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Foreword

This document (prEN 1993-1-1: 2003) has been prepared by Technical Committee CEN/TC 250 " Structural
Eurocodes', the secretariat of which is held be BSI.

This document is currently submitted to the Formal Vote.

This document will supersede ENV 1993-1-1.

Background of the Eurocode programme

In 1975, the Commission of the European Community decided on an action programme in the field of
construction, based on article 95 of the Treaty. The objective of the programme was the elimination of
technical obstacles to trade and the harmonisation of technical specifications.

Within this action programme, the Commission took the initiative to establish a set of harmonised technical
rules for the design of construction works which, in afirst stage, would serve as an alternative to the national
rulesin forcein the Member States and, ultimately, would replace them.

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member
States, conducted the development of the Eurocodes programme, which led to the first generation of
European codesin the 1980s.

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an agreement®
between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to the
CEN through a series of Mandates, in order to provide them with a future status of European Standard (EN).
This links de facto the Eurocodes with the provisions of all the Council’s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on construction products
— CPD — and Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and
equivalent EFTA Directivesinitiated in pursuit of setting up the internal market).

The Structural Eurocode programme comprises the following standards generally consisting of a number of
Parts:

EN 1990 Eurocode:  Basisof structura design

EN 1991 Eurocode 1. Actions on structures

EN 1992 Eurocode?2: Design of concrete structures

EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode4: Design of composite steel and concrete structures
EN 1995 Eurocode5: Design of timber structures

EN 1996 Eurocode6: Design of masonry structures

EN 1997 Eurocode7: Geotechnical design

EN 1998 Eurocode8: Design of structures for earthquake resistance

EN 1999 Eurocode9: Design of aluminium structures

Eurocode standards recognise the responsibility of regulatory authorities in each Member State and have
safeguarded their right to determine values related to regulatory safety matters at nationa level where these
continue to vary from State to State.

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN)
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89).
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Status and field of application of Eurocodes

The Member States of the EU and EFTA recognise that Eurocodes serve as reference documents for the
following purposes :

- asameans to prove compliance of building and civil engineering works with the essential requirements
of Council Directive 89/106/EEC, particularly Essential Requirement N°1 - Mechanical resistance and
stability - and Essential Requirement N°2 - Safety in case of fire;

- asabasisfor specifying contracts for construction works and related engineering services,

- asaframework for drawing up harmonised technical specifications for construction products (ENs and
ETAS)

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the
Interpretative Documents® referred to in Article 12 of the CPD, although they are of a different nature from
harmonised product standard®. Therefore, technica aspects arising from the Eurocodes work need to be
adequately considered by CEN Technical Committees and/or EOTA Working Groups working on product
standards with aview to achieving afull compatibility of these technical specifications with the Eurocodes.

The Eurocode standards provide common structural design rules for everyday use for the design of whole
structures and component products of both a traditional and an innovative nature. Unusua forms of
construction or design conditions are not specifically covered and additiona expert consideration will be
required by the designer in such cases.

National Standards implementing Eurocodes

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any
annexes), as published by CEN, which may be preceded by a National title page and National foreword, and
may be followed by aNational annex (informative).

The National Annex (informative) may only contain information on those parameters which are left openin
the Eurocode for national choice, known as Nationally Determined Parameters, to be used for the design of
buildings and civil engineering works to be constructed in the country concerned, i.e. :

- valuesfor partia factors and/or classes where aternatives are given in the Eurocode,

- valuesto be used where a symbol only is given in the Eurocode,

- geographical and climatic data specific to the Member State, e.g. snow map,

- the procedure to be used where alternative procedures are given in the Eurocode,

- references to non-contradictory complementary information to assist the user to apply the Eurocode.

Links between Eurocodes and product harmonised technical specifications (ENs
and ETAS)

There is a need for consistency between the harmonised technical specifications for construction products
and the technical rules for works®. Furthermore, al the information accompanying the CE Marking of the

According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for the
creation of the necessary links between the essential requirements and the mandates for hENs and ETAGSETAS.

% According to Art. 12 of the CPD the interpretative documents shall :
a) give concrete form to the essentia requirements by harmonising the terminology and the technical bases and indicating classes
or levels for each requirement where necessary ;
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of
calculation and of proof, technical rules for project design, €tc. ;
c) serveasareference for the establishment of harmonised standards and guidelines for European technical approvals.
The Eurocodes, de facto, play asimilar rolein thefield of the ER 1 and a part of ER 2.

4 See Art.3.3 and Art.12 of the CPD, aswell asclauses 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1.



prEN 1993-1-1: 2003 (E)

construction products which refer to Eurocodes should clearly mention which Nationally Determined
Parameters have been taken into account.

Additional information specific to EN 1993-1

EN 1993 isintended to be used with Eurocodes EN 1990 — Basis of Structural Design, EN 1991 — Actions on
structures and EN 1992 to EN 1999, when steel structures or steel components are referred to.

EN 1993-1 is the first of six parts of EN 1993 — Design of Steel Structures. It gives generic design rules
intended to be used with the other parts EN 1993-2 to EN 1993-6. It also gives supplementary rules
applicable only to buildings.

EN 1993-1 comprises eleven subparts EN 1993-1-1 to EN 1993-1-11 each addressing specific steel
components, limit states or materials.

It may also be used for design cases not covered by the Eurocodes (other structures, other actions, other
materials) serving as areference document for other CEN TC’s concerning structural matters.

EN 1993-1 isintended for use by

- committees drafting design related product, testing and execution standards,

clients (e.g. for the formulation of their specific requirements)

- designers and constructors
- relevant authorities

Numerical values for partial factors and other reliability parameters are recommended as basic values that
provide an acceptable level of reliability. They have been selected assuming that an appropriate level of
workmanship and quality management applies.
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National annex for EN 1993-1-1

This standard gives aternative procedures, values and recommendations for classes with notes indicating
where national choices may be made. Therefore the National Standard implementing EN 1993-1 should have
a National Annex containing al Nationally Determined Parameters to be used for the design of sted
structures to be constructed in the relevant country.

National choiceisallowed in EN 1993-1-1 through paragraphs:
- 23101

- 312

- 32101

- 3221

- 32301

- 3.23(3B

- 3241)B

- 5213

- 5.2.2(8)

- 53203

- 53.2(11)

- 53403

- 61(1)B

- 6.1(1)

- 632202
- 6.3.2.3(2)
- 6.3.23(2
- 6.324(1)B
- 6.3.24(2)B
- 6.3.3(5

- 6.34(1)

- 7.21(1)B

- 722(1)B

- 7.23(1)B

- BB.1.3(3)B
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General

1.1 Scope

1.1.1 Scope of Eurocode 3

(1)

Eurocode 3 applies to the design of buildings and civil engineering worksin steel. It complies with the

principles and requirements for the safety and serviceability of structures, the basis of their design and
verification that are given in EN 1990 — Basis of structural design.

)

Eurocode 3 is concerned only with requirements for resistance, serviceability, durability and fire

resistance of stedl structures. Other requirements, e.g. concerning thermal or sound insulation, are not
covered.

)

(4)

Eurocode 3 isintended to be used in conjunction with:
EN 1990 “Basis of structural design”
EN 1991 “Actions on structures’
ENs, ETAGs and ETAsfor construction products relevant for steel structures
EN 1090 “Execution of steel structures — Technical requirements’
EN 1992 to EN 1999 when steel structures or steel components are referred to

Eurocode 3 is subdivided in various parts:

EN 1993-1 Design of Steel Structures: General rules and rules for buildings.
EN 1993-2 Design of Sted Structures: Steel bridges.

EN 1993-3 Design of Steel Structures: Towers, masts and chimneys.

EN 1993-4 Design of Sted Structures: Silos, tanks and pipelines.

EN 1993-5 Design of Steel Structures: Piling.

EN 1993-6 Design of Sted Structures: Crane supporting structures.

()

EN 1993-2 to EN 1993-6 refer to the generic rules in EN 1993-1. The rules in parts EN 1993-2 to

EN 1993-6 supplement the generic rulesin EN 1993-1.

(6)

EN 1993-1 “General rules and rules for buildings’ comprises:

EN 1993-1-1 Design of Sted Structures: General rules and rules for buildings.

EN 1993-1-2 Design of Sted Structures: Structura fire design.

EN 1993-1-3 Design of Sted Structures : Cold-formed thin gauge members and sheeting.

EN 1993-1-4 Design of Steel Structures : Stainless steels.

EN 1993-1-5 Design of Steel Structures : Plated structural elements.

EN 1993-1-6 Design of Sted Structures: Strength and stability of shell structures.

EN 1993-1-7 Design of Steel Structures : Strength and stability of planar plated structures transversely

loaded.

EN 1993-1-8 Design of Steel Structures: Design of joints.
EN 1993-1-9 Design of Sted Structures: Fatigue strength of steel structures.
EN 1993-1-10 Design of Steel Structures : Selection of steel for fracture toughness and through-thickness

properties.

EN 1993-1-11 Design of Sted Structures: Design of structures with tension components made of stedl.
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1.1.2 Scope of Part 1.1 of Eurocode 3

(1) EN 1993-1-1 gives basic design rules for steel structures with material thicknessest > 3 mm. It also
gives supplementary provisions for the structural design of steel buildings. These supplementary provisions
areindicated by the letter “B” after the paragraph number, thus ( )B.

NOTE For cold formed thin gauge members and plate thicknessest < 3 mm see EN 1993-1-3.

(2) Thefollowing subjects are dealt with in EN 1993-1-1:
Section 1: Genera

Section 2; Basisof design

Section 3: Materials

Section 4: Durability

Section 5: Structural anadysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

(3) Sections1to 2 provide additiona clausesto those givenin EN 1990 “Basis of structural design”.
(4)  Section 3 deals with material properties of products made of low alloy structural steels.
(5) Section 4 gives genera rulesfor durability.

(6) Section 5 refers to the structural analysis of structures, in which the members can be modelled with
sufficient accuracy as line elements for global analysis.

