSS channel sections find extensive utilization across 

various industries and construction ventures owing to their distinct advantages. In building 

construction, CFS serve as essential components for floor framing, roof systems, and wall 

studs, notable for their exceptional strength, resistance to corrosion, and adaptability to diverse 

structural requirements. Beyond building construction, CFSS channel members are deployed 

in numerous industries, including infrastructure projects such as bridges, walkways, and 

support structures for various installations like solar panel frames, equipment mounts, and 

platforms. Additionally, they are utilized in architectural applications to craft aesthetically 

pleasing and structurally robust elements like handrails, facades, and decorative terms. In 

transportation, CFSS channel sections find application in constructing trailer frames, truck 

bodies, and railcar components. Moreover, they play a crucial role in the energy sector, 

supporting components in power plants, and contributing to the construction of wind turbine 

towers and solar panel structures. Notably, their corrosion resistance makes CFSS channel 

sections indispensable in marine and offshore structures, including shipbuilding, offshore 

platforms, and port facilities, where exposure to saltwater is a prevalent challenge. With their 

versatility, strength, and corrosion resistance, CFSS channel sections have emerged as a 

preferred choice across several industries, making them popular choice in diverse array of 

applications. 

 Two recent examples of structures prominently utilizing cold-formed stainless steel 

tubular elements include the Regents Place Pavilion in London [7] and Cala galdana Bridge in 
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Europe [8]. The Regents Place Pavilion, shown in Figure 1–2 and opened to the public in 2009, 

is entirely constructed from stainless steel. It contains 258 cold-formed rectangular hollow 

section columns, each measuring 7.8 meters in length, supporting a roof plane. The hollow 

sections, sized at 50 × 50 × 4, are fabricated from austenitic stainless steel grade EN 1.4404. 

Figure 1–3 showcases the Cala Galdana bridge crosses the Algenda river in Menorca. The main 

structure of this bridge is completely stainless steel eventually considered the duplex grade 

1.4462 and having two parallel arches, two longitudinal beams and traverse beams which 

supports the deck. Reinforced concrete holds up the abutments at every end, which lays on pile 

foundations. The bridge, inaugurated in 2005, and it was the first stainless steel road bridge in 

Europe. 

 

Figure: 1-2 The Regents Place Pavilion [7] 
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Figure: 1-3 The Cala Galdana bridge [8] 

 

Figure 1-4: Photo of CFS channel beams having edge-stiffened web holes in CFS 

concrete flooring system [9]. 
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CHAPTER 2. Literature review 

2.1 Introductory remarks 

 This chapter offers an in-depth review of literature concerning the behaviour of cold 

formed steel and CFSS section, focusing on the effects of edge stiffened hole, unstiffened hole, 

and plain webs, under various loading conditions like compression, shear and web crippling. 

The literature review encompasses two main components. Notably, there is no current research 

literature regarding the investigation on axial capacity of CFSS channel sections with edge-

stiffened web holes. 

2.2 Research on CFSS channel sections 

  The literature review on the structural behaviours of CFSS channel section offers a 

comprehensive overview of key studies carried out by various researchers. Cold formed 

stainless steel is gaining favour as structural material due to its enhanced resistance to corrosion 

and longer lifespan when compared to carbon steel. The investigation conducted by Roy et al. 

[10] focuses on the buckling behaviour of face-to-face built-up cold-formed stainless steel 

channel sections under axial compression. The use of face-to-face built-up CFSS channel 

sections as compression members are becoming more popular. Three different grades of 

stainless steel i.e. duplex EN1.4462, ferritic EN1.4003 and austenitic EN1.4404 have been 

considered. In total, 160 Finite Element models were analysed. Analysis of the parametric 

study results reveals that AISI and AS/NZS standards exhibit a conservative estimation by 

approximately 15% for all stainless steel face-to-face built-up columns that fail due to global 

buckling. Conversely, these standards demonstrate an unconservative trend by approximately 

5% for face-to-face built-up stainless steel columns that fail due to local buckling. Another 

research focused on back-to-back cold-formed stainless steel lipped channel section under axial 

compression conducted by Roy et al. [11] A thorough parametric investigation was conducted, 



17 

 

covering a wide range of slenderness ratios and various cross-sections, aiming to evaluate the 

strength of current design standards outlined by AISI and AS/NZS. A total of 647 finite element 

models were developed. The findings from this study revealed that both AISI and AS/NZS 

guidelines tend to be conservative, with an approximate margin of 10 to 20%, for cold-formed 

stainless steel built-up lipped channels failing due to overall buckling, regardless of the 

stainless steel grades employed. However, these standards may exhibit slight minimization, by 

approximately 6%, for all three grades of stainless steel built-up channels that fail due to local 

buckling. 

The investigation conducted by Yousefi et al. [12] focus into the phenomenon of web 

crippling failure in specific cold formed ferritic stainless steel (CFSS) sections featuring offset 

web holes and fastened flanges, providing a unified set of design equations. A total of 18 test 

experimental tests and a parametric study including a total of 576 finite element models were 

reported. The experimental and FE results were compared against strength predicted in 

accordance with American Iron and Steel Institute (AISI) [13] and Australia and New Zealand 

standard (AS/NZS) [14] Upon evaluating cold-formed carbon steel plain-lipped channel 

sections and equations proposed by previous researchers for stainless steel plain-lipped channel 

sections, it was discovered that the design equations exhibit an unreliability and lack 

conservatism by 22% for cold-formed ferritic stainless steel unlipped channel sections. 

Consequently, in light of the study's findings, two reliable and dependable web crippling 

strength reduction factor equations were proposed. 

Yousefi et al. [15] conducted a combined experimental and Finite Element Analysis 

(FEA) approach to examine the web crippling strength of cold-formed ferritic stainless steel 

unlipped channel sections featuring fastened flanges under the end-two-flange loading 

condition. The study comprised a total of 27 web crippling tests: 9 tests were conducted on 

channel sections with plain webs, while 18 tests were performed on channel sections with web 



18 

 

holes. In tests involving web holes, the holes were positioned either centrally or offset from the 

load and reaction plates. A parametric investigation was carried out utilizing quasi-static finite 

element analysis. The strengths derived from reduction factor equations were initially 

compared to those computed from equations recently proposed for cold-formed stainless steel, 

which were unconservative by 10%, and the experimental investigation also shows that, for the 

case of unlipped channels without web holes, the European Standard (EN 1993-1-4) [16] and 

ASCE [5] are too conservative by 43% and 28%, respectively. So, based on the experimental 

and FE results, web crippling design equations are proposed for both sections, with and without 

web holes. 

Fang et al. [3] conducted a finite element analysis on the web crippling strength of cold-

formed stainless steel channel sections featuring circular web holes, subjected to end-one-

flange loading conditions. The study encompassed three grades of stainless steel: EN 1.4509 

(ferritic), EN 1.4462 (duplex), and EN 1.4301 (austenitic). A total of 1728 Finite Element (FE) 

models were executed. The investigation involved varying parameters, including: the depth of 

the web (bw) ranging from 100 mm to 300 mm; the ratio of flange width to web height (bf/bw) 

ranging from 0.2 to 0.5; the ratio of lip width to flange width (bl/bf) ranging from 0.4 to 0.6; 

the ratio of hole diameter to web flat depth (a/h) ranging from 0.2 to 0.8; the ratio of hole 

distance to web flat depth (x/h) ranging from 0.04 to 0.98; and the ratio of bearing length to 

web flat depth (N/h) ranging from 0.17 to 1.14. The outcomes of the parametric study led to 

the proposal of new web crippling strength equations and strength reduction factor equations, 

which surpassed the equations provided by ASCE [5], AISI [13], and AS/NZS [14]. 

 Yousefi et al. [2] investigated the shear behaviour of cold-formed ferritic stainless-steel 

channel sections featuring circular web holes, through both experimental and numerical 

approaches. Their study involved conducting 21 shear tests on paired channel sections, 

subjected to loading at mid-length with a span aspect ratio of 1.0. The positioning of web holes 
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varied, including centre, mid-span, or offset from the applied load. They developed finite 

element (FE) models, validated against experimental results, and utilized them for a parametric 

investigation across different web thicknesses (t) ranging from 1.5 to 2.0 mm and channel clear 

height to thickness ratios (h/t) spanning from 86.05 to 167.63. These investigations 

encompassed three distinct cross-section heights: C175, C200, and C250. Notably, existing 

guidelines lack regarding specific shear strength reduction factors for stainless steel; the 

commonly referenced North American specifications for carbon steel members, AISI [13] and 

AS/NZS [14], are considered unreliable and unconservative, particularly for ferritic stainless 

steel channel sections, exhibiting a difference of 20%. Drawing upon their experimental and 

numerical findings, the authors propose new, dependable design equations in the form of shear 

strength reduction factors. 

2.3 Research on CFS channel sections 

 Cold-formed steel (CFS) channel sections are increasingly favoured as load-bearing 

elements in building structures, often featuring web openings to facilitate the installation of 

various services. A new generation of CFS channel sections with edge-stiffened web openings 

have been developed, offering more strength compared to sections with unstiffened holes. 

These sections are widely used in New Zealand. Chen et al. [18] conducted a comprehensive 

study, presenting a total of 75 results comprising 26 axial compression tests and 49 Finite 

Element Analysis (FEA) outcomes on the compression resistance of CFS channel sections with 

edge-stiffened, unstiffened web openings, and plain webs. A parametric investigation, utilizing 

a validated FE model, explored the influences of column length, hole diameter, stiffener length, 

number of holes, and fillet radius. Findings indicate that, for channel sections featuring seven 

edge-stiffened web openings, compression resistance increased by up to 22% compared to plain 

channel sections. Sections with unstiffened web openings experienced a 20% reduction in 

compression resistance compared to plain sections. Comparison between compression 
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resistance derived from FE analysis and design strengths computed through the Direct Strength 

Method revealed DSM's conservatism of approximately 34.5% for plain channel sections with 

plain web, which failed either due to global buckling or a combination of local and global 

buckling. 

  

(a) Section with unstiffened web hole (b) Section with edge stiffened web hole 

Figure 2-1: Cold formed steel channel sections by Chen et al. [18] 
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(a) EH-1 (b) EH-3 (c) EH-5 (d) EH-7 

Figure 2-2: Failure modes of CFS with Edge stiffened holes under axial compression. 

2.4 Aim and scope of the research. 

 The main objective of this study is to investigate the capacity of Cold formed stainless 

steel channel sections with edge-stiffened web holes subjected to axial compression. The study 

will be analysed and conducted based on finite element analysis. Specific objectives of the 

work are listed below: 

1. To develop nonlinear finite-element (FE) models to simulate the structural behaviour 

of CFSS channel sections subjected to axial compression. The measured cross-sectional 

dimensions, material properties obtained from the literature and geometric 
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imperfections were included in the finite-element models and then the model is 

validated against the result obtained from the test conducted by Chen et al [18] in terms 

of deformed shapes, stress strain curves and axial capacity. 

