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Abstract 11 

This paper presents a comprehensive experimental and numerical study on the structural performance 12 

of concrete-filled cold-formed high-strength steel octagonal tubular stub columns. Stub column 13 

specimens formed using high-strength steel and infilled concrete with grades C50 and C90, and with 14 

three different plate width-to-thickness ratios were tested. The ultimate loads, load-displacement 15 

responses and failure modes of the structures were observed and discussed. In addition to the 16 

experimental investigations, a finite element model validated using the stub column test results was 17 

developed. A series of parametric studies were subsequently conducted to obtain supplementary data 18 

for concrete-filled cold-formed high-strength steel octagonal tubular stub columns with a wide range 19 

of plate width-to-thickness ratios and different concrete compressive strengths. The applicability of 20 

existing design approaches in European and American standards and in literature provided for 21 

concrete-filled steel tubular structures with rectangular, circular or octagonal cross-sections were 22 

evaluated using the results obtained from the experimental and numerical study. The accuracy of 23 

design predictions for concrete-filled cold-formed high-strength steel octagonal tubular stub columns 24 

using different design approaches was discussed. A design approach that more accurately incorporates 25 

the strength contributions from steel tubes and concrete infill was also proposed for structural design.   26 

Keywords: Concrete-filled steel tubes, cold-formed, octagonal cross-section, stub columns, high-27 

strength steel, testing, numerical study, structural design.  28 

This is the Pre-Published Version.https://doi.org/10.1016/j.engstruct.2021.112360

© 2021. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/.



M-2/17 

 

1. Introduction 29 

Concrete-filled steel tubular (CFST) structures have been increasingly applied in composite 30 

construction of buildings and bridges owing to their high structural capacity and ductility, energy 31 

dissipation performance and fire resistance [1-4]. Besides the high structural performance, the outer 32 

steel tubes are used as the formwork for concrete casting, resulting in faster and more economical 33 

construction [5-6]. Comprehensive research studies have been performed to investigate the behaviour 34 

of CFST structures formed using normal strength materials and under various loading conditions that 35 

can occur to the structures in applications [3, 5, 7-11]. With the developments of material manufacture 36 

and concrete technology, high-strength steel (HSS) with nominal yield strength above 460MPa and 37 

high-strength concrete (HSC) with cylinder compressive strength above 70MPa are available to obtain 38 

stronger and lighter structures [12-17] and have received wide interests for their use to form CFST 39 

structures [6, 17-19]. During recent years, effective research progresses have been achieved on CFST 40 

structures made of high-strength materials and with circular and rectangular cross-sections [6, 10, 17-41 

18, 20-21]. For these structures, the circular shape steel tubes provide more effective confinement to 42 

the concrete infill while rectangular shape steel tubes for CFST members provide flat surfaces to 43 

allow easier construction of joints connecting incoming members with the CFST members. 44 

Comparing with circular and rectangular CFST structures, octagonal shaped cross-sections have 45 

recently been found to provide combined high confinement from the outer octagonal steel tube and 46 

flat surfaces for connection construction [22].     47 

Despite the advantages of CFST structures with octagonal cross-sections, limited studies were 48 

performed to examine the performance of the structures. Tomii et al. [23] tested nine octagonal CFST 49 

stub columns with three cross-sectional sizes and the stub columns were made of conventional 50 

strength steel with yield strength (fy) of about 294.3-341.3MPa and conventional strength concrete 51 

with cylinder compressive strength (fc) of 16.7-30.1MPa. Ding et al [24] tested eight octagonal CFST 52 

stub columns with three cross-sectional sizes and formed using conventional strength steel with fy of 53 

about 311-321 MPa and concrete with cubic compressive strength (fcu) of 39.3 and 57.4MPa. 54 

Hassamnein et al [25] investigated octagonal CFST stub columns formed using conventional strength 55 

steel with fy of about 350MPa and conventional strength concrete and HSC with fc of 40-100MPa. In 56 

the study, it was also suggested that strength predictions with reasonable accuracy was obtained based 57 

on the design approach for circular CFST stub columns in Eurocode 4 [26]. Zhu and Chan [22, 27] 58 

investigated octagonal CFST stub columns made of conventional strength steel with fy of 296.3-59 

413MPa and conventional strength concrete and HSC with fc of 37.7-113.5MPa. Zhu and Chan [22] 60 

also found that conservative strength predictions were obtained using the design approaches given in 61 

Eurocode 4 and AISC 360 [28] for rectangular CFST stub columns and proposed an approach based 62 

on the obtained experimental results for octagonal CFST stub columns with conventional strength 63 
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steel. Based on the above research results for octagonal CFST stub columns, Ahmed and Liang [29] 64 

performed numerical modelling and evaluated design approaches in standards. It was also found that 65 

overestimation of structural capacities was obtained based on the design approach in Eucocode 4 [26] 66 

for circular sections while conservative predictions was obtained based on AISC 360 standard [28]. 67 

