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Anti-SeiSmic BehAvior of Welded Box Section column conSidering Welding reSiduAl StreSS  
At high temperAture

To study the anti-seismic performance of steel structure under high temperature, the finite element analysis software aBaQuS 
was used to study the seismic performance of Q235 steel welded box section column at service stage under normal temperature 
and high temperature fire. The effects of welding residual stress, slenderness ratio, width thickness ratio and axial load level on 
the hysteretic behavior of columns were analyzed and the stable bearing capacity and hysteretic performance of the column under 
high temperature were investigated. The results show that the maximum bearing capacity of the column decreases with the increase 
of the residual stress peak value. With the increase of temperature, a decrease in the maximum bearing capacity of columns under 
constant axial force and horizontal cyclic load and an increase in the ductility occur.
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1. introduction

Steel is more and more widely used in building structures 
due to its multitudinous advantages such as good plasticity, 
high strength and light weight. The good ductility and energy 
dissipation capacity of a steel structure make it have excellent 
seismic performance, but the local failure and collapse of a steel 
structure under strong earthquake are still common. many 
areas of China are seriously affected by earthquake disasters, 
steel structure members and the whole structure may both lose 
stability under strong earthquake, resulting in structural dam-
age and collapse [1]. earthquake fire is the most important and 
serious secondary disaster caused by an earthquake, which often 
causes serious casualties and property losses. at the same time, 
steel is not a fire-resistant material, and fire not only affects the 
distribution of residual stress, but also reduces the components’ 
long-term bearing capability after the fire. 

many academics have conducted studies on bearing capac-
ity after the high temperature and seismic performance under 
room temperature of steel members.

Li and Shen [2] studied the ultimate bearing capacity of axi-
ally compressed steel members at high temperature and a sim-
plified calculation method is proposed. Chen et al. [3] studied 
the influence of width to thickness ratio, slenderness ratio and 

residual stress on the performance of H-type fire-resistant steel 
column by loading the steel column to the ultimate state by speci-
fying the temperature and proposed the design principle of fire-
resistant steel column; Zhang [4] carried out axial compression 
test of Q690 steel i-section column after the high temperature, 
conducted numerical simulation and a large number of param-
eter analysis and introduced stability checking parameters after 
the fire, which provided reference for engineering application.

Fukumoto et al. [5] figured out the hysteretic behavior of 
short square steel tubular stub columns under uniaxial tensile 
cyclic loading through experiments. Kuwamura [6] studied the 
hysteretic behavior of high-strength steel compression-flexure 
members through reciprocating loading tests and found that the 
ductility of members with low yield ratio is better. gao et al. [7,8] 
studied the correlation between ultimate strength and ductility of 
axial and eccentric compression steel columns under horizontal 
cyclic loading and the finite element formula of hysteretic be-
havior of steel column, considering geometric nonlinearity and 
material nonlinearity, is established. Hu et al. [9-11] analyzed the 
hysteretic behavior of Q235 steel i-section eccentrically loaded 
steel columns and put forward the limit values of axial compres-
sion ratio, slenderness ratio, width to thickness ratio and height 
to thickness ratio. nakashima [12] carried out cyclic loading 
tests on six square steel tubular columns and conducted finite 
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element analysis. Through numerical simulation, Liu [13] studied 
the hysteretic behavior of box section members and proposed 
the limit value of width to thickness ratio of a frame column.

There are currently just a few investigations on the seismic 
behavior of steel constructions under fire and high temperature, 
especially when considering welding residual stress under 
working condition. Therefore, it has far-reaching engineering 
significance to explore the seismic behavior of steel members 
in high-temperature environments.

in this paper, firstly, the impacts of slenderness ratio, width 
to thickness ratio and axial load level on the hysteretic behav-
ior of Q235 steel welded box section columns are analyzed by 
aBaQuS. Then, the hysteretic behavior of Q235 steel welded 
box section column was studied and the impact of fire high tem-
perature on the bearing capacity and ductility of members was 
analyzed as well. This provided a foundation for the mechanical 
performance study and structural design of steel structure under 
the high temperature and earthquake at the same time.