2. The validated FE models will be utilised for a parametric investigation, involving 2016 

finite-element models, to investigate the effects of various parameters on the load 

bearing capacity of CFSS channel sections featuring edge-stiffened web holes subjected 

to axial compression. 

3. To assess the accuracy of existing design guidelines in predicting the load-bearing 

capacity of CFS channel sections with edge-stiffened web holes, finite element analysis 

(FEA) results will be compared with the design strengths predicted by current design 

guidelines such as AISI (2016) and AS/NZS (2018). 

4. Following the findings of the parametric study, we will propose appropriate equations 

for design reduction factors to determine the load-bearing capacity of CFSS channel 

sections featuring edge-stiffened web holes. Additionally, a reliability analysis will be 

conducted to assess the accuracy and dependability of these proposed reduction factor 

equations. 

2.5 Outline of the thesis 

This thesis is focused on the capacity of CFSS channel sections with edge-stiffened 

web holes subjected to compression. The thesis is structured into the following six chapters: 

Chapter 1 Briefly introduces the background, problem statement, and outline of the thesis. 

Chapter 2 Summaries the literature review on the behaviour and design of both CFSS and CFS 

channel sections including the case channel sections with edge-stiffened web holes, un-

stiffened web holes, and plain webs subjected to compression, web crippling, and shear. 

Chapter 3 Describes the finite element modelling. 
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Chapter 4 Describes the numerical analysis work conducted in this study to assess the axial 

capacity of CFSS channel sections with edge-stiffened web holes, un-stiffened web holes, and 

plain webs. 

Chapter 5 Provides Design recommendations in accordance with the American Iron and Steel 

Institute (AISI) [13] and Australia and New Zealand Standard (AZ/NZS) [14]. 

Chapter 6 Describes the proposed design reduction factor equation and the reliability of the 

proposed reduction factor equations for CFSS channel sections with edge-stiffened web holes. 

Chapter 7 Provides conclusions including the limitations of the current study and 

recommendations for future researchers and practicing engineers. 

CHAPTER 3. Description of finite element modelling 

3.1 General 

 Nonlinear elasto-plastic finite element (FE) models were developed using ABAQUS 

[19] software to simulate the behaviour of CFSS channel sections experiencing axial 

compression, specifically for sections having unstiffened hole and edge-stiffened hole. The FE 

modelling considered centreline and initial geometric imperfections and cross section 

dimensions for the CFSS channel sections. The subsequent sections furnish a detailed 

exposition of the modelling methodologies employed. 

3.2 Summary of experimental test done by Chen et al [18] 

Chen et al. [18] conducted experiment tests and calculated the axial capacity of CFS 

channel section with plain webs, unstiffened hole and edge-stiffened web holes, which were 

adapted for validation on this study. The data extracted from test specimens [18], enclosing 

section dimensions, geometrical imperfections, and boundary conditions was utilised to 

validate the developed Finite Element (FE) model against the experiment results. This study 
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drew upon the test results of Chen et al. [18]  to validate the FE models for cold formed stainless 

steel channel sections with plain webs, unstiffened and edge stiffened circular web holes. 

 
 

(a) Experiment test set up (b) Schematic drawing 

Figure 3-1: Experimental test conducted by Chen et al. [18] to determine the axial 

capacity of cold formed steel channel sections. 
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3.3 Material properties 

An elastic-plastic model was used for modelling the overall geometry of the channel 

sections with web openings (edge-stiffened and unstiffened) and without web holes. The 

geometrical dimensions and material properties for the CFSS sections for this study were taken 

from Yousefi et al. [18]. Refer Table 1 for material properties used in this study. 

As per the ABAQUS [19], the engineering material curve was converted into a true 

material curve by following the equations below:   

(1 )true  = +                                                                                                   (1)  

( ) ln(1 ) true
true pl

E


 = + −                                                                   (2)                        

Where E is the Young’s modulus, σ true is the true stress, σu is the ultimate tensile strength, σ 

and ε are the engineering stress and strain respectively in ABAQUS [19]. 

Table 1 Summary of material properties used in this study [20, 2-3] 

Stainless Steel 

Material 

Yield Stress, fy Ultimate Stress, fu Modulus of Elasticity, E 

MPa MPa MPa 

Austenitic   304 205.62 825 193000 

Duplex        S32205 451.91 860 200000 

Ferritic        G430 205.62 597 200000 

 

3.4 FE Meshing 

The CFSS channel sections were simulated using S4R shell elements, each contains six 

degrees of freedom per node. Following a mesh sensitivity analysis, it was determined that a 

mesh size of 5 mm × 5 mm adequately suited both the length and width of the channel sections. 

However, finer mesh sizes were employed in specific regions: (a) the corner area between the 

flange and web of the section; (b) the corner area between the lip and flange of the section; (c) 
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the corner area between the web and edge-stiffener of the section; and (d) the length region of 

the stiffener (as illustrated in Fig. 3-2). 

 

Figure 3-2: FE meshing of CFSS channel with EH1 

3.5 Boundary and loading conditions. 

In this study, pin-pin boundary conditions were applied to all finite element (FE) models. 

Two reference points, labelled R1 and R2, were designated at the top and bottom of the CFSS 

channel sections. To copy the experimental boundary conditions, a multipoint point constraint 

(MPC) was employed. These reference points were strategically located at the centre of gravity 

of the column cross-section. 

Experimental setups might involve boundary conditions that cannot be directly modelled 

using standard constraints available in FEA software. MPCs provide a way to represent such 

Finer mesh around 

the corner regions 

CFSS channel 

5mm x5mm 
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conditions by specifying relationships between different points or degrees of freedom. The use 

of MPCs ensures that the simulated model closely matches the experimental setup, allowing 

for good comparison and accurate predictions of system behaviour. 

To replicate the pin-pin boundary condition, translational movements, expect those in the 

z-direction, were constrained at the top reference point. The axial compression load in the z-

direction was applied via a reference point using the displacement-controlled method. The 

bottom reference point remained unrestrained. Notably, both reference points were permitted 

to rotate along the minor axis. Figure 3-3 depicts the boundary conditions of a CFSS channel 

column with EH. 

 
Figure 3-3:  Applied boundary conditions for CFSS EH1 channel 

 

Axial loading 

      Ux=0; Uy=0; URz=0 

          URx≠0 URy≠0 

       Uz- displacement control 

 

       Support condition 

Ux=0; Uy=0; Uz=0; URz=0 

URx≠0 URy≠0 
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3.6 Geometrical imperfections 

 During the finite element (FE) modelling process, initial geometric imperfections were 

considered. For CFS channels with a thickness (t) less than 3mm, the magnitude of the buckled 

shape was scaled to 0.34t and 0.94t for local and distortional buckling, respectively. For 

samples with a thickness (t) exceeding 3 mm, the imperfection magnitude was determined 

using the equation proposed by Walker [26] 

𝜔𝑑 = 0.3𝑡√
𝜎0.2%

𝜎𝑐𝑟
= 0.3𝑡λ𝑠 

where 𝜎0.2% and 𝜎𝑐𝑟 are 0.2% proof stress of the material and elastic critical local/distortional 

buckling stress of the cross-section, and 𝜆𝑠 is the cross-sectional slenderness, given by: 

λ𝑠 = √𝑓𝑦/𝜎𝑐𝑟 

The overall buckling imperfection magnitude also accounted for the length of the 

member. It's important to note that in the FE models of short elements, either a local or 

distortional imperfection was integrated, depending on which mode had the lower critical 

buckling stress. However, for medium and long-length sections, a combination of three 

buckling modes local, distortional, and global was introduced. This approach was adopted to 

effectively incorporate the magnitudes of imperfections into the model [18]. 

3.7 Validation of the FE models 

Table 2 provide a comparison of the test results from Chen et al. [18] with the FEA 

results. For UH, EH and plain sections the mean and coefficient of variation (COV) values for 

the ratio of test and FEA results were 0.97 and 0.03, respectively. Figs. 3-4 and 3-6 depict the 

failure modes of both the tests and the FEA. The failure modes of the developed FE model 

were good correlation to the test results for both UH and edge-stiffened circular web holes. The 
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load-displacement curves in Figs. 3-5 and 3-7 showed a reasonable agreement between the 

FEA and test results. In conclusion, the developed FE model in this study exhibited a good 

match with the test results. 

Table 2 comparison of test results and FEA [18] for CFSS channel sections with plain, 

unstiffened and edge-stiffened circular web holes. 

Section dimensions    Axial capacity  

Web 

depth 

d 

Thickness 

of section 

t 

Flange 

width 

bf 

Lip 

depth 

bl 

Length of 

column 

L 

Hole 

depth 

dw 

Number 

of holes 

Stiffener 

length 

q 

Test 

 

PEXP 

FEA 

 

PFEA 

PEXP/ PFEA 

(mm) (mm) (mm) (mm) (mm) (mm)  (mm) (kN) (kN)  

Plain section 

239 1.75 44.6 15.5 1505.8 - - - 62.3 61.74 0.99 

240.5 1.74 44.2 14.8 1502.5 - - - 59.5 60.73 0.97 

238.5 1.79 44.9 14.7 1500.1 - - - 60.8 64.37 0.95 

Unstiffened web holes 

239.5 

238.2 

240.7 

239.7 

1.7 

1.71 

1.7 

1.73 

 

44.2 

44.8 

44.7 

44.6 

15.6 

15.2 

15.6 

14.8 

1502 

1502.1 

1501.2 

1500 

145.2 

127.2 

130.2 

130.5 

1 

3 

5 

7 

- 

- 

- 

- 

52.1 

49.37 

48.22 

47.31 

 

50.76 

52.13 

50.16 

48.82 

1.02 

0.95 

0.96 

0.97 

 

Edge-stiffened web holes 

238 1.75 45.7 15 1502 143.70 1 13 63.9 68.32 0.94 

239.5 1.72 44.9 14.7 1502.5 142.70 3 13 66 67.07 0.98 

238.5 1.73 44.7 14.5 1501.5 143.50 5 13 68 71.85 0.95 

239.5 1.7 43.5 15.4 1501.8 140.5 7 13 73.2 72.01 1.02 

         Mean 0.97 

         COV 0.03 
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   Figure 3-4: Failure modes of test [18] and FEA for UH3 CFSS section 

 

Figure 3-5: Load-displacement curves of FEA and test [18] of UH3 section 
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Test       FEA 

 

    EH1       EH3      EH5       EH7      EH1          EH3         EH5           EH7 

Figure 3-6: Failure modes of FEA and test [18] for sections with edge-stiffened holes 

 

Figure 3-7: Load-displacement curves of FEA and test [18] for section (C240-L1500-EH1) 

with edge-stiffened web holes 

 

0

10

20

30

40

50

60

70

80

0 5 10 15

A
x

ia
l 

ca
p
ac

it
y
 (

k
N

)

Displacement (mm)

Test

FEA



32 

 

 
Figure 3-8: Load-displacement curves of FEA and test [18] for section (C240-L1500-NH) 

with no web holes 

 

 
Figure 3-9: Load-displacement curves of FEA and test [18] for section (C240-L1500-

UH1) with unstiffened web holes. 