These existing research studies mostly focused on the octagonal CFST stub columns with 68 

conventional strength steel. Limited attention has been paid to the octagonal CFST stub columns 69 

made of HSS. 70 

Therefore, a comprehensive study through experiments and numerical modelling was performed on 71 

the concrete-filled cold-formed HSS (CFHSS) octagonal tubular stub columns. Experiments were 72 

performed to investigate the behaviour of concrete-filled CFHSS octagonal tubular stub columns 73 

made of different concrete grades and with cross-sectional sizes. A numerical study was performed, in 74 

which a validated finite element model based on experimental results was developed and subsequently 75 

applied to carry out parametric studies on the concrete-filled CFHSS octagonal tubular stub columns 76 

with various dimensions and material strengths. The obtained experimental and numerical results 77 

were also compared with the strength predictions based on specifications given in Eurocode 4 and 78 

AISC 360 and the approaches proposed by Zhu and Chan [22] and Ahmed and Liang [29] so that the 79 

applicability of the design approaches to the structures investigated in the current study was evaluated. 80 

Finally, a design approach with improved accuracy is proposed.   81 

2. Experimental investigation 82 

2.1 Specimens and material properties 83 

CFHSS octagonal tubular stub column specimens with and without concrete infill were prepared for 84 

experimental investigations, as summarised in Table 1 based on the nomenclature described in Fig. 1. 85 

The CFHSS octagonal tubes for these specimens were fabricated using S690 plates with nominal 86 

yield strength and thickness of 690MPa and 6mm respectively. In the table, the specimens were 87 

labelled based on the tube size and concrete grade. For example, the Oct-50×6-C50a defines the 88 

specimen with respective nominal steel tube side length and thickness of 50mm and 6mm and made 89 

of C50 concrete with nominal fc of 50MPa. The last segment “a” or “b” was used to distinguish the 90 

specimens with the same nominal dimensions and concrete grade. The specimens labelled with “C0” 91 

are the CFHSS octagonal tubular stub columns without concrete infill. The CFHSS octagonal tubes 92 

for the specimens were fabricated by press-braking HSS plates into half-sections and subsequent 93 

welding of two half-sections, as shown in Fig. 1. The specimens were prepared using CFHSS 94 

octagonal tubes with three plate width-to-thickness ratios. For the specimens with the same nominal 95 

tubular cross-section size, concrete with different grades of C50 and C90 with nominal fc of 50MPa 96 

and 90MPa respectively were prepared and poured into the tubes to form the concrete-filled CFHSS 97 
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octagonal tubular stub columns. The nominal length (L) of each specimen was taken as three times of 98 

the width (D) shown in Fig. 1 of the specimen cross-section. The dimensions of the specimens were 99 

measured and provided in Table 1.  100 

The material properties of CFHSS octagonal tubular sections for the specimens are required for 101 

subsequent numerical study and evaluation of design approaches. The tubes for the current study were 102 

obtained using the HSS plates in the same batch as those used for fabricating the CFHSS octagonal 103 

tubular structures investigated in previous studies [30-32]. The detailed measurements of properties of 104 

materials at the flat and corner regions across the CFHSS octagonal tubular sections have been 105 

presented in those previous studies, and thus, key results as the average values of material properties 106 

at the flat and corner regions are summarized here in Table 2 while the typical stress-strain curves 107 

from the measurements are given in Fig. 2. In Table 2, Es, 0.2, u, u and f represent the elastic 108 

modulus, 0.2% proof stress, ultimate tensile strength, ultimate tensile strain, and elongation at fracture, 109 

respectively.  110 

Concrete grades of C50 and C90 grades were prepared in the laboratory using the mix proportions 111 

shown in Table 3. Nine concrete cylinder specimens with the standard size of 150×300mm for each 112 

concrete grade were also prepared in parallel to the process of pouring concrete for the concrete-filled 113 

stub columns specimens. Both concrete-filled CFHSS octagonal tubular stub columns and concrete 114 

cylinder specimens were cured under the same environmental conditions. The cylinders were tested 115 

during the test days of the stub columns and the average fc of the C50 and C90 concrete were obtained, 116 

as presented in Table 3.  117 

2.2 Stub column tests 118 

The stub columns were tested under axial compression using a 10,000kN loading machine, as shown 119 

in Fig. 3 for the test set-up. To obtain flat end surfaces for uniform loading during the tests, plaster 120 

material was applied to fill the small gap at the top surface between the steel tube and concrete infill 121 

[17, 33] for concrete-filled CFHSS octagonal tubular stub column specimens. The end surfaces of 122 