(7)  Section 6 gives detailed rules for the design of cross sections and members.
(8) Section 7 givesrulesfor serviceability.
1.2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to
this European Standard only when incorporated in it by amendment or revision. For undated references the
latest edition of the publication referred to applies (including amendments).

1.2.1 General reference standards

EN 1090 Execution of steel structures— Technical requirements

EN 1SO 12944  Paints and varnishes — Corrosion protection of stedl structures by protective paint systems

EN 1461 Hot dip galvanised coatings on fabricated iron and stedl articles — specifications and test
methods

1.2.2 Weldable structural steel reference standards

EN 10025-1:2002 Hot-rolled products of structura steels - Part 1. General delivery conditions.

EN 10025-2:2002 Hot-rolled products of structural steels - Part 2: Technical delivery conditions for non-
aloy structurd steels.

EN 10025-3:2002 Hot-rolled products of structural steels - Part 3: Technical delivery conditions for
normalized / normalized rolled weldable fine grain structural steels.

10
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EN 10025-4:2002 Hot-rolled products of structural steels - Part 4: Technical delivery conditions for
thermomechanical rolled weldable fine grain structural steels.

EN 10025-5:2002 Hot-rolled products of structural steels - Part 5: Technical delivery conditions for
structura steels with improved atmospheric corrosion resistance.

EN 10025-6:2002 Hot-rolled products of structural steels - Part 6: Technical delivery conditions for flat
products of high yield strength structural steelsin the quenched and tempered condition.

EN 10164:1993 Steel products with improved deformation properties perpendicular to the surface of the
product - Technical delivery conditions.

EN 10210-1:2002 Hot finished structural hollow sections of non-aloy and fine grain structural steels —
Part 1: Technical delivery requirements.

EN 10219-1:2002 Cold formed hollow sections of structural steel - Part 1. Technical delivery
requirements.

1.3 Assumptions

(1) Inaddition to the general assumptions of EN 1990 the following assumptions apply:
- fabrication and erection complies with EN 1090

1.4 Distinction between principles and application rules

(1) Therulesin EN 1990 clause 1.4 apply.

1.5 Terms and definitions

(1) Therulesin EN 1990 clause 1.5 apply.

(2) Thefollowing terms and definitions are used in EN 1993-1-1 with the following meanings:

151

frame

the whole or a portion of a structure, comprising an assembly of directly connected structural elements,
designed to act together to resist load; this term refers to both moment-resisting frames and triangulated
frames; it covers both plane frames and three-dimensional frames

152
sub-frame
aframe that forms part of alarger frame, but is be treated as an isolated frame in a structural analysis

153

type of framing

terms used to distinguish between frames that are either:

- semi-continuous, in which the structural properties of the members and joints need explicit
consideration in the global analysis

- continuous, in which only the structura properties of the members need be considered in the global
analysis

- simple, in which the joints are not required to resist moments
154
global analysis

the determination of a consistent set of internal forces and moments in a structure, which are in equilibrium
with aparticular set of actions on the structure

11
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155

system length

distance in a given plane between two adjacent points at which a member is braced against latera
displacement in this plane, or between one such point and the end of the member

15.6

buckling length

system length of an otherwise similar member with pinned ends, which has the same buckling resistance as a
given member or segment of member

157

shear lag effect

non-uniform stress distribution in wide flanges due to shear deformation; it is taken into account by using a
reduced “effective” flange width in saf ety assessments

158

capacity design

design method for achieving the plastic deformation capacity of a member by providing additional strength
in its connections and in other parts connected to it

15.9
uniform member
member with a constant cross-section along its whole length

1.6 Symbols

(1) For the purpose of this standard the following symbols apply.
(2) Additional symbols are defined where they first occur.
NOTE Symbols are ordered by appearancein EN 1993-1-1. Symbols may have various meanings.

Section 1

X-X  axisaong a member

y-y axisof across-section

z-z axisof across-section

u-u  major principal axis (where this does not coincide with the y-y axis)
v-v  minor principal axis (where this does not coincide with the z-z axis)
b width of across section

h depth of across section

d depth of straight portion of aweb

tw web thickness

ts flange thickness

r radius of root fillet

ri radius of root fillet

ry toeradius

t thickness

Section 2
P«  nominal value of the effect of prestressing imposed during erection
Gy nominal value of the effect of permanent actions

12
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Xk  characterigtic values of material property

Xn  nomina values of materia property

Ry  design vaue of resistance

R«  characteristic value of resistance

Y  genera partial factor

Yvi  particular partial factor

yve  partia factor for fatigue

n conversion factor

ag  design value of geometrical data

Section 3

fy yield strength

fu ultimate strength

Ren  yield strength to product standards

Rm  ultimate strength to product standards

Ao original cross-section area

g, yieldsdtran

€ Ultimatestrain

Zgg required design Z-value resulting from the magnitude of strains from restrained metal shrinkage under
the weld beads.

Zrq available design Z-value

E modulus of elasticity

G shear modulus

v Poisson’ sratio in elastic stage

o coefficient of linear thermal expansion

Section 5

oy factor by which the design loads would have to be increased to cause eagtic instability in a global
mode

Feqs  design loading on the structure

F.i €lastic critical buckling load for global instability mode based on initial elastic stiffnesses

Heq design value of the horizontal reaction at the bottom of the storey to the horizontal loads and fictitious
horizontal loads

Veqg total design vertical load on the structure on the bottom of the storey

Ones horizontal displacement at the top of the storey, relative to the bottom of the storey

h storey height

A nondimensiona slenderness

Negg design value of the axia force

[0} global initial sway imperfection

0o  basic valuefor globa initial sway imperfection

on  reduction factor for height h applicable to columns

h height of the structure

13
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o  reduction factor for the number of columnsin arow

m  number of columnsin arow

& maximum amplitude of a member imperfection

L member length

Nine  amplitude of elastic critical buckling mode

Ne  Shape of dastic critical buckling mode

&g design value of maximum amplitude of an imperfection

Mgk characteristic moment resistance of the critical cross section

Nrc Characteristic resistance to normal force of the critical cross section
o imperfection factor

El n, bending moment due to 0 at the critical cross section

X reduction factor for the relevant buckling curve

ayex  mMinimum force amplifier to reach the characteristic resistance without taking buckling into account
agir  Minimum force amplifier to reach the elastic critical buckling

q equivalent force per unit length

dq  in-plane deflection of abracing system

s  equivalent design force per unit length

Mgg  design bending moment

k factor for epg

€ strain

o stress

Gcom edMaXimum design compressive stressin an el ement

/ length

€ coefficient depending on f,

C width or depth of a part of across section

o portion of apart of across section in compression
1 stress or strain ratio

ks  plate buckling coefficient

d outer diameter of circular tubular sections
Section 6

Ymo  partial factor for resistance of cross-sections whatever the classis

ym1  partial factor for resistance of membersto instability assessed by member checks
Ymz  partial factor for resistance of cross-sectionsin tension to fracture

Oxeq design value of thelocal longitudinal stress

o,eq design value of thelocal transverse stress

Teg  design value of thelocal shear stress

Negg design normal force

My eq design bending moment, y-y axis

M,eq design bending moment, z-z axis

Nrg design values of the resistance to normal forces

14
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My rq design values of the resistance to bending moments, y-y axis
M,rq design values of the resistance to bending moments, z-z axis

S staggered pitch, the spacing of the centres of two consecutive holes in the chain measured parallel to
the member axis

p spacing of the centres of the same two holes measured perpendicular to the member axis

>

number of holes extending in any diagonal or zig-zag line progressively across the member or part of
the member

d diameter of hole
ey shift of the centroid of the effective area A« relative to the centre of gravity of the gross cross section

AMgq4 additional moment from shift of the centroid of the effective area A relative to the centre of gravity
of the gross cross section

Ag  effective area of across section

Nirs design values of the resistance to tension forces

Npra design plastic resistance to normal forces of the gross cross-section
Nura design ultimate resistance to normal forces of the net cross-section at holes for fasteners
A et areaof across section

Nret ra design plastic resistance to normal forces of the net cross-section

Ncra design resistance to normal forces of the cross-section for uniform compression
Mcrq design resistance for bending about one principa axis of a cross-section
W, plastic section modulus

W minminimum el astic section modulus

Wett min minimum effective section modulus

A¢ areaof thetension flange

Atne  Net areaof the tension flange

Vg design shear force

V.ra design shear resistance

Vra plastic design shear resistance

A, shear area

n factor for shear area

S first moment of area

I second moment of area

A, areaof aweb

A¢  areaof oneflange

Teq design value of total torsional moments

Tre design resistance to torsional moments

Tieg design value of interna St. Venant torsion

Tw, s design value of internal warping torsion

Tieg  design shear stressesdue to St. Venant torsion

Twed design shear stressesdue to warping torsion

Owed design direct stresses due to the bimoment Begy

Bes  bimoment

Vurra reduced design plastic shear resistance making allowance for the presence of atorsional moment

15
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p reduction factor to determine reduced design values of the resistance to bending moments making
allowance for the presence of shear forces

My, rgreduced design values of the resistance to bending moments making allowance for the presence of
shear forces

M, rareduced design values of the resistance to bending moments making allowance for the presence of
normal forces

ratio of design normal force to design plastic resistance to normal forces of the gross cross-section
ratio of web areato gross area

parameter introducing the effect of biaxial bending

parameter introducing the effect of biaxial bending

P ™R o >

y shift of the centroid of the effective area A« relative to the centre of gravity of the gross cross section
(y-y axis)

ey shift of the centroid of the effective area A relative to the centre of gravity of the gross cross section

(z-z axis)

West min minimum effective section modulus

Npra design buckling resistance of a compression member

X reduction factor for relevant buckling mode

@  vaueto determine the reduction factor

a0, a, b, ¢, d classindexes for buckling curves

N  elastic critical force for the relevant buckling mode based on the gross cross sectional properties