2. finite element model

2.1. model establishment

aBaQuS was employed to establish Q235 box section steel 
column model selecting C3d8r element. The steel column sec-
tion measures 200 mm in height, 200 mm in width, 8 mm in plate 
thickness, and 2 m in length. The cross section of box section 
column is shown in Fig. 1(a). along the section thickness direc-
tion, three elements are divided, and 30 elements with a length 
of around 67 mm are divided along the column length direction 
to increase computation accuracy and save time and cost. 

The von mises flow rule provided in aBaQuS is adopted 
for steel and the constitutive model is a combined one consid-
ering the strengthening part of isotropic model and nonlinear 
follow-up strengthening part of follow-up strengthening model. 
The parameters required for the constitutive model are recom-
mended by Shi [14] for Q235 steel.

Furthermore, aBaQuS was used to simulate the weld-
ing process of the column. From the results represented in 
Fig. 1(b), it can be found that the maximum tensile stress of the 
section reaches 306 mpa and the maximum compressive stress 
is –72 mpa.

The column is constrained by the fixed end at the bottom 
and the top of the column is a cantilever free end. The model 
is loaded in three steps: (1) The residual stress obtained from 
simulation of a welding process is imported in the form of pre-
defined field; (2) a fixed axial load is applied on the column 
top, meanwhile the axial compression ratio is set as 0.3; (3) The 
horizontal cyclic load is applied on the column top by displace-
ment loading. according to the provisions on the limit of inter 
story displacement angle in reference [15], the displacement 
loading system is ±L/300, ±L/150, ±L/100, ±L/80, ±L/70, ±L/60, 
±L/50, ±L/40, ±L/30.

2.2. model verification

Fig. 2 plots the hysteretic curve of the column under the 
action of constant axial force and horizontal cyclic load obtained 
by finite element analysis, in which the abscissa represents 
the horizontal displacement of the free end of the column, and 
the ordinate represents the horizontal load at the free end of the 
column. The hysteretic curve of the column in Fig. 2 is relatively 
plump and Q235 welded box section steel column shows good 
hysteretic performance.

The maximum value of the hysteretic curve at each loading 
cycle stage is extracted to form the skeleton curve, as depicted in 
Fig. 3. in the initial stage of loading, the load increases linearly 
with the displacement. When the top of the column moves to 
the left or right by about 40mm, the load is roughly unchanged, 
the horizontal displacement continues to increase and the curve 
of the component appears a platform section. at this time, it can 
be judged that the column is damaged. The curves in Fig. 2 and 
Fig. 3 are roughly consistent with those measured by Li et al. 
[16], indicating the accuracy of the model

3. results and discussion

3.1. effects of parameters on the column hysteretic 
performance

The influence of slenderness ratio, width to thickness ratio, 
residual stress and axial load level on the hysteretic performance 
of welded box section steel column under working condition is 

   

 
(a) (b) (c)

Fig. 1. Finite element model setting diagram: (a) mesh generation of model section from the top view of column, (b) residual stress distribution 
of section, (c) Boundary condition



7

analyzed. Finally, the hysteretic performance analysis consider-
ing the high temperature is carried out under the condition of 
better bearing capacity and hysteretic performance.

TaBLe 1

List of slenderness ratio calculation examples

column 
number λ L /mm b0 /mm t /mm Axial compression 

ratio
B20-25-0.3 20 800 200 8 0.3
B30-25-0.3 30 1200 200 8 0.3
B40-25-0.3 40 1600 200 8 0.3
B50-25-0.3 50 2000 200 8 0.3

according to the limit value of slenderness ratio of a frame 
column in reference [17] and reference [15], four slenderness 
ratios are selected for parameter analysis in this paper: λ = 20, 30, 
40 and 50. The column number and size are shown in TaBLe 1, 
where the numbers in column number represents the slender-
ness ratio, width to thickness ratio and axial compression ratio 
of the column, respectively, L represents the member length, 
b0 represents the section width of the equilateral box section 
and t represents section thickness of the equilateral box section.