 

 

CHAPTER 4. Parametric study 

4.1 General 

A parametric study was conducted using validated FE models. The parametric study 
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finite element models having an opening diameter ratio a/h = 0.2,0.4 and 0.6 mm (for both the 

edge-stiffened and unstiffened web openings), covering columns length from 1000, 1500 and 

2000 mm having thickness about 1.5, 2, 2.5 and 3 mm. The slenderness of column (λc) ranged 

from 0.45 to 1.41. considering 1, 3 and 5 holes with equal spacing, the parametric study also 

considered channel sections having edge-stiffened web openings, unstiffened web openings 

and no web openings (i.e. plain channel sections). The results are presented in Table 3. 

The specimens were used for the parametric study and labelled based on thickness of 

channel, channels web depth, width, and lip, number of holes, length of stiffener around the 

web, ratio of web hole to depth and length of channel. 

 For example, the label “C200x65x15-T1.5-EH5-D0.2-Q10-L1500” is elaborated below. 

• “C200x65x15” indicates Channel “depth x width x lip” that is d=200mm, 

b=65mm and l=15mm. 

• “T1.5” defines as channel thickness, i.e., t=1.5mm. 

• “EH5” represents the number of holes in the web and whether they are unstiffened 

(UH) or edge stiffened (EH) web holes. 

• “D0.2” refers to the hole depth to web depth ratio, i.e., 𝑎 ℎ⁄  = 0.2. 

• “Q10” defines as the stiffener length around the web hole, i.e., q=10mm. 

• “L1500” represents as the whole length of the channel. That is L=1500mm. 

 

five edge-stiffened hole  

C200-T1.5-L1500-EH5-D0.2-Q10 

200 mm depth of section 

1500 mm length of column a/h= 0.2 

Stiffener length= 10mm 

1.5 mm thickness of section 
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Figure 4-1: Cross sectional details ( All dimensions are in mm) 

4.2 CFSS channel sections with plain webs. 

4.2.1 Effects of different grades of CFSS channel sections 

 Fig. 4-2 represents the effects of 3 different grade of cold-formed stainless-steel 

sections on average axial capacity. As its seen from Fig 4-2 the average increase in axial 

capacity was 48.56% when the grades of CFSS channel changed from austenitic to duplex. 

Similarly, an increment of 47.13% in axial capacity can be seen when the grades of steel 

changes from ferritic to duplex. Notably, despite having the same yield stress for austenitic and 

ferritic materials, the axial capacity decreases by 0.97% due to differences in Young's modulus, 

ultimate stress, and ultimate strain. 
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Figure 4-2: Effects of different grades of CFSS channel section 
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Table 3 Parametric study results for C200x65x15 and C300x80x20 channel sections with plain webs, unstiffened and edge-stiffened web holes 

Austenitic stainless steel C200 

 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15     Q10 Q15   

For L1000 

C200-T1.5-D0.2 56.28 56.772  58.351 59.125   54.903  57.221 57.314   54.22  57.099 58.891   

C200-T1.5-D0.4 56.28 52.995  57.691 57.993   52.665  56.205 58.373   50.69  53.146 55.55   

C200-T1.5-D0.6 56.28 49.792  50.22 50.778   48.228  49.263 51.228   43.773  48.88 51   

C200-T2-D0.2 86.85 84.694  89.932 90.709   83.105  89.26 89.396   82.223  89.115 90.926   

C200-T2-D0.4 86.85 82.114  89.248 90.018   81.95  88.614 90.675   80.223  84.67 86.11   

C200-T2-D0.6 86.85 70.889  80.64 82.56   64.417  70.22 71.75   69.541  69.78 76.11   

C200-T2.5-D0.2 121.71 118.24  128.4 129.96   117.44  127.96 128.32   116.98  126.56 128.73   

C200-T2.5-D0.4 121.71 115.46  115.26 116.63   115.11  114.08 115.99   112.98  113.73 115.99   

C200-T2.5-D0.6 121.71 87.378  98.266 99.774   83.011  95.745 96.707   80.23  92.333 99.15   

C200-T3-D0.2 160.74 155.14  168.54 169.49   154.08  167.55 168.84   151.04  165.05 166.65   

C200-T3-D0.4 160.74 133.83  137.31 140.51   132.67  136.21 139.37   130.04  134.36 135.78   

C200-T3-D0.6 160.74 101.63  119.32 120.83   99.265  118.57 119.96   96.05  116.74 119.85   

For L1500 

C200-T1.5-D0.2 51.77 53.961  57.39 58.43   52.428  54.48 55.505   51.22  52.618 52.685   

C200-T1.5-D0.4 51.77 47.91  55.67 56.72   47.021  53.076 53.927   45.319  52.76 57.05   

C200-T1.5-D0.6 51.77 40.785  48.56 49.5   39.996  46.88 47.995   36.16  44.8 47.17   

C200-T2-D0.2 79.81 78.616  81.932 82.694   78.132  82.091 82.221   77.899  82.786 82.806   

C200-T2-D0.4 79.81 72.866  81.428 81.692   70.84  76.248 77.996   68.115  80.27 80.758   
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C200-T2-D0.6 79.81 62.5  74.45 75.14   60.057  64.223 65.14   59.547  65.25 66.058   

C200-T2.5-D0.2 113.49 112.96  122.44 124.5   112.11  120.35 122.73   111.42  118.16 119.25   

C200-T2.5-D0.4 113.49 100.5  108.71 109.14   99.54  107.1 110.5   98.334  102.11 102.55   

C200-T2.5-D0.6 113.49 80.572  91.5 90.69   79.707  89.43 90.133   78.582  88.102 89.16   

C200-T3-D0.2 150.4 147.92  155.05 156.09   146.53  154.75 155.8   144.98  154.5 155.58   

C200-T3-D0.4 150.4 126.93  128.79 131.83   125.82  125.96 126.3   120.56  121.58 122.9   

C200-T3-D0.6 150.4 106.17  118.82 120.59   104.3  112.98 115.77   100.38  105.71 109.89   

For L2000 

C200-T1.5-D0.2 46.05 49.926  52.923 53.638   48.627  52.615 54.651   48.067  50.976 52.158   

C200-T1.5-D0.4 46.05 47.993  53.665 55.12   45.068  52.75 53.5   44.116  50.95 53.115   

C200-T1.5-D0.6 46.05 43.408  50.62 51.74   37.125  47.193 48.93   36.36  46.12 46.75   

C200-T2-D0.2 71.28 71.237  74.975 75.65   70.96  73.86 74.202   70.67  73.385 73.409   

C200-T2-D0.4 71.28 67.794  71.408 71.714   66.471  71.22 71.65   66.005  70.311 72.27   

C200-T2-D0.6 71.28 57.934  62.96 63.41   55.528  60.99 61.71   53.402  58.45 59.114   

C200-T2.5-D0.2 95.7 100.81  114.49 114.95   99.991  110.19 112.08   99.161  105.22 105.96   

C200-T2.5-D0.4 95.7 92.898  95.495 97.127   90.656  94.311 94.99   88.78  93.23 95.112   

C200-T2.5-D0.6 95.7 74.75  81.77 82.408   70.395  74.22 75   66.605  71.46 72.99   

C200-T3-D0.2 133.89 132.41  139.31 139.84   130.51  138.6 139.17   129.28  137.51 138.83   

C200-T3-D0.4 133.89 115.52  117.27 118.65   111.84  116.59 117.15   108.18  110.75 111.15   

C200-T3-D0.6 133.89 89.212  91.32 91.77   83.852  90.45 91.984   79.795  89.88 95.556   
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Austenitic stainless steel C300 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15    Q10 Q15   

For L1000 

C300-T1.5-D0.2 62.26 62.451  65.95 66.54   62.107  65.58 66.18   60.333  63.71 64.29   

C300-T1.5-D0.4 62.26 60.407  63.79 64.36   59.98  63.34 63.91   59.372  62.70 63.26   

C300-T1.5-D0.6 62.26 56.559  59.73 60.26   51.06  53.92 54.40   45.391  47.93 48.36   

C300-T2-D0.2 98.39 101.11  106.77 107.73   97.857  103.34 104.27   96.785  102.20 103.12   

C300-T2-D0.4 98.39 90.791  95.88 96.74   89.887  94.92 95.77   89.518  94.53 95.38   

C300-T2-D0.6 98.39 76.553  80.84 81.57   74.24  78.40 79.10   71.886  75.91 76.59   

C300-T2.5-D0.2 134.06 134.61  142.15 143.43   133.15  140.61 141.87   132.23  139.63 140.89   

C300-T2.5-D0.4 134.06 133.53  141.01 142.28   124.95  131.95 133.13   122.88  129.76 130.93   

C300-T2.5-D0.6 134.06 117.23  123.79 124.91   104.79  110.66 111.65   101.84  107.54 108.51   

C300-T3-D0.2 179.65 178.27  188.25 189.95   177.53  187.47 189.16   174.93  184.73 186.39   

C300-T3-D0.4 179.65 162.09  171.17 172.71   161.55  170.60 172.13   159.83  168.78 170.30   

C300-T3-D0.6 179.65 145.26  153.39 154.78   140.07  147.91 149.25   139.84  147.67 149.00   

For L1500 

C300-T1.5-D0.2 58.173 62.628  66.14 66.73   57.046  60.24 60.78   56.579  59.75 60.29   

C300-T1.5-D0.4 58.173 54.235  57.27 57.79   53.856  56.87 57.38   52.266  55.19 55.69   

C300-T1.5-D0.6 58.173 49.897  52.69 53.17   47.733  50.41 50.86   46.686  49.30 49.74   

C300-T2-D0.2 92.96 91.254  96.36 97.23   90.864  95.95 96.82   89.897  94.93 95.79   

C300-T2-D0.4 92.96 89.479  94.49 95.34   85.196  89.97 90.78   84.252  88.97 89.77   
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C300-T2-D0.6 92.96 71.983  76.01 76.70   69.807  73.72 74.38   67.103  70.86 71.50   

