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Abstract - This study numerically investigates buckling behavior of press braked steel plates with a free edge that consists of the
upper flange of U-shaped box girder. Since the press-braked plates include a rounded edge, the effective width to thickness ratio
of the press-braked upper flange is obscure to determine the nominal compressive strength. This study performed 3D finite
element analyses to evaluate an equivalent effective width of cold-formed plate with a free edge. Through the parametric
numerical analyses, the elastic buckling stresses of the rounded corner plates were compared with those of general flat plates and
then, the equivalent effective width has been estimated. A comparative study with Euler buckling formula speculated in the
domestic design specifications has been conducted.
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Fig. 2. Effective width of a plate with a free edge
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Table 1. Free edge analysis model dimension

t L T by b, bs Im
(mm) |(mm)| (mm) | (mm) | (mm) | (mm) | (mm)
RI2L6TS 8
RI2L6T10 10
RI2L6T12 12

Model

600
RI2L6T15 | 15
RI12L6T18 | 18
RI12L6T24 | 24

120 | 300 | 280 | 207 | 93

RI12L12T8 8
R12L12T10| 10
RI12L12T12| 12

1200

RI12L12T15| 15
RI12L12T18| 18
RI2L12T24| 24
R13L6T10 | 10
RI3L6T12 | 12
RI3L6T1S | 15
R13L6T18 | 18 | 600
R13L6T20 | 20
R13L6T22 | 22
RI3L6T26 | 26
RI3LI2T10| 10
RI3LI2T12| 12
RI3LI2T15| 15
RI3LI2T18| 18 [1200
R13L12T20| 20
R13L12T22| 22
R13L12T26| 26

130 | 300 | 270 | 184 | 116
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Table 2. Boundary condition
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Fig. 6. Elastic buckling modes (Rounded corner)

(a) t = 24mm, L=600mm (b) t = 26mm, L=600mm

(c) t = 24mm, L=1200mm (d) t = 26mm, L=1200mm

Fig. 7. Elastic buckling modes (Sharp corner, Flat)
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Table 3. Elastic buckling stress of flat plate models along width b

Fo (MPa)
Model ' L h h h
(mm) | (mm) when | when | when
b=bs b=b, b=b,
F RI2L6T8 8 600 87.7 95.9 148.4

F_R12L6T10 10 600 136.5 | 149.2 | 230.7

F R12L6TI12 12 600 196.0 | 214.0 | 330.0

F_RI12L6T15 15 600 304.0 | 332.0 | 510.0

F_RI12L6TI18 18 600 435.0 | 474.0 | 726.0

F_R12L6T24 24 600 759.0 | 827.0 | 1256.0

F_R12L12T8 8 1200 | 100.5 | 110.9 | 179.0

F RI2L12T10| 10 1200 | 156.7 | 172.8 | 278.5

F R12L12T12| 12 1200 | 225.0 | 248.0 | 389.0

F R12LI12T15 15 1200 | 350.0 | 385.0 | 617.0

F RI12L12T18| 18 1200 | 500.0 | 551.0 | 880.0

F_RI2L12T24| 24 1200 | 878.0 | 965.0 | 1527.0

F_R13L6T10 10 600 136.5 | 156.7 | 278.0

F_RI13L6TI12 12 600 196.0 | 224.6 | 397.5

F_RI13L6T15 15 600 304.0 | 348.0 | 613.0

F_RI13L6T18 18 600 435.0 | 497.0 | 871.0

F_RI13L6T20 20 600 533.0 | 609.0 | 1064.0
F_RI13L6T22 22 600 642.0 | 733.0 | 1275.0
F_R13L6T26 26 600 885.0 | 1010.0 | 1742.0

