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A B S T R A C T  A R T I C L E  H I S T O R Y 

 

In this paper, the buckling strength of HSS welded box columns was studied by means of numerical study, and the results 

were used to verify the applicability of provisions of buckling design in the current design codes and provide design 

recommendations. Fiber models were established taking into account for the effects of residual stress and geometric 

imperfection. Through the validation against the experimental results, these fiber models showed excellent capability of 

replicating the key test results, including buckling strengths and load-lateral deflection histories. Then a comprehensive 

parametric analysis was conducted to reveal the effects of steel grade and width to thickness ratio on column curves. The 

fiber model results were then compared with the design buckling strength factors from the current designs such as 

GB50017-2017, Eurocode 3 and ANSI/AISC 360-10. The comparison showed that the design codes could provide 

satisfactory accuracy in predicting buckling strength of HSS welded box columns by properly selecting co lumns curves. 

Furthermore, by updating the coefficients in the three current design codes, new column curves were proposed, which 

take the effects of yield strength and width-thickness ratio into consideration. The new column curves were proved to be 

able to predict the buckling strength with better accuracy and could facilitate the design of HSS welded box columns with 

different steel grades and width to thickness ratios. 
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1.  Introduction 

 

High strength steels (HSS) have yield strength more than 460MPa, which 

are prevailed in China and abroad. The GJ steel, as a typical high performance 

HSS, is created in China and increasingly applied in constructions [1-5]. In civil 

engineering, the commonly used steel grades for HSS columns include S460, 

S550, S690, S800 and S960 [6-10]. However, the applicability of current 

design codes in many countries is limited in the scope of normal strength steel 

(NSS) structures. For example, the Chinese code GB50017-2017 is not suitable 

for steel grades higher than S420 (420MPa) [11]. Though Eurocode 3 and 

ANSI/AISC 360-10 (2010) allow the use of HSS up to S700 (700 MPa) and 

A514 (690 MPa), the column curves in the design codes are on the basis of 

experiments and theoretical derivations of NSS with nominal yield strength 

from 235 MPa to 345 MPa [12-13].  

In recent years, a series of axial compression experiments on columns 

made of HSS and GJ steel had been reported, where the main results include 

buckling capacity, typical failure mode, global and local buckling behaviors. It 

was concluded that the overall buckling behavior of HSS columns may be 

characterized differently from NSS columns due to different material properties 

and manufacturing processes. Furthermore, several researchers conducted 

experiments on residual stress and investigated its influence on overall 

buckling of HSS columns. The results indicated that the effects of initial 

geometric imperfections and residual stresses on buckling strength become less 

significant with increasing yield strength [14-20]. 

However, it was found that the existing researches are limited in 

conducting experiments on few specimens with one or several steel grades and 

sectional dimensions. Thus the column curves and design recommendations 

based on the experiments are unable to take material steel grade and sectional 

width to thickness ratio into consideration. As a result, the current design codes, 

such as Chinese code GB50017-2017, Eurocode 3 and American code 

ANSI/AISC 360-10 have not included these experimental results into 

provisions, making them not applicable to the buckling design of HSS columns 

[11-13]. 

This paper presented a numerical study in order to investigate the effect 

of material properties and sectional dimensions on buckling strength of HSS 

welded box columns. The buckling strengths of 1105 HSS welded box 

columns were obtained by means of fiber model and compared against the  

 

predictions of GB50017-2017, Eurocode 3 and ANSI/AISC 360-10. Based on 

the comparison, several recommendations were proposed for the design of 

HSS welded box columns subject to axial compression using the current codes. 

Furthermore, by updating the coefficients in the provisions, new column 

curves were proposed, which are described as functions of width to thickness 

ratio and nominal yield strength. The newly proposed column curves were 

proved to have better accuracy in predicting buckling strength of HSS welded 

box columns and could provide a unified design method for HSS welded box 

columns with different sectional dimensions and yield strength from 460MPa to 

960MPa. 

 

2.  Recent experimental results 

 
On the basis of the literature review on previous axial compression 

experiments, several databases were collected. 

Wang et al. and Li et al. investigated the buckling performance of S460 and 

S690 welded box columns with different slenderness and width to thickness 

ratios and reported the corresponding load-deflection curves and load-strain 

curves [21-23]. 

