
1 | P a g e  
 

Material properties and residual stresses 1 

of octagonal high strength steel hollow 2 

sections 3 

Han Fanga, Tak-Ming Chana,* and Ben Youngb 4 

aDepartment of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hung 5 

Hom, Hong Kong, China 6 

bDepartment of Civil Engineering, The University of Hong Kong, Pokfulam Road, Hong Kong, China 7 

*tak-ming.chan@polyu.edu.hk 8 

Abstract 9 

This paper presents an experimental investigation to quantify the variation of material properties and 10 

residual stresses in the octagonal high strength steel hollow sections from different fabrication routes 11 

involving welding or combinations of welding and press-braking. Tensile coupon tests were 12 

conducted on the specimens extracted from different locations of the hollow sections with different 13 

fabrication routes and static mechanical properties and stress-strain relationship for the specimens 14 

were measured. The influence of welding on the material properties was found to be insignificant 15 

while strength enhancement was observed for the material at corners formed by press-braking. A 16 

stress-strain curve model was proposed for the material across octagonal high strength steel hollow 17 

sections. The magnitudes and distributions of longitudinal residual stresses of the octagonal high 18 

strength steel hollow sections with different fabrication routes were also measured using the 19 

sectioning method and were also found to be dependent on the fabrication route. Based on the 20 

measured residual stress results, residual stress models were developed for the hollow sections from 21 

different fabrication routes. The obtained variation of material properties and longitudinal residual 22 

stresses can be employed to accurately analyse the performance of octagonal high strength steel 23 

hollow section structural members for efficient structural designs.            24 
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1 Introduction 28 

High strength steel (HSS) tubular members have been increasingly used in structural applications due 29 

to their combined advantages of strong buckling resistance, high strength-to-weight ratio, 30 

environmental efficiency, aesthetic appearance, and cost efficiency. Extensive experimental and 31 

numerical research studies focusing on HSS tubular structures with square, rectangular and circular 32 

sections have been conducted to determine the material properties and residual stresses of the hollow 33 

sections [1-6] and to investigate the cross-sectional and member behaviour under quasi-static 34 

compression, bending and combined loadings [1, 7-25]. In recent years, octagonal steel tubular 35 

members have also been used in civil structural applications such as transmission line structures, 36 

towers and lattice structures [26-28]. Octagonal hollow sections demonstrate stronger local buckling 37 

resistance than that of square and rectangular hollow sections and also provide the flat surfaces for the 38 

easier connection construction compared with circular hollow sections. Hence, HSS octagonal cross-39 

section members have attracted the attention from researchers and structural manufacturers to apply 40 

the members in long-span truss structures [29-30]. In order to accurately predict the strength and 41 

behaviour of the HSS octagonal tubular members for efficient structural design, the variation of 42 

material properties and residual stresses in the HSS octagonal hollow sections which can influence the 43 

strength and buckling behaviour of the structures, need to be well understood. 44 

The variation of properties and residual stresses existing in the members without being loaded are 45 

primarily induced by the structural fabrication processes [31-33]. Aoki et al. [34] investigated the 46 

compressive strength of octagonal steel tubular stub columns which were formed by welding eight 47 

steel plates, as depicted in Fig. 1(a). Godat et al. [26] used a different fabrication route by welding two 48 

half-sections to form octagonal tubular structures. In their study, each half-section had three cold-49 

bended corners, as shown in Fig. 1(b). Mitiga et al. [35] and Migita and Fukumoto [36] also 50 

investigated the compressive strength of octagonal tubular structures produced using another 51 

fabrication route for which each half-section had four corners obtained by cold-bending, as shown in 52 

Fig. 1(c). In these fabrication routes, welding or combined welding and cold-bending processes were 53 

applied. Welding process induces heat-input to the materials around the welding seam and causes heat 54 

affected zone (HAZ) in which the material properties can be different from those of the materials 55 

outside HAZ [37]. Cold-bending process also affects the material properties due to strain hardening 56 

effect at the cold-bending region subject to large plastic deformations [32, 38-39]. Besides, the 57 

welding and cold-bending also lead to non-uniform thermal and plastic strains in the hollow section 58 

structural members and subsequently induce residual stresses. Since the buckling resistance and 59 

strength of the structures are dependent on the material properties and residual stresses, ignoring the 60 

variation of the properties and residual stresses in octagonal hollow sections can lead to inaccurate 61 

estimation of the structural performance. However, to date, no investigations have been performed to 62 
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determine the variation of material properties and residual stresses in HSS octagonal hollow sections 63 

formed using the three different fabrication routes.  64 

Therefore, in this study, the variation of material properties and residual stresses in HSS octagonal 65 

hollow sections formed using the aforementioned three fabrication routes are investigated 66 

experimentally. Tensile coupon tests were conducted on specimens extracted at different locations in 67 

the sections. The measured properties were compared in order to examine the effect of fabrication 68 

route on the variation of properties in the HSS octagonal hollow sections. Furthermore, residual 69 

stresses in the HSS octagonal hollow sections formed using the three fabrication routes were also 70 

measured and compared. The effect of fabrication route on the residual stress distribution in the 71 

sections is also discussed.  72 

2 Octagonal hollow section specimens 73 

HSS octagonal hollow section specimens were formed using the three fabrication routes introduced in 74 