Fig. 4 illustrates the hysteretic curves of the column with 
slenderness ratio of 20. Comparing the hysteretic curves of the 
columns with different slenderness ratios, when λ = 20, 30, 40 
and 50, the hysteretic curves of the members are close to the 
parallelogram, the hysteretic curves are plump and the columns 
are good at energy dissipation. it is obvious to figure out that 
the plumpness of hysteretic curve decreases with the increase 
of slenderness ratio, furthermore, the maximum load capacity 
goes down as the slenderness ratio goes up.

Fig. 5 plots the skeleton curve of each column, which shows 
that the initial elastic stiffness and maximum bearing capacity of 
B50-25-0.3 are the smallest and the column stiffness gradually 
decreases when slenderness ratio is increasing. The maximum 
bearing capacity of specimen B30-25-0.3 is slightly lower than 
that of specimen B40-25-0.3 and the maximum bearing capacity 
of other specimens decreases when slenderness ratio increases . 
Besides, when the slenderness ratio gets smaller, the degradation 
rate of bearing capacity becomes faster.

 
Fig. 4 B20-25-0.3 hysteretic curve

 
Fig. 5 Skeleton curves of members

Width to thickness ratio of plate not only exerts a tremen-
dous impact on the seismic performance of steel structure, but 
also determines the steel consumption of steel structure, which 
is greatly significant to the safety and economy of steel structure. 
according to specifications, five ratios of width to thickness are 
selected for parameter analysis in this paper, b0 /t are 19, 23, 25, 
27 and 31, respectively. For the examples, the number and size 
of components are revealed in TaBLe 2.

TaBLe 2

List of width to thickness ratio calculation examples

column number L/mm b0/mm t /mm b0/t λ
B50-19-0.3 2000 152 8 19 68
B50-23-0.3 2000 184 8 23 56
B50-25-0.3 2000 200 8 25 51
B50-27-0.3 2000 216 8 27 47
B50-31-0.3 2000 248 8 31 41

Fig. 6 depicts the hysteretic curve of the column with the 
width to thickness ratio of 31. When the width to thickness ratio 

 Fig. 2. Hysteretic curve

 Fig. 3. Skeleton curve
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of a column is 19, the plumpness of the hysteretic curve is low, 
while when the ratio of width to thickness is 23, 25, 27 and 31, the 
hysteretic curves are close to parallelogram without an obvious 
pinch phenomenon, and the plump curves indicate that the col-
umns possess desired energy dissipation capacity. The maximum 
bearing capacity increases with increase of width to thickness ratio.

in Fig. 7, the skeleton curves of all columns indicates that 
the initial elastic stiffness of the column increases as the width 
to thickness ratio increasing. more load can be supported by 
a surface if the ratio of its width to thickness becomes larger. This 
is because when the thickness of the plate remains unchanged, 
larger width to thickness ratio generates larger section width. 
if the column possesses larger width to thickness ratio, faster 
degradation rate of the bearing capacity and smaller horizontal 
displacement of the column top will occur.

 Fig. 6. Hysteretic curve of B50-31-0.3

 Fig. 7. Skeleton curves of columns

TaBLe 3

residual stress calculation examples

column 
number L /mm b0/mm t /mm peak tensile 

stress /mpa
peak tensile 
stress /mpa

B50-25-1 2000 200 8 0 0
B50-25-2 2000 200 8 306 –72
B50-25-3 2000 200 8 449 –129

To consider how the residual stress affects the columns’ 
hysteretic behavior, the parameter analysis of residual stress is 
carried out. Without changing the distribution mode of residual 
stress, only the magnitude of residual stress is changed. Fig. 8 
plots the residual stress distribution of different residual stress 
examples, and TaBLe 3 lists the values of the peak residual 
tensile stress and peak residual compressive stress.

