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Superposition Method for Bearing Capacity of Cold—formed
Thin—walled Steel Built—up Box Section Short Columns

ZHOU Tianhua, LI Yanchun', WU Hanheng, SANG Liurui,ZHANG Lei
(School of Civil Engineering,Chang’an University,Xi’an 710061, China)

Abstract : Based on the effective width method (EWM) in the Chinese code GB50018-2002 and the EWM and
direct strength method (DSM) in the North American code , the local buckling bearing capacity of 66 cold—formed
thin—walled steel (CFS) built—up box section short columns composed of C—section and U—-section assembles connect—
ed by ST4.8 self —tapping screws was calculated by using the available results from experiment and finite element
parametric analysis. The comparison between theoretical values and experimental and finite element (FE) values
shows that the calculation results obtained from the EWM in GB50018-2002 and American Iron and Steel Institute
(AISI) are conservative, while the results calculated by DSM are accurate but unsafe. Based on the above results, a
superposition method was presented, and a theoretical calculation model for CFS built—up box—section short columns
failed in local buckling under axial compression was proposed. Then, according to the variable parameter results of 48

finite element specimens, the combination coefficient () of the theoretical calculation formula was obtained from re—

xR B :2019-11-10
HEETH : B H AP 4 0 H (51878055 ) , National Natural Science Foundation of China(51878055)
PRSI 1963—) 95 BT & A K9 A0, T
+ IR ZE N, E-mail : liyanchun@chd.edu.cn



511 JEIIARAS VA RE RV PR 3 AT A A A /R B & ik 47

gression analysis, and the formula for calculating the ultimate bearing capacity of the built—up columns was obtained.

Finally, the applicability and accuracy of the proposed design method were verified by comparing with the test data

and the calculation results of Chinese and American codes. It also provides a simple method for calculating the bear—

ing capacity of CFS built-up box—section short columns.

Key words: cold—formed thin—walled steel ; built—up box section short columns;local buckling; experiment; fi—

nite element analysis ; superposition method
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Tab.2 Bearing capacity of the test specimens
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Fig.12 Load-axial displacement curve
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Fig.14 Comparison of the finite element and test of the C3—120-90-A series specimens
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Tab.3 Ultimate bearing capacity results of different ratios of height—to—thickness

K45 JE A e SR L Py/kN 5 JE A e R L Py/kN
€3-90-30-1.5 60 130.3 C3-150-40-1.5 100 145.6
€3-90-30-1.2 75 95.2 C3-150-40-1.2 125 101.7
€3-90-30-1.0 90 68.9 €3-150-40-1.0 150 777
€3-90-30-0.8 1125 48.1 C3-150-40-0.8 187.5 53.9
€3-90-35-1.5 60 1382 C3-150-50-1.5 100 152.8
€3-90-35-1.2 75 98.5 C3-150-50-1.2 125 107.8
€3-90-35-1.0 90 71.1 €3-150-50-1.0 150 80
€3-90-35-0.8 1125 493 €3-150-50-0.8 187.5 54.7
(3-90-40-1.5 60 145.5 C3-150-60-1.5 100 158.3
(3-90-40-1.2 75 103.3 C3-150-60-1.2 125 109.4
(€3-90-40-1.0 90 72.8 €3-150-60-1.0 150 81.5
(3-90-40-0.8 1125 50 €3-150-60-0.8 187.5 54.8
C3-120-40-1.5 80 145.6 (3-200-40-1.5 133.3 148.8
C3-120-40-1.2 100 105.1 (3-200-40-1.2 166.7 105.4
€3-120-40-1.0 120 752 (3-200-40-1.0 200 77.6
C3-120-40-0.8 150 522 (3-200-40-0.8 250 54.4
C3-120-50-1.5 80 151.6 (3-200-50-1.5 133.3 156.3
C3-120-50-1.2 100 108.6 €3-200-50-1.2 166.7 110
€3-120-50-1.0 120 78.1 (€3-200-50-1.0 200 83.9
€3-120-50-0.8 150 524 (€3-200-50-0.8 250 55
C3-120-60-1.5 80 156.5 (3-200-60-1.5 133.3 163.8
C3-120-60-1.2 100 113 (3-200-60-1.2 166.7 115.1
€3-120-60-1.0 120 76.6 (3-200-60-1.0 200 84.3
C3-120-60-0.8 150 52.9 (3-200-60-0.8 250 55
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Fig.15 The regression curve between theoretical value

and finite element value
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Tab.4 Comparison of finite element value and theoretical value kN
Ay P, P, P, Py P, Ay P, P, P, Py P,

