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 11 

Abstract: This paper presents an experimental investigation into the compressive behaviour of 12 

compact to slender octagonal concrete-filled steel tubular (OctCFST) stub columns. In this study, 13 

a total of twenty OctCFST stub column specimens were tested. Five octagonal hollow sections 14 

with various cross-sectional slenderness were fabricated from 3 mm and 6 mm 460 steel plates. 15 

The measured yield strengths of the two batches of steel plates are 546.5 and 580.7 MPa, 16 

respectively. Three grades of concrete with measured cylinder strengths varying from 27.9 to 92.1 17 

MPa were used to infill the hollow tubes. The test results, in terms of failure modes, axial load 18 

versus axial strain responses and cross-sectional capacities of the stub column tests are fully 19 

presented and discussed. The experimental results were then used to evaluate the applicability of 20 

current design methods in Eurocode EN 1994-1-1, American standard ANSI/AISC 360-16, 21 

Chinese code GB 50936-2014 and equivalent circle methods. It is shown that the circumcircle 22 

method and GB 50936-2014 approach produce excellent cross-sectional strength predictions for 23 

the OctCFSTs and the current cross-section slenderness limit of 135×235/fy for circular concrete-24 

filled steel tubes specified in GB 50936-2014 can be safely extended to the design of OctCFSTs 25 

when the equivalent circumcircle method is used. 26 
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1. Introduction 28 

    In recent years, polygonal steel hollow sections, such as octagonal hollow sections (OctHSs), 29 

have attracted significant interests from researchers and structural engineers [1]. An obvious 30 

attraction of OctHSs is the reduced flat side width when compared to square or rectangular hollow 31 

section (SHS/RHS) counterparts with same perimeter [2, 3]. OctHSs therefore exhibit stronger 32 

local buckling resistances. The flat surfaces in OctHSs also provide easier beam-to-column 33 

connection constructions when compared to circular hollow sections (CHSs) [2, 3]. In addition, 34 

the bend angle of regular OctHSs at each corner is 45°, only half of SHS/RHS counterparts, making 35 

OctHSs easier to be cold-bent, and the plastic deformation at corner portions of OctHSs is smaller. 36 

This advantage improves its potential in cold-formed sections, particularly when high strength 37 

steels are employed. 38 

    OctHS columns have been adopted in many civil engineering applications such as transmission 39 

poles, telegraph towers and lattice structures [4, 5]. An example of the use of OctHSs is depicted 40 

in Fig. 1. Design provisions for OctHSs have been specified in an ASCE standard for steel 41 

transmission pole structures (ASCE/SEI 48-11 [6]). However, design of OctHSs is not included in 42 

any current structural steel design specifications like Eurocode EN 1993-1-1 [7] and American 43 

standard ANSI/AISC 360-16 [8]. To date, extensive experimental investigations have been carried 44 

out to study the behaviour of OctHSs at material property level [4, 9] and cross-section level [2, 3, 45 

10-12]. Chen et al. [1] collected a test database on OctHS stub columns and conducted a 46 

comprehensive parametric study. Detailed design rules for cross-sectional strengths of OctHSs 47 

under compression have been subsequently proposed in  [1]. 48 

The applications of OctHSs in composite structures, such as concrete-filled steel tubular (CFST) 49 

members, have also attracted the attention of researchers [13-19]. In CFSTs, the circular shaped 50 
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steel tubes provide a uniform confining pressure to concrete core, efficiently confining the infilled 51 

concrete and improving both the strength and ductility of concrete, while rectangular shaped tubes 52 

provide flat surfaces to allow various types of beam-column connections, like bolted connection 53 

with end plates. Octagonal concrete-filled steel tubular (OctCFST) columns can combine the 54 

merits of both circular and rectangular CFSTs, providing comparable confinement as circular 55 

CFSTs while maintaining the constructability [15]. The first research on OctCFST stub columns 56 

can date back to 1977 [20], in which a total of 268 CFST stub columns were tested, including 148 57 

circular CFSTs, 60 square CFSTs and 60 OctCFSTs. In this study, the OctCFST specimens were 58 

made of normal strength materials with steel yield strength fy varying from 294 to 341 MPa and 59 

with concrete cylinder strength fc
’ ranging from 16.7 to 30.1 MPa. Since then, more experimental 60 

investigations [14-18] into OctCFST members have been carried out. Ding et al. [14] carried out 61 

eight OctCFST stub column tests and the specimens were prepared using normal strength steel and 62 

normal strength concrete with fy of about 311-321 MPa and concrete cube strength fcu of 39.3 and 63 

57.4 MPa. Zhu and Chan [15, 16] tested nine OctCFST stub columns made of normal strength 64 

steel with fy of 296-383 MPa. Both normal strength and high strength concretes with fc
’ varying 65 

from 37.7 to 113.5 MPa were investigated. Lim and Eom [19] conducted eight thin-walled 66 

irregular OctCFST stub column tests with different tube wall slenderness ratios. The stub columns 67 

were made of normal strength steel with fy of 407-489 MPa and normal strength concrete with fc
’ 68 

of 33.0 MPa. It is noted that these existing experimental investigations have focussed on mild 69 

steels. Research on OctCFST stub columns using higher strength steels (with fy higher than 460 70 

MPa), in particular for thin-walled regular sections, remains extremely scarce, potentially 71 

inhibiting attempts to develop effective design recommendations. At present, design of OctCFST 72 

members is only specified in Chinese code GB 50936-2014 [21], but the cross-section slenderness 73 
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limits are not specified. Design of OctCFST members is not covered in any other design codes 74 

such as Eurocode EN 1994-1-1 [22] and American standard ANSI/AISC 360-16 [8]. It is unclear 75 

neither whether the current cross-section slenderness limits for circular, square and rectangular 76 

CFSTs are applicable to OctCFSTs. It is therefore of great interest to provide experimental 77 

evidence and develop effective design rules to promote the application of OctCFSTs.  78 

    The primary objective of this paper is to further experimentally investigate the compressive 79 

behaviour of compact to slender OctCFST short columns made of steels with fy higher than 460 80 

MPa. A total of twenty specimens with different cross-sectional slenderness were prepared and 81 

tested. Two batches of 460 steel with nominal thickness of 3 mm and 6 mm were employed to 82 

fabricate the octagonal tubes. Three concrete grades, namely, C30, C50 and C90, were used to 83 

infill the tubes. The experimental results in terms of failure modes, cross-sectional capacities and 84 

ductility are discussed. The test results were employed to evaluate the applicability of EN 1994-1-85 

1 [22], ANSI/AISC 360-16 [8], and GB 50936-2014 [21] and equivalent circle methods [15] to 86 

the design of OctCFSTs studied herein.  87 

 88 

2. Experimental investigations 89 

2.1 Specimens 90 

    In this test programme, twenty octagonal concrete-filled steel tubular (OctCFST) stub columns 91 

were prepared and tested. Five octagonal steel hollow sections (OctHSs) with different cross-92 

sectional slenderness were considered. The OctHSs were fabricated by welding two cold-formed 93 

half-sections on flat surfaces. The cold-formed half-sections were press-braked using 3 mm and 6 94 

mm thin 460 steel plates. Detailed fabrication procedures have been described elsewhere in Chen 95 

et al. [3] (see CF2). Three concrete grades, namely, C30, C50 and C90 with target compressive 96 
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cylinder strengths of 30, 50 and 90 MPa, respectively, were used to infill the octagonal tubes. 97 

