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Abstract 14 

 15 

This study is initiated by the increasing use of steel tubular members with octagonal hollow 16 

sections (OctHSs) in civil structures. Previous studies primarily focused on the local buckling 17 

behaviour of cold-formed steel OctHSs. However, investigations on the global buckling 18 

behaviour of OctHS long columns remain scarce. Thus, the main objective of this paper is to 19 

numerically investigate the structural performance of the OctHS columns. A finite element 20 

method (FEM) was developed for tubular columns and validated against relevant 21 

experimental results reported in the literature. Subsequently, a parametric study on 239 OctHS 22 

columns was carried out. The applicability of design methods outlined in Eurocode 3, 23 

ANSI/AISC 360-16 and ASCE/SEI 48-19 was evaluated. The evaluation shows that the 24 

design method in Eurocode 3 provides conservative predictions for the load-bearing capacity 25 

of OctHS columns, while the ANSI/AISC 360-16 design method was slightly unconservative 26 

for the strength predictions. The design method in ASCE/SEI 48-19 gave inaccurate 27 

predictions for the load-bearing capacity of the OctHS columns. Modifications to the design 28 

methods in ANSI/AISC 360 and ASCE/SEI 48-19 were proposed to improve the accuracy of 29 
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strength predictions and to obtain safe structural designs. The reliability of the design method 30 

in Eurocode 3 and the modified American design methods was assessed through the reliability 31 

analysis and found to satisfy the reliability requirements. 32 

 33 

Keywords: Tubular column; Cold-formed octagonal hollow section; Finite element method; 34 

Design; Reliability analysis. 35 

 36 

1. Introduction 37 

 38 

Tubular sections, as an efficient cross-section type with merits of high resistance to torsional 39 

buckling, aesthetic appearance and acting as permanent formwork for concrete casting, are 40 

widely applied in structural engineering applications. Numerous research studies have been 41 

carried out over the last decades on the structural performance of rectangular, circular and 42 

elliptical steel hollow sections, covering the structures made of conventional strength steel 43 

and high strength steel with nominal yield strength up to 1100 MPa [1-8]. However, limited 44 

research has been conducted on the polygonal hollow sections. As one of the regular 45 

polygonal tubular hollow sections, the octagonal hollow sections have been applied in 46 

lighting masts, steel transmission pole structures, and single-pole supporting structures [9]. 47 

Compared with its rectangular counterparts, the octagonal cross-section has better local 48 

buckling resistance [10] and higher confinement effectiveness in concrete-filled steel tubes 49 

[11, 12]. Also, it can provide flat portions for the ease of connection construction, compared 50 

with circular cross-sections.  51 

 52 

Recognizing these advantages, increasing experimental and numerical studies on the steel 53 

tubular structures with octagonal cross-sections have been performed in recent years [13-15]. 54 

Material properties and residual stress distributions, which are mainly dictated by the 55 

fabrication process, including welding and combination of welding and cold-forming, are of 56 

great significance to the performance of structural members. These properties of OctHS have 57 

been systematically investigated in experiments by Zhu et al. [16], Chen et al. [17] and Fang 58 

et al. [18], for the structures in different steel grades with nominal yield strength ranging from 59 
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355 MPa to 690 MPa. Based on the experimental research, models for predicting the material 60 

properties and residual stress patterns were also proposed in these studies. In addition to the 61 

investigations into material properties and residual stresses, research studies were also 62 

performed on the behaviour of OctHS stub columns made of steel in different grades. 63 

Gonçalves and Camotim [19] numerically investigated the elastic buckling behaviour of 64 

OctHS based on the Generalised Beam Theory (GBT). Chen et al. [20] and Fang et al. [21] 65 

conducted experimental and numerical investigations on the high strength steel OctHS stub 66 

columns. The results in these studies indicate that the cross-sectional classifications given in 67 

existing codes of practice including ANSI/AISC 360-16, ASCE/SEI 48-19, and Eurocode 3 68 

are unsuitable for OctHSs under compression. Then Chen et al. [22] modified the 69 

cross-sectional classification limits outlined in current design codes based on the existing 70 

research results.  71 

 72 

Although the behaviour of OctHS stub columns has been systematically investigated, limited 73 

attention has been paid to the OctHS column members that may experience the global 74 

buckling effect considered for their use in lighting poles and transmission towers. In order to 75 

generate safe structural designs, the structural performance of OctHS columns needs to be 76 

clearly understood. Therefore, the structural performance of cold-formed octagonal hollow 77 

section steel columns under concentric compression was numerically investigated in this 78 

paper. Firstly, the proposed FEM was validated against the existing experimental results of 79 

rectangular hollow section (RHS), square hollow section (SHS), circular hollow section (CHS) 80 

and OctHS stub columns. Following this validation, the proposed FEM was also validated 81 

against the structural performance of RHS, SHS and CHS long columns. Subsequently, 82 

extensive parametric studies on the structural performance of the OctHS columns were 83 

conducted using the validated FEM. The parametric studies cover the OctHS columns with 84 

steel grades from S355 to S690, and cross-section classifications from Class 1 to Class 4. 85 