The hysteretic curves and the skeleton curves of the column 
in the case of variable residual stress are illustrated in Fig. 9 
and Fig. 10. The hysteretic curves of the columns in the case 
of residual stress and no residual stress are all relatively plump, 
showing good energy dissipation performance of Q235 welded 
box section steel columns. When considering the residual stress, 
the maximum bearing capacity is smaller than that of the col-
umn without residual stress, mainly because the residual stress 
makes the weld zone of the column yield in advance. When 
the residual stress changes, the skeleton curves of the columns 
roughly coincide. The maximum bearing capacity of columns 
B50-25-1, B50-25-2 and B50-25-3 are 88.4 kn, 85.6 kn and 

 
Fig. 8. residual stress distribution of calculation example

 

 

 

(a)

(b)

(c)

Fig. 9. Hysteretic curves of members: (a) B50-25-1, (b) B50-25-2, (c) 
B50-25-3



9

81.5 kn, respectively, with a slight decrease by 3.17% and 
7.81% respectively, and it can be inferred that the declining 
range of maximum bearing capacity increases with the increase 
of residual stress peak.

The axial load level N/Afy significantly affects the second-
order effect of the column and a larger axial compression ratio 
will make the column reach the yield state or local instability, so 
it is necessary to analyze the axial load level parameters of the 
column under the horizontal cyclic load. Considering the stress 
condition of the compression bending member in the actual pro-
ject, the axial compression ratio is 0, 0.2, 0.3, 0.4 and 0.6 in the 
parameter analysis of this paper. The number and size of the col-
umn are shown in TaBLe 4 in the calculation example analysis.

TaBLe 4

List of axial load level calculation examples

column number L/mm b0/mm t /mm b0/t N/Afy

B50-19-0 2000 152 8 19 0
B50-19-0.2 2000 152 8 19 0.2
B50-19-0.3 2000 152 8 19 0.3
B50-19-0.4 2000 152 8 19 0.4
B50-19-0.6 2000 152 8 19 0.6
B50-23-0 2000 184 8 23 0

B50-23-0.2 2000 184 8 23 0.2
B50-23-0.3 2000 184 8 23 0.3
B50-23-0.4 2000 184 8 23 0.4
B50-23-0.6 2000 184 8 23 0.6
B50-25-0 2000 200 8 25 0

B50-25-0.2 2000 200 8 25 0.2
B50-25-0.3 2000 200 8 25 0.3
B50-25-0.4 2000 200 8 25 0.4
B50-25-0.6 2000 200 8 25 0.6
B50-27-0 2000 216 8 27 0

B50-27-0.2 2000 216 8 27 0.2
B50-27-0.3 2000 216 8 27 0.3
B50-27-0.4 2000 216 8 27 0.4
B50-27-0.6 2000 216 8 27 0.6
B50-31-0 2000 248 8 31 0

B50-31-0.2 2000 248 8 31 0.2
B50-31-0.3 2000 248 8 31 0.3
B50-31-0.4 2000 248 8 31 0.4
B50-31-0.6 2000 248 8 31 0.6

 
Fig. 10. Load-displacement skeleton curves of members

Fig. 11 shows the hysteretic curves of some columns when 
width to thickness ratio is 19, Fig. 12 shows the load-displace-
ment skeleton curves of columns with a width to thickness ratio 
of 23, 27 and 31. according to the hysteretic curves of columns 
in TaBLe 4, when width thickness to ratio is fixed and the axial 
compression ratio changes, the shape of the hysteretic curves 
of the columns is roughly the same. as the axial compression 
ratio increases, the maximum bearing capacity and ductility of 
the column decrease.

 

 

 

(a)

(b)

(c)

Fig. 11. Hysteretic curves of the columns with a width to thickness ratio 
of 19: (a) N/Afy = 0, (b) N/Afy = 0.3, (c) N/Afy = 0.6

according to the skeleton curve of columns in TaBLe 4, 
when the axial compression ratio increases, without modifying 
the width to thickness ratio, the maximum value of the load-
displacement skeleton curve decreases, that is, the maximum 
bearing capacity of the column decreases, and the bearing 
capacity degradation is faster as well. The horizontal displace-
ment decreases gradually when the bearing capacity reaches 
the maximum or tends to be flat and the ductility of the column 
becomes worse as the axial compression ratio increases.