[ radius of gyration about the relevant axis, determined using the properties of the gross cross-section
A1 denderness value to determine the relative slenderness

At relative slenderness for torsional or torsional-flexural buckli ng
N 1r €lastic torsional-flexura buckling force

N7 elastic torsional buckling force

Mpra design buckling resi stance moment

y.r  reduction factor for lateral-torsiona buckling

@ 1 vaue to determine the reduction factor

o7t imperfection factor

Aur nondimensional slenderness for lateral torsional buckling
My elastic critical moment for lateral-torsional buckling

}_\,LT,O plateau length of the lateral torsional buckling curves for rolled sections

B correction factor for the lateral torsional buckling curves for rolled sections
YLT.mod Modified reduction factor for lateral-torsional buckling

f modification factor for y,r

k.  correction factor for moment distribution

U} ratio of moments in segment

L. length between lateral restraints

At equivaent compression flange slenderness
ir,  radiusof gyration of compression flange about the minor axis of the section
lgrs  effective second moment of area of compression flange about the minor axis of the section
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effective area of compression flange

At w cEffective area of compressed part of web

Aco
kf€

AM,
AM,

Oler,op

Nrk
My R
M Rk
Qm

L staple

Ich

slenderness parameter

modification factor

moments due to the shift of the centroidal y-y axis
moments due to the shift of the centroidal z-z axis
reduction factor due to flexural buckling (y-y axis)
reduction factor due to flexural buckling (z-z axis)
interaction factor
interaction factor
interaction factor
interaction factor

global non dimensional slenderness of a structural component for out-of-plane buckling

reduction factor for the non-dimensional slenderness 7_\40p

minimum load amplifier of the design loads to reach the characteristic resistance of the most critical
Cross section

minimum amplifier for the in plane design loads to reach the elastic critical resistance with regard to
lateral or lateral torsional buckling

characteristic value of resistance to compression

characterigtic value of resistance to bending moments about y-y axis
characteristic value of resistance to bending moments about z-z axis
local force applied at each stabilised member at the plastic hinge locations
stable length of segment

buckling length of chord

distance of centrelines of chords of a built-up column

distance between restraints of chords

angle between axes of chord and lacings

minimum radius of gyration of single angles

area of one chord of a built-up column

design chord force in the middle of a built-up member

design value of the maximum moment in the middle of the built-up member

effective second moment of area of the built-up member

shear stiffness of built-up member from the lacings or battened panel
number of planes of lacings

area of one diagonal of abuilt-up column

length of adiagonal of a built-up column

area of one post (or transverse element) of a built-up column

in plane second moment of area of a chord

in plane second moment of area of a batten

efficiency factor

17
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iy radius of gyration (y-y axis)

Annex A

Cny equivaent uniform moment factor

Cn: equivalent uniform moment factor

Cnt equivalent uniform moment factor

uy,  factor

u, factor

Ny elastic flexura buckling force about the y-y axis
Ne. €lastic flexura buckling force about the z-z axis

C,, factor
C,, factor
C, factor
C, factor
w,  factor
w, factor
nu  factor

Amex Maximum of A, and A,

bt factor
c.r factor
dr factor
er factor

vy,  ratio of end moments (y-y axis)

Chyo factor

Cmzo factor

ar factor

It St. Venant torsiona constant

ly second moment of area about y-y axis

Mi ed(X) maximum first order moment

[0x]  maximum member displacement along the member

Annex B
os factor
o, factor

Cn  equivalent uniform moment factor

Annex AB

Yo  partial factor for permanent loads

Gk  characterigtic value of permanent loads
Yo  partial factor for variable loads

Q« characteristic value of variable loads

18
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Annex BB

Aeir v effective slenderness ratio for buckli ng about v-v axis

Net y €effective slendernessratio for buckling about y-y axis

Leir . effective slenderness ratio for buckli ng about z-z axis

Cvf}R,k

Cock
Copk

system length

buckling length

shear stiffness provided by sheeting

warping constant

rotational stiffness provided by stabilising continuum and connections
factor for considering the type of analysis

factor for considering the moment distribution and the type of restraint

rotational stiffness provided by the stabilising continuum to the beam assuming a stiff connection to
the member

rotational stiffness of the connection between the beam and the stabilising continuum

rotational stiffness deduced from an analysis of the distorsional deformations of the beam cross
sections

stable length between adjacent lateral restraints

stable length between adjacent torsional restraints

stable length between a plastic hinge location and an adjacent torsional restraint
modification factor for moment distribution

modification factor for linear moment gradient

modification factor for non-linear moment gradient

distance between the centroid of the member with the plastic hinge and the centroid of the restraint
members

factor

factor

factor

ratio of critical values of axial forces

radius of gyration related to centroid of restraining member
ratio of the algebraically smaller end moment to the larger end moment
moment at a specific location of a member

moment at a specific location of a member

moment at a specific location of a member

moment at a specific location of a member

moment at a specific location of a member

maximum of R; or Rg

maximum value of bending moment anywhere in the length L,
taper factor

additional depth of the haunch or taper

maximum depth of cross-section within the length L,
minimum depth of cross-section within the length L,
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vertical depth of the un-haunched section
length of haunch within the length L,
length between restraints

1.7 Conventions for member axes

The convention for member axesis:

X-X - along the member

y-y - axisof the cross-section

)

- axis of the cross-section

For steel members, the conventions used for cross-section axes are;
generaly:
y-y - cross-section axis paraléel to the flanges
Z-z - cross-section axis perpendicular to the flanges
for angle sections:
y-y - axisparald tothe smaller leg
z-z - axisperpendicular to the smaller leg
where necessary:
u-u - major principal axis (where this does not coincide with the yy axis)
v-v - minor principal axis (where this does not coincide with the zz axis)

(3 Thesymbols used for dimensions and axes of rolled steel sections areindicated in Figure 1.1.
(49) The convention used for subscripts that indicate axes for moments is. "Use the axis about which the
moment acts."

20

NOTE All rulesin this Eurocode relate to principa axis properties, which are generally defined by
the axes y-y and z-z but for sections such as angles are defined by the axes u-u and v-v.
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Figure 1.1: Dimensions and axes of sections
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2 Basis of design

2.1 Requirements

2.1.1 Basic requirements

(1) Thedesign of sted structures shall be in accordance with the genera rules given in EN 1990.
(2) Thesupplementary provisions for steel structures given in this section shall aso be applied.

(3) The basic requirements of EN 1990 section 2 shall be deemed be satisfied where limit state design is
used in conjunction with the partial factor method and the load combinations given in EN 1990 together with
the actions given in EN 1991.

(4) Therulesfor resistances, serviceability and durability given in the various parts of EN 1993 should be
applied.

2.1.2 Reliability management

(1) Where different levels of reliability are required, these levels should preferably be achieved by an
appropriate choice of quality management in design and execution, according to EN 1990 Annex C and
EN 1090.

2.1.3 Design working life, durability and robustness

2131 Genera

(1) Depending upon the type of action affecting durability and the design working life (see EN 1990) stedl
structures should be

- designed against corrosion by means of

- suitable surface protection (see EN 1SO 12944)

- the use of weathering steel

- the use of stainless steel (see EN 1993-1-4)
- detailed for sufficient fatigue life (see EN 1993-1-9)
- designed for wearing
- designed for accidental actions (see EN 1991-1-7)
- inspected and maintained.

2132 Desgnworkinglifefor buildings

(DB The design working life should be taken as the period for which a building structure is expected to be
used for itsintended purpose.

(2)B For the specification of the intended design working life of a permanent building see Table 2.1 of
EN 1990.

(3B For structural elements that cannot be designed for the total design life of the building, see
2.1.3.3(3)B.

2133 Durability for buildings

(DB To ensure durability, buildings and their components should either be designed for environmental
actions and fatigue if relevant or else protected from them.
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(2B The effects of deterioration of material, corrosion or fatigue where relevant should be taken into
account by appropriate choice of material, see EN 1993-1-4 and EN 1993-1-10, and details, see
EN 1993-1-9, or by structural redundancy and by the choice of an appropriate corrosion protection system.

(3B If a building includes components that need to be replaceable (e.g. bearings in zones of soil
settlement), the possibility of their safe replacement should be verified as atransient design situation.

2.2 Principles of limit state design

(1) Theresistances of cross-sections and members specified in this Eurocode 3 for the ultimate limit states
as defined in EN 1990-3.3 are based on tests in which the material exhibited sufficient ductility to apply
simplified design models.

(2) The resistances specified in this Eurocode Part may therefore be used where the conditions for
materialsin section 3 are met.

2.3 Basic variables
2.3.1 Actions and environmental influences

(1) Actions for the design of sted structures should be taken from EN 1991. For the combination of
actions and partial factors of actions see Annex A to EN 1990

NOTE 1 The National Annex may define actions for particular regional or climatic or accidenta
situations.

NOTE 2B For proportional loading for incremental approach, see Annex AB.1.
NOTE 3B For simplified load arrangement, see Annex AB.2.
(2) Theactionsto be considered in the erection stage should be obtained from EN 1991-1-6.

(3 Where the effects of predicted absolute and differential settlements need to be considered, best
estimates of imposed deformations should be used.

(4) The effects of uneven settlements or imposed deformations or other forms of prestressing imposed
during erection should be taken into account by their nominal value Py as permanent actions and grouped
with other permanent actions G, from a single action (G + Py).

(5) Fatigue actions not defined in EN 1991 should be determined according to Annex A of EN 1993-1-9.
2.3.2 Material and product properties

(1) Material properties for steds and other construction products and the geometrical data to be used for
design should be those specified in the relevant ENs, ETAGs or ETASs unless otherwise indicated in this
standard.

2.4 Verification by the partial factor method

2.4.1 Design values of material properties

(1) For the design of stedl structures characteristic values Xx or nominal values X,, of material properties
shall be used asindicated in this Eurocode.