F_RI3LI12T10| 10 1200 | 156.7 | 182.3 | 341.1

F_RI3LI2TI2| 12 1200 | 225.0 | 262.0 | 488.0

F_RI3L12T15| 15 1200 | 349.0 | 406.0 | 754.0

F_RI3LI2T18| 18 1200 | 500.0 | 580.0 | 1072.0
F RI3L12T20| 20 1200 | 615.0 | 713.0 | 1312.0
F RI3L12T22| 22 1200 | 741.0 | 859.0 | 1572.0
F R13L12T26| 26 1200 | 1025.0 | 1185.0 | 2153.0
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Table 4. Verification of equivalent effective width(b.,)
F.. (MPa)
Model ¢ L Bes beg/t Sharp corner Diff.
(mm) (mm) (mm) Rounded corner Flat ’ %)
RI12L6T8 8 600 195 24.4 164.0 162.5 -0.9
R12L6T10 10 600 200 20.0 241.0 242.9 0.8
R12L6T12 12 600 210 17.5 325.0 323.1 -0.6
RI12L6T15 15 600 224 14.9 458.0 453.2 -1.0
RI12L6T18 18 600 242 13.4 593.0 578.1 -2.5
R12L6T24 24 600 272 11.3 865.0 859.5 -0.6
RI12L12T8 8 1200 190 23.8 217.0 218.7 0.8
RI12L12T10 10 1200 195 19.5 315.0 308.6 -2.0
RI12L12TI12 12 1200 210 17.5 418.0 389.7 -6.8
R12L12T15 15 1200 224 14.9 574.0 5423 -5.5
RI12L12T18 18 1200 242 13.4 728.0 685.7 -5.8
RI12L12T24 24 1200 272 11.3 1035.0 1005.9 -2.8
RI13L6T10 10 600 175 17.5 291.6 300.5 3.1
R13L6T12 12 600 182 15.2 398.0 404.3 1.6
RI13L6T15 15 600 187 12.5 571.0 571.0 0.0
R13L6T18 18 600 210 11.7 749.0 711.1 -5.1
R13L6T20 20 600 218 10.9 867.0 823.4 -5.0
R13L6T22 22 600 228 10.4 984.0 925.3 -6.0
R13L6T26 26 600 245 9.4 1211.0 1149.5 -5.1
RI3L12T10 10 1200 175 17.5 375.4 372.0 -0.9
RI3L12T12 12 1200 182 152 501.0 496.9 -0.8
RI3L12T15 15 1200 189 12.6 723.0 721.5 -0.2
RI3L12T18 18 1200 210 11.7 935.0 860.2 -8.0
R13L12T20 20 1200 218 10.9 1073.0 992.1 -7.5
R13L12T22 22 1200 228 10.4 1207.0 1109.2 -8.1
R13L12T26 26 1200 245 9.4 1464.0 1367.7 -6.6
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Table 5. Comparison of FEA results with buckling strength equation

b (mm) For
o . L . . FEA, Eq. (3), beg/t Eq. (3), byt
Mode (mm) | (mm) | . Diff. g/t o/t | Rounde . -
q p (%) d MPa |Diff. (%)| MPa |Diff. (%)
(MPa)
RI2L6TS8 8 600 195 280 -30.4 24.4 35.0 164.0 134.3 -18.1 65.2 -60.3
RI2L6TIO | 10 | 600 | 200 | 280 | -28.6 | 200 | 28.0 | 2410 1995 | -17.2 101.8 | -57.8
RI2L6TI2 | 12 | 600 | 210 | 280 | -25.0 | 175 | 233 | 3250 260.6 | -19.8 146.6 | -54.9
RI2L6T15 15 600 224 280 -20.0 14.9 18.7 458.0 357.9 -21.9 229.1 -50.0
RI2L6TI8 | 18 | 600 | 242 | 280 | -13.6 | 134 | 156 | 593.0| 4416 | -255 329.9 | -444
RI2L6T24 | 24 | 600 | 272 | 280 | -29 | 113 | 11.7 | 8650 | 6214 | -282 586.4 | -322
RI2L12T8 8 1200 190 280 -32.1 23.8 35.0 217.0 141.5 -34.8 65.2 -70.0
RI2LI2TI0| 10 | 1200 | 195 | 280 | -30.4 | 19.5 | 280 | 3150 2099 | -33.4 101.8 | -67.7
RI2LI2TI2| 12 | 1200 | 210 | 280 | -25.0 | 17.5 | 233 | 4180 | 260.6 | -37.6 146.6 | -64.9
RI2L12T15 15 1200 224 280 -20.0 14.9 18.7 574.0 357.9 -37.6 229.1 -60.1
RI2LI2TI8| 18 | 1200 | 242 | 280 | -13.6 | 134 | 156 | 7280 4416 | -393 3299 | -547
RI2LI2T24| 24 | 1200 | 272 | 280 29| 113 | 117 10350 | 6214 | -40.0 586.4 | -43.3
RI3L6T10 10 600 175 270 -35.2 17.5 27.0 291.6 260.6 -10.6 109.5 -62.4
RI3L6TI2 | 12 | 600 | 182 | 270 | -32.6 | 152 | 225 | 3980 3470 | -12.8 1577 | -60.4
RI3L6TI5 | 15 | 600 | 187 | 270 | -30.7 | 125 | 18.0 | 571.0| 513.6 | -10.1 2464 | -56.9
RI3L6T18 18 600 210 270 -22.2 11.7 15.0 749.0 586.4 -21.7 354.7 -52.6
RI3L6T20 | 20 | 600 | 218 | 270 [ -193 | 109 | 135 | 867.0| 6718 | -225 4380 | -495
RI3L6T22 | 22 | 600 | 228 | 270 | -156 | 104 | 123 | 9840 | 743.1 -24.5 5299 | -46.1
RI3L6T26 26 600 245 270 9.3 9.4 10.4 1211.0 898.9 -25.8 740.1 -38.9
RI3LI2TIO| 10 | 1200 | 175 | 270 | -352 | 175 | 270 | 3754 | 2606 | -30.6 1095 | -70.8
RI3LI2TI2| 12 [ 1200 | 182 | 270 | -32.6 | 152 | 22.5 | 501.0 | 347.0 | -30.7 157.7 | -68.5
RI3L12T15 15 1200 189 270 -30.0 12.6 18.0 723.0 502.8 -30.5 246.4 -65.9
RIZLI2TI8| 18 | 1200 | 210 | 270 | 222 | 117 | 150 | 9350 | 5864 | -373 3547 | -62.1
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