The column with good bearing capacity and hysteresis 
performance is selected for the hysteretic performance analysis 
considering the high temperature action. The material parameters 
of steel at high temperature are taken according to european 
Code eC3 [18] and the steel constitutive model is consistent 
with Section 2. iSo834 standard temperature rising curve [19] 
is used to figure out how the temperature of the environment 
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changes. Fire is coming at the steel column from all four sides, 
making the steel column heating unevenly, so the column top 
and bottom are set as non-fire surfaces and the thermal radiation 
condition is defined. The rest boundary is set as the fire surface, 
which defines the heat convection and thermal radiation condi-
tions and assumes that the thermal boundary conditions of steel 
column are not affected by structural deformation.

Considering the temperature of the column, the main pa-
rameters of the high temperature hysteresis performance analysis 
are selected. in this paper, the axial pressure ratio is 0.3 and the 
width to thickness ratio is 23, 25 and 27, respectively. When 
analyzing the examples, the number and size of the columns 
are shown in TaBLe 5.

Fig. 13 shows that the shape of the skeleton curves of the 
columns is roughly unchanged, but with the increase of fire tem-
perature, the skeleton curve of the column gradually decreases, 
that is, the maximum bearing capacity of the column decreases. 
At 500℃ and 600℃, the bearing capacity decreases greatly.

 

 

 

(a)

(b)

(c)

Fig. 12. Skeleton curves of columns: (a) b0/t = 23, (b) b0/t = 27, (c) 
b0 /t = 31

TaBLe 5

List of the high temperature calculation examples

column 
number L/mm b0/mm t /mm b0/t N /Afy

temperature 
/℃

B50-23-20 2000 184 8 23 0.3 20
B50-23-300 2000 184 8 23 0.3 300
B50-23-400 2000 184 8 23 0.3 400
B50-23-500 2000 184 8 23 0.3 500
B50-23-600 2000 184 8 23 0.3 600
B50-25-20 2000 200 8 25 0.3 20
B50-25-300 2000 200 8 25 0.3 300
B50-25-400 2000 200 8 25 0.3 400
B50-25-500 2000 200 8 25 0.3 500
B50-25-600 2000 200 8 25 0.3 600
B50-27-20 2000 216 8 27 0.3 20
B50-27-300 2000 216 8 27 0.3 300
B50-27-400 2000 216 8 27 0.3 400
B50-27-500 2000 216 8 27 0.3 500
B50-27-600 2000 216 8 27 0.3 600

 

 

 

(a)

(b)

(c)

Fig. 13. Skeleton curves of specimens under high temperature: 
(a) b0 /t = 23, (b) b0 /t = 25, (c) b0 /t = 27
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3.2 the hysteretic performance evaluation

in this paper, the hysteretic behavior of the column under 
normal axial force and horizontal cyclic load is quantitatively 
evaluated from the two aspects of bearing capacity reduction 
and ductility.

reference [15] stipulates that the elastic-plastic inter story 
displacement angle of multi-story and high-rise steel structures 
is limited to 1/50. To study how columns behave when a constant 
axial force and a cyclic horizontal load are applied, the bending 
moment M0.02 is defined, that is, the corresponding bending mo-
ment when the elastic-plastic displacement angle reaches L/50; 
The bending moment Mu is the bending moment corresponding to 
the peak of the skeleton curve. M0.02/Mu can reflect the reduction 
of the bearing capacity of the column when the elastic-plastic 
displacement angle reaches the limit value specified in the 
code. The relationship between plate width to thickness ratio, 
axial compression ratio and bearing capacity reduction range in 
TaBLe 4 is shown in Fig. 14, and the specific values of bearing 
capacity reduction range are shown in TaBLe 6.

