
Design of Beam-Columns 
 
The below Figure shows examples of members subject to bending and axial 

force. The behaviour of such members results from the combination of both 

effects and varies with slenderness. At low slenderness, the cross sectional 

resistance dominates. With increasing slenderness, pronounced second-order 

effects appear, significantly influenced by both geometrical imperfections and 

residual stresses. Finally, in the high slenderness range, buckling is 

dominated by elastic behaviour, failure tending to occur by flexural buckling 

(typical of members in pure compression) or by lateral-torsional buckling. 

 

The behaviour of a member under bending and axial force results from the 

interaction between instability and plasticity and is influenced by geometrical 

and material imperfections. The behaviour is therefore very complex.  

The verification of the safety of members subject to bending and axial force is 

made in two steps: 

1. Verification of the resistance of cross sections. 

2. Verification of the member buckling resistance (in general governed by 

flexural or lateral-torsional buckling). 

1- Cross section resistance 

The cross section resistance is based on its plastic capacity (class 1 or 2 sections) 

or on its elastic capacity (class 3 or 4 cross sections). When a cross section is 

subjected to bending moment and axial force (N + My, N + Mz or even N + My 

+ Mz), the bending moment resistance should be reduced, using interaction 

formulas. The interaction formulae to evaluate the elastic cross section capacity 

are the well known formulae of simple beam theory, valid for any type of cross 



section. However, the formulae to evaluate the plastic cross section capacity are 

specific for each cross section shape. 

Design resistance 

Clause 6.2.9 provides several interaction formulae between bending moment and 

axial force, in the plastic range and in the elastic range. These are applicable to 

most cross sections. 

1. Class 1 or 2 sections 

In class 1 or 2 cross sections, the following condition should be satisfied (clause 

6.2.9.1(2)): 

 

where MEd is the design bending moment and MN,Rd represents the design plastic 

moment resistance reduced due to the axial force NEd. 

 For I or H sections, rolled or welded, with equal flanges and where 

fastener holes are not to be accounted for, the reduced plastic moment 

resistances, MN,y,Rd and MN,z,Rd  about the y and z axis respectively can be 

obtained from clause 6.2.9.1(5): 

 

 For circular hollow sections 

 



 For rectangular hollow sections of uniform thickness and for welded box 

sections with equal flanges and equal webs and where fastener holes are 

not to be accounted for, the reduced plastic moment resistances, can also 

be obtained from clause 6.2.9.1(5): 

 

 

 .            .  

 For doubly symmetrical I- and H-sections or other flanges sections, 

allowance need not be made for the effect of the axial force on the plastic 

resistance moment about the y-y axis when both the following criteria are 

satisfied: 

 For doubly symmetrical I- and H-sections, allowance need not be made for the 
effect of the axial force on the plastic resistance moment about the z-z axis when: 

 



 In a cross section under bi-axial bending and axial force, the N + My + 

Mz interaction can be checked by the following condition: 

 
where  and  are parameters that depend on the shape of the cross section and 

MN,y,Rd and MN,z,Rd are the reduced plastic moments resistances around y and z, 

respectively, evaluated as previously described. The values of α and  are given as 

follows in clause 6.2.9.1(6): 

 

2. Class 3 or 4 cross sections 

In class 3 or 4 cross sections, the interaction between bending and axial force requires 

that the following condition be checked: 

where σx,Ed  is the design value of the local longitudinal stress due to bending 

moment and axial force. This stress is evaluated by an elastic stress analysis, based 

on the gross cross section for class 3 cross sections, and on a reduced effective 

cross section for class 4 sections. 

 
 

  



2- Buckling Resistance 

For a member under bending and compression, besides the first-order moments and 

displacements (obtained based on the un-deformed configuration), additional 

second-order moments and displacements exist (“P-” effects); these should be taken 

into account. The below figure illustrates the behaviour of a member, with an initial 

bow imperfection defined by a transverse displacement e0, subject to bending 

moment and axial compression; the bending moment diagram includes the first order 

moments and the second order moments that result from the lateral deformation. 

 

The present approach of EC3-1-1 is based on a linear-additive interaction formula. 

According this approach, the effects of the axial compression and the bending 

moments are added linearly and the non-linear effects of the axial compression are 

taken into account by specific interaction factors. 

where N, My and Mz are the applied forces and Nu, Muy and Muz are the design 

resistances, that take in due account the associated instability phenomena. Members 

with high slenderness subjected to bending and compression, may fail by flexural 

buckling or lateral-torsional buckling.  

 

 



Member stability (clause 6.3.3(1)) 

1- Members with closed hollow sections or open sections restrained to torsion 

are not susceptible to torsional deformation. Therefore, Members not 

susceptible to torsional deformation – checking of flexural buckling against 

y-axis and z-axis. Here, flexural buckling is the relevant instability mode. 

2- Members with open sections (I or H sections) are susceptible to torsional 

deformation. Therefore, checking of lateral-torsional buckling. Here, lateral 

torsional buckling tends to be the relevant instability mode. 