Section 1. Specimens from the fabrication routes presented in Figs. 1(a)-(c) respectively are named 75 

W-Series, CF1-Series and CF2-Series. S690 steel plates with nominal yield strength of 690 N/mm2 76 

and with thicknesses of 6 and 10mm were used to form the specimens. The steel plates with each 77 

thickness were produced in the same batch, allowing the direct comparison of experimental 78 

investigations on the properties and residual stress of the specimens. For each specimen in W-Series, 79 

eight steel plates were welded together through gas metal arc welding (GMAW) and full penetration 80 

weld was used.  The selected electrode wire was 1.2mm of the category ER110S-G according to the 81 

specification AWS A5.28 [40]. Preheating at about 150oC was applied prior to the start of each 82 

welding process. The applied shielding gas was Ar80%+CO220%. For the welding, the voltage was 83 

about 26-29V while the amperage was about 220-240A. While fabricating the specimens using the 84 

CF1 and CF2 routes, the steel plates were longitudinally folded at room temperature through press-85 

braking to form the half octagonal sections. Two half octagonal sections were subsequently welded 86 

through GMAW to form each specimen in CF1 or CF2 series. Three cross-sectional dimensions were 87 

chosen for specimens with each fabrication route. The measured dimensions for the specimens with 88 

different plate thicknesses and plate width-to-thickness ratios between 6.7 and 23.7 are shown in 89 

Table 1 using the nomenclature defined in Fig. 1. The specimens are labelled based on the fabrication 90 

route and nominal dimensions. For example, the label “CF2-75×10” defines the specimen formed 91 

using fabrication route CF2 shown in Fig. 1(c) and with the nominal edge length (B) and thickness (t) 92 

of 75 and 10mm respectively.  93 
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3 Material properties investigations 94 

3.1 Tensile coupon tests 95 

Tensile coupon tests were conducted to measure the material properties of HSS octagonal hollow 96 

sections and to examine the heterogeneity in the material of the hollow sections due to fabrication 97 

processes. Longitudinal tensile coupons were taken from both flat and corner regions of the HSS 98 

octagonal hollow section specimens. During each tensile coupon test, the loading was paused near 99 

yield and ultimate strength for 90s to obtain the static loads [41]. Static stress-strain curves obtained 100 

from the tensile coupon tests were used to determine the static 0.2% proof stress (σ0.2), static ultimate 101 

tensile strength (σu), modulus of elasticity (E), static ultimate tensile strain (εu) and elongation at 102 

fracture (εf) of the material.  103 

3.1.1 Flat coupon tests 104 

Flat tensile coupons were extracted from the centre of the faces of HSS octagonal hollow sections, as 105 

shown in Fig. 1. The dimensions of the flat coupons conformed to the EN10002-1 [42]. The coupons 106 

had 6 mm width along the gauge length. The test set-up of flat coupon is shown in Fig. 2(a). A 107 

calibrated mechanical extensometer was mounted onto each coupon specimen to measure the 108 

longitudinal strain during the test. Two linear strain gauges were also attached at the midpoint on each 109 

of the faces of any coupon specimen. The average strain measured by the two strain gauges was used 110 

to determine the modulus of elasticity for each coupon specimen. The strains and elongation at 111 

fracture (εf) measured using the extensometer enable the evaluation of material properties in general 112 

[1, 41]. By consistently applying this measurement methodology in tensile coupon tests, the variation 113 

of material properties in HSS octagonal hollow sections from different fabrication routes can be 114 

examined. The precise measurements of strain field at the necking region and fracture point appeared 115 

during a tensile coupon test requires the usage of special technique [43] such as digital image 116 

correlation (DIC). The strains and elongation of the coupon specimens were measured by strain 117 

gauges and extensometer, and DIC technique was not used in this research study. The static stress-118 

strain curves for flat coupons obtained from different HSS octagonal hollow sections are presented in 119 

Fig. 3. The material properties determined from the static stress-strain curves in Fig. 3 are given in 120 

Table 2. The value of σ0.2 for the coupon specimens ranges from 753 to 780 MPa while the σu varies 121 

from 795 to 821 MPa. For the HSS octagonal hollow sections with the same plate thickness, 122 

consistent stress-strain behaviour was obtained for the materials at the centre of the flat portions from 123 

these sections formed using different fabrication routes, as can be observed in Fig. 3. This observation 124 

indicates that the influence of welding and press-braking on materials at the centre of the flat faces 125 

was relatively insignificant due to the distances between the location of flat coupons and the welded 126 

or corner regions.                127 
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3.1.2 Corner coupon tests 128 