Oct-50×6-C0, Oct-70×6-C0 and Oct-85×6-C0 specimens without concrete infill were also milled flat 123 

before testing. In order to avoid premature failure at the specimen ends, steel rings as end stiffeners 124 

were fixed near the two ends of each specimen [22, 31, 33], as highlighted in Fig. 3. The end-125 

shortening () of the specimens was measured using three linear variable displacement transducers 126 

(LVDTs). Strain gauges were attached to the middle of the flat and corner portions in both 127 

longitudinal and transverse directions to measure the local strain developments along with increasing 128 

compression. During each test, the axial compressive loading was applied through the displacement 129 

control at a rate of 0.25mm/min so that the test continued after the ultimate load was obtained.     130 
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2.3 Test results 131 

The behaviour of the stub column specimens under axial compression was observed during the tests. 132 

The load versus  responses are shown in Fig. 4 for different stub column specimens while the 133 

ultimate load (Pu,exp) obtained for each test specimen is provided in Table 1. The  in Fig. 4 was 134 

obtained as the average of the measurements from three LVDTs during each test. As can be observed 135 

in the figure, with the same nominal CFHSS octagonal tubular cross-section size, higher Pu,exp of 43-136 

103% were obtained for the specimens with concrete infill of C50 and C90 grades respectively. 137 

Besides, with increasing fc for each cross-sectional sizes, reductions in ductility of the concrete-filled 138 

CFHSS octagonal tubular stub columns were observed from the load versus  curves in Fig. 4 due to 139 

the higher concrete brittleness and the load dropped more rapidly after the Pu,exp were reached. In Fig. 140 

4(b), it can also be seen that the curve for the Oct-70×6-C90b specimen experienced a different 141 

pattern for the post-ultimate stage. After the Pu,exp was reached, the load for the Oct-70×6-C90b 142 

specimen initially decreased faster than that for the Oct-70×6-C90a specimen. This observation may 143 

be the consequence of the local buckling occurrence due to a larger local geometric imperfection in 144 

the CFHSS octagonal tube of the Oct-70×6-C90b specimen.      145 

It can also be observed in the Fig. 4 that the compressive stiffness for the concrete-filled CFHSS 146 

octagonal tubular stub columns is generally larger than that for the stub columns without concrete 147 

infill since the compressive stiffness is contributed from the elastic modulus and cross-sectional area 148 

of steel tube and concrete infill [3]. The increment of compressive stiffness in comparison with the 149 

CFHSS octagonal tubular stub columns is relatively lower for the Oct-50×6-C50a, Oct-50×6-C50b, 150 

Oct-50×6-C90a, and Oct-50×6-C90b specimens. This observation is obtained since these specimens 151 

have the relatively small cross-sectional area of concrete infill in proportion to that for steel tube and 152 

the elastic modulus of steel is much higher than that for concrete.    153 

Load versus strain relationship was also recorded and obtained through the stub column tests, as 154 

plotted in Fig. 5 for different specimens. Both longitudinal and hoop strains in the middle of flat and 155 

corner regions at mid-height of the specimens were measured and are shown in the figure. As can be 156 

seen in the figures, the load initially increases linearly with increasing strains in the elastic stage. The 157 

strains at the flat and corner portions were approximately the same. After the loads increased up to 158 

about 70-80% of Pu,exp of the CFST stub columns, the strains increased more rapidly. At these higher 159 

loads, the longitudinal strains at different locations increased with consistent trends. For the hoop 160 

strains at the higher loads, the strain at the corner region was lower than that at the flat region at the 161 

same load level. The observation for hoop strains was caused by the relatively higher concrete 162 

expanding with lower confinement at the flat region in comparison with the confinement at the corner 163 

region. Since these strain results were obtained from measurements at mid-height, these strains may 164 
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not reflect the strain developments at the locations where local buckling of each specimen occurred 165 

after the Pu,exp was reached.   166 

The failure modes of the stub column specimens were also observed during testing. For the Oct-50×6-167 

C0, Oct-70×6-C0 and Oct-85×6-C0 specimens, yielding failure mode was observed since these 168 

specimens have relatively small B/t ratios and lower than the slenderness limit beyond which elastic 169 

local buckling occurs [31, 34]. As for the concrete-filled CFHSS octagonal tubular stub columns, the 170 

failure mode of the structures was found as the crushing of concrete infill with the outward local 171 

buckling of the outer CFHSS octagonal tubes, as shown in Fig. 6. As the B/t ratios for the specimens 172 

are relatively lower, the local buckling mainly occurred after the Pu,exp of each specimen was reached.  173 

3. Numerical investigation 174 

3.1 General 175 

Numerical modelling using the finite element analysis package ABAQUS 6.14 was also performed to 176 

investigate the behaviour of concrete-filled CFHSS octagonal tubular stub columns with a wide range 177 

of parameters to supplement the experimental investigation. The finite element (FE) model was 178 

developed incorporating the material properties, boundary conditions and composite interaction 179 

between the CFHSS octagonal tube and concrete infill of each structure. The FE model and its 180 

validation using the results from stub column tests are provided in the following sections.   181 

