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AN EXPERIMENTAL STUDY ON BUCKLING STRENGTH OF CENTRALLY COMPRESSED COLD-FORMED
SQUARE AND RECTANGULAR STEEL COLUMNS
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An experimental study on buckling strength of centrally compressed cold-formed square and rectangular
steel columns is described. The centrally compression tests are conducted using twenty-six columns having
different twelve cross sectional profiles and two or three slenderness ratios for each cross section. Before
testing, measurement of tensile strength of material, initial out-of-straightness, residual stresses and strength
of stub columns are performed. Cold-formed square or rectangular steel columns are expected high buckling
strength, because of the tempered and high quality steel strength irrespective of the normal steel grade, but
the local buckling of the component plates are caused for the columns with the large width-thickness ratio of

-the plate. In this study, the material properties, local buckling strength and column buckling strength are

discussed and the design methods are suggested.

Key Words : cold-formed square and rectangular steel columns, local buckling, residual stress, column buckling
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Fig. 1 Forming Process of the Cold-Formed Steel Column
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Table 1 Cross Sectional Properties (Nominal)

Type| axbxt(mm) [A(cm?)|Ii (em?)|ry(cm)| L/t
Al | 100 x100x4.5| 16.67 | 249 | 3.87 42,73
A2 | 100x100x6.0 | 21.63 | 311 | 3.79 42,73
Bl | 150 x150x4.5 | 25.67 [ 896 | 5091 39,67
B2 | 150x150x6.0 | 33.63 | 1150 | 5.84 39,67
C1 |200x200x4.5|34.67| 2190 | 7.95 37,70
C2 |200x200x6.0 | 45.63 [ 2830 | 7.88 37,70
C3 |1200x200x9.0|66.67 | 3990 | 7.73 37,70
D1 [ 100 x 150 x4.5 | 21.17 352 | 4.08 76,107
D2 [ 100 x 150 x 6.0 | 27.63 444 | 4.01 |45,76,107
E1 | 150x200x4.5| 30.17 | 1130 | 6.13 65
E2 | 150 x200x6.0 [ 39.63 | 1460 | 6.06 | 41,65,90
F1 [150x250%x6.0 | 45.63 | 1770 | 6.23 37,62

A : Cross Sectional Area

I : Geometrical Moment of Inertia

r, : Radius of Gyration of Area

Square
(Type A, B, C)

Rectangular
(Type D, E , F)

Fig. 2 Profiles of Cross Section
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Table 2 Results of Tensile Test

Spec-| Thickness |  Opqp Our Goor/ O
imen | (mm) |(kef/cm?)|(kef/ cm?)
Al-1 4.18 3779 4324 1.575
Al-2 4.20 3836 4393 1.598
A2-1 5.60 4404 4760 1.835
A22 5.64 4424 4748 1.844
B1-1 431 4744 5539 1.977
Bl12| 425 5066 5775 2.111
B2-1 5.58 3569 4605 1.487
B2-2 5.58 4378 5165 1.824
Cl-1 421 3818 4701 1.591
Ci-2 4.21 4357 5400 1.815
C2-1 5.62 4234 5145 1.764
C22 5.61 4360 5178 1.817
C3-1 8.53 4251 4891 1.771
C3-2 8.58 4360 4963 1.817
D1-1 4.16 4269 5140 1.779
D12 4.35 4059 4874 1.691
D2-1 5.63 4173 5225 1.739
D2-2 5.72 5036 6406 2.098
El-1 422 4273 5303 1.780
E1-2 422 4262 5380 1.776
E2-1 5.65 4144 5559 1.726
E2-2 5.67 4033 5210 1.680
F1-1 5.59 3910 4853 1.629
F1-2 5.57 3688 4853 1.537
M 4226 5100 1.761
S 373 457 0.155
N 24 24 24
V(%) 8.8 9.0 8.8
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Table 3 Results of Stub Column Test

Spec- | b/t R Gus o258 Ous/ Gyzr
imen (kgf / cm?)| (kgf / cm?)
Al-11 235 | 0.521 4963 4489 1.303
A2-1 1 17.7 | 0425 5969 5208 1.352
Bl-1} 348 | 0.881 4927 * 1.005
B2-1 | 264 | 0.600 | 4619 4290 1.162
Cl-1 | 473 | 1.097 3370 * 0.824
C2-1] 352 | 0.839 4406 * 1.025
C3-1 ] 23.3 | 0.550 5064 4585 1.176
D1-1 | 35.8 | 0.853 4100 3926 0.985
D2-1 | 26.5 | 0.648 5030 4583 1.092
El-1 | 476 | 1.108 3446 * 0.808
E2-1 | 355 | 0.815 4398 4295 1.076
F1-1 | 44.1 | 0.990 3387 * 0.891
M 4473 4482 1.058
S 796 641 0.173
N 12 7 12
V (%) 17.8 14.3 16.3
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Table 4 Results of Column Buckling Test

Spec- | L/r Oy Oy / Or | Oy’ gy | Oy / Ous
imen (kgf/ cm?)

Al2 | 416 | 4460 | 1.858 | 1.171 | 0.899
Al3| 73.0| 3352 | 1.397 | 0.880 [ 0.675
A22 | 422 4712 | 1.963 | 1.067 | 0.789
A23| 738 3315 | 1381 | 0.751 | 0555
Bl-2 | 39.0| 449 | 1.873 | 0917 | 0.911
B1-3 | 66.6| 3192 | 1.330 | 0.651 | 0.647
B2-2 | 394| 4249 | 1770 | 1.069 | 0.920
B23| 674 3152 | 1313 | 0793 | 0682
Cl2 | 372 3345 | 1394 | 0818 | 0.993
C13| 701{ 3031 | 1263 | 0.741 | 0899
c22 | 373 4197 | 1749 | 0977 | 0953
c2-3| 703 3013 | 125 | 0701 | 0.684
C32 | 376 3941 | 1642 | 0915 | 0.778
c3-3| 71.0f 3095 | 1290 | 0719 | 0611
D13 | 760 2731 | 1.138 | 0.656 | 0.666
D14 | 1067 | 2178 | 0.908 | 0523 | 0.531
D22 | 450 4014 | 1672 | 0.872 | 0.798
D2-3 | 757 3209 | 1.337 | 0.697 | 0.638
D2-4 | 1063 | 2113 | 0.880 | 0.459 | 0.420
E1-3| 652 | 3000 | 1250 | 0.703 | 0.870
E22 | 41.0| 3754 | 1.564 | 0918 | 0.853
E2-3 | 656 3375 | 1406 | 0.826 | 0.767
BE24 | 903 | 2253 | 0939 | 0551 | 0512
F1-2 | 367 | 3258 | 1358 | 0.858 | 0.962
F1-3 | 61.9] 2956 | 1232 | 0.778 | 0873
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Fig. 13 Maximum Buckling Stress Nondimensionerized
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