Based on the results of parametric studies, the design methods given in Eurocode 3, 86 

ANSI/AISC 360-16 and ASCE/SEI 48-19 were evaluated for their applicability to the OctHS 87 

columns under compression. Modifications were suggested for the design methods in 88 

ANSI/AISC 360-16 and ASCE/SEI 48-19 to improve the accuracy of predictions. Reliability 89 
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analysis was also performed to assess the reliability of the design methods.  90 

 91 

2. A finite element method for cold-formed hollow section columns  92 

 93 

A FEM was developed for the numerical modelling on the structural performance of 94 

cold-formed hollow section columns through Geometrically and Materially Nonlinear 95 

Imperfect Analysis (GMNIA) using the finite element analysis software ABAQUS [23]. 96 

Experimental results for cold-formed steel columns with SHS, RHS, and CHS and nominal 97 

yield strength from 355MPa to 1100MPa, and with OctHS and nominal yield strength from 98 

355MPa to 690 MPa [3, 8, 16, 20, 21, 24-27] were collated and used for validating the finite 99 

element method. These test data from experimental investigations in literature are 100 

summarized in Tables 1 and 2 using the nomenclature in Fig. 1. These previous studies 101 

provided experimental observations into the structural behaviour of cold-formed steel hollow 102 

section columns, which can be replicated by an appropriate finite element model. 103 

 104 

2.1 Description of the finite element method 105 

 106 

S4R shell element is adopted since it is suitable for the simulation of steel hollow section 107 

structures [1, 3, 20]. To accurately model the structures, measured geometrical dimensions 108 

and material properties were incorporated into the FE models. The engineering stress-strain 109 

curves obtained from the tensile coupon tests were converted to true stress-plastic strain 110 

curves using Eqs. (1) and (2), in which Ea is Modulus of elasticity, σeng and εeng represent the 111 

obtained engineering stress and the engineering strain respectively, σtrue denotes the converted 112 

true stress and εp is the converted logarithmic plastic strain. 113 

 114 

 true eng eng(1 )σ σ ε= +  (1) 115 

 true
p eng

a

ln(1 )
σ

ε ε
E

= + −  (2) 116 

 117 

The cross-section of each structure with SHS, RHS and OctHS in the finite element model 118 
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was divided into different parts to distinguish the flat and corner portions since the material of 119 

the corner portion was deemed different from that in the flat portion due to the cold-forming 120 

process. The strength enhancement caused by cold-working was also found to be extended 121 

from the corner portion to the adjacent flat portion [3]. Therefore, the measured material 122 

properties of the corner region would also be assigned to the flat region that was adjacent to 123 

the corner. It is found in Ma et al. [3] and Chen et al. [22] that strengths prediction from FE 124 

models were in the best agreements with experimental results if the properties of the corner 125 

region were extended beyond to a width of 2t for RHS and SHS, or extended to a width of t 126 

for OctHS. 127 

 128 

Residual stresses that existed in the cold-formed hollow sections can be attributed to the 129 

mechanical fabrication and uneven cooling process after welding. The residual stresses may 130 

cause reductions in resistance [17, 18, 28], and their effect on the structural performance of 131 

cold-formed hollow section structures has been investigated [3, 29, 30]. The bending residual 132 

stresses were considered to be released when the coupons were extracted from the 133 

cold-formed hollow section structures, and made the coupon slightly curved. During the 134 

subsequent tensile coupon test, the bending residual stresses were reintroduced, and the 135 

coupon returned to its flat state under the tensile load. Therefore, the effect of bending 136 

residual stress can be regarded as being inherently incorporated into the measured stress-strain 137 

relationships of the materials [31]. The measured longitudinal membrane residual stress was 138 

found to have an insignificant effect on the maximum compressive capacity of cold-formed 139 

steel columns [3, 4, 20]. Thus, the longitudinal membrane residual stresses of the cold-formed 140 

hollow section were not incorporated into the FE model, considering its relatively low 141 

magnitude compared to the yield strength and its negligible effect on the axially compressive 142 

capacity. 143 

 144 

For the stub columns, all degrees of freedom of both ends of each structure were fully 145 

restrained except for the axial displacement at the loading end. As for the long columns, each 146 

end of the column was coupled with a reference point through kinematic coupling. The 147 

rotation about the bending axis was allowed at the reference points, while the displacement 148 
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was restrained except for the axial displacement at the loading end. The structural 149 

performance of the cold-formed hollow section columns was susceptible to local and global 150 

imperfections. In order to take into account the effect of geometric imperfections, the lowest 151 

eigenmode deformed shapes obtained through the separate eigenvalue buckling analysis, were 152 

scaled by the measured local and global imperfection amplitudes and assigned into the model. 153 