3.2 Description of the FE model 182 

The structures were simulated using shell elements S4R for the CFHSS octagonal tubes [12, 31, 35] 183 

and solid elements C3D8R for the concrete infill [17, 36-37]. Through convergence studies, the 184 

element mesh size of B/10 for steel and concrete infill was adopted. To accurately replicate the stub 185 

column test results, the measured material properties for CFHSS octagonal tubular cross-sections 186 

through tensile coupon tests were employed as the input of the FE model. The measured stress-strain 187 

relationship for flat and corner regions were converted into true stress versus log plastic strain 188 

relationship which was subsequently incorporated in the FE model for the respective regions.   189 

The properties of concrete infill for concrete-filled CFHSS octagonal tubular stub columns was 190 

incorporated in the model using the concrete damage plasticity (CDP) model in ABAQUS [38]. The 191 

elastic modulus (Ec) of concrete infill was estimated as 4700×fc
0.5 [39-40] while the Poisson’s ratio 192 

was taken as 0.2. The stress-strain model provided by Han et al [41] for concrete infill in circular steel 193 

tubes was adopted for the FE model in this study, considering the better confinement performance 194 

obtained for octagonal CFST stub columns than square CFST stub columns [22]. The suitability of the 195 

model was evaluated through the validation described in Section 3.3. Other parameters required for 196 
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the CDP model include the dilation angle (), flow potential eccentricity (e), the ratio of the 197 

compressive strength under biaxial loading to uniaxial compressive strength (fb0/fck), the ratio of the 198 

second stress invariant on the tensile meridian to that on the compressive meridian (Kc) and viscosity 199 

parameter. The  was estimated using the method suggested by Tao et al [42], as given in Eq. (1). 200 

The  in Eq. (1) is confinement factor and defined in Eq. (2), where As and Ac are the cross-sectional 201 

areas of CFHSS octagonal tubular sections and concrete infill, respectively. Default values of 0.1 and 202 

0 for e and viscosity parameter respectively were used. The fb0/fck for the structures was calculated 203 

from Eq. (3) provided by Papanikolaou and Kappos [43]. The parameter Kc was estimated using Eq. 204 

(4) [42, 44] for each concrete-filled CFHSS octagonal tubular stub column and incorporated into FE 205 

model. Apart from the aforementioned parameters, tensile properties were also defined in the model. 206 

The tensile strength equals to 0.1fc while the fracture energy (Gf) estimated using Eq. (5) [42, 45] was 207 

used in the model. In Eq. (5), the dmax is the maximum coarse aggregate size in mm and equals to 208 

20mm.     209 

Ψ = {
56.3 × (1 − 𝜉) 𝑓𝑜𝑟 𝜉 ≤ 0.5

6.672 × 𝑒
7.4

4.64+𝜉 𝑓𝑜𝑟 𝜉 > 0.5
                                                  (1) 210 

𝜉 =
𝐴𝑠×𝑓𝑦

𝐴𝑐×𝑓𝑐
                                                                       (2) 211 

𝑓𝑏0
𝑓𝑐𝑘

⁄ = 1.5/𝑓𝑐
0.075                                                             (3) 212 

𝐾𝑐 =
5.5

5+2𝑓𝑐
0.075                                                                  (4) 213 

𝐺𝐹 = (0.0469𝑑𝑚𝑎𝑥
2 − 0.5𝑑𝑚𝑎𝑥 + 26) (

𝑓𝑐

10
)

0.7
                                      (5) 214 

Besides the consideration of material properties, interaction between the outer CFHSS octagonal tube 215 

and the concrete infill of each concrete-filled CFHSS octagonal tubular stub column was also taken 216 

into account. Surface-to-surface contact was defined at the interface of the tube and concrete infill of 217 

each stub column. “Hard contact” was specified in the normal direction while the Coulomb friction 218 

model was applied in the tangential direction. Friction coefficients of different values from 0.25 to 0.6 219 

were used in literature [9, 17, 33, 36-37, 41]. In the current study, the friction coefficient of 0.25 was 220 

adopted through performing a sensitivity analysis. Initial geometric imperfections and residual 221 

stresses exist in CFHSS octagonal steel tubes [30-31]. They can influence the performance of steel 222 

tubular cross-sections under compression and are incorporated in the FE model for stub columns 223 

without concrete infill (Oct-50×6-C0, Oct-70×6-C0 and Oct-85×6-C0) following the arrangements 224 

introduced in previous studies on the structural performance of CFHSS octagonal steel tubular stub 225 

columns [31-32]. As for stub columns with concrete infill, the influence of initial geometric 226 
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imperfections and residual stresses was found to be quite limited due to the presence of concrete infill 227 