Fig. 14 shows that as the axial compression ratio remains 
unchanged, the width to thickness ratio of the plate is less than 
31, the value of M0.02/Mu of the columns is greater than 0.75, 
reflecting good bearing capacity. When the plate width to thick-
ness ratio is 19, 23, 25, and the axial compression ratio is 0, 0.2, 
0.3, 0.4, the value of M0.02/Mu increases with increase of the 
width to thickness ratio, reflecting better bearing capacity of the 
column. When the plate width to thickness ratio is 31 and the 
axial compression ratio is 0, 0.2 and 0.3, the value of M0.02/Mu 
is 0.92, which indicates that the plate width to thickness ratio is 
the main variable influencing the bearing capacity of the column 
under this condition and the bearing capacity of is better in the 
case. When the plate width to thickness ratio is 31 and the axial 
compression ratio is 0.4 and 0.6, M0.02/Mu equals 0.69 and 0.75, 
respectively, indicating a great decrease in the bearing capacity 
of the column and worse bearing capacity.

as the axial pressure ratio is 0.2 and 0.3, the columns 
still have good bearing performance after reaching the limit 
of displacement angle between plastic layers specified in the 
specification and can be used in design. When the axial pres-

sure ratio is 0.4, 0.6 and the width to thickness ratio is 31, the 
bearing capacity of the column drops suddenly and the bearing 
performance of the column is unstable.

To analyze the hysteretic behavior of columns, the ductility 
coefficient μ is defined as

 u

y





   (1)

where δu is the top horizontal displacement of the column when 
the column reaches failure, δy is the top horizontal displacement 
of the column when the edge of the column enters the yield state.

 
Fig. 14. b0 /t – M0.02 /Mu curve

TaBLe 6
calculation results of quantitative evaluation of hysteresis 

performance

column number b0/t N/Afy M0.02/Mu μ
B50-19-0 19 0 0.785 3.300

B50-19-0.2 19 0.2 0.809 2.814
B50-19-0.3 19 0.3 0.832 2.543
B50-19-0.4 19 0.4 0.851 1.969
B50-19-0.6 19 0.6 0.870 1.600
B50-23-0 23 0 0.892 4.962

B50-23-0.2 23 0.2 0.933 3.300
B50-23-0.3 23 0.3 0.940 2.814
B50-23-0.4 23 0.4 0.968 2.109
B50-23-0.6 23 0.6 0.950 1.367
B50-25-0 25 0 0.934 4.962

B50-25-0.2 25 0.2 0.948 3.880
B50-25-0.3 25 0.3 0.967 3.074
B50-25-0.4 25 0.4 0.974 2.032
B50-25-0.6 25 0.6 0.952 1.656
B50-27-0 27 0 0.908 4.962

B50-27-0.2 27 0.2 0.922 4.310
B50-27-0.3 27 0.3 0.922 3.370
B50-27-0.4 27 0.4 0.985 1.980
B50-27-0.6 27 0.6 0.926 1.511
B50-31-0 31 0 0.921 4.962

B50-31-0.2 31 0.2 0.919 4.937
B50-31-0.3 31 0.3 0.921 3.065
B50-31-0.4 31 0.4 0.692 1.868
B50-31-0.6 31 0.6 0.753 1.615
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The relationship between the width to thickness ratio of the 
plate, axial compression ratio and ductility coefficient in Ta-
BLe 4 is depicted in Fig. 15 and the specific values of ductility 
coefficient are plotted in TaBLe 6.

Fig. 15 shows that the smaller the axial compression ratio 
is, the greater the ductility coefficient is and thus the better the 
ductility performance of the column is, with the width to thick-
ness ratio unchanged. When N/Afy is 0 and the width to thick-
ness ratio is 23, 25, 27 and 31, the ductility coefficient is 4.96. 
When N/Afy is 0.2 and 0.3, the ductility coefficient increases 
when increasing the width to thickness ratio and the ductility 
performance of the column is better. When N/Afy is 0.4 and 0.6, 
the ductility coefficient is less than 2.1 with little variation with 
the width thickness ratio, hence, the ductility performance gets 
poor, which indicates that higher axial load level will reduce the 
ductility of the column.

To figure out how high temperature of fire affects the hys-
teretic behavior of columns, the reduction coefficient of bearing 
capacity under the high temperature is defined as

 uT
T

u

F
F

    (2)

where FuT is the load corresponding to the highest point of skel-
eton curve at high temperature, Fu is the load corresponding to 
the highest point of skeleton curve at room temperature.