 154 

2.2. Validation  155 

 156 

The FE model described in the previous section was applied to model the cold-formed hollow 157 

section stub columns in Table 1 and the modelling results were compared with experimental 158 

results to validate the FE model. The FE predictions for load-bearing capacity are compared 159 

with the experimental results in Table 1 and good agreements were obtained. The mean value 160 

of the maximum load-bearing capacities obtained from FEM NFE over the ultimate resistance 161 

obtained in experiments NExp and the corresponding coefficient of variation (COV) are 1.02 162 

and 0.02, respectively. The load-end shortening curves obtained from the modelling are 163 

depicted in Fig. 2 in comparison with those results recorded in experiments. The curves from 164 

FE modelling also compared well with the experimental results, as shown in the figure.  165 

 166 

Apart from the validation for the capability to simulate the behaviour of stub columns, the 167 

global buckling behaviour of cold-formed hollow section long columns were also mimicked 168 

by the proposed FEM. Experiments on cold-formed hollow section steel column members 169 

under concentric compression were performed in recent years to study their global buckling 170 

behaviour [24-27]. To validate the proposed FEM against the experimental results for long 171 

columns, the measured geometric dimensions, material stress-strain curves, global 172 

imperfection and local imperfection amplitude presented in the literature for the experimental 173 

investigations were also incorporated into the FEM. Since the local imperfection amplitude of 174 

cold-formed CHS columns was not reported in the literature, a predictive equation of local 175 

geometric imperfection from Meng and Gardner [32] was adopted and the value equalled 176 

0.01(Dt)0.5. The information of validated cold-formed SHS, RHS and CHS long column tests 177 

was summarised in Table 2. Typical load-mid height deflection curves predicted for the 178 
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columns were depicted in Fig. 3 in comparison with those from experiments. It was observed 179 

from the figure that load-mid height deflection curves predicted in FE modelling were in good 180 

agreement with those from experiments. In addition, the comparison of maximum load from 181 

FEM with those from experiments was also made to examine the accuracy of the FEM. The 182 

mean value of the NFE/NExp was 0.99, with a corresponding COV of 0.04, as shown in Table 2. 183 

Overall, for the cold-formed hollow section columns with different cross-sections, the 184 

proposed FEM can accurately replicate the structural performance. 185 

 186 

3. Parametric studies 187 

 188 

Having proved the suitability of the FEM for cold-formed hollow section columns, it is 189 

convinced that this method can be applied to cold-formed octagonal hollow section columns. 190 

To investigate the structural performance of the cold-formed OctHS columns under concentric 191 

compression, parametric studies were performed on the structures with a wider range of steel 192 

grades, cross-sectional sizes, and member slenderness. A mesh size of B/10 was chosen for 193 

the parametric studies through a mesh convergency study. The nominal edge lengths B of 194 

OctHS were 60mm and 80mm, while the thickness t was kept as a constant value as 3mm. An 195 

outer corner radius RO of 3t was adopted based on the statistical evaluation of the cold-formed 196 

OctHS specimens in existing studies [16, 20, 33]. With the steel grades varied to achieve a 197 

range of cross-sectional slenderness, cross-sections considered in the parametric studies were 198 

classified as Class 1 to Class 4 sections. The column lengths L investigated herein were varied 199 

to obtain member slenderness λ  ranging from 0.19 to 2.59. The geometric dimensions of 200 

cold-formed OctHSs studied in the parametric analysis are provided in Table 3. 201 

 202 

The steel grades for OctHS columns in parametric studies were determined based on the 203 

grades for the OctHS members applied in structural applications such as transmission 204 

structures. The common steel grades used for the structures are summarised in Table 4. In 205 

order to cover the steel grade range applied in practice, the grades for the parametric studies 206 

are S355, S460 and S690 and material properties were derived using the stress-strain models 207 

proposed based on the material properties measured for cold-formed OctHS structures in 208 
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[16-18]. The modulus of elasticity Ea, yield strength fy (0.2% proof strength f0.2%) ultimate 209 

strength fu and strain at ultimate strength εu of input materials are listed in Table 5, and the 210 

engineering stress-strain curves of the materials are plotted in Fig. 4. The same strength 211 

enhancement arrangement for the corner region introduced in Section 2.1 was also applied. 212 

The boundary condition and the finite element model for a typical OctHS column are shown 213 

in Fig. 5.  214 

 215 

Both local and global imperfections, in the respect form of the lowest eigenmode deformed 216 

shapes, were simultaneously scaled with the respective amplitudes and incorporated into the 217 

FE models. The typical lowest eigenmode deformed shapes are illustrated in Fig. 6. The 218 

amplitude for local imperfection was taken as 0.1t based on the suggestions provided by Zhu 219 

et al. [16]. This local imperfection amplitude was found to provide the best agreement 220 

between the FE predictions and the experimental results and was also used for the 221 

investigation and design of OctHS stub columns in compression [22]. As for the global 222 

imperfections, the amplitude was considered in a conservative manner and taken as L/1000. 223 