[33, 42], and thus were not incorporated in the FE model for the structures.  228 

Boundary conditions were also applied using the reference points according to the test set-up 229 

arrangements. Each reference point was located in the middle of the end cross-section of each stub 230 

column and coupled with the corresponding end cross-section. At the reference points, all degrees of 231 

freedom were restrained except for the longitudinal translation. The compressive loading was applied 232 

by specifying the axial displacement at the reference point on the loaded side in a Static step adopted 233 

to predict the structural behaviour of the stub columns.    234 

3.3 Validation of FE model 235 

The FE model described in the previous section was validated against the results of stub column tests. 236 

The ultimate loads (Pu,FE) predicted by the FE modelling were compared with the experimental results 237 

in Table 1. The Pu,FE agreed well with the Pu,exp for the stub column specimens, as observed in Table 1. 238 

The mean value of Pu,FE/Pu,exp ratios is 0.99 with the Coefficient of Variation (CoV) as 0.04. The FE 239 

modelling results of load versus  responses were also plotted and compared with the experimental 240 

results in Fig. 7 for typical specimens. It is clearly revealed in the figure that the load versus  241 

responses are accurately replicated by the FE modelling. Fig. 8 is also presented and shows the 242 

capture of the structural failure mode. Overall, the FE model developed in this study is validated with 243 

the capability of accurately predicting the behaviour of the stub column specimens.    244 

3.4 Parametric studies 245 

The validated FE model was used to perform parametric studies on the behaviour of concrete-filled 246 

CFHSS octagonal tubular stub columns with various cross-sectional dimensions giving different B/t 247 

ratios and strength of concrete infill (concrete grades). Varying B values were selected to obtain B/t 248 

ratios ranging from 8 to 50 (B/t = 8, 15, 20, 25, 30, 35, 40, 45 and 50), with t taken as 6mm. The 249 

stress-strain curves for the flat and corner regions were obtained based on the average material 250 

properties parameters given in Table 2 and using the stress-strain model provided in the previous 251 

study [30]. Grades of concrete infill as C50, C70 and C90 with nominal fc of 50, 70 and 90 MPa 252 

respectively were used for the parametric studies. Considering these parameters, a total of 27 253 

concrete-filled CFHSS octagonal tubular stub columns were obtained for the parametric studies. The 254 

length of each stub column was set to be 3.0 times the D of the cross-section, in consistency with the 255 

arrangement applied for experimental investigations.  256 

Through the parametric studies, the behaviour of the structures, including P versus  responses and 257 

Pu,FE, were predicted. Based on the results, the strength enhancement index (SI) expressed using Eq. (6) 258 

and reflecting the contribution of composite action for strength enhancements was estimated. Since no 259 
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obvious yield plateau was observed from the stress-strain curves measured for the flat and corner 260 

regions of CFHSS octagonal tubes, the 0.2 was used in the equation and the subsequent evaluation of 261 

design approaches. Effects of B/t ratios and concrete fc on the SI values were examined, as shown in 262 

Figs. 9 (a) and (b). In Fig. 9 (a), it can be observed that the SI decreases with increasing B/t ratios for 263 

the structures with the same fc. As for the structures with the same B/t ratios for their cross-sections, 264 

the SI ratio decreases with increasing fc, as shown in Fig. 9(b). Therefore, strength enhancement due 265 

to the beneficial confinement effect is higher for the structures with relatively lower B/t ratios and fc 266 

for concrete infill. These parameters and their effects on the beneficial confinement effect need to be 267 

considered and quantified for strength predictions in order to accurately estimate the strength of the 268 

structures. The suitable incorporation of effects of these parameters on the strength contribution from 269 

steel tube and concrete infill is provided and discussed in more detail in the following section for 270 

design approaches.    271 

𝑆𝐼 =  
𝑃𝑢

(𝜎0.2𝐴𝑠 + 𝑓𝑐𝐴𝑐)⁄                                                         (6) 272 

4. Design approaches 273 

Concrete-filled octagonal steel tubular structures are not covered in existing international design 274 

codes. Hence, in the current study, the applicability of design approaches given in existing standards 275 

for CFST structures with circular and rectangular cross-sections to the concrete-filled CFHSS 276 

octagonal tubular stub columns was evaluated. The estimated Pu for the structures based on different 277 

standards and approaches proposed by Zhu and Chan [22] and Ahmed and Liang [29] for octagonal 278 

CFST stub columns with conventional strength steel were compared with the Pu,exp+FE obtained from 279 

stub column tests and parametric studies described in Sections 2 and 3 respectively. The results from 280 

tests and parametric studies for the design approach evaluation and development cover the structures 281 

with S690 high-strength steel, concrete fc between 50 and 90 MPa,  from about 0.3 to 2.77 and B/t 282 

ratios from 7.4 to 50. The accuracy of the approaches is discussed in the following sections.   283 