Ban et al. tested a series of S960 welded box columns with the same 

sectional dimension but different slenderness to buckling and proposed design 

recommendations for buckling design using ANSI/AISC 360-10, Eurocode 3 

and GB50017-2003 codes [17]. Furthermore, Ban et al. conducted experiments 

on welded box and I-shaped columns made of S460 steel, where the boundary 

condition of the specimens was not perfect pin-end support and the initial 

rotational stiffness of the hinges was measured [24]. 

Nie et al., Kang et al., Zhou and Xue et al. carried out experiments on GJ 

welded box columns, where the main results include buckling strengths, 

load-deflection curves and load-strain curves [1, 4, 5, 25]. According to the 

results, several supplements for ANSI/AISC 360-10, Eurocode 3 and 

GB50017-2003 codes were proposed. 

Table 1 lists the dimensions and the buckling strengths of the specimens 

in the aforementioned experiments, where B is the sectional dimension, t is the 

plate thickness, L is the length, ve is the initial loading eccentricity, v0 is the 

initial bending, fy is the yield strength of steel, E is the Elastic modules and Pu 

is the buckling strength. 
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Table 1  

Specimens in collected database 

HSS type Reference Specimen 

B 

(mm) 

t 

(mm) 

L  

(mm) 

ve  

(mm) 

v0  

(mm) 

fy 

(MPa) 

E 

 (GPa) 

Pu 

(kN) 

Conventional 

Wang et al. [21] 

B-8-80-1 110 11.40  3320 0.50 -3.50 506 208 1122 

B-8-80-2 112 11.49  3260 -0.9 1.50 506 208 1473 

B-12-55-1 156 11.43  3260 1.90 3.00 506 208 2591 

B-12-55-2 156 11.42  3260 -1.80 -2.00 506 208 2436 

B-18-38-1 220 11.46  3260 -0.60 3.00 506 208 3774 

B-18-38-2 221 11.46  3260 1.4 2.00 506 208 4010 

Li et al. [22-23] 

B-30-2 236 16.10  2812 2.40 2.50 772 233 9751 

B-50-1 192 16.02  3610 0.10 -1.00 772 233 6444 

B-50-2 193 16.02  3612 -0.80 -1.50 772 233 7180 

B-70-1 141 16.07  3610 -0.80 -2.00 772 233 3528 

B-70-2 140 16.08  3609 0 -1.50 772 233 2897 

Ban et al. [17] 

B1-960 143 13.99  1879 26.19 -0.31 973 208 3779 

B2-960 142 13.94  2880 -1.97 -1.16 973 208 4064 

B3-960 142 13.92  4382 3.45 -2.63 973 208 2193 

GJ 

Xue et al. [25] 

460B50-150×12 155 12.46  3118 0 4.31 492 210 2508 

460B70-100×12 105 12.35  2828 0 3.05 492 210 1245 

550B110-75×12 77 12.51  3170 0 4.43 635 208 451 

550B30-100×12 101 12.60  1378 0 2.42 635 208 2057 

550B30-150×12 153 12.82  1987 0 0.95 635 208 4117 

550B50-100×12 102 12.60  2103 0 2.01 635 208 1900 

550B50-150×12 153 12.82  3118 0 0.82 635 208 3560 

550B70-100×12 102 12.60  2828 0 4.47 635 208 1177 

690B50-100×12 106 12.61  2103 0 0.78 727 211 2514 

Kang et al. [4] 

B-120-12 120 12.23  3493 2.34 -1.22 546 209 1635 

B-168-12 168 12.45  4111 1.19 -2.44 546 209 2740 

B-264-12 264 12.21  3684 0.88 -3.12 546 209 5852 

B-175-25 176 21.53  5323 2.74 -0.12 473 209 3453 

Zhou [5] 

B-200-25 201 25.42  5154 3.42 -1.37 473 208 4511 

B-225-25 226 25.33  4704 2.41 -1.75 473 208 6710 

B-250-25 251 25.32  3965 2.37 -2.25 473 208 8105 

Nie et al. [1] 

B-120-45 121 12.54  3392 48.10 -2.58 557 208 862 

B-120-75 121 12.60  3391 79.40 1.16 557 208 643 

B-168-30 169 12.61  4009 28.60 -1.22 557 208 2004 

B-168-60 168 12.63  4009 58.80 1.51 557 208 1470 

B-216-45 217 12.57  4072 44.60 -1.14 557 208 2881 

B-216-75 217 12.55  4075 74.00 -3.61 557 208 2241 

B-264-30 264 12.59  3583 30.6 -0.96 557 208 4749 

B-264-60 265 12.63  3582 58.80 1.67 557 208 3900 

 
3.  Fiber model  

 
3.1. Assumptions 

 
According to the previous researches, the following assumptions are made 

for the fiber model [26-27]： 

(1) A plane cross section remains plane after deformation. 