2.4.2 Design values of geometrical data

(1) Geometrica data for cross-sections and systems may be taken from product standards hEN or
drawings for the execution to EN 1090 and treated as nominal values.
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(2) Design values of geometrical imperfections specified in this standard are equivalent geometric
imperfections that take into account the effects of:

- geometrical imperfections of members as governed by geometrical tolerances in product standards or the
execution standard,

- structura imperfections due to fabrication and erection,
- residual stresses,
- variation of the yield strength.

2.4.3 Design resistances

(1) For sted structures equation (6.6¢) or equation (6.6d) of EN 1990 applies:
R 1
Ry=—=—R, (nlxkl;nixki;ad) (2.1

Tm M

where Ry isthe characteristic value of the particular resistance determined with characteristic or nominal
values for the materia properties and dimensions

v istheglobal partial factor for the particular resistance
NOTE For the definitions of 1y, 1;, X1, Xk and ag see EN 1990.
2.4.4 Verification of static equilibrium (EQU)
(1) The reliability format for the verification of static equilibrium in Table 1.2 (A) in Annex A of EN
1990 aso appliesto design situations equivalent to (EQU), e.g. for the design of holding down anchors or the
verification of uplift of bearings of continuous beams.
2.5 Design assisted by testing

(1) Theresistances Ry in this standard have been determined using Annex D of EN 1990.

(2) Inrecommending classes of constant partial factors yy; the characteristic values R, were obtained from
Rk = R4 ymi (22

where Ry aredesign values according to Annex D of EN 1990
vvi arerecommended partial factors.

NOTE 1 The numerica values of the recommended partia factorsyy; have been determined such that
R« represents approximately the 5 %-fractile for an infinite number of tests.

NOTE 2 For characteristic values of fatigue strength and partial factors yy for fatigue see
EN 1993-1-9.

NOTE 3 For characteristic values of toughness resistance and safety elements for the toughness
verification see EN 1993-1-10.

(3 Where resistances Ry for prefabricated products shall be determined from tests, the procedure in (2)
should be followed.
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3 Materials
3.1 General

(1) The nomina values of material properties given in this section should be adopted as characteristic
valuesin design calculations.

(2) This Part of EN 1993 covers the design of steel structures fabricated from steel material conforming to
the steel gradeslistedin Table 3.1.

NOTE For other sted material and products see National Annex.
3.2 Structural steel
3.2.1 Material properties

(1) The nominal values of the yield strength f, and the ultimate strength f, for structural steel shal be
obtained

a) either by adopting the valuesf, = R, and f, = R, direct from the product standard
b) or by using the smplification given in Table 3.1
NOTE The National Annex may give the choice.

3.2.2 Ductility requirements

(1) For steelsaminimum ductility is required that should be expressed in terms of limits for:

- the ratio f, / f, of the specified minimum ultimate tensile strength f, to the specified minimum yield
strength fy;

- the elongation at failure on a gauge length of 5,65,/A , (where A, isthe original cross-sectional area);

- theultimate strain €, where g, corresponds to the ultimate strength f,, .

NOTE Thelimiting values of theratio f,/ f, , the elongation at failure and the ultimate strain &, may
be defined in the National Annex. The following values are recommended:

- fu/fy, 2 1,10;
- elongation at failure not less than 15%;
- &,215¢,, whereg istheyield strain (g, = f, / E).

(2) Sted conforming with one of the steel grades listed in Table 3.1 should be accepted as satisfying these
requirements.

3.2.3 Fracture toughness

(1) Themateria shall have sufficient fracture toughness to avoid brittle fracture of tension elements at the
lowest service temperature expected to occur within the intended design life of the structure.

NOTE The lowest service temperature to be adopted in design may be given in the National Annex.

(2)  No further check against brittle fracture need to be made if the conditions given in EN 1993-1-10 are
satisfied for the lowest temperature.
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(3B For building components under compression a suitable minimum toughness property should be

selected.

NOTE B The National Annex may give information on the selection of toughness properties for
membersin compression. The use of Table 2.1 of EN 1993-1-10 for cgq = 0,25 f(t) is recommended.

(4) For selecting steels for members with hot dip galvanized coatings see EN 1064.

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for

hot rolled structural steel

Nominal thickness of the element t [mm]

Standard
and t<40 mm 40 mm <t < 80 mm
steel grade
f, [N/mm?] fu [N/mm?] f, [N/mm?] fu [N/mm?]

EN 10025-2

S235 235 360 215 360
S275 275 430 255 410
S355 355 510 335 470
S450 440 550 410 550
EN 10025-3

S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4

S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5

S23vW 235 360 215 340
S355W 355 510 335 490
EN 10025-6

S460 Q/QL/QL1 460 570 440 550
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strength f, for structural hollow sections

Nominal thickness of the element t [mm]

Standard
and t<40 mm 40 mm <t <65 mm
steel grade
fy, [N/mm?] fu [N/mm?] fy, [N/mm?] fu [N/mm?]

EN 10210-1

S235H 235 360 215 340
S2/5H 275 430 255 410
S355H 355 510 335 490
S 275 NH/NLH 275 390 255 370
S 355 NH/NLH 355 490 335 470
S 420 NH/NHL 420 540 390 520
S 460 NH/NLH 460 560 430 550
EN 10219-1

S235H 235 360

S2/5H 275 430

S355H 355 510

S275 NH/NLH 275 370

S 355 NH/NLH 355 470

S 460 NH/NLH 460 550

S 275 MH/MLH 275 360

S 355 MH/MLH 355 470

S 420 MH/MLH 420 500

S 460 MH/MLH 460 530

3.2.4 Through-thickness properties

(1) Where stedl with improved through-thickness properties is hecessary according to EN 1993-1-10, steel
according to the required quality classin EN 10164 should be used.

NOTE 1 Guidance on the choice of through-thickness propertiesis givenin EN 1993-1-10.

NOTE 2B Particular care should be given to welded beam to column connections and welded end
plates with tension in the through-thickness direction.

NOTE 3B The National Annex may give the relevant allocation of target values Zg4 according to
3.2(3) of EN 1993-1-10 to the quality classin EN 10164. The alocation in Table 3.2 is recommended

for buildings:

Table 3.2: Choice of quality class according to EN 10164

Target value of Required value of
Zgq according to Zgrq according to
EN 1993-1-10 EN 10164
Zeq< 10 —
10<Zg<20 Z15
20<Zg <30 Z25
Zgg>30 Z35
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3.2.5 Tolerances

(1) The dimensional and mass tolerances of rolled steel sections, structural hollow sections and plates
should conform with the relevant product standard, ETAG or ETA unless more severe tolerances are
specified.

(2) For welded components the tolerances given in EN 1090 should be applied.

(3) For gtructurd analysis and design the nominal values of dimensions should be used.

3.2.6 Design values of material coefficients

(1) The materia coefficients to be adopted in calculations for the structural steels covered by this
Eurocode Part should be taken as follows:

—  modulus of dasticity E =210 000N/ mm?

- shear modulus = E ~ 81000 N/ mm2
2(1+v)

- Poisson’sratio in elastic stage v=03

coefficient of linear thermal expansion o =12x10"° per°C (for T < 100 °C)

NOTE For calculating the structural effects of unequal temperatures in composite concrete-steel
structures to EN 1994 the coefficient of linear thermal expansion istaken as o. =10x107° per °C.

3.3 Connecting devices

3.3.1 Fasteners

(1) Requirementsfor fastenersare given in EN 1993-1-8.

3.3.2 Welding consumables

(1) Requirements for welding consumables are given in EN 1993-1-8.

3.4 Other prefabricated products in buildings

(1)B Any semi-finished or finished structural product used in the structural design of buildings should
comply with the relevant EN Product Standard or ETAG or ETA.

4 Durability

(1) Thebasic requirements for durability are set out in EN 1990.

(2) The means of executing the protective treatment undertaken off-site and on-site shall be in accordance
with EN 1090.

NOTE EN 1090 lists the factors affecting execution that need to be specified during design.
(3) Parts susceptible to corrosion, mechanical wear or fatigue should be designed such that inspection,

maintenance and reconstruction can be carried out satisfactorily to the design life and access available for in-
service inspection and maintenance.
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(4B For building structures no fatigue assessment is normally required except as follows:
a) Members supporting lifting appliances or rolling loads

b) Members subject to repeated stress cycles from vibrating machinery

¢) Members subject to wind-induced vibrations

d) Members subject to crowd-induced oscillations

(5) For elementsthat cannot be inspected an appropriate corrosion allowance should be included.

(6)B Corrosion protection does not need to be applied to internal building structures, if the internal relative
humidity does not exceed 80%.

5 Structural analysis
5.1 Structural modelling for analysis
5.1.1 Structural modelling and basic assumptions

(1) Analysisshall be based upon calculation models of the structure that are appropriate for the limit state
under consideration.

(2) The calculation moded and basic assumptions for the calculations shall reflect the structural behaviour
at the relevant limit state with appropriate accuracy and reflect the anticipated type of behaviour of the cross
sections, members, joints and bearings.

(3 The method used for the analysis shall be consistent with the design assumptions.

(4)B For the structural modelling and basic assumptions for components of buildings see also EN 1993-1-5
and EN 1993-1-11.

5.1.2 Joint modelling

(1) The effects of the behaviour of the joints on the distribution of internal forces and moments within a
structure, and on the overall deformations of the structure, may generaly be neglected, but where such
effects are significant (such as in the case of semi-continuous joints) they should be taken into account, see
EN 1993-1-8.

(2) To identify whether the effects of joint behaviour on the analysis need be taken into account, a
distinction may be made between three joint models as follows, see EN 1993-1-8, 5.1.1:

- simple, in which the joint may be assumed not to transmit bending moments;

- continuous, in which the stiffness and/or the resistance of the joint alow full continuity of the members
to be assumed in the analysis;

- semi-continuous, in which the behaviour of the joint needs to be taken into account in the analysis

(3) Therequirements of the various types of joints are given in EN 1993-1-8.

5.1.3 Ground-structure interaction
(1)  Account shal be taken of the deformation characteristics of the supports where significant.