Definitions of symbols for OctCFSTs are demonstrated in Fig. 2, where D is the outer diameter 98 

(termed as the circumcircle diameter for equivalent circle method detailed in later section), H is 99 

the overall width (also termed as the inscribed circle diameter), B is the side width, b is the clear 100 

width excluding corner portions, t is the thickness of the tube, and ro and ri are the outer and inner 101 

corner radii, respectively.  102 

    For a regular OctHS, the relations among the side width B, the overall width H and the maximum 103 

outer dimension D are formulated in Eqs. (1) and (2).  104 

( )= 2 1B H−  (1) 

2 2=D H B+  (2) 

    The clear width b can be obtained by Eq. (3), where θ is the interior angle of OctHS, which is 105 

equal to π/8, as shown in Fig. 2(b), 106 

o = -2 tanb B r   (3) 

    The cross-sectional areas of steel As and concrete Ac of OctCFSTs were calculated from Eqs. (4) 107 

and (5). 108 

( )2 2

s o i = 8A b t r r  + −  (4) 

2i
c i i

21 2 2 1
 = 8 8

2 2 21 2 1 2

rH t H t
A r r

− −
   −   +

+ +
 (5) 

Table 1 summarises geometric properties of the OctCFST specimens. The length L of the 109 

specimens is designed equal to 3H to ensure that all the specimens are stub columns [23]. Table 1 110 

also presents the steel ratio ρ of each specimen, which is defined as the ratio of steel area As over 111 

total cross-sectional area As+Ac. As shown, the steel ratio ρ varies from 4.6% to 12.0%, most of 112 
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which is relatively low (4.6% ~ 8.1%) when compared to those of conventional CFST columns 113 

[19]. It should be noted that a wide range of b/(tε) ratios from 18.3 to 50.7 is covered in the test 114 

programme, in which ε is the material coefficient depending on fy ( y235 f = ). To further 115 

evaluate the compactness of the OctCFST specimens, two ratios are presented in Table 1 as well, 116 

namely, overall width-to-thickness ratio H/t and circumcircle diameter-to-thickness ratio D/t. 117 

Cross-section classification of these sections according to different criteria is presented in Table 1. 118 

A specimen label system is used throughout this study, which firstly specifies the cross-sectional 119 

shapes of the specimen, “O” for OctCFSTs. Following the cross-sectional shape, cross-sectional 120 

dimensions are given by “B×t”. The digit after the hyphen represents the grade of infilled concrete. 121 

For example, the label “O75×6-90” designates an OctCFST specimen having a nominal side width 122 

and thickness of 75 and 6 mm, respectively, and infilled with C90 concrete. The symbol “#” in the 123 

suffix indicates a repeated test, which is designed to verify the accuracy and repeatability of the 124 

experimental tests. 125 

 126 

2.2 Material properties 127 

2.2.1 Steel 128 

    To obtain material properties of steel, three tensile coupons were extracted from the parent plates 129 

of each batch of steel plates. The tensile coupon tests were carried out in accordance with EN ISO 130 

6892-1:2019 [24]. Strain gauges were affixed to determine the elastic modulus and the Poisson’s 131 

ratio. An extensometer was attached to record full stress-strain responses up to fracture. During 132 

each tensile coupon test, the loading was paused twice near yield strength and ultimate strength 133 

for 120 seconds to allow for stress relaxation to obtain the static stress-strain curves. The obtained 134 

static stress-strain curves were then used to determine the static material properties, such as yield 135 
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strength and ultimate strength. Detailed descriptions of the coupon tests can be found elsewhere in 136 

Chen et al. [4]. Mean measured material properties are tabulated in Table 2, in which Es is the 137 

elastic modulus, ν is the Poisson’s ratio, fy is the yield strength, fu is the ultimate strength, εu is the 138 

strain at the ultimate strength, εsh is the strain-hardening strain at which strain-hardening initiates 139 

and εf is the proportional elongation at fracture. The yield strengths of the 3 mm and 6 mm steel 140 

plates are 546.5 MPa and 580.7 MPa, respectively. Typical full stress-strain curves of parent 141 

metals are shown in Fig. 3.  142 

2.2.2 Concrete 143 

Material properties of concrete were obtained from standard cylinders with a diameter of 150 144 

mm and a height of 300 mm. The concrete cylinders were prepared during the concrete infilling 145 

of specimens. The cylinders were tightly wrapped with cling film after demoulding and the 146 

wrapped cylinders were stored besides the OctCFST specimens to simulate the curing conditions 147 

of the infilled concrete core [17, 18]. For each batch of concrete, three cylinders were prepared 148 

and tested at the test day of corresponding OctCFST specimens to obtain the exact compressive 149 

strengths. Four strain gauges with a gauge length of 90 mm were attached onto the surface of each 150 

cylinder. Two strain gauges were mounted longitudinally to obtain stress-strain curves and the 151 

elastic modulus, while the other two were put in the hoop direction to determine the Poisson’s ratio 152 

of concrete. The cylinders were tested under displacement control at a rate of 0.15 mm/min, which 153 

is equivalent to the initial strain rate (0.05% min-1) of tensile coupon tests, and the testing procedure 154 

complied with EN 12390-3 [25]. Table 3 summarises the test results, i.e. elastic modulus Ec, 155 

Poisson’s ratio νc, compressive cylinder strength fc
′, axial strain at compressive strength εc, and 156 

coefficient of variation (CoV) of the concrete elastic modulus and compressive strength. It should 157 

be noted that the C30 specimens were prepared in two batches. Therefore, two compressive 158 
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cylinder strengths for C30 concrete are reported in Table 3, marked as C30-1 and C30-2, 159 

respectively. Typical stress-strain curves of the used concrete are presented in Fig. 4. 160 

 161 

2.3 Stub column tests 162 

    The stub column tests were carried out to investigate the compressive behaviour of OctCFSTs. 163 

The investigating parameters are the cross-section slenderness and the strength of infilled concrete. 164 

The stub column specimens were prepared and tested at The Hong Kong Polytechnic University. 165 

All OctHSs had both ends milled flat and perpendicular to the longitudinal axis before concrete 166 

casting and high strength gypsum was used to fill the gap at the top surface between the steel tube 167 

and concrete infill to obtain flat end surfaces; hence, a uniform compressive load can be ensured 168 

during the test. The stub column specimens were compressed at a constant displacement rate of 169 

0.05%L mm/min, which is equivalent to the initial strain rate (0.05% min-1) for tensile coupon 170 

tests and the strain rate for concrete cylinder tests. Strain gauges were mounted at the mid-height 171 

of each specimen and four linear variable displacement transducers (LVDTs) were located 172 

between two parallel end-plates to record the end shortening of the stub columns. The 173 

arrangements of strain gauges and LVDTs as well as the test set-up are depicted in Fig. 5. End 174 

shortening was obtained by combining the strain gauge data with the LVDT readings. Strain gauge 175 

readings were used to modify the initial stage of LVDT readings, thereby giving true specimen 176 

end shortening. The axial strain of each test can be then obtained by dividing the modified LVDT 177 

readings by the length of column L.  178 



M9/24 

 