C300-T2.5-D0.2 130.91 128.87  136.09 137.31   128.85  136.07 137.29   128.22  135.40 136.62   

C300-T2.5-D0.4 130.91 119.46  126.15 127.29   119.04  125.71 126.84   116.08  122.58 123.68   

C300-T2.5-D0.6 130.91 100.55  106.18 107.14   99.134  104.69 105.63   95.951  101.32 102.24   

C300-T3-D0.2 172.14 172.13  181.77 183.41   170.73  180.29 181.91   170.53  180.08 181.70   

C300-T3-D0.4 172.14 161.5  170.54 172.08   159.88  168.83 170.35   156.96  165.75 167.24   

C300-T3-D0.6 172.14 140.4  148.26 149.60   133.76  141.25 142.52   125.55  132.58 133.77   

For L2000 

C300-T1.5-D0.2 54.32 54.329  57.37 57.89   54.268  57.31 57.82   54.134  57.17 57.68   

C300-T1.5-D0.4 54.32 54.282  57.32 57.84   54.065  57.09 57.61   53.59  56.59 57.10   

C300-T1.5-D0.6 54.32 45.566  48.12 48.55   43.801  46.25 46.67   40.392  42.65 43.04   

C300-T2-D0.2 86.32 87.144  92.02 92.85   87.048  91.92 92.75   86.574  91.42 92.24   

C300-T2-D0.4 86.32 80.456  84.96 85.73   77.99  82.36 83.10   76.812  81.11 81.84   

C300-T2-D0.6 86.32 68.645  72.49 73.14   65.039  68.68 69.30   62.972  66.50 67.10   

C300-T2.5-D0.2 125.66 125.27  132.29 133.48   124.94  131.94 133.12   122.12  128.96 130.12   

C300-T2.5-D0.4 125.66 112.94  119.26 120.34   112.13  118.41 119.47   112.05  118.32 119.39   

C300-T2.5-D0.6 125.66 95.698  101.06 101.97   93.509  98.75 99.63   92.696  97.89 98.77   

C300-T3-D0.2 159.02 161.27  170.30 171.83   160.98  169.99 171.52   160.73  169.73 171.26   

C300-T3-D0.4 159.02 150.79  159.23 160.67   148.88  157.22 158.63   144.43  152.52 153.89   

C300-T3-D0.6 159.02 120.64  127.40 128.54   118.36  124.99 126.11   116.04  122.54 123.64   
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Duplex stainless steel C200 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15    Q10 Q15   

For L1000 

C200-T1.5-D0.2 91.22 90.127  93.039 94.825   89.998  92.833 92.91   89.65  92.55 95.308   

C200-T1.5-D0.4 91.22 86.661  99.012 100.84   85.998  93.914 94.708   84.287  90.64 91.66   

C200-T1.5-D0.6 91.22 76.214  98.85 99.1   75.554  86.027 86.75   74.058  78.331 79.165   

C200-T2-D0.2 145.33 144.86  154.56 155.55   143.3  147.47 147.87   142.66  146.14 148.27   

C200-T2-D0.4 145.33 141.69  155.42 155.91   141.11  150.15 150.5   140.29  144.22 144.62   

C200-T2-D0.6 145.33 118.3  125.24 127.12   115.36  120.99 126.55   112.96  118.56 119.54   

C200-T2.5-D0.2 203.82 200.42  219.64 220.02   200.25  216.11 222.67   199.43  209.71 209.89   

C200-T2.5-D0.4 203.82 198.55  226.52 228.08   197.54  214.49 214.96   195.43  200.12 200.51   

C200-T2.5-D0.6 203.82 158.01  168.96 169.14   155.96  166.6 167.33   156.04  158.05 158.85   

C200-T3-D0.2 267.96 263.11  281.64 284.36   262.32  278.66 278.92   260.4  276.78 282.45   

C200-T3-D0.4 267.96 258.62  269.05 273.87   255.77  268.49 275.63   250.4  255.63 255.75   

C200-T3-D0.6 267.96 202.5  224.11 225.53   195.23  212.11 213.30   193.28  211.82 213.56   

For L1500 

C200-T1.5-D0.2 77.71 84.276  84.042 85.577   83.896  83.949 84.969   77.303  78.81 78.836   

C200-T1.5-D0.4 77.71 76.481  83.459 83.76   75.295  82.007 91.336   74.514  81.99 83.112   

C200-T1.5-D0.6 77.71 68.902  70.98 71.15   65.084  68.32 69.17   64.939  64.223 69.887   

C200-T2-D0.2 121.53 132.54  140.4 141.11   130.08  136.82 141.44   124.96  125.4 126.44   

C200-T2-D0.4 121.53 115.74  160.68 164.82   114.57  144.67 150.16   112.94  120.90 121.96   
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C200-T2-D0.6 121.53 100.71  118.65 119.25   96.894  114.22 115.66   92.559  101.11 101.82   

C200-T2.5-D0.2 170.11 169.67  193.04 195.49   169.02  192.23 194.78   165.57  184.03 185.35   

C200-T2.5-D0.4 170.11 164.02  197.3 200.69   160.5  167.23 169.98   158.62  165.44 168.25   

C200-T2.5-D0.6 170.11 141.59  155.23 156.74   134.73  144.89 145.56   131.58  142.12 144.99   

C200-T3-D0.2 223.44 243.25  255.51 256.76   236.78  240.46 241.88   235.1  237.71 239.91   

C200-T3-D0.4 223.44 213.92  221.51 223.87   208.05  214.18 216.1   203.22  215.31 216.16   

C200-T3-D0.6 223.44 180.62  199.25 199.89   167.01  178.66 179.9   159.3  166.99 170.15   

For L2000 

C200-T1.5-D0.2 61.91 67.599  79.194 80.505   61.648  77.873 78.105   60.654  72.264 74.268   

C200-T1.5-D0.4 61.91 65.183  69.97 73.073   60.421  69.477 72.96   58.77  68.8 70.85   

C200-T1.5-D0.6 61.91 55.709  66.75 67.21   54.656  66.125 67.58   51.968  60.25 60.82   

C200-T2-D0.2 93.4 93.994  115.18 118.12   92.77  110.34 110.84   91.69  95.459 96.53   

C200-T2-D0.4 93.4 90.886  100.56 116.22   89.821  96.33 95.15   87.846  95.12 100.66   

C200-T2-D0.6 93.4 84.456  88.36 89.25   82.053  86.472 91.22   78.915  85.22 87.46   

C200-T2.5-D0.2 128.61 128.51  131.21 131.53   128.08  135.28 136.46   127.81  131.88 131.97   

C200-T2.5-D0.4 128.61 128.48  128.88 129.24   126.28  134.65 136.66   124.27  136.56 136.76   

C200-T2.5-D0.6 128.61 116.77  122.94 123.09   110.57  118.56 119.65   109.88  115.96 116.78   

C200-T3-D0.2 165.64 165.69  176.88 177.61   164.6  175.25 176.05   162.55  171.03 171.35   

C200-T3-D0.4 165.64 160.47  172.22 173.52   158.22  169.04 182.44   157.37  167.6 168.99   

C200-T3-D0.6 165.64 147.09  155.99 156.81   135.17  145.58 146.65   125.45  136.55 137.11   
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Duplex stainless steel C300 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15    Q10 Q15   

For L1000 

C300-T1.5-D0.2 100.18 100.11  105.72 106.67   99.683  105.27 106.21   97.605  103.07 104.00   

C300-T1.5-D0.4 100.18 98.492  104.01 104.94   96.92  102.35 103.27   96.12  101.50 102.42   

C300-T1.5-D0.6 100.18 86.855  91.72 92.54   84.865  89.62 90.42   62.611  66.12 66.71   

C300-T2-D0.2 163.11 163.53  172.69 174.24   162.4  171.49 173.04   161.63  170.68 172.22   

C300-T2-D0.4 163.11 162.08  171.16 172.70   157.05  165.84 167.34   156.01  164.75 166.23   

C300-T2-D0.6 163.11 137.24  144.93 146.23   136.76  144.42 145.72   120.88  127.65 128.80   

C300-T2.5-D0.2 232.07 233.05  246.10 248.32   231.24  244.19 246.39   230.28  243.18 245.36   

C300-T2.5-D0.4 232.07 222.49  234.95 237.06   220.55  232.90 235.00   220.18  232.52 234.61   

C300-T2.5-D0.6 232.07 197.72  208.79 210.67   186.63  197.08 198.86   180.09  190.18 191.89   

C300-T3-D0.2 305.84 305.84  322.97 325.87   303.19  320.17 323.05   300.13  316.94 319.79   

C300-T3-D0.4 305.84 289.43  305.64 308.39   288.1  304.23 306.97   278.32  293.91 296.55   

C300-T3-D0.6 305.84 240.65  254.13 256.41   235.89  249.10 251.34   233.06  246.11 248.33   

For L1500 

C300-T1.5-D0.2 89.07 93.83  99.08 99.98   89.357  94.36 95.21   88.116  93.05 93.89   

C300-T1.5-D0.4 89.07 89.664  94.69 95.54   85.7  90.50 91.31   83.965  88.67 89.47   

C300-T1.5-D0.6 89.07 80.486  84.99 85.76   77.134  81.45 82.19   74.972  79.17 79.88   

C300-T2-D0.2 144.77 142.5  150.48 151.83   141.93  149.88 151.23   141.3  149.21 150.56   

C300-T2-D0.4 144.77 138.79  146.56 147.88   136.18  143.81 145.10   134.64  142.18 143.46   
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C300-T2-D0.6 144.77 122.78  129.66 130.82   121.33  128.12 129.28   118.49  125.13 126.25   

C300-T2.5-D0.2 212.58 213.81  225.78 227.82   207.66  219.29 221.26   204  215.42 217.36   

C300-T2.5-D0.4 212.58 200.59  211.82 213.73   198.55  209.67 211.56   195  205.92 207.77   

C300-T2.5-D0.6 212.58 187.67  198.18 199.96   172.78  182.46 184.10   165.27  174.53 176.10   

C300-T3-D0.2 282.16 281.58  297.35 300.02   273.82  289.15 291.76   272.57  287.83 290.42   

C300-T3-D0.4 282.16 259.74  274.29 276.75   256.89  271.28 273.72   254.3  268.54 270.96   

C300-T3-D0.6 282.16 222.69  235.16 237.28   214.36  226.36 228.40   212.75  224.66 226.69   

For L2000 

C300-T1.5-D0.2 78.22 83.766  88.46 89.25   78.085  82.46 83.20   77.091  81.41 82.14   

C300-T1.5-D0.4 78.22 77.645  81.99 82.73   76.108  80.37 81.09   75.99  80.25 80.97   

C300-T1.5-D0.6 78.22 73.072  77.16 77.86   72.04  76.07 76.76   71.061  75.04 75.72   

C300-T2-D0.2 126.8 125.75  132.79 133.99   124.8  131.79 132.97   124.3  131.26 132.44   

C300-T2-D0.4 126.8 132.75  140.18 141.45   130.88  138.21 139.46   128.36  135.56 136.78   

C300-T2-D0.6 126.8 111.54  117.79 118.85   108.88  114.98 116.01   106.39  112.35 113.36   

C300-T2.5-D0.2 181.93 183.02  193.27 195.01   177.68  187.63 189.32   177.14  187.06 188.74   

C300-T2.5-D0.4 181.93 177.3  187.23 188.91   176.28  186.15 187.83   172.75  182.42 184.07   

C300-T2.5-D0.6 181.93 153.3  161.88 163.34   149  157.34 158.76   146.01  154.19 155.57   

C300-T3-D0.2 232.25 255.98  270.31 272.75   250.29  264.31 266.68   233.53  246.61 248.83   

C300-T3-D0.4 232.25 230.78  243.70 245.90   225.17  237.78 239.92   223.34  235.85 237.97   

C300-T3-D0.6 232.25 198.56  209.68 211.57   192.6  203.39 205.22   188.05  198.58 200.37   
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Ferritic stainless steel C200 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15     Q10 Q15   