NOTE EN 1997 gives guidance for calculation of soil-structure interaction.
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5.2 Global analysis

5.2.1 Effects of deformed geometry of the structure

(1) Theinterna forces and moments may generally be determined using either:
- first-order analysis, using the initial geometry of the structure or
- second-order analysis, taking into account the influence of the deformation of the structure.

(2) The effects of the deformed geometry (second-order effects) shall be considered if they increase the
action effects significantly or modify significantly the structural behaviour.

(3) First order analysis may be used for the structure, if the increase of the relevant internal forces or
moments or any other change of structural behaviour caused by deformations can be neglected. This
condition may be assumed to be fulfilled, if the following criterion is satisfied:

o, = E” >10 for elasticanalysis
FEd (5.1)
=—%>15 for plasticanalysis

Ed

o

cr

where o isthefactor by which the design loading would have to be increased to cause elastic instability
in agloba mode

Feq  isthe design loading on the structure

Fy is the dastic critical buckling load for globa instability mode based on initial elastic
stiffnesses

NOTE A greater limit for o for plastic anaysis is given in equation (5.1) because structural
behaviour may be significantly influenced by non linear material properties in the ultimate limit state
(e.g. where a frame forms plastic hinges with moment redistributions or where significant non linear
deformations from semi-rigid connections occur). Where substantiated by more accurate approaches
the National Annex may give alower limit for o, for certain types of frames.

(4B Porta frames with shallow roof slopes and beam-and-column type plane frames in buildings may be
checked for sway mode failure with first order analysis if the criterion (5.1) is satisfied for each storey. In
these structures o, may be calculated using the following approximative formula, provided that the axia
compression in the beams or raftersis not significant:

[ Hg h
o = ( VEd ] (SH,Ed j 2

where Hgq isthe design value of the horizontal reaction at the bottom of the storey to the horizontal loads
and fictitious horizontal loads, see 5.3.2(7)

Vegg isthetotal design vertical load on the structure on the bottom of the storey

Oneq IS the horizontal displacement at the top of the storey, relative to the bottom of the storey,
when the frame is loaded with horizontal loads (e.g. wind) and fictitious horizontal loads
which are applied at each floor level

h isthe storey height
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Figure 5.1: Notations for 5.2.1(2)

NOTE 1B For the application of (4)b in the absence of more detailed information aroof slope may be
taken to be shallow if it is not steeper that 1:2 (26°).

NOTE 2B For the application of (4)B in the absence of more detailed information the axial
compression in the beams or rafters may be assumed to be significant if

_ Af
xzos/Ny (5.3)
Ed

where Ngq isthe design value of the compression force,

A isthe inplane non dimensional slenderness calculated for the beam or rafters considered
as hinged at its ends of the system length measured along the beams of rafters.

(5) The effects of shear lag and of local buckling on the stiffness shall be taken into account if this
significantly influences the global analysis, see EN 1993-1-5.

NOTE For rolled sections and welded sections with similar dimensions shear lag effects may be
neglected.

(6) The effects on the globa analysis of the dip in bolt holes and similar deformations of connection
devices like studs and anchor bolts on action effects shall be taken into account, where relevant and
significant.

5.2.2 Structural stability of frames

(1) If according to 5.2.1 the influence of the deformation of the structure has to be taken into account (2)
to (6) should be applied to consider these effects and to verify the structural stability.

(2) Theverification of the stability of frames or their parts should be carried out considering imperfections
and second order effects.

(3 According to the type of frame and the global analysis, second order effects and imperfections may be
accounted for by one of the following methods:

a) both totally by the global analysis,

b) partialy by the global anaysis and partially through individual stability checks of members according to
6.3,

¢) for basic cases by individual stability checks of equivalent members according to 6.3 using appropriate
buckling lengths according to the global buckling mode of the structure.
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(4) Second order effects may be calculated by using an analysis appropriate to the structure (including
step-by-step or other iterative procedures). For frames where the first sway buckling mode is predominant
first order elastic analysis should be carried out with subsequent amplification of relevant action effects (e.g.
bending moments) by appropriate factors.

(5)B For single storey frames designed on the basis of elastic global analysis second order sway effects due
to vertical loads may be calculated by increasing the horizontal loads Heq (e.9. wind) and equivalent loads
Veq 0 due to imperfections (see 5.3.2(7)) and other possible sway effects according to first order theory by
the factor:

(5.4)
- 1
o

cr

provided that o, > 3,0,

where oy, may be calculated according to (5.2) in 5.2.1(4)B, provided that the roof dope is shalow and
that the axial compression in the beams or raftersis not significant as defined in 5.2.1(4)B.

NOTE B For o, < 3,0 amore accurate second order analysis applies.

(6)B For multi-storey frames second order sway effects may be calculated by means of the method given in
(5)B provided that all storeys have asimilar

- digtribution of vertical loads and
- digtribution of horizontal loads and
- digribution of frame stiffness with respect to the applied storey shear forces.

NOTE B For thelimitation of the method see aso 5.2.1(4)B.

(7)  In accordance with 5.2.2(3) the stability of individual members should be checked according to the
following:

a) If second order effects in individual members and relevant member imperfections (see 5.3.4) are totally
accounted for in the global analysis of the structure, no individual stability check for the members
according to 6.3 is necessary.

b) If second order effects in individual members or certain individual member imperfections (e.g. member
imperfections for flexural and/or lateral torsional buckling, see 5.3.4) are not totally accounted for in the
global anaysis, the individual stability of members shall be checked according to the relevant criteriain
6.3 for the effects not included in the global analysis. This verification should take account of end
moments and forces from the global analysis of the structure, including globa second order effects and
global imperfections (see 5.3.2) when relevant and may be based on a buckling length equal to the system
length

(8 Wherethe stahility of aframe is assessed by a check with the equivalent column method according to
6.3 the buckling length values should be based on a global buckling mode of the frame accounting for the
stiffness behaviour of members and joints, the presence of plastic hinges and the distribution of compressive
forces under the design loads. In this case internal forces to be used in resistance checks are calculated
according to first order theory without considering imperfections.

NOTE The National Annex may give information on the scope of application.
5.3 Imperfections
5.3.1 Basis

(1) Appropriate allowances shall be incorporated in the structural anaysis to cover the effects of
imperfections, including residual stresses and geometrical imperfections such as lack of verticality, lack of
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straightness, lack of flatness, lack of fit and any minor eccentricities present in joints of the unloaded
structure.

(2) Equivalent geometric imperfections, see 5.3.2 and 5.3.3, should be used, with values which reflect the
possible effects of all type of imperfections unless these effects are included in the resistance formulae for
member design, see section 5.3.4.

(3) Thefollowing imperfections should be taken into account:

a) global imperfections for frames and bracing systems
b) local imperfections for individual members

5.3.2 Imperfections for global analysis of frames

(1) The assumed shape of global imperfections and local imperfections may be derived from the eastic
buckling mode of a structure in the plane of buckling considered.

(2) Both in and out of plane buckling including torsional buckling with symmetric and asymmetric
buckling shapes should be taken into account in the most unfavourable direction and form.

(3) For frames sensitive to buckling in a sway mode the effect of imperfections should be alowed for in
frame analysis by means of an equivalent imperfection in the form of an initial sway imperfection and
individual bow imperfections of members. The imperfections may be determined from:

a) globa initial sway imperfections, see Figure 5.2:
& = o Oh Olm (5.9)
where ¢o isthebasic value: ¢, = 1/200
o isthereduction factor for height h applicable to columns:

o, _ 2 but%goch <10

/h

h isthe height of the structure in meters

, , , 1
om isthereduction factor for the number of columnsinarow: o, =,/0,5 (1+ —]
m

m isthe number of columnsin arow including only those columns which carry a vertica load
Ngg not less than 50% of the average value of the column in the vertical plane considered

o1 ]

1]

Figure 5.2: Equivalent sway imperfections

b) relativeinitial local bow imperfections of members for flexural buckling
e/L (5.6)
where L isthe member length

NOTE The values e,/ L may be chosen in the National Annex. Recommended values are given in
Table5.1.
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Table 5.1: Design values of initial bow imperfection ey / L

Buckling curve | elastic analysis | plastic analysis
acc.to Table6.1 &/L &/L

N 1/350 1/300

a 1/300 1/ 250

b 1/ 250 1/ 200

c 1/200 1/ 150

d 1/ 150 1/100

(4)B For building frames sway imperfections may be disregarded where
Heq > 0,15 Vg (5.7

(5)B For the determination of horizontal forces to floor diaphragms the configuration of imperfections as
given in Figure 5.3 should be applied, where ¢ is a sway imperfection obtained from (5.5) assuming a single
storey with height h, see (3) a).

\LNEd \LNEd

d/2
h h
Hi = ONeg < L
h
®/2

TN Ed

Figure 5.3: Configuration of sway imperfections ¢ for horizontal forces on floor
diaphragms

(6) When performing the global analysis for determining end forces and end moments to be used in
member checks according to 6.3 local bow imperfections may be neglected. However for frames sensitive to
second order effects local bow imperfections of members additionally to global sway imperfections (see
5.2.1(3)) should be introduced in the structural analysis of the frame for each compressed member where the
following conditions are met:

- atleast one moment resistant joint at one member end

— Af
- A>05 N ! (5.8)

Ed

where Ngq isthe design value of the compression force

and L isthe in-plane non-dimensional slenderness calculated for the member considered as hinged at
itsends

NOTE Loca bow imperfections are taken into account in member checks, see 5.2.2 (3) and 5.3.4.
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(7) The effects of initiad sway imperfection and bow imperfections may be replaced by systems of
equivalent horizontal forces, introduced for each column, see Figure 5.3 and Figure 5.4.

initial sway imperfections initial bow imperfections
NEd NEd NEd NEd
\L \L \l’ \l’ 4 Neg€ogq
—> PNgq -—:; <— L
—>
—>
—>
—>
RS
E\ 8NEEZeOd
e
— > e T—/——> L 3
—>
—>
¢ =
—>
—>
)
% 4NEd80d
ed)NEd S > e L
t ? \ t
Neg Neg Neg Neg

Figure 5.4: Replacement of initial imperfections by equivalent horizontal forces

(80 Theseinitia sway imperfections should apply in al relevant horizontal directions, but need only be
considered in one direction at atime.

