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Elastic overall buckling analysis of corroded cold-formed

thin-walled steel columns
Nie Biao!, Xu Shanhua?, Chen Huapeng', Hu Weicheng', Xiao Linfa!
(1.School of Transportation Engineering, East China Jiaotong University, Nanchang 330032, China; 2.School of
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Abstract: [Objective] The overall elastic buckling performance of corroded cold-formed thin-
walled steel columns was investigated in this paper. [Method] The finite element eigenvalue
buckling analysis method was used to study the effects of corrosion location, corrosion area length
and width on the elastic overall buckling of cold-formed thin-walled steel columns. The calculation
method for the elastic overall buckling stress of corroded cold-formed thin-walled steel columns
was proposed, and the theoretical calculation results were compared with the finite element
eigenvalue buckling analysis values. [Result] The results show that as the degree of corrosion
increased, the elastic bending buckling stress and the elastic bending torsional buckling stress
gradually decreased. The effect of web corrosion on elastic bending buckling stress was greater than
that of flange corrosion, while the effect of web corrosion and flange corrosion on elastic bending
torsional buckling stress was similar. The elastic bending buckling stress gradually decreased with
the increase of the corrosion area length, and the rate of decrease showed a decreasing trend.
However, the elastic bending torsional buckling stress approximately linearly decreased with the
increase of the corrosion area length. With the increase of the corrosion area width, the elastic
bending torsional buckling stress decreased faster than the elastic bending buckling stress. The
theoretical calculation values were in good agreement with the finite element simulation results.

[ Conclusion] The calculation method proposed in this paper can be used to calculate the elastic
overall buckling stress of corroded cold-formed thin-walled steel columns.
Keywords: Corrosion; Cold-formed thin-walled steel; Overall buckling; Finite element analysis;
elastic
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Fig.1 Finite element model for eigenvalue buckling analysis of cold-formed thin-walled steel columns
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Fig.2 Schematic diagram of web and flange corrosion
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Fig.3 Sample numbering rules
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Tab.1  Numerical simulation results of elastic overall buckling of cold-formed thin-walled steel columns with
different corroded parts
\ 2 i I JEE B g
AT R 7 1% o, /o, c,lo,,
o, /MPa o, /MPa
AF80X1000T2.0 0.00 280.92 1.000 156.99 1.000
AF80X1000T1.7 2.31 269.25 0.958 153.36 0.977
AF80X1000T1.5 3.85 260.11 0.926 150.92 0.961
AF80X1000T1.3 5.38 249.27 0.887 148.45 0.946
AF80X1000T1.0 6.92 227.64 0.810 144.63 0.921
BF70X1000T2.0 0.00 183.19 1.000 145.80 1.000
BF70X1000T1.7 1.44 175.13 0.956 139.19 0.955
BF70X1000T1.5 2.40 169.07 0.923 135.00 0.926
BF70X1000T1.3 3.37 162.35 0.886 130.94 0.898
BF70X1000T1.0 433 150.67 0.822 124.99 0.857
AY50X1000T2.0 0.00 280.92 1.000 156.99 1.000
AY50X1000T1.7 3.65 277.68 0.988 154.81 0.986
AY50X1000T1.5 6.08 275.30 0.980 153.29 0.976
AY50X1000T1.3 8.51 272.61 0.970 151.69 0.966
AY50X1000T1.0 10.94 267.21 0.951 149.00 0.949
BY30X1000T2.0 0.00 183.19 1.000 145.80 1.000
BY30X1000T1.7 1.56 181.02 0.988 143.82 0.986
BY30X1000T1.5 2.60 179.48 0.980 142.60 0.978
BY30X1000T1.3 3.65 177.84 0.971 141.44 0.970
BY30X1000T1.0 4.69 175.15 0.956 139.79 0.959
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Fig.4 The relationship between elastic overall buckling stress and volume loss rate of cold-formed thin-walled
steel columns with different corroded parts

1.2.2 BB IX I E R 5

245 T AR P XA 74 5 T
YR AT S R A J B R B 5 4
HY B v 5 R T A SR A e
T 5D R R AR B S5 (a) ATBL
KB, A SR 25 e it 77 B AR T X
SR BERYIZHT T B, FF ELH P A el
%, 1 EE AT h i i 2 A A
H Rk X Aol B T S P T 5 e
N o X b RSO 3 25 85 R A R DU I
PR o P A 590 5 s 2 7 BB A Tk X
SR BEHE K R P R R T RGBT .