Corner coupons were extracted from the corner regions of CF1 and CF2 series sections and the 129 

locations of the coupons in the sections are shown in Figs. 1(b) and (c). The width of the corner 130 

coupons is 4mm. For each corner coupon, two holes with the diameter of 8.5mm were drilled at a 131 

distance of 15mm from both ends of the coupon. The two holes were used for the installation of two 132 

specially fabricated pins for gripping the coupon specimen so that tensile loading can be applied to the 133 

corner coupon through its centroid [41], as shown in Fig. 2(b). The test procedures for the corner 134 

coupon tests are identical to those for the flat coupon tests. Static stress-strain curves were obtained, 135 

as presented in Fig. 4. The material properties determined based on these static stress-strain curves are 136 

summarised in Table 3. By comparing the stress-strain curves of corner coupons with those of flat 137 

coupons, the strength enhancement accompanied by the decrement of ductility can be clearly 138 

observed for the corner material due to the cold-working effect of the press-braking fabrication 139 

process. The σ0.2 of each corner coupon was slightly larger than that of the flat coupon from the 140 

centreline of the face of the same HSS octagonal hollow section while the σu of the corner coupons 141 

was increased by 3 to 8% compared to that of the flat coupons. Contrary to the tensile strength 142 

enhancement, the εu of the corner coupons decreased significantly and was about 69 to 77% lower 143 

than that of the flat coupon from the same section. The εf for the corner coupons also decreased by 19 144 

to 23%.   145 

Both strength enhancement and reduction of ductility in corners with different ratios of inner corner 146 

radius over plate thickness (ri/t) were also compared. For CF1-75×10 and CF2-75×10 sections with 147 

the ri/t ratio of about 1.50, the static σ0.2 and σu of the corner materials respectively increased by 2.7 148 

and 7.6% on average compared with those of the material at the centre of the flat regions while the εu 149 

and εf decreased by 73.5% and 20.5% on average respectively. For CF1-75×6, CF1-160×6, CF2-75×6 150 

and CF2-160×6 sections with ri/t ratios ranging from 2.22 to 2.50, the static σ0.2 and σu of the corner 151 

materials increased by 2.7 and 5.1% on average respectively while the εu and εf decreased by 73.2% 152 

and 20.5% on average respectively. Comparing the effect of press-braking fabrication on the material 153 

properties of corners with different ri/t ratios, both the strength enhancement and reduction of ductility 154 

occurred at corners were insensitive to the ri/t ratio. The minimal influence of ri/t ratio was due to the 155 

relatively small differences between the ri/t ratios of corners from different sections. Besides, the level 156 

of strain hardening for the high strength steel material is relatively low, as can be seen from the stress-157 

strain curves in Fig. 3 for flat coupons. Thus, no obvious differences in both strength enhancements 158 

and reduction of ductility for the corner materials in different sections were obtained although the 159 

corners in CF1-75×10 and CF2-75×10 sections with lower ri/t ratios may experience slightly larger 160 

plastic strains [44].     161 
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3.1.3 One-eighth and quarter section coupon tests 162 

Differences between the mechanical properties of the material at the centre of the flat surface and 163 

those at the corners of CF1 and CF2 series HSS octagonal hollow sections were found, as presented in 164 

Sections 3.1.1 and 3.1.2. Thus, the material properties at different locations in the octagonal hollow 165 

sections are heterogeneous. As for the W series octagonal hollow sections, effect of welding on the 166 

material properties near the welding seam was also unknown. In order to examine the variation of 167 

material properties, especially the σ0.2 and σu, around the HSS octagonal hollow sections, tensile 168 

coupons were taken for testing from different locations on one-eighth of W-75×6 section and on a 169 

quarter of CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 sections due to symmetrical geometry 170 

of the cross-sections. The location and labels of the tensile coupon specimens from these sections are 171 

presented in Figs. 5-9.  172 

The measured static σ0.2 and σu for the coupon specimens were plotted against the locations where the 173 

coupon specimens were extracted in each octagonal hollow section, as shown in Figs. 5-9. The tensile 174 

properties of the coupons from different HSS octagonal hollow sections are summarised in Table 4. 175 

As can be seen in the figures and Table 4, the tensile strength and ductility of the material at the weld 176 

are quite different from those of the material at the flat and corner regions of the hollow sections. The 177 

σ0.2 is lower than that of the material at other different locations in HSS octagonal hollow sections 178 

while the elongation is much larger than that of the material at other locations in the hollow sections. 179 