(9B Where, in multi-storey beam-and-column building frames, equivalent forces are used they should be
applied at each floor and roof level.

(10) The possible torsional effects on a structure caused by anti-symmetric sways at the two opposite faces,
should also be considered, see Figure 5.5.

A B A -~~~ B
________________ T A2l
Al ' ' B Ay
ll \
T T T T 7 1\
(8 Faces A-A and B-B sway (b) Faces A-A and B-B sway
in same direction in opposite direction

1 trandational sway
2 rotational sway

Figure 5.5: Translational and torsional effects (plan view)
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(11) Asan dternative to (3) and (6) the shape of the elastic critical buckling mode 1 of the structure may
be applied as a unique global and local imperfection. The amplitude of this imperfection may be determined
from:

M
T]init = eO,d +kncr (59)
EI T]cr,max
where:
-
a(i-02)My "y -
€04 = —= Rk M- ford>02 (5.10)
A Nee 1— 3
T ek ,
and A= — istherelative slenderness of the structure (5.11)
acr
a istheimperfection factor for the relevant buckling curve, see Table 6.1 and Table 6.2;

x  isthereduction factor for the relevant buckling curve depending on the relevant cross-section, see
6.3.1;

aytk 1S the minimum force amplifier for the axial force configuration Ngg in members to reach the
characterigtic resistance Ngy of the most axialy stressed cross section without taking buckling
into account

o IS the minimum force amplifier for the axial force configuration Ngy in members to reach the
elagtic critical buckling

Mgy isthe characteristic moments resistance of the critical cross section, e.g Mg g« OF My g« as relevant
Nr« iSthe characteristic resistance to normal force of the critical cross section, i.e. Ny re

El m,, isthe bending moment due to n at the critical cross section

NOTE 1 For caculating the amplifiers o,k and o, the members of the structure may be considered
to be loaded by axial forces Ngg only that result from the first order elastic analysis of the structure for
the design loads.

NOTE 2 The National Annex may give informations for the scope of application of (11).
5.3.3 Imperfection for analysis of bracing systems

(1) Intheanalysis of bracing systems which are required to provide latera stability within the length of
beams or compression members the effects of imperfections should be included by means of an equivalent
geometric imperfection of the membersto be restrained, in the form of aninitial bow imperfection:

€ = om L /500 (5.12)
where L isthe span of the bracing system

and o, = O,5(1+1]
m

in which misthe number of members to be restrained.

(2) For convenience, the effects of the initial bow imperfections of the members to be restrained by a
bracing system, may be replaced by the equivalent stabilising force as shown in Figure 5.6:

e,+0
q=> Ng 8% (5.13)
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where 9, is the inplane deflection of the bracing system due to q plus any external loads calculated from
first order analysis

NOTE o6, may betaken as O if second order theory is used.

(3 Wherethe bracing system is required to stabilise the compression flange of a beam of constant height,
the force Ngq in Figure 5.6 may be obtained from:

NEd = MEd/ h (514)
where Mpgq isthe maximum moment in the beam
and h istheoveral depth of the beam.

NOTE Where a beam is subjected to external compression Ngg should include a part of the
compression force.

(4) At points where beams or compression members are spliced, it should also be verified that the bracing
systemis ableto resist alocal force equal to o, Ngg / 100 applied to it by each beam or compression member
which is spliced at that point, and to transmit this force to the adjacent points at which that beam or
compression member is restrained, see Figure 5.7.

(5) For checking for the loca force according to clause (4), any external loads acting on bracing systems
should also be included, but the forces arising from the imperfection given in (1) may be omitted.

N, Ne,

& imperfection
(o equivalent force per unit length
1 bracing system

The force Ngq is assumed uniform within the span L of the bracing system.
For non-uniform forcesthisis dightly conservative.

Figure 5.6: Equivalent stabilising force
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NEri
D Ne

—_—- -

@
1.
—— —
20N,
2
@

DN,

Ed

D = oy, Dy @0:1/200
2DNgg = oty Ngg / 100

1 splice
2 bracing system

Figure 5.7: Bracing forces at splices in compression elements

5.3.4 Member imperfections

(1) The effects of imperfections of members are incorporated within the formulas given for buckling
resistance for members, see section 6.3.

(2) Where the stahility of members is accounted for by second order analysis according to 5.2.2(5)a) for
compression membersimperfections e, 4 according to 5.3.2(3)b) or 5.3.2(5) or (6) should be considered.

(3) For asecond order analysis taking account of lateral torsional buckling of a member in bending the
imperfections may be adopted as keyq , where g4 is the equivalent initial bow imperfection of the weak axis
of the profile considered. In general an additional torsional imperfection need not to be alowed for.

NOTE The National Annex may choose the value of k. The value k = 0,5 is recommended.
5.4 Methods of analysis considering material non-linearities
54.1 General

(1) Theinterna forces and moments may be determined using either
a) elagtic global analysis
b) plastic globa analysis.

NOTE For finite e ement model (FEM) analysis see EN 1993-1-5.

(2) Elastic global analysis may be used in all cases.

38



prEN 1993-1-1: 2003 (E)

(3) Plagtic global analysis may be used only where the structure has sufficient rotation capacity at the
actual location of the plastic hinge, whether this is in the members or in the joints. Where a plastic hinge
occurs in amember, the member cross sections should be double symmetric or single symmetric with a plane
of symmetry in the same plane as the rotation of the plastic hinge and it should satisfy the requirements
specified in 5.6. Where a plastic hinge occurs in a joint the joint should either have sufficient strength to
ensure the hinge remains in the member or should be able to sustain the plastic resistance for a sufficient
rotation, see EN 1993-1-8.

(4B As a smplified method for a limited plastic redistribution of moments in continuous beams where
following an elastic analysis some peak moments exceed the plastic bending resistance of 15 % maximum,
the parts in excess of these peak moments may be redistributed in any member, provided, that:

a) theinternal forces and momentsin the frame remain in equilibrium with the applied loads, and
b) all the membersin which the moments are reduced have Class 1 or Class 2 cross-sections (see 5.5), and
¢) laterd torsional buckling of the membersis prevented.

5.4.2 Elastic global analysis

(1) Elastic global analysis shall be based on the assumption that the stress-strain behaviour of the material
islinear, whatever the stress level is.

NOTE For the choice of asemi-continuous joint model see 5.1.2(2) to (4).

(2) Internal forces and moments may be caculated according to elastic global analysis even if the
resistance of a cross section is based on its plastic resistance, see 6.2.

(3) Elastic global analysis may also be used for cross sections the resistances of which are limited by local
buckling, see 6.2.

5.4.3 Plastic global analysis

(1) Plagtic global analysis allows for the effects of material non-linearity in calculating the action effects
of astructural system. The behaviour should be modelled by one of the following methods:

- by elastic-plastic analysis with plastified sections and/or joints as plastic hinges,
- by non-linear plastic analysis considering the partial plastification of membersin plastic zones,
- by rigid plastic analysis neglecting the elastic behaviour between hinges.

(2) Plastic global anaysis may be used where the members are capable of sufficient rotation capacity to
enable the required redistributions of bending momentsto develop, see 5.5 and 5.6.

(3 Plagtic globa anaysis should only be used where the stability of members at plastic hinges can be
assured, see 6.3.5.

(4) The bi-linear stress-strain relationship indicated in Figure 5.8 may be used for the grades of structural
steel specified in section 3. Alternatively, a more precise relationship may be adopted, see EN 1993-1-5.

oA

—=E €

-

Figure 5.8: Bi-linear stress-strain relationship
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(5) Rigid plastic analysis may be applied if no effects of the deformed geometry (e.g. second-order
effects) have to be considered. In this case joints are classified only by strength, see EN 1993-1-8.

(6) The effects of deformed geometry of the structure and the structural stability of the frame should be
verified according to the principlesin 5.2.

NOTE The maximum resistance of a frame with significantly deformed geometry may occur before
all hinges of the first order collapse mechanism have formed.

5.5 Classification of cross sections
5.5.1 Basis

(1) Therole of cross section classification is to identify the extent to which the resistance and rotation
capacity of cross sectionsislimited by itslocal buckling resistance.

5.5.2 Classification

(1) Four classes of cross-sections are defined, as follows:

- Class 1 cross-sections are those which can form a plastic hinge with the rotation capacity required from
plastic analysis without reduction of the resistance.

- Class 2 cross-sections are those which can develop their plastic moment resistance, but have limited
rotation capacity because of local buckling.

- Class 3 cross-sections are those in which the stress in the extreme compression fibre of the steel member
assuming an elastic distribution of stresses can reach the yield strength, but local buckling is liable to
prevent development of the plastic moment resistance.

- Class 4 cross-sections are those in which local buckling will occur before the attainment of yield stressin
one or more parts of the cross-section.

(2) In Class 4 cross sections effective widths may be used to make the necessary allowances for
reductionsin resistance due to the effects of local buckling, see EN 1993-1-5, 5.2.2.

(3 The classification of a cross-section depends on the width to thickness ratio of the parts subject to
compression.

(49) Compression parts include every part of a cross-section which is either totaly or partidly in
compression under the load combination considered.

(5) The various compression parts in a cross-section (such as a web or flange) can, in general, be in
different classes.

(6) A cross-section is classified according to the highest (least favourable) class of its compression parts.
Exceptions are specified in 6.2.1(10) and 6.2.2.4(1).

(7) Alternatively the classification of a cross-section may be defined by quoting both the flange
classification and the web classification.

(80 Thelimiting proportions for Class 1, 2, and 3 compression parts should be obtained from Table 5.2. A
part which failsto satisfy the limits for Class 3 should be taken as Class 4.