3 Test results 179 

3.1 Failure modes 180 

All the tested OctCFST stub columns failed by outward local buckling of the steel tubes and 181 

shear failure of concrete cores. Typical failure modes of the outer steel tube and concrete core 182 

(specimen O75×3-90) are presented in Fig. 6.  183 

 184 

3.2 Axial load versus axial strain curves and cross-sectional strengths 185 

The axial load versus axial strain curves of all the OctCFST stub column tests are shown in Fig. 186 

7. The corresponding octagonal hollow section (OctHS) test results, which have been reported in 187 

a companion paper [3], are plotted in Fig. 7 as well for comparison. Five repeated tests (specimens 188 

ended with #) were conducted. The repeated specimens exhibit consistent axial load versus axial 189 

strain curves with a maximum difference on the ultimate load of 3.5%, thereby confirming the 190 

reliability and repeatability of the test programme. Key testing parameters and experimental results 191 

of each specimen are summarised in Table 4, including the yield strength of steel fy, compressive 192 

cylinder strength of concrete fc
’, confinement ratio θ, nominal squash load N0 (equal to Asfy+Acfc

’), 193 

ultimate load Nu and ultimate axial strain εu (strain corresponding to Nu). The confinement ratio θ 194 

is an important indicator to evaluate the level of confinement in CFST members [26], and it is 195 

defined as the ratio of steel contribution over concrete contribution, as given by Asfy/Acfc
’. As can 196 

be observed from Fig. 7 and Table 4, with the same cross-section size, higher ultimate loads Nu of 197 

66–431% were obtained for the OctCFST specimens when compared to hollow counterparts. 198 

Besides, with the increase of fc
’ for each cross-section, the load dropped more rapidly after Nu was 199 

attained due to the brittleness of high strength concrete and reduced confinement effect. 200 
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To assess the confinement effect in the OctCFST specimens, a strength index (SI), which has 201 

been used by Han [27], was adopted, as expressed in Eq. (6), 202 

u

0

N
SI

N
=  (6) 

where N0 is the nominal squash load and can be calculated by a summation of the steel and concrete 203 

contributions as Asfy+Acfc
’. The SI of each specimen is listed in Table 4. The SI value of all 204 

specimens is greater than unity with a maximum value of 1.29 and a minimum value of 1.02. The 205 

mean value of SI is 1.21 and the corresponding coefficient of variance (CoV) is 0.06, indicating 206 

that the strengths of both steel and concrete are fully utilised. The SI is plotted with respect to 207 

confinement ratio θ in Fig. 8(a). As demonstrated, the SI generally increases with the increase of 208 

confinement ratio θ owing to the improved confinement effect. Fig. 8(b) depicts the influence of 209 

confinement ratio θ on the ultimate axial strain εu. It can be observed that the better the confinement 210 

is, the larger ultimate axial strain εu is obtained.  211 

    To evaluate the effect of cross-section slenderness on the performance of the OctCFSTs, the 212 

strength index SI and the ultimate axial strain εu are plotted against the cross-section slenderness. 213 

The circumcircle diameter-to-thickness ratio D/t is used herein for illustration. As displayed in Fig. 214 

9(a) and 9(b), SI and εu in each concrete series decrease with the increase of the D/t ratio, primarily 215 

due to the reduced confinement effectiveness.  216 

Referring to Figs. 8 and 9, the ultimate axial loads Nu of some OctCFST specimens with higher 217 

confinement ratio θ were attained at quite large axial strains. For example, the ultimate axial strain 218 

εu of specimen O75×6-30 can be as high as 4.5% (θ = 2.85). Current design codes, such as 219 

ANSI/AISC 360-16 [8], EN 1993-1-1 [7] and Chinese code GB 50936-2014 [21] clearly target at 220 

the control of yielding of cross-sections in design to avoid development of excessive deformation 221 

in structural members. In this study, a deformation limit criterion of 1.0% axial strain for ultimate 222 
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limit state is adopted, in accordance with the recommendation in [28, 29]. Similar design concept 223 

of deformation limit has been adopted in the design of tubular joints [30] and design of fibre 224 

reinforced polymer (FRP) confined concrete columns [31]. The failure load Nf was determined 225 

from the first occurrence of Nu or N1.0% (the applied load at 1.0% axial strain), as illustrated in Fig. 226 

10. The obtained N1.0% and Nf are reported in Table 4.  227 

 228 

3.3 Ductility  229 

    The ductility of the OctCFST specimens was appraised by a ductility index (DI) defined in Eq. 230 

(7), following the approach used by [27, 32], 231 

85%

u

DI



=  (7) 

in which ε85% is the axial strain when the applied axial load drops back to 85% of the ultimate load 232 

Nu and εu is the ultimate axial strain at ultimate load. The obtained ductility index (DI) of each 233 

specimen is listed in Table 4. As per the definition, a lower DI value means that the load falls 234 

rapidly in the post-peak range, whilst a higher value indicates a stronger ability to maintain at least 235 

85% of the ultimate load Nu. As shown in Fig. 7, the axial load of some specimens with higher 236 

confinement ratios exhibits a slow degradation in the post-peak range and even does not decrease 237 

below 85% of Nu. For these specimens, the DI cannot be obtained. In this study, an equivalent 238 

yield strain for the OctCFSTs εy,sc was proposed, which is similar to the definition of steel yield 239 

strain εy (=fy/Es), and can be calculated from Eq. (8).  240 

( )
0

y,sc

sc

N

EA
 =  (8) 

where (EA)sc is the compressive stiffness of composite sections, determined from a linear 241 

regression of load over strain between 10% and 40% of N0, same as the determination of modulus 242 
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of elasticity of metallic materials [24]. The theoretical value of compressive stiffness can be 243 

determined from EsAs+EcAc, denoted as (EA)sc,Cal. The compressive stiffness obtained from test 244 

results and theoretical calculation is given in Table 4. The compressive stiffness determined from 245 

regression is close to calculated values, having a mean (EA)sc/(EA)sc,cal value of 0.98. Table 4 246 

tabulates the obtained yield strain εy,sc and εu/εy,sc of each specimen. The εu/εy,sc values are plotted 247 

with regard to the confinement ratio θ in Fig. 11. As shown, the εu/εy,sc values generally increase 248 

with confinement ratio θ because of the improved confinement.  249 

 250 

3.4 Comparison of compressive behaviour between circular CFST and OctCFST columns 251 

The compressive behaviours of six circular CFST stub columns available in the literature [33] 252 

were selected to compare with OctCFST specimens having similar parameters tested in the current 253 

study. The tubes in [33] were obtained using the same batches of steel plates as those used for 254 

fabricating the octagonal tubes in this study. However, the measured steel yield strengths in [33] 255 

are higher than those in this study because of the cold forming effect during fabrication process. It 256 

is worth noting that the selected circular and octagonal specimens are not exact equivalent due to 257 

the differences in material and geometric properties. Hence, particular attention has been paid to 258 

select the most suitable test specimens in order to obtain qualitative observations. The 4C200×3 259 

and 4C200×6 series in [33] are comparable to the O75×3 and O75×6 series in this study. The test 260 

parameters of the selected test specimens, including geometric parameters such as the diameter, 261 

thickness and length of steel tubes, D, t and L, material parameters like fy and fc
’ and test results 262 

such as Nu and εu are summarised in Table 5.  263 

The axial load N of the six pairs of circular and octagonal CFSTs is normalised by the nominal 264 

squash load N0 and plotted against the axial strain in Fig. 12. As can be observed from Table 5 and 265 
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Fig. 12, the confinement in octagonal CFSTs in terms of SI is less effective than that in circular 266 