This is because the width of the welding seam ranges from 8.5 to 11.3mm and is larger than the width 180 

of the middle part of each coupon specimen. Therefore, the part of each coupon under tensile loading 181 

during the tests was located well within the welding seam which had the infill of electrode material. 182 

Thus, the measured material properties at the weld depends on the properties of the electrode material 183 

and are different from the material properties of the steel plates at other locations in the hollow 184 

sections.  185 

For the W-75×6 section, no obvious variation of material properties in the flat portions of the section 186 

was obtained, as shown in Fig. 5. The properties of the coupon specimens closest to the welding 187 

seams were compared with those of the coupon specimens at the centre of the flat faces for W-75×6 188 

section as well as CF1 and CF2 series sections. As shown in Figs. 5-9 and Table 4, the influence of 189 

welding on the material properties near the welding seams is quite low. For the W-75×6, CF1-75×6 190 

and CF2-75×6 sections, the static σ0.2 and σu measured for the coupons near the welding seams 191 

respectively were found to be only 0.5-3% and 0.25-1.4% lower than those of the coupons at the 192 

centre of the flat faces in the sections. As for the CF2-75×10 and CF2-160×6 sections, no influence of 193 

welding on the σ0.2 and σu of the material near the welding seam was observed. Since the differences 194 

between the properties of materials near the welding seams and those of the materials at the centre of 195 

flat faces are minimal, no influence of cooling rate after welding on the material properties of 196 
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specimens closest to the welding seams is observed [45-46]. The influence of press-braking 197 

fabrication on the material properties in the CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 198 

sections can also be revealed in Figs. 6-9 and Table 4. Highest strength enhancements occurred at the 199 

corners for these sections because the stresses and plastic deformations induced by press-braking 200 

process concentrated at the corner regions [38]. For CF1-75×6, CF2-75×6, CF2-75×10 and CF2-201 

160×6 section respectively, the static σ0.2 of corners increased by 2.3, 5.7, 1.9 and 2.8% on average 202 

compared with that of the material at the centre of the flat region while the static σu increased by 3.7, 203 

4.9, 7.2 and 6.9% on average.   204 

3.2 Proposed stress-strain curve model 205 

The material stress-strain relationship is needed for the analysis and design of HSS octagonal hollow 206 

section structures. A stress-strain curve model is given in European standard [47] and describes the 207 

stress-strain relationship in the form of multi-linear curves. However, the variation of stress with 208 

increasing strain for the HSS material in the octagonal hollow sections, especially the material at the 209 

corners formed by press-braking, is non-linear when the stress is above the proportional limit and 210 

behaviour of the material becomes inelastic under loading, as shown in Figs. 3 and 4. Thus, using the 211 

stress-strain model in European standard can lead to inaccurate stress-strain relationship for structural 212 

design and analysis. In order to describe the non-linear stress-strain behaviour, Hill [48] proposed a 213 

stress-strain curve model based on the Ramberg and Osgood equation [49], as given as Eq. (1). The 214 

parameter n, as the strain hardening exponent is constant.  215 

ε = 𝜎𝜎
𝐸𝐸

+ 0.002 � 𝜎𝜎
𝜎𝜎0.2

�
𝑛𝑛

                                                                (1) 216 

This model was found to provide suitable stress-strain curves up to σ0.2 and overestimate the stress at 217 

the strains greater than 0.2% since the parameter n related to strain hardening may vary with 218 

increasing strains [2]. Therefore, a concept proposed by Mirambell and Real [50] of using two-stage 219 

Ramberg and Osgood equations to replicate the non-linear stress-strain behaviour was employed in 220 

this study. The two-stage Ramberg and Osgood material model [51] given as Eq. (2) was used to 221 

replicate the stress-strain relationship for the material at the flat and corner regions in HSS octagonal 222 

hollow sections.  223 

ε = �

𝜎𝜎
𝐸𝐸

+ 0.002 � 𝜎𝜎
𝜎𝜎0.2

�
𝑛𝑛1

            𝑓𝑓𝑓𝑓𝑓𝑓 𝜎𝜎 ≤ 𝜎𝜎0.2

𝜎𝜎−𝜎𝜎0.2
𝐸𝐸0.2

+ �𝜀𝜀𝑡𝑡𝑡𝑡 −
𝜎𝜎𝑢𝑢−𝜎𝜎0.2
𝐸𝐸0.2

− 𝜀𝜀𝑡𝑡0.2� �
𝜎𝜎−𝜎𝜎0.2
𝜎𝜎𝑢𝑢−𝜎𝜎0.2

�
𝑛𝑛2

+ 𝜀𝜀𝑡𝑡0.2             𝑓𝑓𝑓𝑓𝑓𝑓 𝜎𝜎 > 𝜎𝜎0.2

              (2) 224 

In the equation, E0.2 is the stiffness at the σ0.2, εtu is the strain at the ultimate strength, εt0.2 is the total 225 