This L/1000 value for global imperfection amplitude was widely adopted in the design of 224 

cold-formed hollow column members [4, 34], and was also applied in the simulation for the 225 

global buckling behaviour of those structures, providing an accurate strength prediction. 226 

 227 

Although the effect of longitudinal membrane residual stresses on the cold-formed SHS, RHS 228 

and CHS long columns were verified as negligible, their effect on the cold-formed OctHS 229 

long columns still needs to be examined. It is noteworthy that the residual stress patterns are 230 

directly dependent on the fabrication routes. Hence, a longitudinal membrane residual stresses 231 

distribution obtained from [16] for the S355 cold-formed OctHS column was explicitly 232 

assigned into the FE model to examine its effect on the structural performance of OctHS long 233 

columns. The assigned residual stress distribution on the modelled specimens is shown in Fig. 234 

7, where the portion in red denotes the tensile residual stress caused by the cooling of the 235 

welding seam. It is worth noting that the column lengths were varied to study the effect of 236 

longitudinal membrane residual stress on columns with different member slenderness. The 237 

comparison between the maximum loads obtained from the models with longitudinal 238 
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membrane residual stresses incorporated NRS and without considering those residual stresses 239 

NW/ORS is presented in Fig. 8. The differences were all less than 1%, revealing the negligible 240 

effect of longitudinal membrane residual stresses on cold-formed OctHS columns. Following 241 

aforesaid details of FEM, a total of 239 numerical models of cold-formed OctHS columns 242 

covering a wide range of parameters were generated. Key results of the numerical models 243 

were captured and employed for further study. 244 

  245 

4. Evaluation and modification of current design guides 246 

 247 

4.1. General 248 

 249 

The numerical results generated from the parametric studies described in the previous section 250 

are used for evaluating the applicability of current design guides to the cold-formed OctHS 251 

columns. The design guides for steel structures, including European standards (EN 1993-1-1 252 

[35] and EN 1993-1-12 [36]) and American standards (ANSI/AISC 360-16 [37] and 253 

ASCE/SEI 48-19 [38]) allow the design of steel columns with nominal yield strength up to 254 

700MPa. The suitability of these design guides for predicting the load-bearing capacities for 255 

the cold-formed OctHS column was examined and discussed, and modifications on the 256 

American standards were proposed to improve the accuracy of the prediction for load-bearing 257 

capacity of cold-formed OctHS columns. 258 

 259 

4.2. Eurocode 3 design method 260 

 261 

In the late 90s, ECCS proposed an Ayrton-Perry type formula for the design of steel columns. 262 

This Ayrton-Perry type formula can provide accurate predictions for the load-bearing capacity 263 

of steel columns and was eventually adopted in the current Eurocode 3. As recommended in 264 

Eurocode 3, the load-bearing capacity of steel columns should be computed by Eqs. (3) - (6). 265 

 266 

 
y

EC3

M1

χAf
N

γ
=  (3) 267 



10 

 

 
2

2

1

Φ Φ

χ

λ

=

+ −

 (4) 268 

 
2
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 (5) 269 

 
y

cr

Af
λ

N
=  (6) 270 

 271 

where A represents the gross cross-sectional area for Class 1 to 3 sections and effective 272 

cross-sectional area for Class 4 section, fy is the average yield strength (weighted by area) 273 

equals (fy,fAf + fy,cAc)/(Af + Ac), taking into account the corner yield strength with strength 274 

enhancements, χ is the reduction factor, λ indicates the member slenderness, α denotes the 275 

imperfection factor, and Ncr is the elastic critical buckling load. 276 

 277 

To evaluate the applicability of Eurocode 3 specifications for column design to cold-formed 278 

OctHS columns, the maximum load-bearing capacity obtained from parametric studies were 279 

normalised and plotted against the member slenderness in Fig. 9, while the Eurocode 3 280 

column buckling curves “a0”, “a”, “b”, “c” and “d” are also shown in the same figure for 281 

comparison. According to the dimensions of cross-sections for OctHS columns in parametric 282 

studies, the numerical results were further divided into two series, namely O60×3 and O80×3 283 

series to investigate the difference in structural performance between these two series. It can 284 

be seen in Fig. 9 that variations on the structural performance of the O80×3 series mainly 285 

occurred in the range of low member slenderness (0.2< λ ≤0.4), where the failure mode of 286 

columns was primarily dominated by the local buckling behaviour. The normalised buckling 287 

strengths of O80×3 series structures are lower than those of the O60×3 series structures with 288 

the same member slenderness. This observation is due to the larger B and B/t ratios of the 289 