(2) The deformation of structure consists with half-sinusoid. 

(3) All members are assumed to be fully compact and adequately braced, 

thus local buckling and lateral torsional buckling are not considered. 

(4) The influence of shear deformation is not considered. 

 

 

 

3.2. Calculation method 

 
The whole mid-span cross section is meshed into rectangular fibers for the 

preparation of numerical calculation, as shown in Fig. 1, where P is the load 

position of axial force and
0

e is the initial geometric imperfection to the 

mid-span section, which can be calculated by Eq. (1). Herein, each fiber is 

represented by its area and coordinate location corresponding to its centroid. 

The residual stresses are assigned directly to fibers as the initial stresses and 

the properties of the cross-section can be evaluated at each step of analysis 

[26]. 
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Fig. 1 Mesh fibers and sectional dimensions 
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According to the assumption 2, the lateral deflection of axial compression 

member can be calculated by: 

 

sin
i m

u u z
L


=  (2) 

 

where,
i

u is the lateral displacement of section number i,
m

u is the lateral 

displacement of mid-span section and z is the distance from the i section to the 

top end of the column. 

The curvature of the mid-span section,
m
 , is:  

 

2

2m m
u

L


 =  (3) 

 

In the mid-span cross section, the coordinate of the fiber number j can be 

expressed as (𝑥𝑗, 𝑦𝑗), and the strain
j

 of the fiber is given by: 

 

/
j c m j rsj

x E   = + +  (4) 

 

where,
c
 is the centroid strain of the section,

rsj
 is the residual stress of fiber 

number 𝑗 and 𝐸 is the elastic module. 

Then the stress of the fiber number j can be calculated according to the 

constitutive relation: 

 

( )
j j

f =  (5) 

 

where the symbol ‘f()’ represents the constitutive function of steel, as shown in 

Fig. 2 and defined by Eq. (6). 
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Fig. 2 Constitutive function of steel applied in fiber model 
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where, is the stress, 
e
 is the elastic strain,

u
 is the ultimate strain. 

Then, the internal axial force
in

N and bending moment
in

M can be 

calculated as: 

 

1

k

in j j j

j

M A x
=

=  (7) 

1

k

in j j

j

N A
=

=  (8) 

 

where k is the total number of fibers. 

 

3.3. Residual stress 

 
The residual stress has a strong influence on the buckling behavior of axial 

compression members, and the fiber models employing different residual 

models will result in different buckling strengths [17, 20, 28, 29]. A unified 

residual model suitable for HSS welded box columns of comprehensive steel 

grades and sectional dimensions was proposed by Ban et al., which could be 

further employed in the current numerical research [17, 20]. The shape of the 

unified model is presented in Fig.3 and the major parameters, such as width of 

tensile and compressive stress areas, magnitude of tensile stress and the 

self-balance conditions are listed in Tables 2-3. 

 

Fig. 3 Unified residual stress model 

 
Table 2  

Magnitude parameters of the unified residual stress model 

σfrt, σwrt σfrc, σwrc 

460MPa 690MPayf   460MPa 𝜎𝑟𝑐 = −95 −
1450

ℎ0
𝑡⁄
−
270

𝑡
 

690MPayf   690MPa −𝑓𝑦 ≤ 𝜎𝑟𝑐 ≤ −0.1𝑓𝑦  

 

Table 3  

Location parameters of the unified residual stress model 

a u b, c v, w 

𝑡 + ℎ0/10 𝑡 

∬ 𝜎𝑟𝑠 ⋅ 𝑑𝐴 = 0
𝐴𝑓

 
∬ 𝜎𝑟𝑠 ⋅ 𝑑𝐴 = 0

𝐴𝑤  

2(𝑎 + 𝑏) + 𝑐 = 𝐷
 

2(𝑢 + 𝑣) + 𝑤 = 𝑏0
 

In Table 3, Af  is the area of flange, Aw is the area of web and σrs is the residual stress. 