CFSTs under higher confinement ratios (C30 and C50 pairs). When high strength concrete was 267 

used (C90 pairs), the confinement effectiveness in octagonal CFSTs is comparable to circular 268 

counterparts and the difference in SI becomes negligible. With regard to the ductility, the load of 269 

circular CFSTs (except for D/t ≈ 34, fc
’ ≈ 30 MPa pair) drops more slowly than OctCFSTs, 270 

indicating that circular CFSTs have better post-peak behaviour than OctCFSTs.  271 

 272 

4. Current design methods and assessment 273 

4.1 Existing codes of practice 274 

Design codes around the world, such as Eurocode EN 1994-1-1 [22], American standard 275 

ANSI/AISC 360-16 [8] and Chinese code GB 50936-2014 [21], provide design equations for 276 

calculating the cross-sectional resistance of CFST members. However, the design of OctCFST 277 

members is not covered in neither Eurocode EN 1994-1-1 nor American standard ANSI/AISC 278 

360-16. Though Chinese code GB 50936-2014 gives design formula for OctCFST members, cross-279 

section slenderness limit is not specified. It is still unclear if current limits for circular and square 280 

CFSTs are valid for OctCFSTs. It has been found by Chen et al. [1] that the current cross-sectional 281 

slenderness limits for square and rectangular hollow sections are not applicable to the design of 282 

OctHSs. This is largely because the angle of adjacent tube walls in octagonal sections is 135° and 283 

the edges of the tube wall are considered as partially clamped when compared to those with 90° 284 

angle [19]. It may be expected the current cross-sectional slenderness limits for square or 285 

rectangular CFSTs are not suitable for OctCFSTs neither. To classify the octagonal sections, as 286 

discussed in [15, 19], two equivalent circle methods might be adopted, namely, circumcircle 287 

method (D/t) and inscribed circle method (H/t). It is noted that the circumcircle method gives a 288 
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slightly large equivalent diameter-to-thickness ratio (D/t) than the inscribed circle method (H/t), 289 

which tends to be conservative in design. Thus, the circumcircle method is used in this study. As 290 

for the design of circular CFSTs, EN 1994-1-1 and GB 50936-2014 specify the maximum 291 

diameter-to-thickness D/t values, i.e. 90×235/fy and 135×235/fy to avoid local buckling of steel 292 

tubes. ANSI/AISC 360-16 classifies circular CFSTs into compact, noncompact and slender 293 

sections with corresponding limiting D/t values of λp = 0.15Es/fy, λr = 0.19 Es/fy and λmax = 0.31Es/fy. 294 

λp, λr and λmax are the compact-to-noncompact, noncompact-to-slender and maximum permitted 295 

D/t ratios, respectively. Assuming Es = 200 GPa, the equivalent limiting D/t values are λp = 296 

128×235/fy, λr = 162×235/fy and λmax = 264×235/fy, respectively. The cross-section classification 297 

of each specimen according to the equivalent circumcircle method is presented in Table 4. As 298 

shown, the experimental tests include a wide range of cross-sectional slenderness, covering 299 

compact to slender sections. The cross-section slenderness limit and other requirements set by the 300 

design codes, such as material strength limitations on both concrete and steel, are summarised in 301 

Table 6, in which δ is the steel contribution ratio (defined in Eq. (9)) and ρ is the steel ratio. These 302 

design equations are discussed and evaluated in this section. 303 

s y

'

s y c c

A f

A f A f
 =

+
 (9) 

4.1.1 EN 1994-1-1 [22] 304 

    In EN 1994-1-1, two design methods are standardised. The first method (Method 1) simply 305 

superposes the strengths of concrete and steel to determine the cross-sectional strength of CFST 306 

columns (NEC4,1), as formulated in Eq. (10), while the second method (Method 2) fully takes 307 

account of the benefits of confinement in circular CFSTs. The cross-sectional strength (NEC4,2) is 308 

calculated from Eq. (11), in which ηa is a reduction factor applied to the axial strength of steel tube 309 

due to the biaxial state of steel, and ηc is a magnified factor multiplied to concrete to consider the 310 
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strength enhancement in concrete due to confinement. These factors are affected by the relative 311 

slenderness λ̅ and eccentricity of the column as per EN 1994-1-1. In case of uniaxial compression, 312 

the factors ηa and ηc can be calculated from Eqs. (12) and (13), respectively. The relative 313 

slenderness λ̅ can be determined according to EN 1994-1-1. 314 

'

EC4,1 s y c cN A f A f= +  (10) 

y '

EC4,2 a s y c c c'

c

1
tf

N A f A f
Df

 
 

= + + 
 

 (11) 

a 0.25 3 2 1 
− 

= +  
 

 (12) 

2

c 4.9 18.5 17 0  
−−

= − +   (13) 

4.1.2 ANSI/AISC 360-16 [8] 315 

    A series of design equations (Eqs. (14) to (16)) are provided in ANSI/AISC 360-16 to estimate 316 

the cross-sectional strength of CFST columns (NAISC), depending on the cross-section 317 

classification of the steel tube. For compact sections, ANSI/AISC 360-16 assumes that the steel 318 

can reach its yield stress while the concrete reaches a stress of 0.95fc
’ for circular CFSTs, and the 319 

cross-sectional strength of CFSTs is determined by Eq. (14). 320 

'

AISC p s y c c0.95N N A f A f= = +  (14) 

    For noncompact sections, ANSI/AISC 360-16 relates the development of concrete strength to 321 

cross-sectional slenderness λ (=D/t). The equation to determine the strength is given in Eq. (15). 322 

( )
2

p

AISC p p y

r p

N N N N
 

 

 −
= − − 

 − 

 (15) 

in which Np can be determined from Eq. (14), and Ny is equal to Asfy+0.7Acfc
’. 323 
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    Eq. (16) is used to determine the cross-sectional strength for slender sections, in which fcr is 324 

critical buckling stress of steel tube considering local buckling. The critical buckling stress fcr of 325 

circular sections can be calculated in accordance with ANSI/AISC 360-16.  326 

'

AISC s cr c c0.7N A f A f= +  (16) 

For OctCFSTs, the critical buckling stress fcr might be calculated through Eq. (17) [19],  327 

cr y2

1.2 0.3
f f

R R

 
= − 
 

 (17) 

where R is the modified plate slenderness parameter as defined in Eq. (18). B is the side width of 328 

octagonal sections and ν is the Poisson’s ratio of steel. 329 

2

y

2

s

12(1 )

4

fB
R

t E





−
=  (18) 