For L1000 

C200-T1.5-D0.2 57.13 55.806  58.934 59.733   54.023  58.669 59.992   54  57.89 57.996   

C200-T1.5-D0.4 57.13 53.739  57.756 58.338   52.023  57.22 58.988   50.11  56.997 60.15   

C200-T1.5-D0.6 57.13 44.965  57.43 58.486   43.75  55.1 55.994   41.269  50.7 51.894   

C200-T2-D0.2 87.78 85.148  90.427 90.792   84.649  89.556 91.4   84.123  89.114 91.67   

C200-T2-D0.4 87.78 79.819  89.358 94.435   79.115  88.33 91.378   77.45  87.64 89.969   

C200-T2-D0.6 87.78 66.743  79.99 81.179   64.974  76.98 77.011   60.829  74.22 77.984   

C200-T2.5-D0.2 122.87 119.57  128.12 128.75   119.13  129.14 130.92   118.07  129.88 129.98   

C200-T2.5-D0.4 122.87 116.25  114.15 117.03   115.99  113.55 116.4   112.07  112.79 113.15   

C200-T2.5-D0.6 122.87 84.203  90.222 91.16   83.308  90.1 90.974   80.824  99.1 99.75   

C200-T3-D0.2 162.54 156.72  169.53 169.98   155.56  168.98 170.12   152.66  165.68 167.34   

C200-T3-D0.4 162.54 150.64  150.44 152.86   149.26  146.58 149.71   146.66  144.44 151.89   

C200-T3-D0.6 162.54 101.86  118.56 118.96   99.6  116.25 117.11   98.332  115.95 116.55   

For L1500 

C200-T1.5-D0.2 52.52 55.272  57.056 58.172   51.781  53.236 53.27   51.601  53.24 53.455   

C200-T1.5-D0.4 52.52 50.99  60.553 60.94   49.55  58.856 59.499   49.005  57.85 58.136   

C200-T1.5-D0.6 52.52 42.39  50.11 51.39   40.646  49.77 56.265   40.699  44.38 45.54   

C200-T2-D0.2 81.11 79.653  83.914 84.092   79.338  83.433 83.855   78.983  83.211 84.013   

C200-T2-D0.4 81.11 75.992  82.288 82.624   74.502  78.523 79.6   74.115  78.005 79.16   
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C200-T2-D0.6 81.11 69.194  78.899 79.66   61.227  67.55 68.417   60.66  65.889 68.03   

C200-T2.5-D0.2 115.08 114.36  119.61 119.99   113.81  119.34 120.36   112.79  118.84 119.83   

C200-T2.5-D0.4 115.08 101.81  114.47 116.93   100.19  112.22 113.56   98.942  102.84 103.11   

C200-T2.5-D0.6 115.08 81.027  90.75 91.73   80.7  90.5 91.75   76.497  89.55 91.01   

C200-T3-D0.2 151.86 149.19  156.57 157.54   148.05  155.78 157.34   146.61  155.67 156.92   

C200-T3-D0.4 151.86 126.33  129.44 132.44   123.68  125.66 125.98   121.27  126.32 126.95   

C200-T3-D0.6 151.86 105.29  120.34 121.11   92.331  119.98 120.14   88.75  118.22 123.09   

For L2000 

C200-T1.5-D0.2 46.95 51.546  55.554 56.48   46.813  53.67 52.73   46.11  52.18 55.825   

C200-T1.5-D0.4 46.95 48.088  55.098 55.261   47.051  54.236 56.19   46.893  54.19 55.46   

C200-T1.5-D0.6 46.95 38.263  48.569 50.15   37.586  47.663 50.12   36.935  44.64 45.12   

C200-T2-D0.2 72.70 72.551  75.343 76.522   72.326  74.479 74.61   71.854  73.872 74.94   

C200-T2-D0.4 72.70 68.865  72.704 73.003   67.892  70.22 70.922   67.056  69.31 71.16   

C200-T2-D0.6 72.70 58.647  68.77 69.85   56.286  66.96 67.69   54.098  60.55 61.88   

C200-T2.5-D0.2 102.63 108.66  116.59 117.02   106.92  114.12 115.1   99.801  107.08 107.46   

C200-T2.5-D0.4 102.63 94.102  96.579 98.294   91.808  95.14 96.99   89.906  94.321 95.114   

C200-T2.5-D0.6 102.63 75.235  80.66 80.936   71.03  75.75 76.56   68.821  72.24 75.55   

C200-T3-D0.2 136 134.88  141.35 142.13   133.07  140.09 141.47   131.41  139.79 140.82   

C200-T3-D0.4 136 116.61  120.39 120.74   112.91  118.74 119.45   109.3  111.89 112.88   

C200-T3-D0.6 136 89.81  92.314 93.17   84.472  90.339 91.651   80.796  88.646 90.89   
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Ferritic stainless steel C300 

 

Specimen 

Plain 

web 

(kN) 

Axial capacity results of plain, UH and EH from FEA, PFEA (kN) 

UH1 EH1 UH3 EH3 UH5 EH5 

 Q10 Q15    Q10 Q15     Q10 Q15   

For L1000 

C300-T1.5-D0.2 63.12 63.241  66.78 67.38   62.996  66.52 67.12   61.123  64.55 65.13   

C300-T1.5-D0.4 63.12 60.972  64.39 64.97   59.007  62.31 62.87   58.954  62.26 62.82   

C300-T1.5-D0.6 63.12 57.303  60.51 61.06   51.515  54.40 54.89   48.858  51.59 52.06   

C300-T2-D0.2 98.1 97.737  103.21 104.14   98.76  104.29 105.23   96.448  101.85 102.77   

C300-T2-D0.4 98.1 91.583  96.71 97.58   90.74  95.82 96.68   89.27  94.27 95.12   

C300-T2-D0.6 98.1 82.409  87.02 87.81   77.486  81.83 82.56   73.389  77.50 78.20   

C300-T2.5-D0.2 135.74 136.38  144.02 145.31   135.81  143.42 144.71   132.86  140.30 141.56   

C300-T2.5-D0.4 135.74 126.85  133.95 135.16   125.8  132.84 134.04   123.08  129.97 131.14   

C300-T2.5-D0.6 135.74 118.59  125.23 126.36   105.84  111.77 112.77   102.74  108.49 109.47   

C300-T3-D0.2 181.53 180.41  190.51 192.23   180.33  190.43 192.14   176.88  186.79 188.47   

C300-T3-D0.4 181.53 178.97  188.99 190.69   162.34  171.43 172.97   161.5  170.54 172.08   

C300-T3-D0.6 181.53 150.96  159.41 160.85   146.81  155.03 156.43   130.89  138.22 139.46   

For L1500 

C300-T1.5-D0.2 59.11 57.92  61.16 61.71   57.115  60.31 60.86   56.455  59.62 60.15   

C300-T1.5-D0.4 59.11 55.531  58.64 59.17   54.539  57.59 58.11   52.064  54.98 55.47   

C300-T1.5-D0.6 59.11 51.404  54.28 54.77   48.238  50.94 51.40   46.071  48.65 49.09   

C300-T2-D0.2 94.27 92.212  97.38 98.25   91.686  96.82 97.69   91.459  96.58 97.45   

C300-T2-D0.4 94.27 89.375  94.38 95.23   88.827  93.80 94.65   86.642  91.49 92.32   
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C300-T2-D0.6 94.27 77.216  81.54 82.27   76.706  81.00 81.73   72.389  76.44 77.13   

C300-T2.5-D0.2 132.6 130.4  137.70 138.94   130.44  137.74 138.98   130.49  137.80 139.04   

C300-T2.5-D0.4 132.6 124.19  131.14 132.32   123.96  130.90 132.08   120.32  127.06 128.20   

C300-T2.5-D0.6 132.6 117.56  124.14 125.26   103.59  109.39 110.38   100  105.60 106.55   

C300-T3-D0.2 174.27 173.11  182.80 184.45   172.93  182.61 184.26   172.51  182.17 183.81   

C300-T3-D0.4 174.27 165.11  174.36 175.93   160.73  169.73 171.26   159.47  168.40 169.92   

C300-T3-D0.6 174.27 140.34  148.20 149.53   135.23  142.80 144.09   126.77  133.87 135.08   

For L2000 

C300-T1.5-D0.2 55.3 55.226  58.32 58.84   54.218  57.25 57.77   54.05  57.08 57.59   

C300-T1.5-D0.4 55.3 55.112  58.20 58.72   54.99  58.07 58.59   50.75  53.59 54.07   

C300-T1.5-D0.6 55.3 46.059  48.64 49.08   45.213  47.74 48.17   42.957  45.36 45.77   

C300-T2-D0.2 87.79 88.413  93.36 94.20   88.38  93.33 94.17   87.798  92.71 93.55   

C300-T2-D0.4 87.79 85.831  90.64 91.45   84.04  88.75 89.54   80.441  84.95 85.71   

C300-T2-D0.6 87.79 73.496  77.61 78.31   69.552  73.45 74.11   68.926  72.79 73.44   

C300-T2.5-D0.2 128.3 123.96  130.90 132.08   122.11  128.95 130.11   121.37  128.17 129.32   

C300-T2.5-D0.4 128.3 119.61  126.31 127.44   116.51  123.03 124.14   113.51  119.87 120.95   

C300-T2.5-D0.6 128.3 114.37  120.77 121.86   94.409  99.70 100.59   92.105  97.26 98.14   

C300-T3-D0.2 161.62 163.39  172.54 174.09   162.89  172.01 173.56   160.13  169.10 170.62   

C300-T3-D0.4 161.62 147.45  155.71 157.11   143.61  151.65 153.02   140.08  147.92 149.26   

C300-T3-D0.6 161.62 127.45  134.59 135.80   121.22  128.01 129.16   116.92  123.47 124.58   
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4.2.2 Effect of thickness and length on axial capacity for CFSS plain channel section 

 Fig. 4-3(a) and 4-3(b) shows the impact of thickness on the axial capacity of cold-

formed austenitic stainless steel (CFSS) plain channel sections. When increasing in thickness 

from 1.5 mm to 2 mm the average axial capacity increased by 54.39%. likewise for the 

thicknesses of 2mm to 2.5mm and 2.5mm to 3mm, the axial capacity is increased by 41.22% 

and 32.42% respectively. similarly, for duplex stainless-steel channel sections, thickness 

variations from 1.5 mm to 2 `mm and 30.74% for 2.5 mm to 3 mm. Ferritic stainless-steel 

channel sections presented axial capacity increases of 54.25%, 40.96%, and 32.24% for these 

respective thickness variations.  