(99 Except as given in (10) Class 4 sections may be treated as Class 3 sections if the width to thickness
ratios are less than the limiting proportions for Class 3 obtained from Table 5.2 when ¢ is increased by

fy /YMO
(0

, where G, g4 IS the maximum design compressive stress in the part taken from first order or

com,Ed

where necessary second order analysis.
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(10) However, when verifying the design buckling resistance of a member using section 6.3, the limiting
proportions for Class 3 should always be obtained from Table 5.2.

(11) Cross-sections with a Class 3 web and Class 1 or 2 flanges may be classified as class 2 cross sections
with an effective web in accordance with 6.2.2.3.

(12) Where the web is considered to resist shear forces only and is assumed not to contribute to the bending
and normal force resistance of the cross section, the cross section may be designed as Class 2, 3 or 4
sections, depending only on the flange class.

NOTE For flange induced web buckling see EN 1993-1-5.
5.6 Cross-section requirements for plastic global analysis

(1) At plagtic hinge locations, the cross-section of the member which contains the plastic hinge shall have
arotation capacity of not less than the required at the plastic hinge location.

(2) In a uniform member sufficient rotation capacity may be assumed at a plastic hinge if both the
following requirements are satisfied:

a) the member has Class 1 cross-sections at the plastic hinge location;

b) where a transverse force that exceeds 10 % of the shear resistance of the cross section, see 6.2.6, is
applied to the web at the plastic hinge location, web stiffeners should be provided within a distance along
the member of h/2 from the plastic hinge location, where h is the height of the cross section at this
location.

(3 Where the cross-section of the member vary along their length, the following additional criteria should
be satisfied:

a) Adjacent to plastic hinge locations, the thickness of the web should not be reduced for a distance each
way along the member from the plastic hinge location of at least 2d, where d is the clear depth of the web
at the plastic hinge location.

b) Adjacent to plagtic hinge locations, the compression flange should be Class 1 for a distance each way
along the member from the plastic hinge location of not less than the greater of:

- 2d,wheredisasdefinedin (3)a)

- the distance to the adjacent point at which the moment in the member has fallen to 0,8 times the
plastic moment resistance at the point concerned.

¢) Elsewherein the member the compression flange should be class 1 or class 2 and the web should be class
1, class 2 or class 3.

(4) Adjacent to plastic hinge locations, any fastener holes in tension should satisfy 6.2.5(4) for a distance
such as defined in (3)b) each way aong the member from the plastic hinge location.

(5) For plastic design of a frame, regarding cross section requirements, the capacity of plastic
redistribution of moments may be assumed sufficient if the requirements in (2) to (4) are satisfied for all
members where plastic hinges exist, may occur or have occurred under design loads.

(6) In cases where methods of plastic global analysis are used which consider the real stress and strain

behaviour along the member including the combined effect of local, member and global buckling the
reguirements (2) to (5) need not be applied.
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Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts

Internal compression parts

_ TC _ _ jc _ ¢ _ _ C __ Axis of
bendin
tﬁ g t-, t+- t ﬁ t °
t
[ *I [ *I v
"t - *t S Axis of
C C Cc .
» - - - S - — bending
Class Part SUbj ectto Part subje(_:t 0 Part subject to bending and compression
bending compression
f f f
Stress — — —
digtribution + + + | o
in parts c c c
(compression - _
positive) 3 3 3
wheno >0,5: c/t< 132681
1 c/t<72 c/t<33¢ 368_
wheno <05: c/t<—
o
wheno >0,5: c/t< 1:2681
2 c/t<83¢ c/t<38 415;
when o <0,5: c/t<
o
f f
Stress — 71‘ S
distribution + +
in parts c + c c
(compression _| o |e2 é
positive) L] I
fy v
when y > -1: c/tSL
3 c/t<124¢ c/t <42 0,67+ 0,33y
wheny < -1 : ¢/t < 62e(1—y)/(-y)
_ [oac/f fy 235 275 355 420 460
£ =235/ Y (S 1,00 0,92 0,81 0,75 0,71

*) y < -1 applies where either the compression stress ¢ < f, or the tensile strain g, > f,/E
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Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression
parts

Outstand flanges

C C c
- " LS = * .
t t t! s
Rolled sections Welded sections
Class Part subject to compression — Part subjec_t to bending and cor_np_r on
Tip in compression Tipintension
Stress oc oc
darbaion | L+ | :
in parts N c -
(compression e N N }
positive) t P . C
Oe
1 c/t<9e c/ts% c/t<
o oo
10e
2 c/t<10e c/ts@ c/t<
o oo
Stress
distribution Wﬁ %
in partS e p N hN
(compression | k—ﬂ c c
positive) t
< /
3 c/t<14e c/t<2lek,
For k, see EN 1993-1-5
f 235 275 355 420 460
=,/235/f ¥
& y e 1,00 0,92 0,81 0,75 0,71
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Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts
Angles
—
| B
t Does not apply to anglesin
Refer also to “ Outstand flanges” b continuous contact with other
(see sheet 2 of 3) components
Class Section in compression
Stress
distribution =+ | f
across
section
(compression
positive)
3 hit<ise: 2FN <195
Tubular sections
t d
Class Section in bending and/or compression
1 d/t<50¢°
2 d/t<70¢?
3 d/t<90e?
NOTE For d/t >90e® see EN 1993-1-6.
fy 235 275 355 420 460
e =,/235/f, € 1,00 0,92 0,81 0,75 0,71
e 1,00 0,85 0,66 0,56 0,51
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6 Ultimate limit states

6.1 General

(1) The partia factors yy as defined in 2.4.3 should be applied to the various characteristic values of
resistance in this section as follows:

- resistance of cross-sections whatever the classis: ™o
- resistance of membersto instability assessed by member checks: M1
- resistance of cross-sectionsin tension to fracture: ™2
~  resistance of joints: see EN 1993-1-8

NOTE 1B Partial factors yy; for buildings may be defined in the National Annex. The following
numerical values are recommended for buildings:

Y™mo = 1,00
Y™1 = 1,00
Y™2 = 1,25

NOTE 2 For other recommended numerical values see EN 1993 Part 2 to Part 6. For structures not
covered by EN 1993 Part 2 to Part 6 the National Annex may give information.

6.2 Resistance of cross-sections

6.2.1 General

(1) The design value of an action effect in each cross section shall not exceed the corresponding design
resistance and if severa action effects act simultaneously the combined effect shall not exceed the resistance

for that combination.

(2) Shear lag effects and local buckling effects should be included by an effective width according to
EN 1993-1-5. Shear buckling effects should a so be considered according to EN 1993-1-5.

(3) Thedesign values of resistance should depend on the classification of the cross-section.

(4) Elastic verification according to the elastic resistance may be carried out for all cross sectiona classes
provided the effective cross sectional properties are used for the verification of class 4 cross sections.

(5) For the dastic verification the following yield criterion for a critical point of the cross section may be
used unless other interaction formulae apply, see 6.2.8 t0 6.2.10.

2 2 2
[ Gx,Ed ] +[ Gz,Ed ] _[ Gx,Ed ][ Gz,Ed ]-l—{ TEd ] <1 (61)
fy/YMO fy/YMO fy/YMO fy/YMO fY/YMO

where G, ., isthe design value of the local longitudinal stress at the point of consideration

O, iSthe design value of the local transverse stress at the point of consideration

Ty ISthedesign value of thelocal shear stress at the point of consideration

NOTE The verification according to (5) can be conservative as it excludes partial plastic stress
distribution, which is permitted in elastic design. Therefore it should only be performed where the
interaction of on the basis of resistances Ngq , Mrq , Vrg CaNNot be performed.
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(6) The plastic resistance of cross sections should be verified by finding a stress distribution which isin
equilibrium with the internal forces and moments without exceeding the yield strength. This stress
distribution should be compatible with the associated plastic deformations.

(7) As a conservative approximation for all cross section classes a linear summation of the utilisation
ratios for each stress resultant may be used. For class 1, class 2 or class 3 cross sections subjected to the
combination of Ngy, My gq and M g4 this method may be applied by using the following criteria:

N M M
Ed + y,Ed + z,Ed
NRd M y,Rd M z,Rd

<1 (6.2)

where Nrq , Myrs and M,rq are the design values of the resistance depending on the cross sectiona
classification and including any reduction that may be caused by shear effects, see 6.2.8.

NOTE For class 4 cross sections see 6.2.9.3(2).

(8 Where all the compression parts of a cross-section are Class 2, the cross-section may be taken as
capable of developing itsfull plastic resistance in bending.

(99 Where al the compression parts of a cross-section are Class 3, its resistance should be based on an
elagtic distribution of strains across the cross-section. Compressive stresses should be limited to the yield
strength at the extreme fibres.

NOTE The extreme fibres may be assumed at the midplane of the flanges for ULS checks. For
fatigue see EN 1993-1-9.

(10) Where yielding first occurs on the tension side of the cross section, the plastic reserves of the tension
zone may be utilised by accounting for partial plastification when determining the resistance of a Class 3
Cross-section.

6.2.2 Section properties

6.22.1 Grosscross-section

(1) The properties of the gross cross-section shall be determined using the nominal dimensions. Holes for
fasteners need not be deducted, but allowance shall be made for larger openings. Splice materials shall not be
included.

6222 Netarea

(1) The net area of across-section shall be taken as its gross area less appropriate deductions for all holes
and other openings.

(2) For caculating net section properties, the deduction for a single fastener hole should be the gross
cross-sectional area of the hole in the plane of its axis. For countersunk holes, appropriate allowance should
be made for the countersunk portion.

(3 Provided that the fastener holes are not staggered, the total area to be deducted for fastener holes
should be the maximum sum of the sectional areas of the holes in any cross-section perpendicular to the
member axis (see failure plane @ in Figure 6.1).