 

3.4. Equilibrium and calculation process 

 
According to the assumption 4, the equilibrium of the mid-span section 

subject to axial compression and bending moment can be defined as: 

 

0
( ) 0

in in m
M N e u− + =  (9) 

 

where
m

u is the deflection in the mid-span section oriented from bending 

moment. 

Since the axial force
in

N is coupled with the bending moment
in

M , the 

mid-span deflection
m

u and the mid-span curvature
m
 , an iterative method 

should be employed to find the solution of Eq. (9). Giving a specific mid-span 

curvature
m
 , the processes of iteration aiming to find the axial force Nin 
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corresponding to the
m
 and satisfying the equilibrium is presented in Fig. 4 

[27]. 
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Fig. 4 Flowchart for iterative method 

 
3.5. Calculation process 

 
The calculation process includes the three steps:  

a) Give a specific mid-span curvature
m
 ; 

b) Calculate the deflection of the mid-span section
m

u subject to the given

m
 according to Eq. (10); 

c) Calculate axial load using the iterative strategy presented in Fig. 4.  

The steps are repeated until the curvature of the mid-span section reaches a 

preset value and the whole load-deflection curve can be obtained. Then, the 

buckling strength can be set as the peak load. The specific processes are shown 

in Fig. 5.  

 

2

2m m

L
u 


=  (10) 

Input: length (L), geometric imperfection 

(e0 ), initial curvature (      ) , increment of 

curvature (         ) 

Record  deflection and load ( Nin)

Compute Nin by iteration method

Output: Load-lateral deflection curve

0


m


0m m
  = + 

2

2m m

L
u 


=

0
Deflection

m
e u= +

The preset value
m
 

0 m
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Fig. 5 Flowchart for calculation process 

4.  Model validation 

 
To verify the accuracy, efficiency and versatility of the fiber model, HSS 

welded box columns under axial compression are analyzed and compared with 

the test data presented by several scholars. The buckling strengths of fiber models 

and the buckling strengths of test specimens are compared in Table 4. It can be 

seen that the buckling strength ratios range from 0.89 to 1.31 with an average 

of 1.05. Thus, the fiber models with unified residual stress model are able to 

capture the buckling strength of HSS welded box columns. The 

load-deflection curves obtained from the fiber models and test results are 

shown in Fig. 8. The comparison suggests that the numerical results are in good 

agreement with test results. Overall, it is concluded that the fiber models are 

capable of replicating the key test results. 

 

Table 4  

Comparison on buckling strength between test results and fiber models 

Reference Specimen 

Test buckling 

strength 

(kN) 

Fiber model 

buckling strength 

(kN) 

Ratio 

Wang et al. [21] 

B-8-80-1 1122 987  1.14  

B-8-80-2 1473 1124  1.31  

B-12-55-1 2591 2220  1.17  

B-12-55-2 2436 2253  1.08  

B-18-38-1 3774 4178  0.90  

B-18-38-2 4010 4122  0.97  

Li et al. [22-23] 

B-30-2 9751 8680  1.12  

B-50-1 6444 5675  1.14  

B-50-2 7180 5551  1.29  

B-70-1 3528 3132  1.13  

B-70-2 2897 2825  1.03  

Ban et al. [17] 

B1-960 3779 3805  0.99  

B2-960 4064 3806  1.07  

B3-960 2193 2052  1.07  

Xue et al. [25] 

460B50-150×12 2508 2379  1.05  

460B70-100×12 1245 1109  1.12  

550B110-75×12 451 413  1.09  

550B30-100×12 2057 2323  0.89  

550B30-150×12 4117 4162  0.99  

550B50-100×12 1900 1794  1.06  

550B50-150×12 3560 3138  1.13  

550B70-100×12 1177 1178  1.00  

690B50-100×12 2514 2009  1.25  

Kang et al. [4] 

B-120-12 1635 1384  1.18  

B-168-12 2740 2595  1.06  

B-264-12 5852 6089  0.96  

B-175-25 3453 3269  1.06  

Zhou [5] 