(C3-90-30-0.8 23.5 16.3 39.8 48.1 46.3 C3-120-40-0.8 24.0 17.8 41.9 52.2 48.6
(C3-90-30-1.0 343 23.5 57.9 68.9 66.0 C3-120-40-1.0 35.4 25.9 61.3 75.2 69.8
C3-90-30-1.2 46.7 31.7 78.4 95.2 88.4 C3-120-40-1.2 48.4 35.2 83.6 105.1 94.0
C3-90-30-1.5 67.4 45.3 112.7 130.3 125.8 C3-120-40-1.5 70.5 50.8 121.3 145.6 135.1
(C3-90-35-0.8 24.6 16.8 41.4 493 48.1 C3-120-50-0.8 259 18.6 444 52.4 514
(C3-90-35-1.0 35.8 244 60.2 71.1 68.6 C3-120-50-1.0 38.1 27.2 65.2 78.1 74.0
C3-90-35-1.2 48.9 329 81.8 98.5 92.1 C3-120-50-1.2 52.0 36.9 88.8 108.6 99.8
C3-90-35-1.5 71.1 47.1 118.2 138.2 131.8 C3-120-50-1.5 75.8 53.3 129.1 151.6 143.7
(C3-90-40-0.8 25.7 17.2 429 50 49.7 C3-120-60-0.8 27.7 18.8 46.5 52.9 53.6
(C3-90-40-1.0 37.6 249 62.5 72.8 71.1 C3-120-60-1.0 49.6 33.4 82.9 113 93.3
(C3-90-40-1.2 51.1 33.7 84.8 103.3 95.4 C3-120-60-1.2 45.6 31.1 76.7 76.6 86.5
C3-90-40-1.5 74.1 48.3 122.4 145.5 136.4 C3-120-60-1.5 81.2 54.7 135.9 156.5 151.0
C3-150-40-0.8 23.1 17.7 40.9 53.9 47.5 (C3-200-40-0.8 22.4 17.6 40.1 544 46.6
C3-150-40-1.0 34.1 26.1 60.2 71.7 68.6 (C3-200-40-1.0 33.0 26.0 59.0 77.6 67.3
C3-150-40-1.2 46.7 35.5 82.3 101.7 92.6 (C3-200-40-1.2 454 35.6 81.0 105.4 91.2
C3-150-40-1.5 68.4 51.6 120.0 145.6 133.7 C3-200-40-1.5 66.7 52.1 118.7 148.8 132.4
C3-150-50-0.8 24.6 19.0 43.7 54.7 50.5 (C3-200-50-0.8 23.5 18.9 42.4 55 49.1
C3-150-50-1.0 36.4 27.8 64.2 80 73.0 C3-200-50-1.0 34.7 27.8 62.6 83.9 71.2
C3-150-50-1.2 49.8 37.9 87.7 107.8 98.5 (C3-200-50-1.2 47.8 38.0 85.7 110 96.4
C3-150-50-1.5 73.0 55.0 128.0 152.8 142.4 C3-200-50-1.5 70.3 55.6 125.9 156.3 140.2
C3-150-60-0.8 26.3 19.7 459 54.8 53.0 (C3-200-60-0.8 24.8 19.9 44.6 55 51.6
C3-150-60-1.0 38.7 28.9 67.5 81.5 76.5 (C3-200-60-1.0 36.6 29.3 66.0 84.3 74.9
C3-150-60-1.2 53.0 39.3 92.3 109.4 103.5 C3-200-60-1.2 50.4 40.1 90.5 115.1 101.6
C3-150-60-1.5 77.5 57.2 134.7 158.3 149.7 C3-200-60-1.5 74.0 58.7 132.8 163.8 147.6
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4 M 15, KRR ECH 0.995, Adj.R-
Square FHICRECH 0.990, Ui CFS PFA4HTE #TH A
FARH A e A & A 5P E R A R
TUATATE SR E ARG, 115 B 5 905 0 R
2.94, RFK 1.09, BIZL AR5 o R 1.09. B UL, P
5y HrARH CFS SR th B R 8 S A A R 2 )
B A== (3) iR,
P, =1.09(P, + Py) +2.94 kN. (3)
4.3 AXEMERIE