strain at the σ0.2, n1 and n2 are strain hardening exponents. Eqs. (3) and (4) are proposed for 226 
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calculating the values of n1 and n2 respectively. In Eq. (3), σ0.01 is the 0.01% proof stress. E0.2 for 227 

estimating the stress-strain relationship can be calculated from Eq. (5). 228 

𝑛𝑛1 =

⎩
⎨

⎧
ln (0.2

0.01� )

ln (𝜎𝜎0.2 𝜎𝜎0.01� )
+ log� 𝜎𝜎𝑢𝑢𝜎𝜎0.2

� �
𝜀𝜀𝑡𝑡𝑢𝑢
0.002

�                 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑓𝑓𝑓𝑓𝑓𝑓𝑝𝑝𝑓𝑓𝑛𝑛 𝑚𝑚𝑓𝑓𝑓𝑓𝑚𝑚𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 

ln (0.2
0.01� )

ln (𝜎𝜎0.2 𝜎𝜎0.01� )
                    𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑓𝑓𝑓𝑓𝑛𝑛𝑚𝑚𝑓𝑓 𝑚𝑚𝑓𝑓𝑓𝑓𝑚𝑚𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓

                (3) 229 

𝑛𝑛2 =
ln (𝜀𝜀𝑡𝑡𝑢𝑢 𝜀𝜀𝑡𝑡0.2� )

ln (𝜎𝜎𝑢𝑢 𝜎𝜎0.2� )
                                                                (4) 230 

𝐸𝐸0.2 = 𝐸𝐸

1+0.002𝑛𝑛1𝐸𝐸
𝜎𝜎0.2

                                                                (5) 231 

The stress-strain curves for the material at flat and corner regions across octagonal hollow sections 232 

were estimated using the proposed model and compared with the curves from tensile coupon tests, as 233 

shown in Fig. 10. As can be seen in the figure, the estimated stress-strain curves compared well with 234 

the curves obtained from experiments. Therefore, the proposed stress-strain curve model can be 235 

applied to develop stress-strain curves for the design and analysis of the octagonal hollow section 236 

structural members formed using the fabrication routes in Fig. 1.  237 

4 Residual stress investigations 238 

Residual stresses existing in the HSS octagonal hollow sections in the unloaded state may cause 239 

premature yielding in part of the material around the hollow sections and subsequently influence the 240 

strength and stability of the HSS octagonal hollow section structures [2-3]. For the HSS octagonal 241 

hollow sections, the residual stresses can be caused by the fabrication processes including welding, 242 

press-braking and flame-cutting. Since the residual stresses in the longitudinal direction along the 243 

length of the structures have the most influence on the structural behaviour [2, 52], the magnitude and 244 

distribution of the longitudinal residual stresses were measured for the sections with different 245 

geometry properties and formed using the three fabrication routes shown in Fig. 1.   246 

4.1 Residual stress measurement technique 247 

Sectioning method was adopted in this investigation and applied to measure the residual stresses for 248 

W-75×6, CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 sections. The specimens prepared for 249 

measuring residual stresses are 300mm in length.  During the preparation, one-eighth of W-75×6 and 250 

a quarter of CF1-75×6, CF2-75×6 and CF2-75×10 sections were marked into longitudinal strips of 251 

10mm widths while a quarter of CF2-160×6 section was marked into longitudinal strips of 13mm 252 

widths. This arrangement was consistent with that for tensile coupon tests described in Section 3.1.3 253 
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because the distribution of residual stresses can be regarded to be symmetrical in the hollow sections 254 

with the symmetrical locations of corner regions and welding seams. The strain gauges of 3mm gauge 255 

length were then attached on both outer and inner surfaces of the longitudinal strips at the mid-length 256 

of each strip. Each strain gauge was also protected with the cover of water proof glue to avoid any 257 

contamination and damage in the strain gauge due to sectioning. Initial readings of strain gauges were 258 

recorded before the start of sectioning process. Subsequently, sectioning was performed using the 259 

wire cutting method and coolant was used to minimise the heat generation during sectioning, as 260 

presented in Fig. 11. After the completion of sectioning, the readings of strains were also taken for all 261 

longitudinal strips. The initial strain readings before the sectioning process and the final strain 262 

readings after sectioning were used to analyse the residual stresses in the HSS octagonal hollow 263 

sections, as explained in Section 4.2.    264 

4.2 Measurement results and discussion 265 

The residual strains on the outer and inner surfaces (εo and εi respectively) of each longitudinal strip 266 

were estimated as the differences between the measured strains before and after the sectioning process. 267 

For each strip, the εo was found to be different from εi, indicating that both membrane and bending 268 

residual stresses existed in the investigated HSS octagonal hollow sections. Therefore, these residual 269 

stresses were determined based on the εo and εi for W-75×6, CF1-75×6, CF2-75×6, CF2-75×10 and 270 