O80×3 cross-sections with relatively lower local buckling resistance. In the range of 290 

intermediate slenderness (0.4< λ ≤1.2), the failure mode of columns is the interaction of local 291 

and global buckling, and the load-bearing capacity of columns was greatly affected by the 292 

varied stress-strain relationship of materials. S460 and S690 series columns have a higher 293 

normalised buckling strength than those of the S355 series, showing that the Eurocode 3 294 

design method provides a more conservative strength prediction for the columns with higher 295 
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steel grades [30]. When the member slenderness of the column increased to be over 1.2, the 296 

structural behaviour of columns was primarily controlled by the elastic global buckling. As 297 

shown in Fig. 10, the column buckling curve “c” using an imperfection factor α as 0.49 which 298 

was originally provided for cold-formed CHS, SHS and RHS columns, lies closely under the 299 

data for the normalised buckling strengths, providing a lower bound for the strength 300 

predictions. Hence, the column curve “c” was deemed safe for its use in the design of 301 

cold-formed OctHS columns. The mean value of normalised buckling strength χ for columns 302 

with steel grade of S355, S460, S690 were 1.062, 1.149 and 1.146 respectively, with the 303 

corresponding COV of 0.011, 0.055 and 0.064, as shown in Table 6. 304 

 305 

4.3. ANSI/AISC 360-16 design method 306 

 307 

With developments of the column manufacturing process and design concept, American 308 

standard ANSI/AISC 360-16 provides a single column curve. This column buckling curve can 309 

be applied for steel columns with all types of manufacturing processes, cross-sections and 310 

steel grades up to 700MPa under axial compression. In order to obtain a consistent format 311 

with Eurocode’s nomenclature, two-stage AISC column buckling resistance prediction 312 

equations were adjusted and given as Eq. (7). In the equation, fcr represents the elastic critical 313 

buckling stress while r is the radius of gyration. 314 

 315 

 

y
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2
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L
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 318 

To evaluate the accuracy of strength predictions based on ANSI/AISC 360-16, the unfactored 319 

(ϕ=1.0) AISC column curve was plotted with the normalised buckling strength χ against the 320 

member slenderness, as shown in Fig. 11. As can be seen from the figure, the data points for 321 
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columns with S460 and S690 steel cluster around the AISC column curve, indicating that the 322 

AISC column curve generally yields accurate predictions for these cold-formed OctHS 323 

columns. As for the columns made of S355 steel, the AISC column curve provides 324 

unconservative strength predictions. Compared with the column curves from Eurocode 3, the 325 

AISC column curve matches much well with the tendency of the numerical data. The mean 326 

value and corresponding COV of the strength predictions based on ANSI/AISC 360-16 were 327 

0.976 and 0.056, respectively.  328 

 329 

The statistical evaluation shows that the AISC design method provides a slightly 330 

unconservative prediction for the capacity of the cold-formed OctHS steel columns. To 331 

improve the accuracy of the predictions, a modification to the column curve was generated. A 332 

regression analysis was performed to generate the best fit of the column curve with the 333 

normalised strengths for the columns based on parametric studies results. Subsequently, Eq. 334 

(9) was obtained. The results of parametric studies are plotted in Fig. 12 in comparison with 335 

the modified AISC column buckling curve. It is worth noting that the unconservative strength 336 

predictions for S355 OctHS columns will be eliminated if compared with the factored (ϕ=0.9) 337 

AISC column curve. The reliability of the proposed design method was also statistically 338 

examined in Section 5. 339 

 340 
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  342 

 343 

4.4 ASCE/SEI 48-19 design method 344 

 345 

ASCE/SEI 48-19 provides specifications for the design of cold-formed steel tubular members 346 

for transmission pole structures. The ASCE/SEI 48-19 column strength prediction equation 347 

adopted a similar form to that in ANSI/AISC 360-16. To make a direct comparison, the design 348 
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equations of ASCE/SEI 48-19 were normalised and expressed as Eq. (10), conforming to the 349 

format of ANSI/AISC 360-16.  350 

 351 

 

y y

y

cr cr

ASCE

y

cr

cr

(1 ) for 2
4

for 2

f Af
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N

Af
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
= 

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 (10) 352 

 353 

ASCE/SEI 48-19 proposed a specific cross-sectional classification limit for polygonal hollow 354 

sections and used a permitted compressive stress concept to calculate the cross-sectional 355 

capacity of the slender polygonal cross-section. As can be observed in Fig. 13, the ASCE/SEI 356 

48-19 design method overestimates the strength for the majority of OctHS columns 357 

investigated in the parametric studies. Regarding the predicted strength of OctHS columns in 358 

the relatively low slenderness range, the inaccurate strength predictions may be attributed to 359 

the lack of experimental data. For the OctHS columns with higher member slenderness, the 360 

direct adoption of Euler’s column curve without incorporating the geometric imperfection 361 

effect is somewhat optimistic in predicting the strengths for those columns. Hence, a 362 

modification was also suggested to correct the problem by adopting the same design equation 363 

Eq. (9). The prediction accuracy of the modified ASCE design method using Eq. (9) was 364 

improved as indicated in Fig. 14, while the mean ratio of Nu/NASCE was raised from 0.875 to 365 

1.040, as shown in Table 7. 366 

 367 

5. Reliability analysis 368 

 369 

The reliability of design methods in Eurocode 3 and American specifications for OctHS 370 

columns under concentric compression was evaluated in line with the requirements and 371 

procedures stipulated in EN 1990 [39] and ANSI/AISC 360-16, respectively. Different 372 

statistical parameters adopted in the reliability analysis were described in the following 373 

sections.  374 

 375 
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5.1. EN 1990 method 376 