4.1.3 GB 50936-2014 [21] 330 

    Chinese code GB 50936-2014 adopts a unified theory to calculate the cross-sectional strength 331 

of OctCFSTs (NGB). The cross-sectional strength NGB is related to the confining factor ξ (as 332 

formulated in Eq. (19)) and fck(As+Ac), where fck is the characteristic compressive strength of 333 

concrete that can be converted from concrete compressive cube strength (obtained from 334 

150×150×150 cubes) per GB 50010-2010 [34]. When calculating fck, the compressive cylinder 335 

strength fc
’ was firstly converted to cube strength fcu,150 using Eq. (20), which has been extensively 336 

used in [35-37]. The cube strength fcu,150 was subsequently converted to the characteristic strength 337 

fck, as per GB 50010-2010 [34].  338 

s y

c ck

A f

A f
 =  (19) 

cu,150'

c cu,150 100.76 0.2log
19.6

f
f f

  
= +  

  

 (20) 
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    The relationship among NGB, ξ and fck(As+Ac) is expressed in Eq. (21). The recommended range 339 

of confining factor ξ is from 0.5 to 2.0. For a direct comparison between test results and code 340 

predictions, in Eqs. (22) and (23), partial factors for steel and concrete (1.105 and 1.4, respectively) 341 

were not considered. Hence, the expressions for coefficients B and C in Eqs. (22) and (23) are 342 

slightly different from their original forms in GB 50936-2014.  343 

2

GB s c ck(1.212 )( )N B C A A f = + + +  (21) 

y0.140 / 235 0.778B f= +  (22) 

ck0.070 / 20 0.026C f= − +  (23) 

 344 

4.2 Assessments 345 

It is obvious from the last section that ANSI/AISC 360-16 and Method 1 in EN 1994-1-1 target 346 

at control of cross-section yielding. GB 50936-2014 also aims at control of cross-section yielding, 347 

as the design formulas are derived based on the first occurrence of Nu or N0.3%, in which Nu is the 348 

ultimate load and N0.3% is the load corresponding to axial strain of 3000με [21]. Further to the 349 

discussion in Section 3.2, the failure load Nf was taken as the first occurrence of N1.0% and Nu, to 350 

avoid excessive axial deformation. Therefore, the predictions from Method 1 in EN 1994-1-1 351 

(NEC4,1), ANSI/AISC 360-16 (NAISC), and GB 50936-2014 (NGB) were compared with the failure 352 

load Nf obtained from the tests. Method 2 in EN 1994-1-1 fully accounts the confinement effect, 353 

predictions from which were then compared with the ultimate load Nu instead. When compared 354 

with EN 1994-1-1 and ANSI/AISC 360-16, the design methods for circular CFSTs were used and 355 

the predictions were calculated by substituting the original diameter by the equivalent circumcircle 356 

diameter. The results of the assessments against different design codes are presented in Table 7.  357 
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    The test results were firstly compared with predictions by Method 1 in Eurocode EN 1994-1-1 358 

(NEC4,1). Referring to Table 7, the steel contribution ratio δ of all the specimens falls between 0.2 359 

and 0.9, satisfying the requirement, but in terms of the cross-sectional slenderness, majority of the 360 

specimens exceed the limit (90×235/fy). Method 1 conservatively estimates the cross-sectional 361 

strength of all OctCFST columns. Among the 20 test results, no Nf/NEC4,1 falls below 1.0, even 362 

when the cross-section slenderness greatly exceeds the specified limit as shown in Fig. 13(a). The 363 

mean value of Nf/NEC4,1 ratio is 1.13 with a corresponding CoV of 0.05. In general, the Nf/NEC4,1 364 

ratio decreases with the cross-sectional slenderness, but increases with the confinement ratio θ, as 365 

illustrated in Figs. 12(a) and 12(b), respectively. Under the same cross-section slenderness, the 366 

Nf/NEC4,1 ratio of specimens infilled with C90 concrete are smaller than others, which is primarily 367 

due to the reduced confinement ratio. As shown in Fig. 13(b), the Nf/NEC4,1 ratio for C90 series 368 

specimens decreases dramatically when the confinement ratio θ is less than 0.5. This observation 369 

may be due to the brittle nature of high strength concrete. Special attention is therefore suggested 370 

to be paid to the use of high strength concrete and a confinement ratio θ not smaller than 0.5 is 371 

recommended for high strength concrete.  372 

    To reasonably evaluate the design efficiency of the Method 2 (NEC4,2) in EN 1994-1-1, the 373 

ultimate load Nu was used. As shown in Fig. 14, Method 2 slight overestimates the strength in all 374 

cases, yielding a mean Nu/NEC4,2 value of 0.94 with a corresponding CoV of 0.03. This is largely 375 

due to the overestimation of the enhancement in concrete strength caused by confinement (see Eq. 376 

(10)), indicating that directly substituting the diameter by the equivalent circumcircle diameter 377 

cannot efficiently predict the cross-sectional strength of OctCFST columns. Zhu and Chan [15] 378 

proposed an equivalent inscribed circle method Dic based on the Method 2 in Eurocode EN 1994-379 

1-1 to determine the cross-sectional strength of OctCFSTs. In this method, a reduction factor is 380 
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adopted to account for the reduced confinement effectiveness in OctCFSTs, making the design 381 

formula for circular CFSTs applicable to OctCFSTs. The proposed design equation is given in Eq. 382 

(24), 383 

y '

a,Dic s y c,Dic c c'

ic c

1 0.73ic

tf
N A f A f

D f
 

 
= + + 

 
 (24) 

where Dic (=H) is the inscribed diameter of the octagonal section, ηa,Dic and ηc,Dic are the factors 384 

calculated from Eqs. (12) and (13) based on the equivalent inscribed circle. As mentioned earlier, 385 

the circumcircle method gives slightly more conservative predictions. The inscribed circle Dic in 386 

Eq. (24) was replaced by the circumcircle diameter D in the strength calculation. The design 387 

equation based on the circumcircle diameter D is expressed in Eq. (25),  388 

y '

a,Dcc s y c,Dcc c c'

c

1 0.73cc

tf
N A f A f

Df
 

 
= + + 

 
 (25) 

where ηa,Dcc and ηc,Dcc are the factors calculated from Eqs. (12) and (13) using the equivalent 389 

circumcircle diameter. Evaluation of the inscribed circle (Nic) and circumcircle (Ncc) are tabulated 390 

in Table 7. Fig. 15 plots the Nu/Nic and Nu/Ncc ratios against the cross-sectional slenderness of 391 

OctCFST specimens. As indicated by Table 7 and Fig. 15, both inscribed circle and circumcircle 392 

methods produce reasonable strength predictions with the Nu/Nic and Nu/Ncc ratios marginal to 393 

unity. The mean Nu/Nic and Nu/Ncc values are 0.99 and 1.01 with corresponding CoVs of 0.03 and 394 