4.1 Eurocode 4 284 

Eurocode 4 [26] provides the specifications for the cross-sectional resistance of rectangular CFST 285 

structures under compression as the sum of strength contributed from the steel tube and concrete infill, 286 

as expressed in Eq. (7). As for circular cross-section structures, Eqs. (8)-(10) are given in Eurocode 4 287 

and account for the beneficial confinement effect from the circular steel tube. In the equations, D is 288 

originally specified as the diameter of circular cross sections and �̅� is the relative member slenderness. 289 

These equations are specified for the CFST cross-sections satisfying the maximum h/t (rectangular) or 290 

D/t (circular) limits without local buckling effect. The h is the height of the rectangular cross sections. 291 

Based on the specifications, the PEC,rec and PEC,cir estimated from the equations are compared with the 292 
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Pu,exp+FE obtained in stub column tests and parametric studies for concrete-filled CFHSS octagonal 293 

tubular stub columns, as shown in Fig. 10 and Table 4. While estimating PEC4,cir, the D in Eq. (8) was 294 

taken as the cross-sectional width for the concrete-filled CFHSS octagonal tubular stub columns, as 295 

shown in Fig. 1. As can be seen in the figure and table, slightly conservative strength predictions were 296 

obtained based on Eq. (7) while the PEC,cir values are higher than the Pu,exp+FE values. The mean of 297 

Pu,exp+FE/PEC,rec ratios equals to 1.02 with CoV of 0.03 while the mean Pu,exp+FE/PEC,cir ratios equals to 298 

0.78 with CoV of 0.07.  299 

𝑃𝐸𝐶4,𝑟𝑒𝑐 = 𝜎0.2 × 𝐴𝑠 + 𝑓𝑐 × 𝐴𝑐                                                      (7) 300 

𝑃𝐸𝐶4,𝑐𝑖𝑟 = 𝜂𝑎0𝜎0.2 × 𝐴𝑠 + 𝑓𝑐 × 𝐴𝑐 [1 + 𝜂𝑐0
𝑡

𝐷

𝜎0.2

𝑓𝑐
]                                       (8) 301 

𝜂𝑎0 = 0.25 × (3 + 2�̅�)                                                            (9) 302 

𝜂𝑐0 = 4.9 − 18.5 × �̅� + 17 × �̅�2                                                  (10) 303 

4.2 AISC 360 304 

The AISC 360 [28] also provides specifications for cross-sectional resistance of CFST stub columns 305 

under compression. For cross-sections with relatively small h/t (rectangular) or D/t (circular) ratios 306 

and classified as compact sections, Eqs. (11) and (12) are given for the structures with rectangular and 307 

circular cross-sections, respectively. It shows that no confinement effect is incorporated in the 308 

equations and reduction factors of 0.95 and 0.85 are applied to the compressive resistance contributed 309 

by the concrete infill. The estimated PAISC,rec and PAISC,cir from the equations are compared with the 310 

Pu,exp+FE in Fig. 11 and Table 4. Conservative strength predictions were obtained based on Eqs. (11) 311 

and (12), as observed in the figure and table. The mean values of Pu,exp+FE/PAISC,rec or Pu,exp+FE/PAISC,cir 312 

ratios are 1.11 and 1.05 with CoV of 0.03 and 0.03, respectively.  313 

𝑃𝐴𝐼𝑆𝐶,𝑟𝑒𝑐 = 𝜎0.2 × 𝐴𝑠 + 0.85 × 𝑓𝑐 × 𝐴𝑐                                            (11) 314 

𝑃𝐴𝐼𝑆𝐶,𝑐𝑖𝑟 = 𝜎0.2 × 𝐴𝑠 + 0.95 × 𝑓𝑐 × 𝐴𝑐                                            (12)    315 

4.3 Approach proposed by Zhu and Chan [22] 316 

An approach was proposed by Zhu and Chan [22] based on the experimental results of octagonal 317 

CFST stub columns with conventional strength steel, with the aim to incorporate the confinement 318 

effect observed for the structures. The approach was generated by modifying the approach in 319 

Eurocode 4 for circular CFST structures and is expressed as Eq. (13). In the equation, D was specified 320 

as the cross-sectional width for concrete-filled octagonal steel tubular stub columns. The ultimate 321 
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loads PZ&C predicted using Eq. (13) are compared with the Pu,exp+FE in Fig. 12 and Table 4. It can be 322 

observed in the figure and table that unconservative strength predictions were obtained. The PZ&C 323 

values are 18% on average higher than the Pu,exp+FE values with CoV of 0.05.     324 