CF2-160×6 sections.   271 

The residual stresses in the W-75×6 section were first calculated. The membrane residual stresses 272 

were calculated as the average of εo and εi multiplied by elastic modulus of the material. The bending 273 

residual stresses were calculated as the difference in εo and εi multiplied by elastic modulus since the 274 

bending residual stresses were suggested to vary linearly through the thickness [53] of welded 275 

sections. The magnitude and distribution of the calculated membrane residual stresses and bending 276 

residual stresses on the outer surfaces are presented in Fig. 12 in which the maximum residual stresses 277 

are marked. Positive and negative values indicate the tensile and compression residual stresses 278 

respectively. As can be seen in the figure, the membrane residual stresses are much larger than the 279 

bending residual stresses in the W-75×6 section. High tensile membrane residual stresses were 280 

obtained at the welding seam and its surrounding two strips while compressive membrane residual 281 

stresses were obtained at the other parts of the section. The compression bending residual stresses 282 

appeared along the outer surfaces of the one-eighth section. The membrane residual stresses ranged 283 

from 13 to 58 % of the σ0.2. The maximum value of the tensile and compression membrane residual 284 

stress respectively were about 58 and 39% of the σ0.2 of the material while the maximum bending 285 

residual stresses on the outer surface was about 7.5% of the σ0.2.          286 



10 | P a g e  
 

The residual stresses in the CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 sections were also 287 

estimated. Different from the W-75×6 section, the variation of bending residual stresses through 288 

thickness for the sections formed using press-braking was found to be non-linear [52-55]. Rectangular 289 

stress block through thickness distribution was recommended [52-53] to be suitable for simulating the 290 

distribution of bending residual stresses through thickness for sections formed using press-braking 291 

and was adopted in this study for estimating the bending residual stresses for CF1-75×6, CF2-75×6, 292 

CF2-75×10 and CF2-160×6 sections based on the measured εo and εi. The obtained membrane 293 

residual stresses and bending residual stresses on the outer surface of the sections are presented in 294 

Figs. 13-16. For these sections made with folded plates using press-braking, large tensile bending 295 

residual stresses were obtained on the outer surface at the corners which experienced large plastic 296 

deformations during fabrication and their magnitudes were much larger than those of the bending 297 

residual stresses at the other locations of the outer surface. The maximum values of the tensile 298 

bending residual stresses in CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 sections respectively 299 

were 20, 20, 27 and 18% of the σ0.2 of the material at corners. As for the membrane residual stresses, 300 

both tensile and compression stresses existed in the sections. The maximum magnitude of membrane 301 

residual stresses in CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 sections respectively were 20, 302 

24, 26 and 45% of the σ0.2 of the material at centre of flat proportions.           303 

The magnitude and distribution of the membrane and bending residual stresses in the CF1-75×6 and 304 

CF2-75×6 sections are also compared with the residual stresses of W-75×6 section to reveal the 305 

influence of fabrication process on the residual stresses. The pattern of residual stresses shown in Fig. 306 

12 for the W-75×6 section is quite different from that of the CF1-75×6 and CF2-75×6 sections shown 307 

in Figs. 13 and 14 respectively. In the CF1-75×6 and CF2-75×6 sections formed using press-braking, 308 

the maximum bending residual stresses were much larger than that of the W-75×6 section while the 309 

maximum membrane residual stresses were lower than that of the W-75×6 section. The different 310 

distributions and magnitudes of residual stresses in octagonal hollow sections formed using different 311 

fabrication routes indicate that the residual stresses measured for the hollow sections with the specific 312 

fabrication route should be used in the design and analysis of the structures.     313 

4.3 Proposed residual stress models 314 

The obtained residual stress measurement results were also used to develop membrane and bending 315 

residual stress models for HSS octagonal hollow sections. For the W-series section, the longitudinal 316 

membrane and bending residual stress distribution models were proposed, as presented in Fig. 17. The 317 

magnitudes of the residual stresses given in the models were obtained as the average membrane and 318 

bending residual stresses over different locations of the hollow section and given as the normalised 319 

values by the measured σ0.2 of the material. The positive and negative signs in the figure represent 320 
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tensile and compressive stresses. The bending residual stress for the outer surface of the hollow 321 

section is in compression, as shown in Fig. 17.  322 

The distribution models for longitudinal membrane and bending residual stresses in CF1-series 323 

sections were also proposed based on the experimental results, as shown in Fig. 18. Multi-linear 324 

curves and constant values at corners were used to simulate the distribution pattern of membrane 325 

residual stresses in the CF1-series octagonal hollow sections. The magnitude of the membrane 326 

residual stress at any location in the model was given based on the measured stress value shown in Fig. 327 