Based on (clause 6.3.3(4)) Flexural buckling and lateral-torsional buckling (doubly-

symmetric cross-section): 

 (Eq. 6.61 of EC3-1-1) 

 (Eq. 6.62 of EC3-1-1) 

where:  

- NEd, My,Ed and Mz,Ed are the design values of the axial compression force and 

the maximum bending moments along the member about y and z , 

respectively; 

- My,Ed and Mz,Ed  are the moments due to the shift of the centroidal axis on 

a reduced effective class 4 cross section; 

-  and  are the reduction factors due to flexural buckling about y and z, 

respectively, evaluated according to clause 6.3.1 or in sub- chapter 3.5; 

-  is the reduction factor due to lateral-torsional buckling, evaluated 

according to clause 6.3.2 or in sub-chapter 3.6 ( .  for members 

that are not susceptible to torsional deformation); 

- kyy, kyz, kzy and kzz are, interaction factors that depend on the relevant 

instability and plasticity phenomena, obtained through Annex A 
(Method 1 ) or Annex B (Method 2); 



- NRk = fy Ai ,  Mi,Rk = fy Wi  and Mi,Ed  are evaluated according to Table 6.7 
(depending  on the cross sectional class of the member). 

 

NOTE: 

For members not susceptible to torsional deformation  would be . . 

1- In members that are not susceptible to torsional deformation, it is 

assumed that there is no risk of lateral torsional buckling. The stability of the 

member is then verified by checking against flexural buckling about y and 

about z. This procedure requires application of expressions (Eq. 6.61) 

(flexural buckling around y) and (Eq. 6.62) (flexural buckling around z), 

considering .  and calculating the interaction factors kyy, kyz, kzy and 

kzz for a member not susceptible to torsional deformation. 

2- In members that are susceptible to torsional deformation, it is assumed 

that lateral torsional buckling is more critical. In this case, expressions (Eq. 

6.61) and (Eq. 6.62) should be applied, with  evaluated according to 

clause 6.3.2 or sub-chapter 3.6, and calculating the interaction factors for a 

member susceptible to torsional deformation. 

Previous studies indicated that the Annex A method provides more competitive 

solutions than those derived on the basis of the Annex B interaction coefficients kij. 

On average, approximately 10% gains in resistance may be observed. This is to be 

expected, since the Annex A method is presented as the ‘more exact’ one, and 

requires the greater calculation effort. It is suggested that for initial design purposes, 

Annex B would provide a quicker and more conservative solution, whilst for detailed 

design, or to check whether small increases in loading can be tolerated, the Annex A 

method would be more accurate. 



 

 



 

 

 

 

 



Worked Example 

Check the design of a 4.335 m beam-column member of the first storey building 
which is composed of a HEB 320 cross section in steel S 355. Design values are: NEd 

= 1704 kN;  My,Ed = 24.8 kNm, VEd = 29.4 kN at the base cross section. Assume 
Mcr=5045.1 kNm 

 

 

 

 

The relevant geometric characteristics of HEB 320 cross section are: A = 161.3 cm2; 

Wpl,y = 2149 cm3, Iy = 30820 cm4, iy = 13.82 cm; Iz = 9239 cm4, iz = 7.57 cm; IT = 

225.1 cm4 and IW = 2069 x 103 cm6. The mechanical characteristics of the material 

are fy = 355 MPa, E = 210 GPa and G = 81 GPa. 

1- Cross section classification 

Assume HEB 320 cross section is class 1 

 

 

 

 

 

 

 

 

 

 

 

 



2- Verification of the stability of the member 

As the member is susceptible to torsional deformations (thin-walled open cross 

section), it is assumed that lateral-torsional buckling constitutes the relevant 

instability mode. Since Mz,Ed = 0, the following conditions must be verified: 

 

Step 1: characteristic resistance of the cross section 

 

Step 2: reduction coefficients due to flexural buckling,  and  

 

 

 

 

 

 

 

 

 

 

 

 

 



Step 3: calculation of the  using the alternative method applicable to rolled or 

equivalent welded sections (clause 6.3.2.3 of EC3-1-1). 

The length between braced sections is L = 4.335 m.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 4: interaction factors kyy and kzy. 

The equivalent factors of uniform moment Cmy and CmLT are obtained based on the 

bending moment diagram, between braced sections according to the z direction in 

case of Cmy and laterally in case of CmLT. Assuming the member braced in z direction 

and laterally just at the base and top cross sections, the factors Cmy and CmLT must be 

calculated based on the bending moment diagram along the total length of the 

member. 



 

 

 

 

 

Because the member is susceptible to torsional deformations, the interaction factors 

kyy and kzy are obtained from Table B.2 of EC3-1-1, through the following 

calculations: 

 

 

 

 

 

 

 

 

 

Step 5: Finally, the verification of equations 6.61 and 6.62 of EC3-1-1 yields:  