𝑃𝑍&𝐶 = 𝜂𝑎0𝜎0.2 × 𝐴𝑠 + 𝑓𝑐 × 𝐴𝑐 [1 + 0.73 × 𝜂𝑐0
𝑡

𝐷

𝜎0.2

𝑓𝑐
]                                 (13) 325 

4.4 Approach proposed by Ahmed and Liang [29] 326 

Ahmed and Liang [29] also proposed an approach for octagonal CFST stub columns with 327 

conventional strength steel based on the hoop stress (rp) provided by the octagonal steel tube to 328 

concrete infill for taking into account the beneficial confinement effect. The approach was given using 329 

Eqs. (14-16), in which the c is the reduction factor considering the column size effect and D is 330 

defined the same as that for the approach from Zhu and Chan [22]. The accuracy of strength 331 

predictions (PA&L) obtained using this approach is shown in Fig. 13 and Table 4 in comparison with 332 

the Pu,exp+FE values. As can be observed in Fig. 13, both conservative and slightly unconservative 333 

strength predictions were obtained. The unconservative predictions were mainly obtained for the 334 

structures with relatively lower B/t ratios. The mean Pu,exp+FE/PA&L ratios was estimated as 1.02 with 335 

CoV of 0.04.   336 

𝑃𝐴&𝐿 = 𝜎0.2 × 𝐴𝑠 + 𝐴𝑐[𝑓𝑐 × 𝛾𝑐 + 4.1 × 𝜎𝑟𝑝]                                          (14) 337 

𝜎𝑟𝑝 = 3.1963 − 6.8835 × 10−3 (
𝐷

𝑡
)                                             (15) 338 

𝛾𝑐 = 1.85 × (𝐷 − 2𝑡)−0.135                                                          (16) 339 

4.5 Proposed design approach 340 

The evaluation of existing design approaches shows that the approach from Eurocode 4 for circular 341 

CFST structures and the approach proposed by Zhu and Chan [22] provide unconservative strength 342 

predictions. Reasonable strength predictions were obtained based on the approach in Eurocode 4 for 343 

rectangular CFST structures, the approaches from AISC360 and the approach from Ahmed and Liang 344 

[29]. These reasonable strength predictions were estimated by taking the strength contributed from the 345 

steel tubular components as the plastic capacity as 0.2×As, as shown in Eqs. (7), (11), (12) and (14). 346 

However, the stub columns with relatively larger B/t ratios experience local buckling and may have 347 

the strength from steel tubes lower than 0.2×As.  348 

To study this effect, the strength contributed by steel tube (Ps) to the ultimate load for each concrete-349 

filled CFHSS octagonal tubular stub column investigated in parametric studies was obtained through 350 

the FE modelling and normalised by 0.2×As. The normalised strengths from steel tubes (s) are 351 
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plotted with varying B/t in Fig. 14. It can be seen in the figure that the s decreases with increasing B/t 352 

ratios and is lower than 1.0 for relatively larger B/t ratios. At each B/t ratio, the variation of s for 353 

structures with different fc values is quite limited. The strength contributed by concrete infill (Pc) to 354 

the ultimate load of each concrete-filled CFHSS octagonal tubular stub column was also obtained 355 

through FE modelling and normalised by fc×Ac. The normalised strengths from concrete infill (c) that 356 

count the confinement effect are plotted with varying B/t in Fig. 15 (a). It can be observed that the c 357 

decreases with increasing B/t ratios. For the same B/t ratio, the c obtained for the structures with 358 

different fc are also different. To quantify the effect of fc on c, the c is also plotted against fc in Fig. 359 

15(b), showing that c decreases with increasing fc.  360 

In order to more accurately incorporate the contribution of Ps and Pc to the ultimate loads of the 361 

structures, the approach describing the strength contributions from different components forming the 362 

structures is proposed, as expressed as Eq. (17). Eqs. (18) and (19) for s and c respectively were 363 

obtained through regression analysis based on the Ps and Pc with the effects of B/t and fc taken into 364 

consideration, as shown in Fig. 16 (a) and (b) for the agreements of the equations with those results 365 

from FE modelling. To estimate c using Eq. (19), fc in the unit of MPa should be used. The strength 366 

predictions (Ppro) estimated using Eqs. (17)-(19) are compared with the Pu,exp+FE in Fig. 17 and Table 4. 367 

The comparison shows that the Ppro are in excellent agreement with Pu,exp+FE. The mean value of 368 

Pu,exp+FE/Ppro ratios is 1.00 with CoV of 0.02. Comparing with the design approaches in standards and 369 

those from literature, the proposed approach counts the strength contributed from steel tubes and 370 

concrete infill, and overall, provides accurate strength predictions.               371 

𝑃𝑝𝑟𝑜 = 𝑃𝑠 + 𝑃𝑐 =  𝜂𝑠 × 𝜎0.2 × 𝐴𝑠 + 𝜂𝑐 × 𝑓𝑐 × 𝐴𝑐                                      (17) 372 

