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3.2 COLUMN BUCKLING

Consider a long slender compression member. If an axial load P is applied and increased

the critical buckling load of the column.
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slowly, it will ultimately reach a value Pcr that will cause buckling of the column. Pc, is called
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3.2 COLUMN BUCKLING

Consider a long slender compression member. If an axial load P is applied and increased 
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slowly, it xx"ill ultimately reach a value PCT that will cause buckling of the column. Pcr is called 

ZZ?<^

the critical buckling load of the column.

The difference between beam buckling and 
column buckling-Column case.
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Effective length method-Appendix-7-AISC.

APPENDIX 7
ALTERNATIVE METHODS OF DESIGN 

FOR STABILITY

The effective length method and first-order analysis method are addressed in this Appendix 
as alternatives to the direct analysis method, which is presented in Chapter C. These alter­
native methods of design for stability can be used when the limits on their use as defined in 
Appendix 7, Sections 7.2.1 and 7.3.1. respectively, are satisfied.

The effective length. L< - KL. for column buckling based upon elastic (or inelastic) 
stability theory, or alternatively the equivalent elastic column buckling stress. Fr = 
n2E/(L<./rp. is used to calculate an axial compressive strength. Pe. through an 
empirical column curve that accounts for geometric imperfections and distributed 
yielding (including the effects of residual stresses). This column strength is then 
combined with the available flexural strength. A/,., and second-order member forces. 
Pr and Afr, in the beam-column interaction equations.

Lp Effective Length of member, in. (mm).............................................................. E2
Lpr Effective Length of member for buckling about x-axis. m.(mnn)..................E4

Effective Length of member for buckling about y-axis. m.(mm).................E4
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16.1 570 EFFECTIVE I.EXGT1I METHOD [Comm 12.

Effective length method-Table C-A-7.1-AISC.
f 1

iprox ■ mate Values o1
T
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Length Factor, 9<
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Lp Effective Length of member, in. (mm)..............................................................E2
Lpr Effective Length of member for buekJmg about x-axis. in. (mm}..................E4

Effective Length of member for budding about y-axis. in. (mm}.................E4

Elastic buckling stress using E, Lc, and r.

F, ■ clastic buckling stress determined according to Equation E3—I. os specified 
in Appendix 7. Section 7.2.5(b), or through an elastic buckling analysis, as 
applicable. ksi (MPa)

„ __ __

Fv = specified minimum yield stress of the type of steel being used, ksi (MPa) 
r « radius of gyration, in. (mm)
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Local buckling and general buckling

l Beginner's Guide to the Steel Construction Manual, 15th ed. I

Chapter 6 - Buckling Concepts
©2006, 2008, 2011,. 2017 T. Bartlett Quimby
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The difference between the week and the strong column buckling.
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Determine the buckling strength of a W 12 x 50 column. Its length is 20 
ft. For minor-axis buckling, it is pinned at both ends. For major buckling,

Sol^k'tOY}
V

yf) o y(v tv) f

DA solved problem for the 
column's buckling.

is it pinned at one end and fixed at the other end?
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The value of the compression force for 
buckling in the x-direction

Table 1-1 (continued) 
W-Shapes

//J/2 / 2) D Properties

Nom-
CompactSection Axis X-X AxisY-Y h.

TorsionalProperties
Wt Criteria

c.Hl.
h / s r z / s r z j

Ib/tt 2fr U in.4 in.3 in. in.3 in.4 in.’ in. in.3 in. in. in.4 in*

58 7.82 27.0 <75 780 528 864 107 214 251 125 281 116 210 1570
53 8.69 281 <25 70.6 523m 958 192 248 291 279 11.5 1.58 1160

50 6.31 268 391 642 5.18 71.9 563 119 196 211 225 118 1.71 1880
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------  The value of the compression force for 
buckling in the Y-direction

Table 1-1 (continued)
W-Shapes

//V/2 /, 0 Properties

z
in.3

Nom­
inal
Wt

ib/ft

CompactSection Criteria
A 
2tf

z
in?

/
in.4

r
in.
251
248

Axis X-X
S

in.3

AxisY-Y
~S~ 
in?
21.4
192

r
in.
528
523
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Notes:

Minor axis buckling usually governs for all doubly symmetric cross-sections. However, for

some cases, major (x) axis buckling can govern.

Note that the steel yield stress was irrelevant for calculating this buckling strength.

3.3 INELASTIC COLUMN BUCKLING

will cause a uniform stress f — Pcr/A in the cross-section

The calculated value of/'is ^vithin the elastic range for a 50 ksi yield stress material.

However, if the unsupported length was only 10 ft., P would be calculated as

1119 kips, and/* = 76.6 kips.

Yielding prior to buckling
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For \V12 x 50, A = 14.6 in*. Therefore, for Per = 279.8 kips;/'= 19.16 ksi

. jo- S') otSo
• Let us consider the previous example According to our calculations Pcj = 279.8 kips This



J

Determine the buckling strength of a W12 x 50 steel column.
Its length is 20 ft. For major axis buckling, it is pinned at both ends. For minor buckling, is it 
pinned at one end and fixed at the other end.

J ..

A solved problem, the same as the previous but with a change of 
column orientation
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Table 1-1 (continued) 
W-Shapes 

/ 75 0 Properties

X —x

Nom-
CompactSection Axis X-X AxisY-Y IL

TorsionalProperties
Wt Criteria

c.Hl.
h / s r z / s r z j

Ib/tt 2* U in.4 in.3 in. in.3 in.4 in.’ in. in.3 in. in. in.4 in*

58 7.82 27.0 <75 780 528 864 107 214 251 125 281 116 210 1570
53 8.69 281 <25 70.6 523m 958 192 248 291 279 11.5 1.58 1160

50 6.31 268 391 642 5.18 71.9 563 119 196 211 225 118 1.71 1880

The value of the compression force for 
buckling in the X-direction Prepared by Eng. Maged Kamel.
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The value of the compression force for 
buckling in the Y-direction

W-Shapes
2^/2 / ‘O 0 Properties

Nom-
CompactSection Axis X-X AxisY-Y IL

TorsionalProperties
Wt Criteria c.Hl.

h / s r z / s r z j

Ib/ft 2* U in.4 in.3 in. in.3 in.4 in.’ in. in.3 in. in. in.4 in*
58 7.82 27.0 <75 780 528 864 107 214 251 125 281 116 210 1570
53 8.69 281 <25 70.6 523m 958 192 248 291 279 11.5 158 1160

50 6.31 268 391 642 5.18 71.9 563 119 196 211 225 116 1.71 1880



Types of bracing for frames

X bc&cz

X-bracc

X
- ■ ■■ ■

chevron or A'-brace shear wall

a. bracedfrumex
----------A------------------------------------------------------------------

Prepared by Eng. Maged Kamel.
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