An overall length of CFSS channel plays a significant role on axial capacity. It’s 

determined that the longer the length, there is a reduction on axial capacity. For austenitic 

stainless steel the axial capacity is decreased by 20.87% from the length 1000mm to 2000mm. 

Similarly, percentage decrease in the grade duplex was 57.35% from 1000mm to 2000mm and 

20.10% for cold-formed ferritic stainless steel.  
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(b) Duplex 

 

(c)Ferritic 

 

Figure 4-3(a): Effect of thickness and length for CFSS plain channel section for 

C200x65x15 
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(a) Austenitic 

 
(b) Duplex 
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(c) Ferritic 

 

Figure 4-3(b): Effect of thickness and length for CFSS plain channel section for 

C300x80x20 

 

4.3 CFSS channel sections with unstiffened web holes 

4.3.1 Effect of a/h ratio on axial capacity for CFSS channel section 

 The effects of a/h ratio on the axial capacity of the CFSS channel section with 

unstiffened web holes keeping the length constant i.e., L=1500mm are shown in Fig. 4-4(a) 

and 4-4(b). there is a noticeable decrease in axial capacity as the a/h ratio increases from 0.2 to 

0.6. in the parametric analysis, it is observed that increasing the a/h ratio from 0.2 to 0.4 resulted 

in a 8.79% reduction in axial capacity for austenitic CFSS channel section. A similar trend was 

observed for duplex and ferritic CFSS channel sections, with axial capacities decreasing by 

3.4% and 7.18% respectively. Comparatively, when comparing a/h ratios from 0.2 to 0.6, axial 
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capacity of 14.65%, 10.99% and 14.51% for austenitic, duplex, and ferritic stainless steel, 

respectively. These findings underscore the significant influence of the a/h ratio on moment 

capacity. 
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(C)Ferritic 

Figure 4-4(a):  Effect on a/h ratio for CFSS channel section for C200x65x15 
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(a) Austenitic 

 

(b) Duplex 
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(c) Ferritic 

 

Figure 4-4(b): Effect on a/h ratio for CFSS channel section for C300x80x20 
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(a) Austenitic 
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(c) Ferritic 

Figure 4-5(a): Effect of different length on axial capacity of CFSS channel 

section for C200x65x15 
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(b) Duplex 

 

(c) Ferritic 

Figure 4-5(b): Effect of different length on axial capacity of CFSS channel 

section for C300x80x20 
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4.3.3 Effect of number of holes on axial capacity for CFSS channel 

 The influence of the number of holes on axial capacity of CFSS channel sections with 

unstiffened web holes was examined. Fig. 4-6(a) and 4-6(b) shows as the number of holes 

increased from 1 to 3, a reduction in axial capacity was observed, with a decrease of 2.3%, 

2.4% and 2.7% noted for austenitic, duplex and ferritic stainless steel, respectively. Similarly, 

when the number of holes increased from 1 to 5, axial capacities decreased by 7.5%, 5.95% 

and 7.65% respectively for same stainless steel grades. 
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(b)Duplex 

 

(c) Ferritic 

Figure 4-6(a): Effect on number of holes for CFSS channel section C200x65x15 
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(c) Ferritic 

   

Figure 4-6(b): Effect on number of holes for CFSS channel section C300x80x20 

4.3.4 Effect of channel dimensions on Axial capacity for CFSS channel section. 

 Table 4 presents the axial capacity achieved for the two cross-sectional dimensions of 

the CFSS channel section examined in this study. It is evident that, on average, the axial 

capacity increased to 21.91% when transitioning from C200x65x15 to C300x80x20. 
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4.4 CFSS channel sections with Edge-stiffened web holes 

4.4.1 Effect of stiffener length 

 In this study, the impact of stiffener length on the axial capacity for CFSS channel 

sections with edge-stiffened web holes was explored. It was found that, on average, there was 

only a marginal increase of 1.44% in axial capacity when the stiffener varied from 10mm to 

15mm. Fig. 4-7(a) and 4-7(b) represents stiffener length over axial capacity with various 

thicknesses of channel with constant length. 

 

(a)Austenitic 

0

20

40

60

80

100

120

140

160

180

5 7 9 11 13 15 17 19

A
x
ia

l 
ca

p
ac

it
y
 (

k
N

)

Stiffener length (Q) 

T1.5-EH1-Q10-L1500 T1.5-EH1-Q15-L1500 T2-EH1-Q10-L1500 T2-EH1-Q15-L1500

T2.5-EH1-Q10-L1500 T2.5-EH1-Q15-L1500 T3-EH1-Q10-L1500 T3-EH1-Q15-L1500



64 

 

 

(b)Duplex 

 

(c)Ferritic 

Figure 4-7(a): Effects of stiffener length for edge-stiffened web holes for channel section 

C200x65x15 
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(c) Ferritic 

 

Figure 4-7(b): Effects of stiffener length for edge-stiffened web holes for channel section 

C300x80x20 

4.4.2 Comparison from un-stiffened to edge-stiffened web holes for austenitic, duplex and 

ferritic stainless steel 

 Table 3 shows that the axial capacity obtained from FEA for unstiffened and edge-

stiffened web holes for austenitic, duplex, and ferritic stainless-steel. For edge-stiffened with 

10mm stiffener length with one web hole where the a/h ratio varied from 0.2, 0.4 and 0.6, the 

average axial capacity increased by 7.14%. Axial capacity increased to 7.66% when compared 

for 3 web holes. And with 5 web holes, the axial capacity increased to 8.18%, irrespective of 

the grade of the stainless steel. Refer to Fig. 4-8. 
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Figure 4-8: Load displacement curve comparison from unstiffened web hole to edge-

stiffened web hole. 

 

4.4.3 Effect of a/h ratio on axial capacity for CFSS section with edge stiffened web hole 

 In table 3 and Fig. 4-9(a) and 4-9(b) illustrate the impact of the a/h ratio on the axial 

capacity of the CFSS channel sections with edge-stiffened web hole. The findings from the 

study reveal that, for austenitic stainless steel, as the a/h ratio increased from 0.2 to 0.4, there 

was a decrease in axial capacity of 8.79%. Similarly, for duplex CFSS channels, the axial 

capacity decreased by 3%, and for ferritic CFFS channels it is decreased by 7.18%. Moreover, 

with an increase in a/h ratio from 0.2 to 0.6, a decrease in axial capacity was observed across 

all stainless steel types. Specifically, for austenitic the axial capacity decreased by 22.06%, for 

duplex stainless steel, it is decreased by 17.82% and for ferritic steel, it is decreased by 20.59%. 
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Likewise, when comparing the a/h ratio from 0.4 to 0.6, a reduction in axial capacity of 12.65%, 

10.14% and 12.5% was noted for austenitic, duplex, and ferritic stainless steel respectively. 
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Figure 4-9(a): Effect of a/h for edge-stiffened CFSS channel section C200-Q10-EH-T-D 

 

(a) Austenitic 

 

0

20

40

60

80

100

120

140

160

180

200

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

A
x
ia

l 
ca

p
ac

it
y
 (

k
N

)

a/h ratio 

T1.5-EH1-L1500-Q10 T1.5-EH3-L1500-Q10 T1.5-EH5-L1500-Q10 T2-EH1-L1500-Q10

T2-EH3-L1500-Q10 T2-EH5-L1500-Q10 T2.5-EH1-L1500-Q10 T2.5-EH3-L1500-Q10

T2.5-EH5-L1500-Q10 T3-EH1-L1500-Q10 T3-EH3-L1500-Q10 T3-EH5-L1500-Q10

0

50

100

150

200

250

300

350

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

A
x
ia

l 
ca

p
ac

it
y
 (

k
N

)

a/h ratio 

T1.5-EH1-L1500-Q10 T1.5-EH3-L1500-Q10 T1.5-EH5-L1500-Q10 T2-EH1-L1500-Q10

T2-EH3-L1500-Q10 T2-EH5-L1500-Q10 T2.5-EH1-L1500-Q10 T2.5-EH3-L1500-Q10

T2.5-EH5-L1500-Q10 T3-EH1-L1500-Q10 T3-EH3-L1500-Q10 T3-EH5-L1500-Q10



71 

 

(b) Duplex 

 

(c) Ferritic 

Figure 4-9(b): Effect of a/h for edge-stiffened CFSS channel section C300-Q10-EH-T-D 

4.4.4 Effect of number of holes on axial capacity for edge stiffened CFSS channel section 

 In table 3 and Fig. 4-10(a) and 4-10(b) illustrate how the number of holes impacts on 

axial capacity of CFSS channel section with edge stiffened web holes. As the number of holes 

increased from 1 to 3, there was a decrease in axial capacity of 2.63%, 3.54% and 2.22% for 

austenitic, duplex, and ferritic stainless steel, respectively. Likewise, with an increase in the 

number of holes from 1 to 5, the axial capacity decreased by 4.54%, 7.48% and 4.25% 

respectively, across the stainless-steel types. 
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(c)Ferritic 

    

Figure 4-10(a): Effect of number of holes for edge stiffened CFSS channel C200-T1.5-Q10-

EH 
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(b)Duplex 

 

(c)Ferritic 

Figure 4-10(b): Effect of number of holes for edge stiffened CFSS channel C300-T1.5-Q10-

EH 
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CHAPTER 5. Current design guidelines 

 The AISI [13] and AS/NZS [14] design standards provide guidance on determining the 

unfactored axial capacity of the CFSS channel sections with plain webs and unstiffened web 

holes. Both the effective width method (EWM) and DSM approach are viable options for 

assessing the design capacity of these CFSS sections according to the specified standards. 

However, there exists a noticeable absence in design guidelines for evaluating the axial 

capacity of CFSS sections with edge stiffened hole, which is apparent in the current literature 

and standards. The subsequent sub-sections introduce relevant design equations, aiming to 

enhance understanding and facilitate the calculation of axial capacity for structural 

configurations. 