B-200-25 4511 4550  0.99  

B-225-25 6710 6786  0.99  

B-250-25 8105 9427  0.86  

Nie et al. [1] 

B-120-45 862 826  1.04  

B-120-75 643 659  0.98  

B-168-30 2004 1970  1.02  

B-168-60 1470 1514  0.97  

B-216-45 2881 2966  0.97  

B-216-75 2241 2482  0.90  

B-264-30 4749 4917  0.97  

B-264-60 3900 4084  0.96  
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(a) 550B70-100×12 (b) B1-960 

  

(c) B-12-55-2 (d) B-120-45 

  

(e) B-168-30 (f) B-216-45 

  

(g) B-225-25 (h) B-264-12 

Fig. 6 Comparison on load-deflection curves between test results and fiber model results 

 

5. Parametric studies and design recommendations 

 
5.1. Parametric studies 

 
Having validated the fiber models against the test results, a series of 

parametric studies are performed, focusing on steel grades and sectional width 

to thickness ratios. The sectional dimensions of specimens in the parametric 

study are listed in Table 5. For each sectional dimension, the slenderness varies 

from 10 to 130 with an interval of 10 corresponding to non-dimensional 

slenderness ranging from 0.15 to 3.0. And for each combination of sectional 

dimension and slenderness, the steel grades include S460, S550, S690, S800 

and S960. The initial geometric imperfection is set as 1‰ of the specimen 

length covering unintentional load eccentricities and initial bending [11-13]. 

The buckling strength factors for each specimen are calculated according 

to the column curves in the design codes GB50017-2017, Eurocode 3 and 

ANSI/AISC 360-10. According to GB50017-2017, the curve c is used to design 

welded box columns with width to thickness ratios lower than 20 and curve the 

b is used to design welded box columns with width to thickness ratios higher 

than 20. According to Eurocode 3, the curve b is used to design welded box 

columns with width to thickness ratios higher than 30 and the curve c is used to 

design welded box columns with width-thickness ratios lower than 30. 

ANSI/AISC 360-10 code employs a single column curve to design all the 

welded box columns. The corresponding relations of sectional dimensions and 

design curves are listed in Table 5.  

 

Table 5 

Sectional dimensions of fiber models 

Section B (mm) t (mm) b0/t 

Design curve 

GB50017-2017 Eurocode 3 
ANSI/AISC 

360-10 

Sec-B1 77 13 3.92 Curve b Curve c Curve a 

Sec-B2 101 13 5.77 Curve b Curve c Curve a 

Sec-B3 201 25 6.04 Curve b Curve c Curve a 

Sec-B4 140 16 6.75 Curve b Curve c Curve a 

Sec-B5 120 12 8.00 Curve b Curve c Curve a 

Sec-B6 251 25 8.04 Curve b Curve c Curve a 

Sec-B7 192 16 10.00 Curve b Curve c Curve a 

Sec-B8 155 12 10.92 Curve b Curve c Curve a 

Sec-B9 168 12 12.00 Curve b Curve c Curve a 

Sec-B10 250 11 20.73 Curve c Curve c Curve a 

Sec-B11 220 10 20.00 Curve c Curve c Curve a 

Sec-B12 270 12 20.50 Curve c Curve c Curve a 

Sec-B13 380 14 25.14 Curve c Curve c Curve a 

Sec-B14 360 12 28.00 Curve c Curve c Curve a 

Sec-B15 390 12 30.50 Curve c Curve b Curve a 

Sec-B16 350 10 33.00 Curve c Curve b Curve a 

Sec-B17 211 6 33.17 Curve c Curve b Curve a 

 
5.2. Applicability of current design codes 

 
In GB 50017-2017 the buckling strength

d
N of axial compression member 

is expressed as, 

 

d y
N Af=  (11) 

 

where is the buckling strength factor. 

When
d
  0.215,  

 
2

1 d1 a = −  (12) 

 

When
d
  0.215 

 

2 2 2 2

2 3 2 3
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( ) ( ) 4

2

d d d d d
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a a a a    
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

+ + − + + −
=  

(13) 

 

where
d
 is the non-dimensional slenderness, a1, a2 and a3 are the imperfection 

factors. 

The buckling strength of column in Eurocode 3 is defined as, 

 

d e y
N Af=  (14) 

 

where
e

 is the buckling strength factor. 

