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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.

3.2. Stability verification under combined loading

Columns subjected to combined compression and bending must be verified for

combined buckling stability only if:

ത𝑚𝑎𝑥  0.2    𝑎𝑛𝑑    
𝑁𝑠𝑑

𝑁𝑏.𝑅𝑑
> 0.1 

With: ത𝑚𝑎𝑥 = max (ത𝑦;ത𝑧)

𝑁𝑏.𝑅𝑑 =  𝑚𝑖𝑛. 𝐴.𝑓𝑦

𝛾𝑀1
     𝑎𝑛𝑑       𝑚𝑖𝑛 = min (𝑦;𝑧) 

Figure 3.1. Column subjected to combined compression
and bending
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Verification shall be performed by ensuring that:

 for Class 1 and 2 cross-sections

 For a column subjected to NSd and My,Sd, it must be verified that:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑀𝑝𝑙,𝑦
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑊𝑝𝑙,𝑦 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.1)

 For a column subjected to NSd and Mz,Sd, it must be verified that:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑧 . 𝑀𝑧,𝑆𝑑
𝑀𝑝𝑙,𝑧
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑦,𝑆𝑑
𝑊𝑝𝑙,𝑧 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.2)

 For a column subjected to NSd, My,Sd and Mz,Sd, it must be verified that:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑀𝑝𝑙,𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑧,𝑆𝑑

𝑀𝑝𝑙,𝑧
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑊𝑝𝑙,𝑦 . 𝑓𝑦

𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑦,𝑆𝑑
𝑊𝑝𝑙,𝑧 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.3)

With: 𝑀𝑝𝑙,𝑦 : the plastic design resistance moment about the y-y axis, 𝑀𝑝𝑙,𝑦 = 𝑊𝑝𝑙,𝑦 . 𝑓𝑦

𝑀𝑝𝑙,𝑧: the plastic design resistance moment about the z-z axis, 𝑀𝑝𝑙,𝑧 = 𝑊𝑝𝑙,𝑧 . 𝑓𝑦

𝑊𝑝𝑙,𝑦 Plastic Section Modulus about the y-y axis
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𝑊𝑝𝑙,𝑧 Plastic Section Modulus about the z-z axis

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

flexural deformation, are given by:

𝑘𝑦 = 1 − ቆ
𝜇𝑦

𝑦
.

𝑁𝑠𝑑

𝐴. 𝑓𝑦
ቇ                                            𝑤𝑖𝑡ℎ       𝑘𝑦 ≤ 1.5

𝜇𝑦 = ത𝑦. ൫2. 𝛽𝑀𝑦 − 4൯ + ቆ
𝑊𝑝𝑙,𝑦 − 𝑊𝑒𝑙,𝑦

𝑊𝑒𝑙,𝑦
ቇ        𝑤𝑖𝑡ℎ      𝜇𝑦 ≤ 0.9

𝑘𝑧 = 1 − ቆ
𝜇𝑧

𝑧
.

𝑁𝑠𝑑

𝐴. 𝑓𝑦
ቇ                                            𝑤𝑖𝑡ℎ       𝑘𝑧 ≤ 1.5

𝜇𝑧 = ത𝑧. (2. 𝛽𝑀𝑧 − 4) + ቆ
𝑊𝑝𝑙,𝑧 − 𝑊𝑒𝑙,𝑧

𝑊𝑒𝑙,𝑧
ቇ        𝑤𝑖𝑡ℎ      𝜇𝑧 ≤ 0.9

Note: the values of 𝜇𝑦 and 𝜇𝑧 can be negative

𝛽𝑀𝑦 and 𝛽𝑀𝑧 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
Grade S235 S275 S355

Section
Type Profile No. Class Profile No. Class Profile No. Class

HEA

100 to 240 1 100 to 160 1 100 to 120 1

260 to 300 2 180 to 240 2 140 to 160 2

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
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Example: a fixed-fixed beam subjected to a uniformly distributed load q.