0.03, respectively. In general, the circumcircle method offers slightly better predictions than the 395 

inscribed circle method. It is also noted that the Nu/Nic and Nu/Ncc ratios decrease with the increase 396 

of cross-section slenderness. By adopting the circumcircle method, the cross-section slenderness 397 

can be safely extended to 135×235/fy, in accordance with GB 50936-2014.  398 

    Fig. 16 shows the evaluation results of ANSI/AISC 360-16. As shown, ANSI/AISC 360-16 399 

produces safe but conservative cross-sectional strength predictions for OctCFST columns than EN 400 
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1994-1-1. This is because the contribution of concrete in ANSI/AISC 360-16 is multiplied by a 401 

coefficient of 0.95 for compact sections, which is lower than the specified value (1.0) in EN 1994-402 

1-1. With the cross-section classification considered, the strengths of compact, noncompact and 403 

slender sections were computed using Eqs. (14) to (16), respectively. The critical buckling stress 404 

fcr of slender octagonal sections was calculated from Eqs. (17) and (18). The mean value of 405 

Nf/NAISC is 1.23 and the corresponding CoV is 0.06. When the test results were compared with 406 

predictions only using the design equation for compact sections (denoted as NAISC,p), the mean 407 

value of Nf/NAISC reduces to 1.17 with the corresponding CoV increasing to 0.04. Overall, 408 

ANSI/AISC 360-16 underestimates the cross-sectional strength of OctCFSTs.  409 

    The applicability of the Chinese code GB 50936-2014 is depicted in Fig. 16. As shown, GB 410 

50936-2014 gives satisfactory strength predictions (NGB) for the OctCFST specimens in this study. 411 

Among the twenty specimens, only one Nf/NGB falls below unity. It is noted that the cross-section 412 

slenderness of this specimen exceeds the specified limit (135×235/fy). The mean Nf/NGB ratio of 413 

1.05 and the corresponding CoV is 0.04. As indicated in Fig. 17, the current slenderness limit for 414 

circular CFSTs can be safely extended to the design of octagonal CFSTs when the circumcircle 415 

method is adopted.  416 

In summary, Method 1 in EN 1994-1-1 and ANSI/AISC 360-16 conservatively predict the 417 

cross-sectional strength of OctCFSTs. When the equivalent circumcircle method is directly used, 418 

Method 2 in EN 1994-1-1 overpredicts the capacities of OctCFSTs due to the overestimation of 419 

the confinement effect. The proposed circumcircle method and GB 50936-2014 produce excellent 420 

cross-sectional strength predictions for the OctCFSTs. The slenderness limit specified in GB 421 

50936-2014 for circular CFSTs can be extended to the design of octagonal CFSTs if the 422 

circumcircle method and the method in GB 50936-2014 are used.  423 
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 424 

5. Conclusions 425 

    An experimental investigation into effect of concrete infill on the compressive behaviour of 426 

compact to slender OctHSs has been presented in this paper. In total, twenty OctCFST stub column 427 

specimens were prepared and tested. Five OctHSs with different cross-section slenderness (from 428 

compact to slender) were used. The OctHSs were cold-formed from 3 and 6 mm 460 steel plates 429 

with measured yield strengths of 546.5 and 580.7 MPa, respectively. Three grades of concrete with 430 

target concrete cylinder strength of 30, 50 and 90 MPa were used to infill the hollow tubes. The 431 

stub column test results together with measured geometric properties have been reported in detail. 432 

Experimental results demonstrate that for each cross-section with the increase of fc
’ the ultimate 433 

load Nu improved significantly, but the load dropped more rapidly after Nu was attained due to the 434 

brittleness of high strength concrete and reduced confinement effectiveness. Experimental results 435 

also indicate that the material strengths of both steel and concrete in the OctCFST short columns 436 

can be fully utilised. The strength index (SI) of all the specimens is greater than unity and SI 437 

generally increases with the increase of confinement ratio. The test results were then compared 438 

with the strength predictions calculated from EN 1994-1-1, ANSI/AISC 360-16, GB 50936-2014 439 

and the equivalent circle methods. Overall, it has been found that Method 1 in Eurocode EN 1994-440 

1-1 and ANSI/AISC 360-16 safely but conservatively calculate the cross-sectional strength, while 441 

Method 2 overpredicts the strength due to overestimation of confinement in OctCFSTs. The 442 

circumcircle method and GB 50936-2014 give excellent cross-sectional strength predictions for 443 

the OctCFSTs. The current slenderness limit specified for circular CFSTs in GB 50936-2014 can 444 

be safely extended to the design of high strength OctCFSTs if the circumcircle method and GB 445 

50936-2014 are used.  446 
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Table 1. Geometric properties of OctCFST specimens. 

Specimen H B D t L  ro ri b As Ac ρ b/(tε) 
Classi-

fication1 
H/t 

Classi-

fication2 
D/t 

Classi-

fication3 
 mm mm mm mm mm mm mm mm mm2 mm2 %       

O60×3-30 146.8 60.8 158.9 3.05 433 7.0 3.5 55.0 1457 16481 8.1 27.5 Non-slender 48.2 Compact 52.1 Compact 

O60×3-50 147.6 61.1 159.7 3.04 431 6.5 3.5 55.7 1450 16664 8.0 28.0 Non-slender 48.5 Compact 52.5 Compact 

O60×3-50# 147.4 61.0 159.5 3.06 432 7.0 3.5 55.2 1467 16604 8.1 27.5 Non-slender 48.2 Compact 52.2 Compact 

O60×3-90 147.6 61.1 159.7 3.04 432 7.0 3.5 55.3 1461 16663 8.1 27.8 Non-slender 48.5 Compact 52.5 Compact 

O75×3-30 184.6 76.5 199.8 3.05 539 7.0 4.0 70.7 1829 26501 6.5 35.3 Slender 60.5 Noncompact 65.5 Noncompact 

O75×3-50 184.6 76.4 199.8 3.06 540 7.0 4.0 70.6 1833 26478 6.5 35.2 Slender 60.3 Noncompact 65.3 Noncompact 

O75×3-90 184.5 76.4 199.7 3.04 543 7.0 3.5 70.6 1834 26444 6.5 35.4 Slender 60.6 Noncompact 65.6 Noncompact 

O75×3-90# 182.8 75.7 197.8 3.02 543 7.0 3.5 69.9 1804 25954 6.5 35.3 Slender 60.5 Noncompact 65.5 Noncompact 

O75×6-30 187.0 77.5 202.4 5.85 544 11.0 5.0 68.3 3501 25615 12.0 18.4 Non-slender 32.0 Compact 34.6 Compact 

O75×6-50 187.1 77.5 202.5 5.86 544 11.0 5.0 68.4 3508 25631 12.0 18.3 Non-slender 31.9 Compact 34.5 Compact 

O75×6-90 186.8 77.4 202.2 5.79 543 11.0 5.0 68.3 3463 25594 11.9 18.5 Non-slender 32.3 Compact 34.9 Compact 

O75×6-90# 186.4 77.2 201.7 5.82 543 11.0 5.0 68.1 3472 25458 12.0 18.4 Non-slender 32.0 Compact 34.7 Compact 

O90×3-30 220.9 91.5 239.1 3.04 646 7.5 4.0 85.3 2199 38325 5.4 42.8 Slender 72.7 Noncompact 78.7 Slender 

O90×3-50 220.6 91.4 238.8 3.05 647 7.0 3.5 85.6 2202 38208 5.4 42.8 Slender 72.4 Noncompact 78.4 Slender 