5.1 EWM for CFSS channel sections with plain webs 

 The design standards outlined in AS/NZS [14] offer design equations for computing 

the nominal axial capacity (P*) of CFSS channel sections with plain webs. The axial capacity 

(P*) is required to satisfy the following equations: 

𝑃∗ ≤ 𝜙𝑐𝑃𝑠 = 𝜙𝑐𝐴e𝑓𝑦     (3) 

𝑃∗ ≤ 𝜙𝑐𝑃𝑐 = 𝐴e𝑓𝑦   (4) 

Where, 𝑃𝑠 is the nominal section capacity of columns; 𝑃𝑐 is nominal member capacity of 

columns; 𝜙𝑐 is the capacity reduction factor; 𝑃𝑛 is the critical stress; 𝐴e is the effective area and  

𝑓y is the yield stress.  

The design equations to determine the critical stress Pn are given in Eqs. (5–7) 

𝐹𝑜𝑟 𝜆𝑐 < 1.5 ; 𝑃𝑛 = (0.658𝜆𝑐
2
) 𝑓𝑦  (5) 

𝐹𝑜𝑟 𝜆𝑐 < 1.5 ; 𝑃𝑛 = (
0.877

𝜆𝑐
2 ) 𝑓𝑦  (6) 
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𝜆𝑐 = √
𝑓𝑦

𝑓𝑜𝑐
   

(7) 

Where, 𝜆𝑐 is non-dimensional slenderness; 𝑓𝑜𝑐 is the flexural–torsional buckling stresses 

calculated in accordance with Appendix D of AS/NZS 4600:2018 [14]  

5.2 DSM for CFSS channel sections with plain webs 

 For CFSS channel sections with plain webs, the design capacity (PAISI&AS/NZS) is 

established by determining the minimum value among the local buckling capacity (Pnl), 

distortional buckling capacity 𝑃𝑛𝑑, and global buckling capacity 𝑃𝑛𝑒 [13, 14]. 

𝑃𝐴𝐼𝑆𝐼&𝐴𝑆/𝑁𝑍 = min(𝑃𝑛𝑙 , 𝑃𝑛𝑑 , 𝑃𝑛𝑒)  (8) 

The design equations to obtain the local buckling capacity (Pnl) are given in Eqs. (9–11): 

𝐹𝑜𝑟 𝜆𝑙 ≤ 0.776 ; 𝑃𝑛𝑙 = 𝑃ne   (9) 

𝐹𝑜𝑟 𝜆𝑙 > 0.776 ; 𝑃𝑛𝑙 = [1 − 0.15 (
𝑃𝑐𝑟𝑙 

𝑃𝑛𝑒 
)

0.4

] (
𝑃𝑐𝑟𝑙 

𝑃𝑛𝑒 
)

0.4

𝑃ne  
(10) 

𝜆𝑙 = √
𝑃𝑛𝑒

𝑃𝑐𝑟𝑙
   

(11) 

The design equations to obtain the distortional buckling capacity (Pnd) are given in Eqs. 

(12–14): 

𝐹𝑜𝑟 𝜆𝑑 ≤ 0.561 ; 𝑃𝑛𝑑 = 𝑃y  (12) 

𝐹𝑜𝑟 𝜆𝑑 > 0.561 ; 𝑃𝑛𝑑 = [1 − 0.25 (
𝑃𝑐𝑟𝑑 

𝑃𝑦 
)

0.6

] (
𝑃𝑐𝑟𝑑 

𝑃𝑦 
)

0.6

𝑃y  
(13) 

𝜆𝑑 = √
𝑃𝑦

𝑃𝑐𝑟𝑑
   

(14) 

The design equations to obtain the global buckling capacity (Pne) are given in Eqs. (15–

17): 
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𝐹𝑜𝑟 𝜆𝑐 ≤ 1.5 ; 𝑃𝑛𝑒 = (0.658𝜆𝑐
2
) 𝑃y  (15) 

𝐹𝑜𝑟 𝜆𝑐 > 1.5 ; 𝑃𝑛𝑒 = (
0.877

𝜆𝑐
2 ) 𝑃y  (16) 

𝜆𝑐 = √
𝑃𝑦

𝑃𝑐𝑟𝑒
   

(17) 

Where 𝑃𝑐𝑟𝑙 , 𝑃𝑐𝑟𝑑 , 𝑃𝑐𝑟𝑒  are the elastic local, distortional and global buckling load, 

respectively, which were determined by the finite strip analysis method using constrained and 

unconstrained finite strip method (CUFSM) software [22], as described by Moen and Schafer 

[23, 24]. 

5.3 DSM for CFSS channel sections with unstiffened web holes 

The design standards outlined in AISI [13] and AS/NZS [14] for CFSS offer design 

equations aimed at calculating the axial capacity of CFSS channel sections featuring 

unstiffened web holes. These equations are derived from the design equations proposed by 

Moen and Schafer [23, 24]. 

Moen and Schafer [23, 24] proposed a "weighted average" method for assessing the 

global buckling capacity (Pne) of CFSS channel sections featuring web holes. The classical 

equation used to compute the elastic global buckling load (Pcreh) for such columns is presented 

in Equation 18 below: 

𝑃𝑐𝑟𝑒ℎ =
𝜋2𝐸𝐼𝑎𝑣𝑔

𝐴𝑔(𝐾𝐿)2  
(18) 

To determine the local buckling capacity (Pnl) of CFS sections with unstiffened web 

holes, the design equations are given in Eqs. (19–21): 

𝐹𝑜𝑟 𝜆𝑙 ≤ 0.776 ;  𝑃𝑛𝑙 = 𝑃ne  ≤  𝑃𝑦𝑛𝑒𝑡  (19) 
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𝐹𝑜𝑟 𝜆𝑙 > 0.776 ;  𝑃𝑛𝑙 = [1 − 0.15 (
𝑃𝑐𝑟𝑙ℎ 

𝑃𝑛𝑒 
)

0.4

] (
𝑃𝑐𝑟𝑙ℎ 

𝑃𝑛𝑒 
)

0.4

𝑃ne  ≤  𝑃𝑦𝑛𝑒𝑡   
(20) 

𝜆𝑙 = √
𝑃𝑛𝑒

𝑃𝑐𝑟𝑙ℎ
   

(21) 

To determine the distortional buckling capacity (Pnd) of CFSS sections with unstiffened 

web holes, the design equations are given in Eqs. (22–27): 

 𝐹𝑜𝑟 𝜆𝑑 ≤  𝜆𝑑1;   𝑃𝑛𝑑 =  𝑃𝑦𝑛𝑒𝑡  (22) 

𝐹𝑜𝑟 𝜆𝑑1 < 𝜆𝑑 ≤ 𝜆𝑑2 ; 𝑃𝑛𝑑 =  𝑃𝑦𝑛𝑒𝑡 − (
𝑃𝑦𝑛𝑒𝑡− 𝑃𝑑2

𝜆𝑑2− 𝜆𝑑2
) (𝜆𝑑 − 𝜆𝑑1)   (23) 

𝐹𝑜𝑟 𝜆𝑑 > 𝜆𝑑2 ;  𝑃𝑛𝑑 = [1 − 0.25 (
𝑃𝑦𝑛𝑒𝑡

𝑃𝑦
)

0.6

] (
𝑃𝑦𝑛𝑒𝑡

𝑃𝑦
)

0.6

𝑃𝑦  
(24) 

λd =  √
𝑃y

𝑃crdh
  

(25) 

λd1 = 0.561 (
𝑃ynet

𝑃y
)  

(26) 

λd2 = 0.561 [14 (
𝑃y

𝑃ynet
)

0.4

− 13]  
(27) 

Where 𝑃y and 𝑃ynet are the member yield capacity of the gross section and net section, 

respectively. Moreover, 𝑃𝑐𝑟𝑙ℎ , 𝑃𝑐𝑟𝑑ℎ , 𝑃𝑐𝑟𝑒ℎ  are the elastic local, distortional, and global 

buckling load, respectively, for the CFS channel sections with unstiffened web holes. 

5.4 Comparison of design strength with the FEA results 

 The axial capacity of CFSS channel section with plain webs, as derived from the 

parametric study, was compared against the axial capacities calculated using the EWM 

equations [13, 14]. analysing the comparison result (refer to table 5 and Fig. 5-1), the mean and 

coefficient of variation (COV) of PFEA/ PAISI&AS/NZS (EWM) ratio are 0.93 and 0.08 respectively 

for austenitic stainless steel. Similarly, 0.95 and 0.06 for duplex and 0.93 and 0.08 for ferritic 
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stainless steel respectively. Consequently, the design strengths projected by the EWM 

equations [13, 14] exhibit an average conservatism of 6% 

The mean values of the PFEA/ PAISI&AS/NZS (DSM) ratio are 0.93 and 0.04 for CFSS channels 

with plain webs. Consequently, the DSM equations of the AISI [13] and AS/NZ [14] standards 

are found to be conservative by 6% in determining the axial capacity of CFSS channel sections 

with plain webs. 

The FEA findings for CFSS channel sections featuring unstiffened holes were compared 

with the predictive design strength derived from the DSM equations outlined in AISI [13] and 

AS/NZS [14] standards. Fig. 5-2 illustrates the comparison of axial capacity between CFSS 

channel with UH, as projected by the FE model and DSM equations [13, 14], indicating mean 

PFEA/ PAISI&AS/NZS (DSM) ratio values of 0.89 and 0.08 for austenitic stainless steel. Similarly, 

0.92 and 0.09 for duplex and 0.90 and 0.09 for ferritic stainless steel (refer table 5). 

Consequently, the DSM equations of AISI [13] and AS/NZS [14] standards exhibit a slight 

conservatism of only 9% when estimating the axial capacity of CFSS channel sections with 

unstiffened holes. 



80 

 

 
Figure 5-1: Comparing the outcomes of the EWM equations with Finite Element Analysis 

(FEA) results for CFSS channel sections featuring plain webs. 

 
Figure 5-2: Comparing the outcomes obtained from EWM equations FEA results of CFSS 

channel sections with unstiffened holes. 

0

50

100

150

200

250

300

350

0 50 100 150 200 250 300 350

A
x
ia

l 
ca

p
ac

it
y
 (

k
N

) 
(E

q
s.

 3
-7

)

Axial Capacity of FEA (kN)

Austenitc

Duplex

Ferritic

0

50

100

150

200

250

300

350

0 50 100 150 200 250 300 350

A
x
ia

l 
ca

p
ac

it
y
 (

k
N

) 
(E

q
s.

 3
-7

)

Axial Capacity of FEA (kN)

Austenitc

Duplex

Ferritic



81 

 

 
Figure 5-3: Comparing the outcomes obtained from DSM equations FEA results of CFSS 

channel sections with unstiffened holes. 

 

Table 5 The comparison between FEA results and the capacities predicted by the existing 

design equations. 