𝛹 = 1  𝛽𝑀,𝛹 = 1.1; 𝛽𝑀,𝑄 = 1.3 ;  𝑀𝑄 =  ∆𝑀 = 𝑞.𝑙2

8
; ℎ𝑒𝑛𝑐𝑒 𝛽𝑀 = 𝛽𝑀,𝑄 = 1.3

 Class 3 sections: The formulas established for Class 1 and 2 sections remain

valid, provided that 𝑊𝑝𝑙,𝑦 =  𝑊𝑝𝑙. 𝑓𝑦 is replaced by 𝑊𝑒𝑙,𝑦 =  𝑊𝑒𝑙. 𝑓𝑦 . That is to say

 For a column subjected to NSd and My,Sd, the following must be verified:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑀𝑒𝑙,𝑦
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑊𝑒𝑙,𝑦 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.4)

 For a column subjected to NSd and Mz,Sd, the following must be verified:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑧 . 𝑀𝑧,𝑆𝑑
𝑀𝑒𝑙,𝑧
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑧,𝑆𝑑
𝑊𝑒𝑙,𝑧 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.5)

 For a column subjected to NSd, My,Sd and Mz,Sd, it must be verified that:

ቈ
𝑁𝑆𝑑

𝑁𝑏,𝑅𝑑
቉ + ൦

𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑀𝑒𝑙,𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑧,𝑆𝑑

𝑀𝑒𝑙,𝑧
𝛾𝑀1

൪ ≤ 1

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴. 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑦 . 𝑀𝑦,𝑆𝑑
𝑊𝑒𝑙,𝑦 . 𝑓𝑦

𝛾𝑀1

൪ + ൦
𝑘𝑧 . 𝑀𝑦,𝑆𝑑
𝑊𝑒𝑙,𝑧 . 𝑓𝑦

𝛾𝑀1

൪ ≤ 1                                        (3.6)

Note: For asymmetrical sections, the minimum values of Wel,y and Wel,z 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 NSd and My,Sd, it must be verified that:

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴𝑒𝑓𝑓 . 𝑓𝑦

𝛾𝑀1

൪ + ൦
𝑘𝑦 . (𝑀𝑦,𝑆𝑑 + 𝑒𝑁𝑦 . 𝑁𝑠𝑑

𝑊𝑒𝑓𝑓,𝑦 . 𝑓𝑦
𝛾𝑀1

൪ ≤ 1                                        (3.7)

 For a column subjected to NSd and Mz,Sd, it must be verified that:

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴𝑒𝑓𝑓 . 𝑓𝑦

𝛾𝑀1

൪ + ൦
𝑘𝑧 . (𝑀𝑧,𝑆𝑑 + 𝑒𝑁𝑧. 𝑁𝑠𝑑

𝑊𝑒𝑓𝑓,𝑧 . 𝑓𝑦
𝛾𝑀1

൪ ≤ 1                                        (3.8)

 For a column subjected to NSd, My,Sd and Mz,Sd, it must be verified that:

==> ൦
𝑁𝑆𝑑

𝑚𝑖𝑛.
𝐴𝑒𝑓𝑓. 𝑓𝑦

𝛾𝑀1

൪ + ൦
𝑘𝑦 . (𝑀𝑦,𝑆𝑑 + 𝑒𝑁𝑦 . 𝑁𝑠𝑑

𝑊𝑒𝑓𝑓,𝑦 . 𝑓𝑦
𝛾𝑀1

൪ + ൦
𝑘𝑧 . (𝑀𝑧,𝑆𝑑 + 𝑒𝑁𝑧 . 𝑁𝑠𝑑

𝑊𝑒𝑓𝑓,𝑧 . 𝑓𝑦
𝛾𝑀1

൪ ≤ 1                  (3.9)

With: 𝑁𝑏.𝑅𝑑 =  𝑚𝑖𝑛. 𝐴𝑒𝑓𝑓.𝑓𝑦

𝛾𝑀1
     𝑎𝑛𝑑       𝑚𝑖𝑛 = min (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, NSd = 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.