When
d
  0.2,  

 

1
e

 =  (15) 
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2

1

0.5[1 ( 0.2) ] {0.5[ ( 0.2) ]}
e

2 2 2
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where, 𝑎𝐸 is the imperfection factor. 

In ANSI/AISC 360-10, the buckling strength of axial compression 

member is calculated by Eq. (17). 

 

d c y
N Af=  (17) 

 

where φc is the buckling strength factor. 

When
d
  1.5,  

 

2
n

c AN
a

 =  (18) 

 

When
d
  1.5 

 

2.25

2
2.25 AN

c

n

a



=  

(19) 

 

where αAN is the imperfection factor. 

 

5.3. Comparison between fiber model and current design codes 

 
Figs.7-9 show the buckling strength ratios of fiber models together with 

design results using column curves in the three design codes, where the S460, 

S690 and S960 specimens are selected to present the deviations. It is found that 

the deviations of the two methods are clear and increase with yield strength, 

which means the buckling strength of HSS welded box columns are generally 

underestimated by the current design codes. This fact is in agreement with the 

existing researches and can be explained by that the influence of initial 

imperfection and residual stress is less severe in the HSS structures compared 

with the NSS structures [30-31]. 

 

 
 

(a) GB50017-2017 (b) Eurocode 3 

 

 

(c) ANSI/AISC 360-10  

Fig. 7 Comparison of fiber model results and design results for S460 specimens 

  

(a) GB50017-2017 (b) Eurocode 3 

 

 

(c) ANSI/AISC 360-10  

Fig. 8 Comparison of fiber model results and design results for S690 specimens 

  

(a) GB50017-2017 (b) Eurocode 3 

 

 

(c) ANSI/AISC 360-10  

Fig. 9 Comparison of fiber model results and design results for S960 specimens 

 

5.4. Recommendation on column curves  

 
 The errors between buckling strength factors using fiber models

FM
 and 

column curves in the three design codes
DE

 are calculated for all the 

parametric members by means of Eq. (20) and the mean errors of each steel 

grade are listed in Table 6.  
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accuracy to buckling strength of HSS welded box columns. Noting that if the 

column curve chosen according to the width to thickness ratio different from 

the column curve chosen according to the steel grade for one specimen, the 

buckling strength factor shall be the lower value obtained from the two 

column curves.  

In the case of ANSI/AISC 360-10, it shows that most of the mean error 

values lie close to or lower than the recommended column curves in 

GB50017-2017 and Eurocode 3. And only the mean error of S460 specimens 

which is 7.55% lies between curve b and curve c in GB50017-2017 and 

slightly higher than curve c in Eurocode 3. Therefore, the column curve in 

ANSI/AISC 360-10 is also recommended to design HSS welded box columns. 

 

Table 6 

Average errors of buckling strength between numerical results and design curves 

Steel grade 
GB50017-2017 Eurocode 3 

ANSI/AISC 360-10 
Curve b Curve c Recommendation Curve b Curve c Recommendation 

S460 3.54% 9.05% Curve b 3.16% 7.41% Curve b 7.55% 

S550 3.53% 11.84% Curve b 3.79% 3.61% Curve b 4.20% 

S690 3.84% 10.52% Curve b 3.88% 4.61% Curve b 3.50% 

S800 5.43% 12.80% Curve b 5.87% 2.83% Curve c 3.41% 

S960 7.59% 14.32% Curve b 8.07% 3.36% Curve c 4.61% 

 

 

5.5. Proposed column curve 

 
In order to predict the buckling strength of HSS welded box columns with 

better accuracy for design, new column curves are proposed in this paper. The 

values of imperfection factors in the formula of column curves in Eurocode 3 

(aE), ANSI/AISC 360-10 (aAN) and GB50017-2017 (a2, a3) are obtained using 

non-linear regression analysis on the buckling strength factors from parametric 

studies. The results are demonstrated in Figs. 10-11. It is found that the 

imperfection factors have a significant correlation with the width to thickness 

ratio and the nominal yield strength. Therefore, an empirical equation related 

to width to thickness ratio and nominal yield strength is suggested to calculate 

the imperfection factors of the column curves, as shown in Eq. (21), where a is 

the imperfection factor which is labeled as aE in Eurocode 3, aAN in 

ANSI/AISC 360-10 and a3 in GB50017-2017 and  fy  is the nominal yield 

strength (MPa).  

