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Chapter 3 : Calculation of members subjected to combined
buckling (buckling with bending)

3.1. Introduction

The columns of a steel building can be subjected to axial loads that may induce
compression and transverse loads that may induce bending.
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Figure 3.1. Column subjected to combined compression
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3.2. Stability verification under combined loading

Columns subjected to combined compression and bending must be verified for

combined buckling stability only if:

- Ngq

Amax > 0.2 and >01
b.Rd
With:  Zpmax = max(dy; 4,)
Af . :
Npra = Zmin'ﬁ and Xmin — mm(ZY’ZZ)
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Verification shall be performed by ensuring that:

> for Class 1 and 2 cross-sections

v" For a column subjected to Nsg and My,sq, it must be verified that:

<
Mpl,y

l Ngg4 l ky. M, sq
+
Np,ra
Ym1

NSd ky-MySd
==> + <1 (3.1)
A5 T Wy 5,
Xm

in" Y Ym1

v" For a column subjected to Nsq and M_sq, it must be verified that:

N. k, M
[ Sdl_l_ z z,Sd

Mpl,z

Ny ra
Ym1

NSd kz-My Sd
==> + —| <1 3.2
A.fy Woiz-fy 3.2
Zm

n’ Yy Ym1

v For a column subjected to Nsg, My sd and M;sq, it must be verified that:

N, k,.M k, M
Sd + y y,Sd + z z,Sd <1

Nb,ra Mpury Mpiz
Ym1 ) 471
N k,.M k, M

== [ |4 [ | e < (3.3)

P A.fy Wory - fy Woiz-fy

min’ Ym1 Ym1
With: M,,;,, : the plastic design resistance moment about the y-y axis, Mp,;,, = Wy, .f,
M, ,: the plastic design resistance moment about the z-z axis, My, = Wy, . f,

W, Plastic Section Modulus about the y-y axis
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Wy, Plastic Section Modulus about the z-z axis

The amplification factors ky or k; due to the applied axial force, which induces lateral

flexural deformation, are given by:

N
k,=1- <H_y;d>
Zy A.fy

iy = Ay (2. By —4) + <

with

W, —W
M) with p, < 0.9
Wel,y

Uz Nsd .
k,=1- (—. with  k, <15
Zz A'fJ/>
_ W, — W,
1, =y (2. By — B) + (%) with p, <0.9
el,z

Note: the values of u, and u, can be negative
Buy and By, are the equivalent uniform moment factors for flexural buckling. They must
be calculated from Table 3.1 based on the shape of the bending moment diagram

between the points of restraint.

Table 3.1- Classification of HEA sections under pure bending

Bending Only around y-y / z-z
Steel 5235 275 355
S1e_§ggn Profile No. Class Profile No. Class Profile No. Class
100 to 240 1 100 to 160 1 100to 120 1
260 to 300 2 180 to 240 2 140 to 160 2
HEA 320 to 500 1 260 to 300 3 180 to 340 3
550 to 600 1 340 to 450 1 360 2
650 to 1000 1 500 to 1000 1 400 to 1000 1
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Table 3.2 - Selection of the uniform moment factor and axis of bending
Diagramme de moment Facteurs de moment uniform
e _El S | équivalent Bm
Moments d'extrémités
N Buy=18-07V
My EASO0N N - A%
1RO v M,
-1<sy<i

Moments dus a des charges latérales

Y
Mq

ﬂwvw—'

Mg

Puo=13

Buo=14

Moments dus & des charges latérales
plus des moments d'extrémiteés

. -

Mg=1max M|

iaM:

M,
Pr=Bay + A f,., (Bmo=Bmy)

dd aux charges
latérales seulement

pour diagramme de moment
sans changement de signe

P

I max M|~
Imax M| + | min M|

i
|

pour diagramme de moment
avec changement de signe
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Example: a fixed-fixed beam subjected to a uniformly distributed load q.
2
W =1= By =11 g =13; My = AM =% hence fyy = o = 1.3
> Class 3 sections: The formulas established for Class 1 and 2 sections remain

valid, provided that W,,,,, = W,,.f, is replaced by W,,,, = W,,.f, . Thatis to say

v For a column subjected to Nsq and My sq, the following must be verified:

[ Ngg4 l ky. M, sq
+ =
M el,y

Np ra
Ym1

NSd ky-My Sd
==> + —|<1 3.4
A.fy Wery - fy 3.4)
Am

in" Y Ym1

v For a column subjected to Nsq and M;sq, the following must be verified:

NSd + kz-Mz,Sd 1
Nb,Rd Mel,z o
Ym1
NSd kz-MzSd
A. fy Wel,z -fy ( )
Amin' Yag Ym1
v For a column subjected to Nsg, My sd and M;sq, it must be verified that:
N. k, M k,. M
Sd + y y,Sd + z z,Sd <1
Np,ra Mery Me,
Ym1 Ym1
N, k, M k, M
==> 54|y (s [ vsd ) g (3.6)
A-fy Wel,y-fy Wel,z-fy
Amin' Yprg Ym1 Ym1

Note: For asymmetrical sections, the minimum values of Weyand Wei; are used.
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> Class 4 sections

The formulas become, by introducing effective sections and modules, i.e.:
« For a column subjected to Nsq and My,sq, it must be verified that:

—= NSd ky. (My,Sd + eNy.Nsd <1 (3 7)
' Aeff'fy Weff,y 'fy B
min’ - Yuq Ym1

« For a column subjected to Nsq and M sq, it must be verified that:

—=> NSd kz- (Mz,Sd + eNz-Nsd <1 (3 8)
' Aeff' fy Weff,z 'fy -
mn’ o Yuyq Ym1

o For a column subjected to Nsg, Myss and Mzsq, it must be verified that:

—= Nsq ky- (My,Sd + eNy-Nsd k. (Mz,Sd + eyz. Ngg <1 (3.9)
' Aeff' fy Weff,y 'fy Weff,z 'fy
mn’ Yy Ym1 Ym1
. Acrr-fi :
With: Ny ra = Zmin'ﬁ and  y . = mln(;(y;;(z)

Exercise No. 1: Consider a column with an HEA340 profile made of S235 grade steel,

simply supported (in both planes) with a span of L = 9.00 m. It is subjected to an axial
compression force, Ns¢ = 400 kN, and a transverse bending load applied in the plane
perpendicular to y-y, qu = 20 KN/m. Verify the resistance of this beam-column to flexural

buckling.
HEA 340 1‘-\' J_N
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