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APPROXIMATE METHOD OF ELASTIC BUCKLING LOAD ANALYSIS
FOR IRREGULAR FRAMES

By Shosuke Mormo, Jun Kawacuca and Hiroko Suzuki

Synopsis

An approximate method is proposed to evaluate the elastic buckling strength of a multi-story,
multi-bay rectangular frame with irregular arrangements of beam and column rigidities and column
axial force distribution, combining two methods separately developed by Sakamoto and Wood for
single-story, multi-bay frames and multi-story, single-bay frames, respectively. Sample calculations
were made for a 14-story, 8-bay frame designed in the real practice, and 6-story, 2-bay frames in
which one column was extremely slender or subjected to excessive axial force. It is shown that the
proposed method gives very good estimates to the buckling strength although in the unsafe side, and
that rather technical treatment is required in the process of calculation.
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Fig. 1. Alignment chart.
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Fig. 2. Unit frame for Eq. (2).
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Fig. 4. Single-story multi-bay frame.
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Fig. 5. Wood’s method.
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Fig. 6. Method to generate virtual frame.
(a) Prototype frame
(b) Virtual frame: symmetrical multi-story single-bay frame
(c) Virtual frame: 3-story partial frame
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Fig. 7. Sample frames for buckling strength calculation.

(a) 6-story 1-bay frame
(b) 6-story 2-bay frame
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Fig. 9. Virtual frames for SWC method.
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(a) Virtual frame for 6-story 1-bay prototype frame
(b) Virtual frame for 6-story 2-bay prototype frame
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Table 1. Buckling strengths by SWC method: Examples 1, 2 and 3 (kN)

Buckling strength of each story
Sample by Sakamoto's method | SWC Exact
frame [iststory] 2nd | 3rd | 4th | S5th | 6th | method| analysis
Example 1| 2648 | 1160|1160 | 123.8| 1485 [300.1 | 367, | 1349
[Example 2| 3317 | 1683 | 1683 | 179.5 | 2154 | 4226 | 48503 | 1915
Example 3 21979 | 18595 18505 20058| 20993| 20691 | A%0% | 19267

Table 2. Buckling strengths by SWC method: Examples 4 and 5 (kN)

Sample frame and

unbalanced column] SWC method | Exact analysis
@/ Left col. | 183.4 (0.967) 189.6
@ [ Middle col. | 182.0 (0.988) 184.3
®] Right col. | 190.5 (1.008) 188.9
@] Left col. | 159.0 (0.962) 165.2
|® | Middle col. | 166.3 (1.008) 165.0
®| Right col. | 167.2 (1.011) 165.3
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Fig. 10. 14-story 8-bay sample frame.
(a) Stiffness ratio
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Fig. 10. (continued)
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Fig. 11. Sample frames with unbalanced distribution of column rigidity or axial force.
(a) Sample frame with unbalanced column rigidity
(b) Sample frame with unbalanced column axial force

Table 3. Buckling strengths of 3-story partial frames: Examples 1, 2 and 3 (kN)

Sample Reference story Approx.| Exact
frame |1ststory] 2nd | 3rd | 4th | 5th | 6th | method] analysis
Example ] . |149.3 ({3093-3) 149.1|171.5| - (ﬁ%% 134.9
Exampled . |2002| 198 2005|2320| . | 15| 1915
Example 3 . |19703 (}?(551187) 22001 | 22257| 23551 (2193§g) 19267
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Table 4. Buckling strengths of 3-story partial frames: Example 4, unbalanced rigidity (kN)

Sample frame | _ )
and unbalanced| 1eft |Middle| Right | (I) | (II) | (V) ) VD
column Tr col. col. col.
o
184.4  197.1 [ 200.2 | 200.1 | 204.1 4th story,
O Left col. (0.973)((1.039){(1.056){(1.055)(1.077) 1896 | et col. | 4th story
Middle |187.2]186.3|194.6 | 190.0 | 187.8 3rd story,
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Table 5. Buckling strengths of 3-story partial frames: Example 5, unbalanced axial force (kN)

Sample frame (8]

and unlgﬁmd Leféo ) Midéiolle: Rigl&t)l. m | anp | avy | (VD

©| Left col. .:(1).69%3).(1@;) (1053)0 97040926) 1552 | Lopony | e story

O | Middle, .(ifsogzé);(?()sdg) (i%%g).(iét)géé)l(i.ﬁ()szg)ﬂ 164.9 ﬁfft:sly 3rd story
O,
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