To quantitatively evaluate the ductility performance of 
columns under constant axial force and horizontal cyclic load 
under high temperature, the ductility coefficient under the high 
temperature is defined as

 uT
T

yT





   (3)

where δuT is the top horizontal displacement of the column 
when the column reaches failure at high temperature, δyT is the 
top horizontal displacement of the column when the edge of the 
column enters the yield state at high temperature.

The bearing capacity reduction coefficient and ductility 
coefficient in TaBLe 5 are shown in TaBLe 7. The bearing 

capacity reduction coefficient decreases with the increase of 
temperature. The bearing capacity reduction coefficient does 
not change much at 300℃ and 400℃, whereas the reduction 
in bearing capacity gets worse at 500℃ and 600℃. When the 
heat level is 600℃, The bearing capacity reduction coefficient s 
of B50-23-600, B50-25-600 and B50-27-600 are 0.32, 0.33 and 
0.36, respectively, indicating that high temperature weakens the 
bearing capacity notably. in terms of the ductility coefficient of 
the column, when the temperature is 20℃, 300℃ and 400℃, 
it does not change much, while at 500℃ and 600℃, the ductil-
ity coefficient of the column increases, especially at 600℃, it 
increases about 700% compared to that at normal temperature.

TaBLe 7

reduction coefficient of bearing capacity at high temperature

column number b0 /t N /Afy Temperature/℃ φt μt

B50-23-20 23 0.3 20 / 2.38
B50-23-300 23 0.3 300 0.92 2.54
B50-23-400 23 0.3 400 0.90 2.17
B50-23-500 23 0.3 500 0.73 3.28
B50-23-600 23 0.3 600 0.32 19.91
B50-25-20 25 0.3 20 / 2.66
B50-25-300 25 0.3 300 0.96 3.18
B50-25-400 25 0.3 400 0.92 2.54
B50-25-500 25 0.3 500 0.71 3.23
B50-25-600 25 0.3 600 0.33 19.91
B50-27-20 27 0.3 20 / 2.46
B50-27-300 27 0.3 300 0.94 2.81
B50-27-400 27 0.3 400 0.91 2.50
B50-27-500 27 0.3 500 0.71 3.10
B50-27-600 27 0.3 600 0.36 19.91

4. conclusions

The conclusions of this paper are as follows:
(1) The effects of slenderness ratio, width to thickness ratio, 

residual stress and axial load level on the hysteretic behavior 

 Fig. 15. b0/t – μ curve
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of the columns are studied. Larger slenderness ratio leads 
to smaller the maximum bearing capacity and slower deg-
radation rate of the bearing capacity. Besides, larger width 
to thickness ratio leads to plumper hysteretic curve, greater 
maximum bearing capacity and faster bearing capacity 
degradation. Considering the residual stress, the maximum 
bearing capacity decreases and its decrease range rises up 
with increase of the peak value of the residual stress. 

(2) When axial compression ratio is larger, smaller maximum 
bearing capacity and faster degradation rate of bearing 
capacity occur, meanwhile, the horizontal displacement 
declines gradually when the bearing capacity reaches the 
maximum or tends to be flat, and the ductility of the column 
becomes worse. When the axial compression ratio is 0.2 
and 0.3, the column still possess desired bearing capacity 
after reaching the plastic interlayer displacement angle 
limit stipulated in the code, and the ductility coefficient 
increases when the width to thickness ratio gets larger 
which signifies good ductility. When the axial compression 
ratio is 0.6 and the width to thickness ratio is 23 or 31, the 
bearing capacity of the column drops suddenly and insta-
bility occurs. When the axial compression ratio is 0.4 and 
0.6, the ductility coefficient is less than 2.1 which signifies 
poor ductility, indicating that higher axial load level reduces  
the ductility.

(3) The maximum bearing capacity of columns under horizontal 
cyclic load decreases as temperature rises. At 600℃, the 
bearing capacity is weakened significantly by high tem-
perature. Below 400℃, the ductility coefficient changes 
little, while at 500℃ and 600℃, the ductility coefficient 
increases, especially at 600℃, it increases by about 700% 
compared to that at normal temperature.
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