0
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( ) ( )
460

y
fb

a
t

   = +  +  (21) 

  

(a) a2 of GB50017-2017 (b) a3 of GB50017-2017 

  

(c) aE of Eurocode 3 (d) aAN of ANSI/AISC 360-10 

Fig. 10 The relation between imperfection factor and with to thickness ratio  

  

(a) a2 of GB50017-2017 (b) a3 of GB50017-2017 

  

(c) aE of Eurocode 3 (d) aAN of ANSI/AISC 360-10 

Fig. 11 The relation between imperfection factor and nominal yield strength  

 

The values of regression coefficients 
1

 ,
2

 ,
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 and
4

 are listed in Table 

7. For Eurocode 3 and ANSI/AISC 360-10, the imperfection factors
E

a and

AN
a can be calculated by Eq. (21). While for GB50017-2017, there are three 

coefficients to be determined, where the
2

a is settled as the average 0.95, the
3

a

is determined by Eq. (21) and the
1

a is computed according to the continuity 

condition as shown in Eq. (22). 
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Table 7 

Values of regression coefficients 

Design code Coefficient 

Regression coefficients 

α1 α2 α3 α4 

GB50017-2017 a3 2.590 -0.032 0.240 -0.071 

Eurocode 3 aE 1.780 -0.009 0.261 -6.27×10
-2
 

ANSI/AISC 360-10 aAN 2.820 4.27×10
-3
 0.198 0.0164 

 

 Fig. 12 depicts the comparison of mean errors of buckling strength 

factors using the recommended column curves and using the proposed column 
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curves for all the parametric specimens. It can be seen that the mean error 

using proposed column curves are smaller than the mean error using 

recommended column curves given in GB50017-2017, Eurocode 3 and 

ANSI/AISC 360-10. Fig. 13 depicts the buckling strength factors of selected 

specimens obtained from fiber models together with design results obtained 

from proposed column curves. It can be seen that the results obtained from the 

proposed curves are in good agreement with the results obtained from the fiber 

models. Overall, it is concluded that the proposed column curves are able to 

make predictions with better accuracy to buckling strength factors of HSS 

welded box columns with different width to thickness ratios and steel grades. 

 

 

Fig. 12 Comparison of mean error between proposed column curves and design codes 

 

  

(a) S460 with Sec-B1 (b) S460 with Sec-B9 
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Fig. 13 Comparison of buckling strength factor between fiber model and proposed 

column curves 
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6.  Conclusion 

 
This paper conducted a numerical study on the buckling strength of HSS 

welded box columns with different steel grades under axial compression and to 

propose design recommendations for the current design codes. Fiber models 

employing unified residual stress model were established to replicate the 

experimental results of HSS welded box columns of different steel grades. 

Having the fiber models validated, parametric studies were carried out to 

investigate the effects of steel grade and width to thickness ratio on buckling 

strength of HSS welded box steel columns. The results are used to assess the 

applicability of current design codes including GB50017-2017, Eurocode 3 

and ANSI/AISC 360-16 on buckling design of HSS welded box columns with 

different steel grades and sectional dimensions. The following conclusions 

have been made: 

a)The fiber model employing unified residual stress model could 

accurately replicate the key test results. 

b)The buckling strength factors of HSS welded box columns of different 

steel grades subject to axial compression from design codes GB50017-2017, 

Eurocode 3 and ANSI/AISC 360-10 are inconsistent with the buckling 

strength factors from fiber models. The average deviation of the whole 

parametric specimens is 8.37%, 4.7% and 4.6%, respectively. 

c)In determination of buckling strength factor of HSS welded box 

columns subject to axial compression, the design rules in GB50017-2017 

using curve b, the design rules in Eurocode 3 using curve b for steel grades 

lower than S800, the design rules in Eurocode 3 using curve c for steel grades 

higher than S800 and the design rules in ANSI/AISC 360-10 using single 

curve are recommended. 

d) By updating the coefficients in the current design codes, new column 

curves are proposed, which takes the effects of material steel grade and 

sectional width to thickness ratio into consideration. The newly proposed 

column curves provide a unified method for the design of HSS welded box 

columns. 
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