13. Constant tensile or compressive bending residual stresses on the outer surface of the flat and 328 

corner portions were provided since the variation of the bending residual stress magnitudes in the flat 329 

or corner regions was low, as shown in Fig. 13. For the CF2-series sections, the proposed longitudinal 330 

membrane and bending residual stress distribution models are presented in Fig. 19. Magnitudes of the 331 

membrane and bending residual stresses in the model were obtained as the average of the stresses 332 

measured at the specific location in the sections.                       333 

5 Conclusions 334 

The material properties and residual stress distribution in HSS octagonal hollow section from three 335 

fabrication routes have been investigated experimentally. For each fabrication route involving 336 

welding or a combination of welding and press-braking processes, hollow sections with different 337 

dimensions and plate width-to-thickness ratios were used for the investigations. The effects of 338 

welding and press-braking on the material properties of the HSS octagonal hollow sections were 339 

investigated by conducting coupon tests on specimens extracted from different locations in the cross-340 

sections. The mechanical properties of the materials in the hollow sections formed through welding 341 

eight steel plates were found to be insensitive to the welding process. The static σ0.2 and σu measured 342 

for the coupons near the welding seams were less than 3% lower than the properties measured for the 343 

coupons at the centre of the flat faces in the sections. For the hollow sections formed using press-344 

braking and welding, strength enhancements at the corners were observed. Comparing with the 345 

material properties measured for the flat coupons, the static 0.2% proof stress and ultimate tensile 346 

strength of the corner coupons increased up to 5.7 and 7.2% respectively, due to the cold-working of 347 

the press-braking process. A stress-strain curve model was developed and found to be capable of 348 

accurately estimating the material stress-strain relationship. The model can be used to obtain the 349 

stress-strain curves for structural design and analysis. 350 

The distribution and magnitude of longitudinal residual stresses of HSS octagonal hollow sections 351 

from different fabrication routes were determined using the sectioning method. It was found that both 352 

membrane and bending residual stresses existed in the octagonal hollow sections and their magnitudes 353 

were determined and plotted. The results showed that the residual stress distribution and magnitudes 354 
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of the section formed through welding are quite different from those of the sections formed using both 355 

press-braking and welding. For the section formed by welding eight steel plates, the membrane 356 

residual stresses ranged from 13% to 58% of the 0.2% proof stress of the material while the bending 357 

residual stresses were below 7.5% of the material 0.2% proof stress. As for the sections formed by 358 

combined press-braking and welding processes, the bending residual stresses in the flat regions were 359 

relatively low while the bending residual stresses at the corners which were subject to large plastic 360 

deformation during fabrication were quite large and found to be up to 27% of the 0.2% proof stress of 361 

the material at corners. The membrane residual stresses in these sections varied between 0.2 and 45% 362 

of the material 0.2% proof stress. Residual stress models for the HSS octagonal hollow sections 363 

formed using different fabrication routes were also proposed based on the experimental results.  364 
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Figure 1. Fabrication routes for octagonal steel hollow sections.  
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Figure 2. Set-up of tensile coupon test for (a) flat coupon and (b) corner coupon. 
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(c) 

Figure 3. Measured static stress-strain curves for flat coupons obtained from (a) W series sections; (b) 

CF1 series sections and (c) CF2 series sections.   
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Figure 4. Measured static stress-strain curves for corner coupons obtained from (a) CF1 series 

sections and (b) CF2 series sections. 
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Figure 5. Variation of 0.2% proof stress (σ0.2) and ultimate strength (σu) in W-75×6 section. 
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Figure 6. Variation of 0.2% proof stress (σ0.2) and ultimate strength (σu) in CF1-75×6 section. 
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Figure 7. Variation of 0.2% proof stress (σ0.2) and ultimate strength (σu) in CF2-75×6 section. 
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Figure 8. Variation of 0.2% proof stress (σ0.2) and ultimate strength (σu) in CF2-75×10 section 
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Figure 9. Variation of 0.2% proof stress (σ0.2) and ultimate strength (σu) in CF2-160×6 section. 
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Figure 10. Comparison of stress–strain curves obtained from test results with the curves predicted 

using the proposed stress–strain curve model.
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Figure 11. Sectioning process using wire-cutting with coolant.  
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Figure 12. Membrane residual stresses and bending residual stresses on the outer surface along one-

eighth of the W-75×6 section. 
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Figure 13. Membrane residual stresses and bending residual stresses on the outer surface along one-

eighth of the CF1-75×6 section. 



 Figure 14/19  

 

 

Figure 14. Membrane residual stresses and bending residual stresses on the outer surface along one-

eighth of the CF2-75×6 section.
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Figure 15. Membrane residual stresses and bending residual stresses on the outer surface along one-

eighth of the CF2-75×10 section. 
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Figure 16. Membrane residual stresses and bending residual stresses on the outer surface along one-

eighth of the CF2-160×6 section.
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Figure 17. Residual stress distribution model for W-series sections. 
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Figure 18. Residual stress distribution model for CF1-series sections. 
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Figure 19. Residual stress distribution model for CF2-series sections. 
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Table 1. Dimensions of octagonal hollow sections.  