Rk B A ARG TRAE, WA 5. W%

% 5 WAL, P IN,, P, INysy . 18 Fl by HE 22 53 501 Ry
1.33,1.28 #1 0.055,0.054, 3 HiX3a{H H GB 50018—
2002 .EWM T3 45 5 ¥ 5 25% L) 15 P /Nusya, P, /P,
PIERRRAEZ S350 0.96.1.04 1 0.053.0.035, Hi itk
AT A1 DSM A SO vk ik gn s Rz (WLEl 16) ,{H
FEFLTE ) DSM 35845 5 w5 1otk K H SR T4
Lo I, AT A R R IR SO kB ie (H 51k
BB M) B 8AT , VA ARG I B A i, R P AR
H RN, UERHASCHE I TR e R i L
ATHERY.
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Tab.5 Comparisons of calculation results and test results between Chinese and American codes and the proposed method kN

X5 Ny Nuyss-e Nysaa P, P, P//N, P./Nysy. P./Nisaa P/P,
(3-120-45-A1 68.8 72.1 98.6 89.0 92.1 1.34 1.28 0.93 1.03
(3-120-45-A2 68.8 72.3 99.9 89.0 91.0 1.32 1.26 0.91 1.02
(3-120-45-A3 67.0 70.4 97.4 86.5 86.9 1.30 1.23 0.89 1.00
(3-120-90-A1 69.9 73.4 100.8 90.1 92.0 1.32 1.25 0.91 1.02
(3-120-90-A2 68.2 71.5 98.3 87.9 89.9 1.32 1.26 0.91 1.02
(3-120-90-A3 70.3 73.5 100.2 90.1 94.8 1.35 1.29 0.95 1.05

(3-120-150-A1 67.3 70.7 98.6 89.3 97.2 1.44 137 0.99 1.09
(3-120-150-A2 66.7 70.1 96.3 86.1 86.6 1.30 1.24 0.90 1.01
(3-120-150-A3 68.5 71.7 98.9 88.2 89.0 1.30 1.24 0.90 1.01
(3-140-50-A1 70.7 727 94.1 87.5 95.6 1.35 132 1.02 1.09
(3-140-50-A2 70.4 72.5 93.2 85.6 93.7 133 1.29 1.01 1.10
(3-140-50-A3 69.9 71.8 93.6 86.4 86.6 1.24 121 0.93 1.00
(3-140-100-A1 69.5 71.5 92.5 85.3 88.3 1.27 1.23 0.95 1.03
(3-140-100-A2 75.0 76.7 98.2 91.0 93.1 1.24 121 0.95 1.02
(3-140-100-A3 70.6 72.5 94.9 87.3 95.8 1.36 132 1.01 1.10
(3-140-150-A1 70.8 72.8 94.4 91.9 92.0 1.30 1.26 0.97 1.00
(3-140-150-A2 69.1 71.0 93.0 91.9 95.8 1.39 1.35 1.03 1.04
(3-140-150-A3 71.5 73.3 95.3 94.4 103.4 1.45 1.41 1.08 1.10

fH 133 1.28 0.96 1.04

PR s 0.055 0.054 0.053 0.035
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Fig.16 Comparison of different calculation methods
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AR R AN 4 0. A SCHRE 0 & vk AE
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X 12 SR e A A BR AR 2R T M AR N, e Ak,
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