𝜂𝑠 = 1 − 0.063 × ln (0.12 ×
𝐵

𝑡
)                                                    (18) 373 

𝜂𝑐 = 1 + (
𝑡

𝐵×𝑓𝑐
)

0.35
                                                           (19) 374 

5. Conclusions 375 

Behaviour of concrete-filled CFHSS octagonal tubular stub columns under axial compression was 376 

investigated in this study through experiments and numerical modelling. Three CFHSS octagonal 377 

tubular stub column specimens and twelve concrete-filled CFHSS octagonal tubular stub column 378 

specimens with varying plate width-to-thickness ratios were tested. The test results of ultimate loads, 379 

load versus end-shortening and failure modes are reported. In addition to the experimental 380 

investigation, numerical modelling was performed on the concrete-filled CFHSS octagonal tubular 381 

stub columns with various plate width-to-thickness ratios and cylinder compressive strengths for 382 
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concrete infill using the validated FE model. The numerical modelling shows that the strength 383 

enhancement is higher for the stub columns with relatively lower B/t and fc.   384 

The obtained results from stub column tests and parametric studies were employed to evaluate the 385 

applicability of existing design approaches for cross-sectional resistance in European and American 386 

standards and that proposed by Zhu and Chan [22] and Ahmed and Liang [29]. Based on the approach 387 

in Eurocode 4 for circular CFST structures and the approach from Zhu and Chan [22], the ultimate 388 

loads were overestimated by 18-28%. The evaluation shows that conservative strength predictions on 389 

average were obtained based on the design approach for rectangular concrete-filled steel tubular 390 

structures in Eurocode 4, approaches in AISC 360 and the approach from Ahmed and Liang [29]. 391 

Although conservative strength predictions were obtained based on these approaches, the approaches 392 

take the strength from steel tubes as the plastic resistance which was found to be higher than the 393 

strength from steel tubes estimated in parametric studies for the concrete-filled CFHSS octagonal 394 

tubular stub columns. An approach describing the strength contributed from steel tube and concrete 395 

infill was proposed and can be applied to obtain more accurate and less scattered strength predictions 396 

for the concrete-filled CFHSS octagonal tubular stub columns in structural design.      397 
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Fig. 1. Concrete-filled CFHSS Octagonal tubular stub column cross-section.  

 

Fig. 2. Measured stress-strain curves for CFHSS octagonal tubes [32]. 
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Fig. 3. Test set-up for a stub column specimen. 
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(a) Oct-50×6 specimens with different concrete grades 

 

(b) Oct-70×6 specimens with different concrete grades 
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(c) Oct-85×6 specimens with different concrete grades 

Fig. 4. Load versus end-shortening curves obtained for different specimens during stub column tests. 
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(a) Oct-50×6-C50b 

 

(b) Oct-50×6-C90b 
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(c) Oct-70×6-C50a 

 

(d) Oct-70×6-C90a 
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(e) Oct-85×6-C50a 

 

(f) Oct-85×6-C90b 

Fig. 5. Load versus longitudinal and hoop strain curves for different octagonal CFST stub 

columns. 
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Fig. 6. Failure modes of typical stub column specimens. 

   

  

 

Fig. 7. Comparison of load versus d predicted in FE modelling with results of stub column 

tests. 
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Fig. 8. Comparison of failure mode predicted in FE modelling with the experimental result 

for Oct-50×6-C90a. 
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(a) 

 

(b) 

Fig. 9. Variation of SI values with (a) B/t ratios; (b) fc of concrete infill. 
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Fig. 10. Comparison of strength predictions based on Eurocode 4 with the experimental and FE 

results. 

 

 

Fig. 11. Comparison of strength predictions based on AISC 360 with the experimental and FE results. 
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Fig. 12. Comparison of strength predictions based on the approach proposed by Zhu and Chan [22] 

with the experimental and FE results. 

 

Fig. 13. Comparison of strength predictions based on the approach proposed by Ahmed and Liang 

[29] with the experimental and FE results. 

0

10000

20000

30000

40000

50000

60000

0 10000 20000 30000 40000 50000 60000

P
ex

p
+

F
E

(k
N

)

PZ&C (kN)

    Based on PZ&CBased on PZ&C

0

10000

20000

30000

40000

50000

60000

0 10000 20000 30000 40000 50000 60000

P
ex

p
+

F
E

(k
N

)

PA&L (kN)

    Based on PA&LBased on PA&L



F-13/15 

 

 

Fig. 14. Variation of s with B/t ratios. 
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(b) 

Fig. 15. Variation of c with (a) B/t ratios and (b) fc. 
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(b) 

Fig. 16. Comparison of (a) s and (b) c estimations using Eqs. (18) and (19) respectively with that 

obtained based on parametric studies results. 

 

Fig. 17. Comparison of strength predictions based on the proposed approach with the experimental 

and FE results. 
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