Bl 4 (b) FTLURI, Al st 254 s ith
7 77 i 5 o DX 3 B B DR AL B,
HF A o DXt A7, 3800 80 5 L T Y 7 B
BN ) G AR R 3R AR T A T LRI,
I RS T X 38K T 58 12 25 4 g ot 2 77 1)
ST R EER T XK 0T B A E
IR, Rk XK B 600 mm 3
KE] 1200 mm, FEEES A E EHN ) RBET
1.59%, T 3L 25 4 S 77 R B T 2.59%,
Tt B 3 4 et [X 3 A 8 ) 58 25 b e it
FIRIFEI /N 25 e f . 77

®2 TRFHEKEKESTEERR NS 2R EMBERINER

Tab. 2 Numerical simulation results of elastic global buckling of cold-formed thin-walled steel columns with

different corrosion area length

‘ RARRBIR ARy Z R FH e 82 A0
EXER RS 0,/ 0 c,lo,,
(%) o, (MPa) o, (MPa)
AF80X600T1.3 3.23 258.01 0.918 151.52 0.965
AF80X800T1.3 431 253.05 0.901 149.92 0.955
AF80X1000T1.3 5.38 249.27 0.887 148.45 0.946
AF80X1200T1.3 6.46 246.74 0.878 147.11 0.937
AF80X1400T1.3 7.54 245.29 0.873 145.88 0.929
BF70X400T1.3 3.40 171.62 0.937 139.82 0.959
BF70X600T1.3 5.10 167.42 0.914 136.90 0.939
BF70X800T1.3 6.81 164.35 0.897 133.95 0.919
BF70X1000T1.3 8.51 162.35 0.886 130.94 0.898
BF70X1200T1.3 10.21 161.26 0.880 127.84 0.877
AY50X600T1.3 2.02 275.10 0.979 153.52 0.978
AY50X800T1.3 2.69 273.69 0.974 152.55 0.972
AY50X1000T1.3 3.37 272.61 0.970 151.69 0.966

AY50X1200T1.3 4.04 271.81 0.968 150.96 0.962
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AY50X1400T1.3 4.71 271.28 0.966 150.34 0.958
BY30X400T1.3 1.46 180.41 0.985 144.20 0.989
BY30X600T1.3 2.19 179.29 0.979 143.33 0.983
BY30X800T1.3 2.92 178.43 0.974 142.41 0.977
BY30X1000T1.3 3.65 177.84 0971 141.44 0.970
BY30X1200T1.3 4.38 177.50 0.969 140.42 0.963
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Fig.5 The relationship between elastic overall buckling stress and corrosion area length of cold-formed thin-
walled steel columns with different corroded parts
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Tab.3 Numerical simulation results of elastic global buckling of cold-formed thin-walled steel columns with
different corrosion area width

25 R o HhJE W R o,
FaNCE TR RTRR R 7 1% 0,/ 0, 0,/ 0,,
/MPa /MPa
AF40X1000T1.3 2.69 265.33 0.945 155.48 0.990
AF50X1000T1.3 3.36 261.46 0.931 154.47 0.984
AF60X1000T1.3 4.03 257.45 0.916 153.01 0.975
AF70X1000T1.3 4.71 253.38 0.902 151.05 0.962
AF80X1000T1.3 5.38 249.27 0.887 148.45 0.946
BF30X1000T1.3 3.64 173.86 0.949 142.71 0.979
BF40X1000T1.3 4.86 171.91 0.938 140.92 0.967
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BF50X1000T1.3 6.07 168.93 0.922 138.50 0.950
BF60X1000T1.3 7.29 165.68 0.904 135.27 0.928
BF70X1000T1.3 8.50 150.67 0.822 130.94 0.898
AY10X1000T1.3 0.67 280.52 0.999 156.45 0.997
AY20X1000T1.3 1.34 279.73 0.996 155.74 0.992
AY30X1000T1.3 2.01 278.39 0.991 154.80 0.986
AY40X1000T1.3 2.69 276.12 0.983 153.49 0.978
AY50X1000T1.3 3.36 272.61 0.970 151.70 0.966
BY10X1000T1.3 1.21 182.47 0.996 144.95 0.994
BY15X1000T1.3 1.82 181.94 0.993 144.28 0.990
BY20X1000T1.3 2.43 180.89 0.987 143.65 0.985
BY25X1000T1.3 3.03 179.91 0.982 142.60 0.978
BY30X1000T1.3 3.64 177.84 0.971 141.44 0.970
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Fig.6 The relationship between elastic overall buckling stress and corrosion area width of cold-formed thin-

walled steel columns with different corroded parts
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Fig.8 Calculation model for elastic overall buckling stress of corroded cold-formed thin-walled steel columns
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