 377 

A partial factor γM1 = 1.00 was applied to the column buckling resistance design formulas of 378 

Eurocode 3 to achieve the specified safety level. To reduce the scatter of the prediction, the 379 

database were categorised into three sub-sets, namely S355, S460, and S690 series according 380 

to the steel yield strength, to obtain the corresponding correction factor b, while b can be 381 

obtained by the linear regression of the ultimate loads from parametric studies versus the 382 

theoretical resistance values plot, as shown in Fig. 15. The basic variables modulus of 383 

elasticity Ea, yield strength fy, cross-sectional area A in the theoretical resistance model were 384 

varied and their variations can be taken into account through COV, VEa, Vfy, and VA, in 385 

accordance with the prEN 1993-1-1:2020 [40], as summarised in Table 8. The cross-sectional 386 

area A of the OctHS column was computed by the product of edge length and thickness, for 387 

which the COV was 0.009 and 0.025 in prEN 1993-1-1:2020, respectively. Hence, the COV 388 

of area VA for the OctHS column can be subsequently determined and equals 0.026.  389 

 390 

To separate the dependence of basic variables Ea, fy and A [4, 41], the design model for 391 

column buckling resistance can be modified as Eq. (11). Subsequently, the COV of the 392 

resistance function Vrt for each specimen can be obtained by Eq. (12). For the case of the 393 

limited number of tests, the design value rd can be expressed as Eq. (13). Finally, the 394 

corrected partial factors γM1
* can be obtained by the least-squares best fit to the slope of rn, i 395 

versus rd, i data pair, as expressed in Eq. (15). K in Eq. (11) is a constant, independent of the 396 

basic variables, k1, k2, and k3 are the coefficients computed for each specimen, varying with 397 

the member slenderness, as plotted in Fig. 16, tp is the p-fractile of the Student t-distribution 398 

[42] (for v = n-1 degrees of freedom and the failure probability was adopted as 0.1% here), 399 

and αrt and αδ are the weighting factors for Qrt and Qδ, respectively. 400 

 401 
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 407 

The key statistical parameters and results of the reliability analysis are summarised in Table 6. 408 

γM1
* were estimated as 0.992, 0.878 and 0.887 respectively for S355, S460 and S690 409 

cold-formed OctHS columns, indicating that the current partial factor γM1 as 1.00 can be 410 

safely incorporated into the theoretical resistance model. A recent stochastic numerical study 411 

conducted by Somodi and Kövesdi [43] reveals that the γM1 of cold-formed SHS columns 412 

regarding the selection of curve “c” for steels with nominal yield strengths of 460MPa and 413 

700MPa are 0.88 and 0.87 respectively, which are very close to those obtained for 414 

cold-formed octagonal columns. Therefore, the Eurocode 3 design formula of column 415 

buckling resistance using curve “c” is confirmed applicable to the design of cold-formed 416 

OctHS columns under concentric compression, within the required safety level. 417 

 418 

5.2. AISC method 419 

For the design methods of ANSI/AISC 360-16 and ASCE/SEI 48-19 and the proposed 420 

modified methods, reliability analysis in line with the recommended procedures in 421 

ANSI/AISC 360-16 was performed to examine their reliability. A resistance factor ϕ = 0.9 422 

was proposed for the current probability-based LRFD design method to achieve an acceptable 423 

safety level and was further incorporated into the design methods. Under different loading 424 

circumstances, a basic load combination of 1.2 × DL + 1.6 × LL and a DL/LL ratio of 1/3 [44] 425 

were taken into consideration from the practical view. The reliability index β was computing 426 

using Eq. (16) and the design rule was deemed as reliable if the reliability index β was greater 427 

than 2.6. 428 

 429 
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 431 

where Rn/Qm is the ratio of the nominal resistance to the average load effect, Pm, Mm and Fm 432 

represent the average ratios of obtained load-bearing capacities to the predicted load-bearing 433 

capacities, the actual yield strength to the nominal yield strength and the actual section 434 

modulus to the nominal section modulus, and VP, VM, VF and VQ are the coefficients of 435 

variation for Pm, Mm, Fm and the average load effect, respectively. 436 

 437 

Key parameters and results of reliability analyses are listed in Table 7 and Table 8. Of the 438 

results investigated, the reliability index β for original ANSI/AISC 360-16 and ASCE/SEI 439 

48-19 design methods were 2.533 and 1.978, respectively, implying that an unsatisfying 440 

reliability level was acquired for the design methods in those codes. However, the reliability 441 

of design methods was greatly improved after the proposed modifications, as indicated by the 442 

reliability indexes of 2.799 and 2.790 for modified ANSI/AISC 360-16 and ASCE/SEI 48-19 443 

design methods, respectively. 444 

  445 

6. Conclusions 446 

 447 

This paper presents a numerical investigation of the structural performance of octagonal 448 

hollow section steel columns. A finite element method for cold-formed hollow section 449 

columns was developed and validated against the existing experimental results. The validated 450 