Design guidelines Design equations Type of section Equations Comparison Mean COV 

AISI [14] & AS/NZS [15] EWM Plain webs Eqs. 3-7 PFEA/PEWM [14,15] 0.93 0.08 

AISI [14] & AS/NZS [15] DSM Plain webs Eqs. 8-17 PFEA/ PDSM [14,15] 0.93 0.04 

AISI [14] & AS/NZS [15] DSM UH Eqs. 18-27 PFEA/PDSM [14,15] 0.89 0.08 
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CHAPTER 6. Proposed design equations 

6.1 Proposed modified EWM equations 

 The parametric study showed that the web depth(d1), depth of web holes (dw), thickness 

(t), width of flange (bf) and stiffener length (q) are significant factors influencing the axial 

capacities of CFSS channel with edge stiffened holes. Since the FEA results align closely with 

EWM for unstiffened holes, there is no necessity to introduce new EWM design equations. 

Consequently, to enhance the accuracy of predicting the axial capacity of these channels, 

modifications were made to the effective width method (EWM) equations found in design 

standards [13, 14] for CFSS channels with plain webs. This adjustment involved incorporating 

a capacity reduction factor and a capacity enhancement factor, both derived from bivariate 

linear regression analysis. The resulting design equations, aimed at determining the axial 

capacity of CFSS channels with EH (Eqs. 28) are presented below. 

For CFSS channel section with edge stiffened hole, 

𝑃𝑃𝑟𝑜𝑝 = [0.875 − 0.088 (
𝑑𝑤

𝑑1
) + 11.17 (

𝑡

𝑑1
) + 1.88 (

𝑞

𝑑1
)] × 𝑃𝐸𝑊𝑀       𝑓𝑜𝑟 <  0.45 𝜆𝑐 < 1.41    (28) 

  

Figure 6-1 illustrates a comparison between Finite Element Analysis (FEA) outcomes 

and the projections generated by the proposed Effective Width Method (EWM) equations for 

CFSS channel sections featuring edge-stiffened holes. The EWM-based design equations 

demonstrate a commendable alignment with the FE results in assessing the axial capacity for 

CFSS channel sections with edge stiffeners. Table 6 provides the mean and Coefficient of 

Variation (COV) values for FEA in according to the proposed EWM design equations for edge-

stiffened holes. The scope of the proposed design equations is confined to specific parameters: 

0.45 < λc < 1.41, 0.2 ≤ dw/d1 ≤ 0.6, 0.0075 ≤ t/d1 ≤ 0.015, and 0.05 ≤ q/d1 ≤ 0.075. The ratio 

PFEA/Pprop(EWM) is examined within these constraints. 
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          Figure 6-1: For CFSS channel sections with EH (28) 

6.2 Proposed modified DSM equations 

 The findings from the parametric analysis of CFSS channel columns incorporating edge 

stiffened hole (0.45< 𝜆𝑐 <1.41) were subjected to local buckling or distortional buckling. 

However, there is no design equations available to calculate axial capacity of CFSS channel 

columns with edge stiffened holes. Therefore, this study proposed DSM equations [Eqs. 29-

37] to estimate the nominal axial capacity (𝑃𝑝𝑟𝑜𝑝) of CFSS channel with edge stiffened holes. 

These equations were developed by leveraging the design strength of CFSS channel sections 

with unstiffened hole, as referred in [13, 14]. 

For Local buckling 

𝐹𝑜𝑟 𝜆𝑙 ≤ 0.776 ;  𝑃𝑛𝑙,𝑝𝑟𝑜𝑝 = 𝑃ne  ≤  𝑃𝑦𝑛𝑒𝑡  (29) 

𝐹𝑜𝑟 𝜆𝑙 > 0.776 ;  𝑃𝑛𝑙,𝑝𝑟𝑜𝑝 = [1 − 0.17 (
𝑃𝑐𝑟𝑙ℎ 

𝑃𝑛𝑒 
)

0.36

] (
𝑃𝑐𝑟𝑙ℎ 

𝑃𝑛𝑒 
)

0.36

𝑃ne  ≤  𝑃𝑦𝑛𝑒𝑡   
(30) 
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𝜆𝑙 = √
𝑃𝑛𝑒

𝑃𝑐𝑟𝑙ℎ
   

(31) 

 For the assessment of the elastic local buckling load (Pcrlh) of CFSS channel sections 

with unstiffened hole, as well as the member yield capacity of the net cross-section (Pynet) of 

such sections, finite strip analysis was conducted. This analysis encompassed both gross and 

net sections and utilized constrained and unconstrained finite strip methods (CUFSM) software 

[22], following the methodology outlined by Moen and Schafer [23, 24]. 

For distortional buckling 

 𝐹𝑜𝑟 𝜆𝑑 ≤  𝜆𝑑1;   𝑃𝑛𝑑 =  𝑃𝑦𝑛𝑒𝑡  (32) 

𝐹𝑜𝑟 𝜆𝑑1 < 𝜆𝑑 ≤ 𝜆𝑑2 ; 𝑃𝑛𝑑,𝑝𝑟𝑜𝑝 =  𝑃𝑦𝑛𝑒𝑡 − (
𝑃𝑦𝑛𝑒𝑡− 𝑃𝑑2

𝜆𝑑2− 𝜆𝑑1
) (𝜆𝑑 −  𝜆𝑑1)0.92   (33) 

𝐹𝑜𝑟 𝜆𝑑 > 𝜆𝑑2 ;  𝑃𝑛𝑑,𝑝𝑟𝑜𝑝 = [1 − 0.25 (
𝑃𝑦𝑛𝑒𝑡

𝑃𝑦
)

0.54

] (
𝑃𝑦𝑛𝑒𝑡

𝑃𝑦
)

0.54

𝑃𝑦  
(34) 

λd =  √
𝑃y

𝑃crdh
  

(35) 

λd1 = 0.561 (
𝑃ynet

𝑃y
)  

(36) 

λd2 = 0.561 [14 (
𝑃y

𝑃ynet
)

0.4

− 13]  
(37) 

 Fig. 6-2 illustrates a comparison between the FEA results and the predictions derived 

from the proposed DSM equations. Notable, the proposed DSM design equations exhibit 

favorable correspondence with the FE results, particularly in assessing the axial capacity of 

CFSS channels with EH at local buckling. Table 7 presents the mean and coefficient of 

variation (COV) values associated with the proposed DSM equations for CFSS channels 

featuring EH. 
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(a) For CFSS sections with EH (Eqs. 29-31) 

 

(b) For CFSS sections with EH  (Eqs. 32-37) 

Figure 6-2: FEA results against the projections of the suggested DSM equations for CFSS 

channel sections with edge stiffened holes. 
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6.3 Reliability analysis 

 A subsequent reliability analysis was carried out to evaluate the accuracy of the 

proposed design equation for CFSS channel sections with both UH and EH. According to AISI 

specifications [13], a minimum target reliability index (β) value of 2.5 is recommended for 

CFSS structural members. The results of the reliability analysis indicated that the reliability 

indices obtained from both the EWM-based proposed equations and the modified DSM 

equations surpassed 2.5 for CFSS channel sections with UH and EH (refer to Table 6 and 7). 

This suggests that the proposed equations are reliable and capable of accurately predicting the 

axial capacity of CFSS channel sections with both UH and EH. 

φ = 1.52MmFm Pme
−β √{Vm

2+ Vf
2+CpVp

2+Vq
2}

    
(38) 

Table 6 The reliability analysis for EWM based proposed equations for CFSS channel 

sections with EH 

 

Eq. 28 

Number of data 1296 

COV 0.46 

Mean, Pm 1 

Resistance factor, φ 0.85 

Reliability index, β 2.78 
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CHAPTER 7. Conclusion and limitations of the current study and future study 

 This study investigates the axial capacity of Cold-Formed Stainless Steel (CFSS) 

channel sections with plain sections, unstiffened holes (UH), and edge-stiffened holes (EH) 

utilizing finite element analysis (FEA). The study begins by developing and validating FE 

models against experimental results provided by Kulatunga et al. (2014) and Chen et al. (2019), 

demonstrating favourable agreement in ultimate axial capacity, failure behaviour, and load 

displacement curves. Subsequently, a comprehensive parametric investigation involving 2016 

FE models is undertaken to analyse the influence of key parameters such as the a/h ratio, overall 

length, thickness, and stiffener length on the axial capacity of CFSS channel sections. The 

outcomes of this study contribute to a deeper understanding of the structural performance of 

CFSS channel sections, providing valuable insights for design and engineering practices in the 

field of cold-formed steel structures. 

(1) Based on the results of the parametric study, comprising 2016 finite element model 

it is evident that the ratio of a/h, overall length, thickness, and stiffener length exert 

a notable influence on the axial capacity of CFSS channel sections featuring EH 

and UH. Furthermore, it is noted that the influence of EH into CFSS channel 
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sections resulted in an average increase in axial capacity by 7.14%, 7.66% and 

8.18% for austenitic, duplex and ferritic stainless steel respectively when compared 

to sections featuring UH. 

(2) Upon comparison of numerical simulation results with the design strength derived 

from the design equations specified in the American Iron and Steel Institute (AISI 

2016) and Australia/New Zealand standards (AS/NZS 2018) for CFSS channel 

sections with plain webs, it was noted that both the EWM and DSM equations 

demonstrated conservatism, with an average conservatism of 6%. Specifically 

concerning CFSS channel sections with unstiffened holes (UH), the DSM equations 

exhibited an average conservatism of 9% when predicting the axial capacity of such 

sections. 

(3) Capacity reduction factor and enhancement factor were introduced for the EWM to 

establish design equations for determining the axial capacity of CFSS channel 

sections with both UH and EH. Furthermore, modified DSM design equations were 

proposed specifically for CFSS channel sections featuring EH to forecast their axial 

capacity. It’s important to note that these proposed equations are applicable within 

defined ranges: 0.45<𝜆𝑐<1.41, 0.2≤ dw/d1 ≤ 0.6, 0.0075 ≤ t/d1 ≤ 0.015 and 0.05 ≤ 

q/d1 ≤ 0.075 

(4) Finally, a reliability analysis was conducted, affirming the reliability of both the 

proposed EWM and modified DSM equations. 

These are the limitations of the current study: 

• The research is confined to specific grades of stainless steel (austenitic, duplex, and 

ferritic). 

• Only two cross-sectional dimensions (C200x65x15 and C300x80x20) were 

investigated numerically. 
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• Only two stiffener length (Q = 10 and 15 mm) was considered. 

Therefore, the proposed reduction factor equations were limited to the considered parameters 

using FEA analysis. However, it is known from previous research studies that the stiffener 

length of channel sections will also influence the structural behaviour and axial capacity of the 

CFSS channel sections. Therefore, here are some of the further research recommendations. 

• Conduct experimental research on the CFSS channel sections. 

• Investigate different loading conditions like shear behaviour and eccentric capacity. 

• Further exploration is needed to examine the parametric effects of the varied length and 

different hole diameter of the CFSS channel sections, cross-section dimensions and 

other grades of stainless steel. 
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