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A Study on In-Plane Buckling Collapses of Thin-Walled Steel Frames
subjected to Vertical Loads
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This paper reports the behaviors of in-plane buckling collapse of steel
frames with the thin-walled box sections under the applications of ver-
tical loads. Firstly, a numerical calculation method for analyzing the
buckling collapse of frames with initial imperfections in the elasto-
plastic regions is developed on the basis of second order theory hy
considering the infiuences of local buckling of columns upon Lhe ulti-
mate strength of frames. Secondly, ihe experimental studies on five por-
tal frames are carried out through the combinations of various buckiing
parameters, i.e., slenderness ratios of columns and width-thickness
ratios of flange plates composed of the column members. Finally, buck-
ling strength, ultimate strength and effective column length of the
thin-walled steel frames are clarified from these analytical and experi-
mental results.
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Table 1 Variations of initial deflection 65/h and effective
length ratio B due to stiffness ratio K of beam and column

Items K 0 1 2 3 4 5 ©

Effective length rati
ec "Z :’;g/h ratlo | g 01,157 1.279 ] 1.373 | 1.445 | 1.502 | 2.0
Initial deflection 8,/h

1 1 1 1 1 1
nal et A Ay L
at top of column 500 | 452 | %41 | 439 | W2 | 745 | 300
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Table 2 Basic dimensions, cross-sectional properties and buckling parameters of
test frames (SS41)

Items Basic dimensions Cross-sgctional Buckling
properties parameters
1 1
Brive | ob | e | tu| L | b |actan)| 1y () rey(rp)| . | <

Test c w ¢y '\ by/l FeyTp

frames (mm) | (om) | (mm) | (mm) | (mm) | (om) | (o) | (em?) (Zm") }(,Cmy K Rf | Rew Ay
28.1 [ 520.8 4730 :

F-0.5-0.3 | 170| 102 106 | 5.88(4.46|1,000{ 924 (28.5)| (569.5) (3.67) 0.99] 0.52] 0.49 0.30
28.1] 520.4% 4.30

F-0.5-0.5 | 171} 102 | 87 5.88[4.46|1,000{1,541 (26.7| (357.4) (3.66) 0.95| 0.52) 0.49| 0.50
24.5 462 .4 4.34

-0.7-0. 4. . , : . . . .

F-0.7-0.3 [ 178 77| 109 4914.4711,0014 933 (26.9)] (512.1) 4.54) 0.97) 0.70] 0.56} 0.30
24.5 | 463.4 4.35

F-0.7-0.5 { 178| 104 | 87| 4.49[4.471 999 |1,554 (22.9)| (308.4) (.67 0.97| 0.70| 0.62{ 0.50
21.5 226.9 3.25

F-0.7~0.7 | 178 77 62| 4.36(4.36/1,000{1,628 20.23] (137.7) (2.63) 1.00( 0.67} 0.61 O.6EJ

Notes B',D(';,Dg,tf,cw,l,h: see Fig.9~Fig.10. Ac,Ap: cross-sectional area of column and beam,
respectively. Icy’Iby: moment of inertia of column and beam, respectively.
TeysThyt radius of gyration of column and beam, respectively. K: Eq.(5). Rg: Eq.{(15),
Rfy: Eq.(12), Ay: Eq.(16)
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Table 5 Comparisons of test results Py, /Py and Py/Py with analytical ones

Items Slender-|Ultimate Test results Analytical results |Critical %i;DZ:dO§2§3>’ (4) and (5) to
ness strength{Buckling|Ultimate|Buckling|Ultimate |strength
para- of box |strength|strength|strength|strength by JSHB (1)-(3) [ ()= | (1)=(5) | (2)-(5)
meters . |stub- * [69) (2) (1) (2)
Test _ ¢ilumns Pcru~(1) 4351.(2) Pcru_(B) 231!(4) Pu :(5)
frames Aoy kpy Py Py’ Py ° Py’ Py ° %) (%) (%) (%)
0.883 11.7
F-0.5-0.3 0.26 0.935 1.010 1.046 0.966 (0.966) 0.897 3.4 (3.0 10.3 10.3
0.852 10.0
F-0.5-0. . 44 0. . . . . . . .
0.5-0.5 0.4 951 0.900 0.947 0.903 (0.906) 0.753 0.3 Cald) 16.3 20.5
—0.7—- ) 0.823 16.4
F-0.7-0.3 0:26 0.902 0.985 0.985 0.966 (0.966) 0.896 1.9 C1.9) 9.0 9.0
0.805 9.2
F-0.7-0.5 0.4 0.871 .850 0.88 . .754 -6. 11.3 15.0
3 0.85 7 0.906 (0.914) 0.75 6.6 (=3.0) 5
0.706 11.6
F-0.7-0.7 . 0.87 . . . . -1. 16. 25.
0.56 8 0.780 0.867 0.788 (0.809) 0.650 1.0 (6. 7 5.0

Note: Values in parentheses show the analytical results without considering local buckling of columns
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Table 6 Variations of buckling strength P.ru/Py due to

stiffness ratio K and slenderness parameter Aoy
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BEEEATASLIEH I A

JOEBERMBEETH S D,

= — A VFETHER O K E B 8

oyl 0.3 | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9
Items
. 0 |0.956]0.927]0.875]0.806 | 0.731 ] 0.698 | 0.563
Buckling
strength 1 |0.95670.9200.856 | 0.781 | 0.663 | 0.583 | 0.531
of ﬁiiies 3 10.950 | 0.903 | 0.810 | 0.688 | 0.588 | 0.513 | 0.456
Py 5 10.952|0.881|0.763]0.638 | 0.538 | 0.463 | 0.363
Ultimate strength
t columne Puo/py | 0956 | 0927 0.878 | 0.819 | 0.758 | 0.695 | 0.641

T SRS —DORAR

Notes: B=154.5mm, Dc¢=90mum, tf=6mm, ty=4.

Sam, Oy=314 Mpa
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