FE model was subsequently applied to carry out comprehensive parametric studies. A total of 451 

239 cold-formed OctHS columns, covering conventional to high strength steel grades (S355, 452 

S460 and S690), Class 1 to Class 4 cross-sections, and a wider range of member slenderness, 453 

were investigated in the parametric study. The generated numerical data were further 454 

employed to evaluate the applicability of the current design codes. On the basis of the 455 

evaluation and modification of the design methods from different standards, the following 456 

conclusions can be drawn: 457 

- The design method of column buckling resistance outlined in Eurocode 3, using the column 458 

buckling curve “c”, is deemed applicable and provides a lower bound when predicting the 459 

buckling resistance of cold-formed OctHS steel columns. 460 
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- The strength predictions from ANSI/AISC 360-16 are slightly unconservative. The 461 

prediction accuracy can be improved with the modification proposed for the design formulas.  462 

- The assessment of the design method in ASCE/SEI 48-19 reveals that this design method 463 

seemed to provide an inaccurate resistance prediction value for cold-formed OctHS columns. 464 

Recommendations to improve the accuracy have been proposed. 465 

- Reliability analyses in line with the procedures stipulated in EN 1990 and ANSI/AISC 466 

360-16 are finally conducted to examine the reliability of the design methods in Eurocode 3 467 

and modified American specifications. The results indicate that the current partial factor γM1 = 468 

1.00 in Eurocode 3 and the resistance factor ϕ = 0.9 in American specifications can be safely 469 

adopted in the design of the cold-formed OctHS steel columns. 470 

 471 
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Fig. 1. Dimensions for different types of cold-formed hollow sections. 

 

 

Fig. 2. Comparisons of load-end shortening curves of stub columns obtained from experiments and FE 

models. 

 

 

 

Fig. 3. Comparisons of load-mid height deflection curves of slender columns obtained from 

experiments and FE models. 

  



 

 

Fig. 4. Engineering stress-strain curves of input materials for parametric studies. 

 

 

Fig. 5. The basic information of the modelled specimen. 

  



 

 

(a) Local imperfection profile. 

 

(b) Global imperfection profile. 

Fig. 6. Typical deformed shapes of local and global imperfection. 

 

 

Fig. 7. The assigned residual stress distribution on the modelled specimens. 

 

 



 

Fig. 8. The effect of longitudinal membrane residual stress on the load-bearing capacities. 

 

 

(a) O60×3 series. 

 

(b) O80×3 series. 

Fig. 9. Comparisons of obtained results with different Eurocode 3 column buckling curves. 

 

 



 

Fig. 10. Comparisons of all obtained results with Eurocode 3 column buckling curve “c”. 

 

 

(a) O60×3 series. 

 

(b) O80×3 series. 

Fig. 11. Comparisons of obtained results with ANSI/AISC 360-16 unfactored column curve. 

 

 



 

Fig. 12. Comparisons of obtained results with the modified ANSI/AISC 360-16 column curve. 

 

 

(a) O60×3 series. 

 

(b) O80×3 series. 

Fig. 13. Comparisons of obtained results with ASCE/SEI 48-19 column curve. 

 

 



 

Fig. 14. Comparisons of obtained results with the modified ASCE/SEI 48-19 column curve. 

 

 

Fig. 15. re versus rt data plot and corresponding linear regression fitting curves. 

 

 

 

Fig. 16. The values of k1, k2 and k3 against member slenderness. 



Table 1. Cold-formed hollow section stub columns for FE model validation. 

Cross-section Specimens 
Nominal 

steel grade 
B (D) H t Ro 

Local 

imperfection 
L NExp NFE NFE/NExp 

- - MPa mm mm mm mm mm mm kN kN - 

SHS/RHS [3, 8] 

CF_200x200x6 355 199.50  199.00  6.58  13.20  0.33  600 1957 1989 1.02  

CF_200x100x4 355 200.50  100.28  3.69  7.40  0.18  600 761 791 1.04  

H100×100×4 700  100.50  100.20  3.92  8.50  0.11  300 1157 1150 0.99  

V100×100×4 900  100.30  100.40  3.97  11.50  0.30  300 1401 1372 0.98  

H200×120×5 700  200.30  120.50  4.94  13.00  0.18  565 1776 1821 1.03  

CHS [3, 8] 

CF_159x6.3 355  159.00  - 6.50  - 0.33  477 1800 1879 1.04  

V89×4 900  89.00  - 3.89  - 0.17  267 1171 1160 0.99  

S108×4 1100  108.20  - 3.90  - 0.14  324 1671 1664 1.00  

S133×4 1100  133.40  - 3.91  - 0.17  399 2018 2039 1.01  

OctHS [16, 20, 21] 