O90×3-90 219.7 91.0 237.8 3.05 648 7.0 3.5 85.2 2193 37890 5.5 42.6 Slender 72.1 Noncompact 78.0 Slender 

O90×3-90# 220.7 91.4 238.9 3.05 649 7.0 3.5 85.6 2204 38229 5.5 42.8 Slender 72.4 Noncompact 78.3 Slender 

O105×3-30 257.1 106.5 278.3 3.03 755 7.0 4.0 100.7 2542 52312 4.6 50.7 Slender 84.9 Slender 91.9 Slender 

O105×3-30# 256.8 106.4 278.0 3.04 753 7.0 4.0 100.6 2550 52198 4.7 50.5 Slender 84.5 Slender 91.5 Slender 

O105×3-50 256.6 106.3 277.8 3.04 756 7.0 3.5 100.5 2558 52084 4.7 50.5 Slender 84.5 Slender 91.4 Slender 

O105×3-90 256.6 106.3 277.7 3.03 759 7.0 3.5 100.5 2553 52063 4.7 50.5 Slender 84.6 Slender 91.6 Slender 

Note: # indicates a repeated test;  

ε is the material coefficient depending on fy ( y235 f = ); 

1 cross-section classifications based on the criterion for OctHSs proposed in [1]; 
2 cross-section classifications according to ANSI/AISC 360-16 when equivalent inscribed circle method is used; 
3 cross-section classifications according to ANSI/AISC 360-16 when equivalent circumcircle method is used. 
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Table 2. Measured material properties of steel. 

Steel 
Es ν fy fu εsh εu εf 

GPa  MPa MPa % % % 

3 mm 209.5 (0.005) 0.28 546.5 (0.003) 625.8 (0.006) 2.2 10.9 26.0 

6 mm 213.3 (0.005) 0.28 580.7 (0.002) 666.1 (0.004) 2.3 10.1 25.4 

Note: Values in the brackets are the corresponding coefficients of variation (CoV). 

 

Table 3. Measured material properties of concrete. 

Grades Ec ν fc
’ εc 

GPa 
 

MPa % 

C30-1 25.3 (0.01) 0.18 27.9 (0.01) 0.202 

C30-2 29.8 (0.04) 0.19 32.3 (0.03) 0.210 

C50 52.7 (0.03) 0.19 55.0 (0.02) 0.246 

C90 42.9 (0.03) 0.19 92.1 (0.05) 0.277 

Note: Values in the brackets are the corresponding coefficients of variation (CoV). 
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Table 4. Test results of OctCFST stub columns. 

Specimen fy  fc
’ θ N0 Nu εu  SI N1.0% Nf DI (EA)sc (EA)sc,Cal εy,sc εu/εy,sc Cross-section  

Classificationc  MPa MPa  kN kN %  kN kN  ×103kN ×103kN %  

O60×3-30 546.5 32.3 1.50 1328 1616 1.53 1.22 1605 1605 -b 752 796 0.18 8.66 Compact 

O60×3-50 546.5 55.0 0.86 1709 2053 0.65 1.20 1989 2053 2.51 1007 849 0.17 3.83 Compact 

O60×3-50# 546.5 55.0 0.88 1715 1982 0.66 1.16 1891 1982 2.35 935 850 0.18 3.60 Compact 

O60×3-90 546.5 92.1 0.52 2333 2565 0.50 1.10 2308 2565 2.42 1005 1021 0.23 2.15 Compact 

O75×3-30 546.5 27.9 1.35 1739 2046 1.45 1.18 2033 2033 -b 1003 1054 0.17 8.36 Noncompact 

O75×3-50 546.5 55.0 0.69 2458 2903 0.49 1.18 2574 2903 2.39 1169 1250 0.21 2.33 Noncompact 

O75×3-90 546.5 92.1 0.41 3438 3702 0.40 1.08 -a 3702 1.53 1391 1519 0.25 1.62 Noncompact 

O75×3-90# 546.5 92.1 0.41 3376 3753 0.41 1.11 -a 3753 1.41 1378 1491 0.25 1.67 Noncompact 

O75×6-30 580.7 27.9 2.85 2748 3550 4.51 1.29 3194 3194 -b 1343 1395 0.20 22.04 Compact 

O75×6-50 580.7 55.0 1.45 3447 4211 0.95 1.22 4197 4211 -b 1628 1586 0.21 4.49 Compact 

O75×6-90 580.7 92.1 0.85 4368 5098 0.65 1.17 4935 5098 2.37 1816 1837 0.24 2.70 Compact 

O75×6-90# 580.7 92.1 0.86 4361 5033 0.63 1.15 4743 5033 2.44 1844 1833 0.24 2.66 Compact 

O90×3-30 546.5 27.9 1.12 2271 2532 0.69 1.12 2517 2532 -b 1274 1430 0.18 3.87 Slender 

O90×3-50 546.5 55.0 0.57 3305 3695 0.46 1.12 2866 3695 1.76 1751 1711 0.19 2.44 Slender 

O90×3-90 546.5 92.1 0.34 4688 4891 0.44 1.04 3102 4891 1.34 1993 2085 0.24 1.87 Slender 

O90×3-90# 546.5 92.1 0.34 4726 5116 0.44 1.08 3211 5116 1.50 1893 2102 0.25 1.76 Slender 

O105×3-30 546.5 32.3 0.82 3079 3527 0.67 1.15 3453 3527 -b 1812 2092 0.17 3.94 Slender 

O105×3-30# 546.5 32.3 0.83 3080 3538 0.44 1.15 3441 3538 4.45 1972 2090 0.16 2.82 Slender 

O105×3-50 546.5 55.0 0.49 4262 4641 0.41 1.09 3581 4641 1.83 2384 2239 0.18 2.29 Slender 

O105×3-90 546.5 92.1 0.29 6190 6317 0.37 1.02 4804 6317 1.49 2946 2768 0.21 1.76 Slender 

Note: # indicates a repeated test. 

          a: Tests were terminated before 1.0% axial strain was reached. 

          b: The axial load does not drop back to 85% of the ultimate load. 

          c: The section classification was based on the circumcircle method using the criteria for circular CFSTs. 
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Table 5. Summary of the selected circular CFST specimens in [33]. 

Specimen D t L D/t fy fc
’ As Ac θ N0 Nu εu SI Cross-section  Classification 

according to ANSI/AISC 360-16  mm mm mm  MPa MPa mm2 mm2  kN kN %  

4C200×3-30 200.7 3.02 597 66.4 571.7 33.5 1877 29764 1.08 2070 2605 2.31 1.26 Noncompact 

4C200×3-50 201.9 3.05 599 66.2 571.7 51.9 1905 30101 0.70 2651 3204 0.85 1.21 Noncompact 

4C200×3-90 200.7 3.07 598 65.4 571.7 94.9 1905 29727 0.39 3910 4197 0.56 1.07 Noncompact 

4C200×6-30 199.6 5.84 599 34.2 630.3 33.5 3555 27720 2.41 3169 4154 3.81 1.31 Compact 

4C200×6-50 199.4 5.82 600 34.3 630.3 51.9 3539 27678 1.55 3667 4587 2.00 1.25 Compact 

4C200×6-90 199.9 5.87 601 34.1 630.3 94.9 3579 27819 0.85 4896 5747 1.15 1.17 Compact 
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Table 6. Range of applicability of current design codes for circular CFST columns. 