Section Edge length B 

(mm) 

Thickness t 

(mm) 

Outer corner 

radius ro (mm) 

Inner corner 

radius ri (mm) 

W-75×10 74.8 9.86 - - 

W-75×6 73.9 6.00 - - 

W-160×6 159.6 5.98 - - 

CF1-75×10 74.2 9.92 25.0 15.3 

CF1-75×6 74.1 6.08 19.4 13.5 

CF1-160×6 157.9 6.01 21.0 15.0 

CF2-75×10 74.1 9.97 25.0 15.0 

CF2-75×6 74.5 6.10 20.2 14.0 

CF2-160×6 159.7 6.02 20.3 14.3 
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Table 2. Flat tensile coupon test results. 

Section E (GPa) σ0.2 (MPa) σu (MPa) εu (%) εf (%) 

W-75×10 215 780 821 4.6 13.5 

W-75×6 214 764 804 4.5 14.2 

W-160×6 213 764 808 4.7 14.2 

CF1-75×10 215 753 795 4.6 14.0 

CF1-75×6 210 762 802 4.1 13.7 

CF1-160×6 215 766 805 5.1 13.5 

CF2-75×10 216 759 799 5.3 14.1 

CF2-75×6 215 760 801 4.5 14.1 

CF2-160×6 215 754 798 5.0 14.1 
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Table 3. Corner tensile coupon test results. 

Section E (GPa) σ0.2 (MPa) σu (MPa) εu (%) εf (%) 

CF1-75×10 202 780 856 1.4 11.3 

CF1-75×6 191 775 825 1.2 10.9 

CF1-160×6 192 775 841 1.3 11.4 

CF2-75×10 201 773 859 1.2 11.0 

CF2-75×6 200 796 845 1.1 10.9 

CF2-160×6 192 778 852 1.4 11.2 
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Table 4. Static mechanical properties measured for coupons taken from different locations of one-

eighth of W-75×6 section and of a quarter of CF1-75×6, CF2-75×6, CF2-75×10 and CF2-160×6 

sections. 

Section Coupon E (GPa) σ0.2 (MPa) σu (MPa) εu (%) εf (%) 

W-75×6 F1 214 765 804 4.5 14.1 

 F2 212 755 793 3.7 13.3 

 W3 200 621 811 12.7 22.1 

 F4 215 738 789 4.2 13.2 

 F5 214 761 800 4.5 14.1 

CF1-75×6 W1 202 635 810 12.5 22.2 

 F2 214 756 800 3.7 12.0 

 F3 210 763 802 3.8 13.6 

 F4 214 775 804 4.0 12.6 

 C5 190 785 838 1.4 11.0 

 F6 213 762 800 4.0 12.5 

 F7 212 762 802 4.1 13.8 

 F8 210 770 802 3.7 12.5 

 C9 191 775 825 1.2 10.9 
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CF2-75×6 W1 199 628 814 12.3 21.5 

 F2 215 751 793 4.5 12.0 

 C3 200 810 835 1.4 11.1 

 F4 211 770 800 4.5 12.6 

 F5 213 760 801 4.5 13.4 

 F6 210 771 801 2.5 11.8 

 C7 200 796 845 1.1 10.9 

 F8 214 770 810 4.1 11.3 

 F9 214 760 801 4.5 13.9 

CF2-75×10 W1 195 623 810 11.9 21.3 

 F2 214 756 799 4.7 13.8 

 C3 202 775 855 1.3 11.1 

 F4 215 762 801 4.9 13.4 

 F5 215 760 800 4.3 13.0 

 F6 216 761 804 5.1 13.5 

 C7 201 773 859 1.2 11.0 

 F8 215 754 796 4.6 13.5 
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 F9 216 759 799 5.3 14.1 

CF2-160×6 W1 198 638 815 13.0 22.6 

 F2 213 760 801 3.9 12.5 

 F3 214 760 799 4.0 13.4 

 F4 211 759 800 3.8 12.9 

 C5 195 771 848 1.2 10.9 

 F6 214 762 801 3.7 12.7 

 F7 211 760 800 4.0 13.2 

 F8 210 761 801 4.4 13.6 

 F9 211 753 793 4.2 13.0 

 F10 212 757 795 4.3 13.2 

 F11 209 754 799 3.6 12.6 

 F12 210 760 800 4.2 12.8 

 C13 192 778 852 1.4 11.2 

 F14 210 760 800 4.9 14.0 

 F15 208 756 795 4.5 13.7 

 F16 209 760 798 4.3 13.8 
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 F17 215 754 798 5.0 14.1 
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