OctHS-1 355  73.73  178.00  5.55  16.60  0.56  695 1466 1514 1.03  

OctHS-2 355  73.73  178.00  5.54  16.60  0.55  695 1441 1514 1.05  

OctHS-3 355  73.73  178.00  5.53  16.60  0.55  695 1451 1514 1.04  

O60×3-CF1 460  61.10  147.50  3.03  10.00  0.30  431 822 823 1.00  

O105×3-CF2 460  106.00  255.90  3.04  10.00  0.30  757 1207 1224 1.01  

CF1-75×6a 690  74.10  179.00  6.20  20.60  0.62  499 2796 2856 1.02  

CF2-160×6a 690  159.70  385.60  6.02  20.40  0.60  1042 5489 5504 1.00  

                    Mean 1.02  

                    COV 0.02  

 

  



Table 2. Cold-formed hollow section long columns for FE model validation. 

Cross-section Specimens 
Nominal 

steel grade 
B (D) H t Ro L 

Local 

imperfection 

Global 

imperfection 
NExp NFE NFE/NExp 

- - MPa mm mm mm mm mm mm mm kN kN - 

SHS/RHS [24, 25] 

CF4.2-R100 × 3_3B 420 100.25 100.45 3.23 6 2799 0.07 2.79 334 327 0.98 

H80×80×4-BC-e0 700  80.30  80.10  3.94  9.50  1655 0.19 0.43 582  568 0.98 

H100×50×4-BC-e0 700  100.20  50.60  3.97  8.50  1655 0.25 0.26 307  318 1.04 

H50×100×4-BC-e0 700  50.30  100.20  3.98  8.50  1655 0.25 0.03 642  653 1.02 

CHS [25, 26, 27] 

D420-20-2 420  275.00  - 6.01  - 1889 0.41 2.77 2173  2185 1.01 

V89×3-BC-e0 900  89.00  - 2.93  - 1655 0.18 0.17 444  415 0.93 

S-HST2 690  76.10  - 3.20  - 1400 0.16 1.4 368  360 0.98 

S-UHST2 1200  76.10  - 3.20  - 1400 0.16 1.4 584  596 0.96 

           Mean 0.99 

                      COV 0.04 

 

  



Table 3. Geometric dimensions of cold-formed OctHS columns in parametric studies. 

Cross-section Steel grade B H t RO L 
Member 

slenderness 

- - mm mm mm mm mm - 

O60×3 355 60.06  145.00  3.00  9.00  800-9600 0.21-2.54 

O60×3 460 60.06  145.00  3.00  9.00  600-8200 0.19-2.59 

O60×3 690 60.06  145.00  3.00  9.00  600-7000 0.22-2.59 

O80×3 355 79.94  193.00  3.00  9.00  1000-12500 0.20-2.47 

O80×3 460 79.94  193.00  3.00  9.00  1000-10750 0.24-2.53 

O80×3 690 79.94  193.00  3.00  9.00  1000-9500 0.27-2.54 

 

Table 4. The summarised yield strengths of commonly used structural steels in transmission structures [9]. 

Region Yield strength fy 

- MPa 

U.S. 228 MPa - 448 MPa 

Europe 235 MPa - 440 MPa 

Canada 300 MPa - 400 MPa 

Australia 250 MPa - 450 MPa 

India 225 MPa - 352 MPa 

  



Table 5. Summary of input material properties for parametric studies. 

Steel grade Ea fy fu εu 

- GPa MPa MPa % 

S355-Flat, Zhu et al. [16] 213 379 503 10.1 

S355-Corner, Zhu et al. [16] 214 548 596 1.3 

S460-Flat, Chen et al. [17] 210 541 623 10.8 

S460-Corner, Chen et al. [17] 201 655 690 1.2 

S690-Flat, Fang et al. [18] 210 762 802 4.1 

S690-Corner, Fang et al. [18] 191 775 825 1.2 

 

 

 

  



Table 6. Results of the reliability analysis for Eurocode 3 design method. 

Steel grade Mean COV b n kd,n Vδ γM1* 

S355 1.062  0.011  1.059  92  3.131  0.011  0.992  

S460 1.149  0.055  1.106  79  3.131  0.056  0.878  

S690 1.146  0.064  1.123  68  3.131  0.065  0.887  

 

Table 7. Results of reliability analysis for design methods of American specifications. 

Design method ϕ Mean (Pm) COV (VP) β 

ANSI/AISC 360-16 0.9 0.976  0.056  2.533  

Modified ANSI/AISC 360-16 0.9 1.042  0.062  2.799  

ASCE/SEI 48-19 0.9 0.875  0.082  1.978  

Modified ASCE/SEI 48-19 0.9 1.040  0.064  2.790  

 

Table 8. Summary of statistical parameters. 

Design method Steel grade fy,m/fy,n Vfy VA VE  

prEN 1993-1-1:2020 

355 1.20  0.050  0.026  0.03  

460 1.15  0.045  0.026  0.03  

690 1.10  0.035  0.026  0.03  

ANSI/AISC 360-16 All 1.10  0.100  - 0.05  
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