Codes 
fy 

MPa 

fc
’ 

MPa 
λp λr λmax 

Other 

requirements 

EN 1994-1-1 [22] 235-460 20-50 90×235/fy - 90×235/fy 0.2 ≤ δ ≤ 0.9 

ANSI/AISC 360-16 [8]  ≤525 21-69 
0.15Es/fy  

(128×235/fy) 

0.19Es/fy  

(162×235/fy) 

0.31×Es/fy  

(264×235/fy) 
ρ ≥ 1% 

GB 50936-2014 [21] 235-460 30-80a 135×235/fy - 135×235/fy - 

Note: a: concrete compressive cube strength. 

          Values in the brackets are equivalent slenderness limits assuming Es = 200 GPa. 
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Table 7. Assessment of different design methods for OctCFSTs. 

Specimen D/[t(235/ fy)] δ NEC4,1 
Nf /  

NEC4,1 
NEC4,2 

Nu /  

NEC4,2 
Nic 

Nu /  

Nic 
Ncc 

Nu /  

Ncc 
NAISC 

Nf /  

NAISC 
NAISC,p 

Nf /  

NAISC,p 
NGB 

Nf /  

NGB 
   kN  kN  kN  kN  kN  kN  kN  

O60×3-30 121.3 0.578 1328 1.21 1739 0.93 1619 1.00 1585 1.02 1302 1.23 1302 1.23 1497 1.07 

O60×3-50 122.2 0.464 1709 1.20 2101 0.98 1986 1.03 1953 1.05 1663 1.23 1663 1.23 1848 1.11 

O60×3-50# 121.3 0.467 1715 1.16 2106 0.94 1991 1.00 1957 1.01 1669 1.19 1669 1.19 1854 1.07 

O60×3-90 122.2 0.342 2333 1.10 2699 0.95 2590 0.99 2558 1.00 2256 1.14 2256 1.14 2426 1.06 

O75×3-30 152.2 0.575 1739 1.17 2273 0.90 2118 0.97 2074 0.99 1699 1.20 1702 1.19 1979 1.03 

O75×3-50 151.8 0.408 2458 1.18 2956 0.98 2810 1.03 2769 1.05 2380 1.22 2385 1.22 2654 1.09 

O75×3-90 152.6 0.292 3438 1.08 3896 0.95 3759 0.98 3720 1.00 3306 1.12 3316 1.12 3549 1.04 

O75×3-90# 152.3 0.292 3376 1.11 3824 0.98 3690 1.02 3652 1.03 3248 1.16 3257 1.15 3486 1.08 

O75×6-30 85.5 0.740 2748 1.16 3766 0.94 3465 1.02 3379 1.05 2712 1.18 2712 1.18 3063 1.04 

O75×6-50 85.3 0.591 3447 1.22 4421 0.95 4132 1.02 4049 1.04 3376 1.25 3376 1.25 3699 1.14 

O75×6-90 86.3 0.460 4368 1.17 5282 0.97 5008 1.02 4929 1.03 4250 1.20 4250 1.20 4565 1.12 

O75×6-90# 85.7 0.462 4361 1.15 5275 0.95 5001 1.01 4922 1.02 4244 1.19 4244 1.19 4556 1.10 

O90×3-30 183.0 0.529 2271 1.12 2910 0.87 2725 0.93 2672 0.95 2112 1.20 2217 1.14 2590 0.98 

O90×3-50 182.2 0.364 3305 1.12 3898 0.95 3724 0.99 3674 1.01 3002 1.23 3200 1.15 3557 1.04 

O90×3-90 181.5 0.256 4688 1.04 5234 0.93 5072 0.96 5025 0.97 4197 1.17 4514 1.08 4808 1.02 

O90×3-90# 182.1 0.255 4726 1.08 5275 0.97 5112 1.00 5065 1.01 4219 1.21 4550 1.12 4846 1.06 

O105×3-30 213.8 0.429 3079 1.15 3826 0.92 3610 0.98 3548 0.99 2572 1.37 2995 1.18 3497 1.01 

O105×3-30# 212.7 0.431 3080 1.15 3829 0.92 3612 0.98 3550 1.00 2574 1.37 2995 1.18 3497 1.01 

O105×3-50 212.7 0.328 4262 1.09 4949 0.94 4748 0.98 4690 0.99 3403 1.36 4119 1.13 4573 1.01 

O105×3-90 213.0 0.225 6190 1.02 6822 0.93 6635 0.95 6581 0.96 4752 1.33 5950 1.06 6309 1.00 

Mean    1.13  0.94  0.99  1.01  1.23  1.17  1.05 

CoV    0.05  0.03  0.03  0.03  0.06  0.04  0.04 

Note: # indicates a repeated test. 
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Fig. 1. Use of octagonal hollow section (West Lafayette, US). 

 

 

(a) OctCFST section 

 

(b) Corner portion of OctHS 

Fig. 2. Definition of symbols. 
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Fig. 3. Typical stress-strain curves of steel.  

 

 
Fig. 4. Typical stress-strain curves of concrete. 
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(a) Instrumentations of strain gauges and LVDTs 

 

 
(b) MTS 4600kN hydraulic testing machine 

 

 
(c) 10000 kN universal servo-controlled testing machine 

Fig. 5. OctCFST stub column test arrangements. 
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Fig. 6. Typical failure modes (Specimen O75×3-90). 
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(a) O60×3 (b) O75×3 

  
(c) O75×6 (d) O90×3 

 
(e) O105×3 

Fig. 7. Axial load versus axial strain curves for OCFST stub columns (# indicates a repeated test). 
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(a) Strength index SI (b) Ultimate axial strain εu 

Fig. 8. Influence of confinement ratio θ. 

 

  
(a) Strength index SI (b) Ultimate axial strain εu 

Fig. 9. Influence of cross section slenderness. 

 

  

(a) εu ≥ 1.0% (b) εu < 1.0% 

Fig. 10. Definition of failure load Nf. 
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Fig. 11. Effect of confinement ratio θ on εu/εy,sc. 

 

 

Fig. 12. Comparison of selected circular CFSTs from [33] with OctCFSTs. 
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(a) Versus cross-section slenderness (b) Versus confinement ratio θ 

Fig. 13. Comparison of experimental cross-sectional strengths with predicted strengths using Method 1 in 

EN 1994-1-1. 

 

 
Fig. 14. Comparison of experimental cross-sectional strengths with predicted strengths using Method 2 

(equivalent circumcircle method) in EN 1994-1-1. 
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(a) Inscribed circle method (b) Circumcircle method 

Fig. 15. Comparison of experimental cross-sectional strengths with predicted strengths using equivalent 

circle methods. 

 

 

  

(a) NAISC (b) NAISC,p 

Fig. 16. Comparison of experimental cross-sectional strengths with predicted strengths using ANSI/AISC 

360-16. 

 

 
Fig. 17. Comparison of experimental cross-sectional strengths with predicted strengths using GB 50936-

2014. 
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