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Lecture 9-10

- Flexural Members

✓ -I- Laterally Restrained Beams

✓ II- Laterally Unrestrained Beams 

- Beam-Column Members
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• Axial force members are, in practice, subjected to 

axial load as well as bending in either or both the 

axis of the cross section. 

• Similarly flexural members may also be subjected to 

axial load. 

• In either case, a member subjected to both 

significant axial and bending stresses is termed as 

Beam-Column Members.
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Introduction: Beam-Column Members

• The behavior of such members results from 

the combination of both effects and varies with 

slenderness.
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Introduction: Beam-Column Members

A member subjected to both significant axial 

and bending stresses is termed as Beam-

Column Members.
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• 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.

• At high slenderness range, buckling is dominated by 

elastic behavior, failure tending to occur by flexural 

buckling (typical of members in pure compression) 

or by lateral-torsional buckling (typical of members 

in bending).
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Introduction: Beam-Column Members

• The behavior of a member under bending and axial force 

results from the interaction between instability and plasticity 

and is influenced by geometrical and material imperfections. 

Therefore very complex.
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The verification of the safety of members subject to 

bending and axial force is made in two steps:

• Verification of the resistance of cross sections .

• Verification of the member buckling resistance (in 

general governed by flexural or lateral-torsional 

buckling).
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Introduction: Beam-Column Members
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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.
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Cross Section Resistance : M-N interaction
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• 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.

• For a cross section subjected to N + M, a general 

procedure may be established to evaluate the plastic 

bending moment resistance MN.Rd, reduced by the presence 

of an axial force N.
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Cross Section Resistance : M-N interaction
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Cross Section Resistance : M-N interaction

• Although the interaction formulae are easy to obtain by 

applying the general method, the resulting formulae 

differ for each cross sectional shape and are often not 

straightforward to manipulate.
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Cross Section Resistance : M-N interaction

• Historically, several approximate formulae have been 

developed, and, Villette (2004) proposed an accurate 

general formula, applicable to most standard cross 

sections. with an axis of symmetry with respect to the 

axis of bending, given by:

• wpl =Wpl/We is the ratio between the plastic bending modulus and the elastic modulus,

• k=v/i is the ratio between the maximum distance v from an extreme fiber to the elastic 

neutral axis and the radius of gyration i of the section about the axis of bending.
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Cross Section Resistance : M-N interaction

• For a circular hollow section, the following exact 

expression may be established (Lescouarc'h, 1977): :

• Interaction formulae for axial force and bi-axial bending have usually 

the following general format:

For I or H cross sections 

subjected to N + My + Mz,

For RHS cross subjected 

to N + My + Mz,

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/Steel Structures2 Prof.Dr. Nael M. Hasan

Cross Section Resistance : Design Resistance

EC1993-1-1 Provisions

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. But in all case the following shall be satisfied;

MEd is the design bending moment and MN.Rd represents the design plastic 

moment resistance reduced due to the axial force NEd

Class 1 or 2 sections

For rectangular solid sections under uni-axial bending and axial force, MN,Rdis

given by
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Cross Section Resistance : Design Resistance

For rectangular solid sections under uni-axial bending and 

axial force, MN,Rdis given by

For  low values  of  axial  force,  the  reduction  of  the  plastic  moment resistance  

is not  significant, as  can  be  seen.
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Cross Section Resistance : Design Resistance
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Buckling Resistance: Introduction
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Buckling Resistance: Design Resistance
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Buckling Resistance: Design Resistance
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Buckling Resistance: Design Resistance
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Buckling Resistance: Design Resistance-interaction factors
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Design According to EC3: 

Section classification for sections under bending and axial force
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Design According to EC3: 

Section classification for sections under bending and axial force
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