NOTE The maximum sum denotes the position of the critical fracture line.
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(49 Where the fastener holes are staggered, the total areato be deducted for fasteners shall be the greater
of:

a) the deduction for non-staggered holes given in (3)

SZ
b) t (nd - Z4-p) (6.3)

where s isthe staggered pitch, the spacing of the centres of two consecutive holes in the chain measured
parallel to the member axis;

p isthe spacing of the centres of the same two holes measured perpendicular to the member axis;
t isthethickness;

n isthe number of holes extending in any diagonal or zig-zag line progressively across the member
or part of the member, see Figure 6.1.

d isthediameter of hole

(5) Inanangleor other member with holes in more then one plane, the spacing p shall be measured along
the centre of thickness of the material (see Figure 6.2).

oo
p 4 ' | '/SD,’ f@ Y —

\ -__q;’_ _$_

S S

tf f e 3 >

Figure 6.1: Staggered holes and critical fracture lines 1 and 2

—\

|

Figure 6.2: Angles with holes in both legs

6.2.2.3 Shear lag effects
(1) Thecaculation of the effective widthsis covered in EN 1993-1-5.

(2) Inclass 4 sections the interaction between shear lag and local buckling shall be considered according
to EN 1993-1-5.

NOTE For cold formed thin gauge members see EN 1993-1-3.
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6.2.24 Effectivepropertiesof crosssectionswith class3websand class 1 or 2 flanges

(1) Where cross-sections with a class 3 web and class 1 or 2 flanges are classified as effective Class 2
cross-sections, see 5.5.2(11), the proportion of the web in compression should be replaced by a part of 20et,,
adjacent to the compression flange, with another part of 20et, adjacent to the plastic neutral axis of the
effective cross-section in accordance with Figure 6.3.

jLZOstW -

—4

3 j(ZOStW -

1 compression

2 tension

3 plastic neutral axis
4 neglect

Figure 6.3: Effective class 2 web

6.2.25 Effectivecross-section propertiesof Class4 cross-sections

(1) The effective cross-section properties of Class 4 cross-sections should be based on the effective widths
of the compression parts.

(2) For cold formed thin walled sections see 1.1.2(1) and EN 1993-1-3.
(3) The effective widths of planar compression parts should be obtained from EN 1993-1-5.

(49) Where aclass 4 cross section is subjected to an axial force, the method given in EN 1993-1-5 should
be used to determine the possible shift ey of the centroid of the effective area A« relative to the centre of
gravity of the gross cross section and the resulting additional moment:

AM, = N e, (6.4)

NOTE The sign of the additiona moment depends on the effect in the combination of internal forces
and moments, see 6.2.9.3(2).

(5) For circular hollow sections with class 4 cross sections see EN 1993-1-6.
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6.2.3 Tension

(1) Thedesign value of the tension force Ngq at each cross section shall satisfy:

Ney. <10 (6.5)

t,Rd
(2) For sections with holes the design tension resistance N; rqg should be taken as the smaller of:
a) the design plastic resistance of the gross cross-section

A fy
N pbRd — (6.6)

MO

b) the design ultimate resistance of the net cross-section at holes for fasteners
_09A . f,
P

(3) Where capacity design is requested, see EN 1998, the design plastic resistance Ny rq (as given in
6.2.3(2) &) should be less than the design ultimate resistance of the net section at fasteners holes Nyrq (as
givenin 6.2.3(2) b)).

N u,Rd (67)

(4) In category C connections (see EN 1993-1-8, 3.1.1(4)), the design tension resistance N;rq in 6.2.3(1)
of the net section at holes for fasteners should be taken as N rq, Where:

Af
Twmo

(5) For angles connected through one leg, see also EN 1993-1-8, 3.6.3. Similar consideration should also
be given to other type of sections connected through outstands.

Y (6.9)

Nnet,Rd =

6.2.4 Compression

(1) Thedesign value of the compression force Ngy at each cross-section shall satisfy:

h<o 6.9
N <1, (6.9

c,Rd

(2) The design resistance of the cross-section for uniform compression Ngrq shal be determined as
follows:

Af

N, =—7 for class 1, 2 or 3 cross-sections (6.10)
c,Rd
Ywmo
N ps = ;ﬁ Y. for class 4 cross-sections (6.11)
MO

(3) Fastener holes except for oversize and slotted holes as defined in EN 1090 need not be allowed for in
compression members, provided that they arefilled by fasteners.

(4) Inthe case of unsymmetrical Class 4 sections, the method given in 6.2.9.3 should be used to alow for

the additional moment AMgq due to the eccentricity of the centroidal axis of the effective section, see
6.2.2.5(4).
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6.2.5 Bending moment

(1) Thedesign value of the bending moment Mgy at each cross-section shall satisfy:

MEd
—H <10 6.12
Y L (6.12)

c,Rd

where Mgy is determined considering fastener holes, see (4) to (6).

(2) Thedesign resistance for bending about one principal axis of across-section is determined as follows:

W, f
M rs =M jre = Ypl Y for class 1 or 2 cross sections (6.13)
MO
W, f
M org =My pg = % for class 3 cross sections (6.14)
MO
W, f
M gy = —m Y for class 4 cross sections (6.15)
Twmo

where Wy min and W min cOrresponds to the fibre with the maximum elastic stress.

(3) For bending about both axes, the methods given in 6.2.9 should be used.

(4) Fastener holesin the tension flange may be ignored provided that for the tension flange:
A; «09f, S A f,

Tm2 Ymo
where A; is the area of the tension flange.

(6.16)

NOTE The criterionin (4) provides capacity design (see 1.5.8) in the region of plastic hinges.

(5) Fastener holes in tension zone of the web need not be allowed for, provided that the limit given in (4)
is satisfied for the compl ete tension zone comprising the tension flange plus the tension zone of the web.

(6) Fastener holes except for oversize and slotted holes in compression zone of the cross-section need not
be allowed for, provided that they arefilled by fasteners.

6.2.6 Shear

(1) Thedesign value of the shear force Vg4 a each cross section shall satisfy:

Vi
——< 1
v <10 (6.17)

c,Rd
where V gq iSthe design shear resistance. For plastic design Vrq iS the design plastic shear resistance Vg
asgivenin (2). For dastic design V. rq is the design eastic shear resistance cal culated using (4) and (5).

(2) Inthe absence of torsion the design plastic shear resistanceis given by:

A lf, 13
Vi = (y—) (6.18)
Ymo

where A, isthe shear area.
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(3) Theshear area A, may be taken asfollows:

a) rolled | and H sections, load parallel to web A —2bt, +(t, +2r)t, butnotlessthan nh,t,,
b) rolled channel sections, load parallel to web A-2bt, +(t, +r)t,
c) rolled T-section, load parallel to web 0,9 (A -bt,)

d) welded |, H and box sections, load parallel toweb Y (h,t,,)

e) welded I, H, channel and box sections, load paralld toflanges  A->"(h,t,,)

f) rolled rectangular hollow sections of uniform thickness:

load parallel to depth Ah/(b+h)
load parallel to width Ab/(b+h)
g) circular hollow sections and tubes of uniform thickness 2AIn

where A isthe crosssectional area;
b istheoveral breadth;
h isthe overal depth;
h,, isthe depth of the web;
r istheroot radius;
tr isthe flange thickness,

tw is the web thickness (If the web thickness in not constant, t,, should be taken as the minimum
thickness.).

n see EN 1993-1-5.
NOTE m may be conservatively taken equal 1,0.

(4) For verifying the design elastic shear resistance Vgqthe following criterion for a critical point of the
cross section may be used unless the buckling verification in section 5 of EN 1993-1-5 applies:

Teq <10 (6.19)
fy /(\/5 YMO)

Vg S

. (6.20)

where teq may be obtained from: T, =

where Vgq is the design value of the shear force
S is first moment of the area above the examined point
I is second moment of area of the whole cross section
t is thethickness at the examined point
NOTE The verification according to (4) is conservative as it excludes partia plastic shear

distribution, which is permitted in elastic design, see (5). Therefore it should only be carried out where
the verification on the basis of V. rq according to equation (6.17) cannot be performed.
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(5) For I- or H-sections the shear stressin the web may be taken as:

Y,
Teg =A—Ed if A,/A,>06 (6.22)

where A; istheareaof oneflange;
A, istheareaof theweb: A, = h, t,.
(6) Inaddition the shear buckling resistance for webs without intermediate stiffeners shall be according to
section 5 of EN 1993-1-5, if
h
Jw o708 6.22)
t, n
For n see section 5 of EN 1993-1-5.

NOTE n may be conservatively taken equal to 1,0.

(7) Fastener holes need not be allowed for in the shear verification except in verifying the design shear
resistance at connection zones as given in EN 1993-1-8.

(8) Where the shear force is combined with a torsional moment, the plastic shear resistance V gq should
be reduced as specified in 6.2.7(9).

6.2.7 Torsion
(1) For members subject to torsion for which distortional deformations may be disregarded the design
value of the torsional moment Tgq at each cross-section should satisfy:

T
& <10 (6.23)

TRd
where Tgry isthe designtorsiona resistance of the cross section
(2) Thetotd torsional moment Tgq at any cross- section should be considered as the sum of two interna
effects:

Ted = Trea+ Twed (6.24)
where Tigq istheinternal St. Venant torsion;

Tw eq iStheinternal warping torsion.

(3 The values of Tigg and Ty, gq @ any cross-section may be determined from Tgy by elastic analysis,
taking account of the section properties of the member, the conditions of restraint at the supports and the
distribution of the actions a ong the member.
(4) Thefollowing stresses due to torsion should be taken into account:
- the shear stresses 1, g due to St. Venant torsion Ty ggq
- thedirect stresses 6,, g4 due to the bimoment Bey and shear stresses t,, gq due to warping torsion Ty gq

(5) For the elastic verification the yield criterion in 6.2.1(5) may be applied.

(6) For determining the plastic moment resistance of a cross section due to bending and torsion only
torsion effects Bgy should be derived from elastic analysis, see (3).

(7) Asasmplification, in the case of a member with a closed hollow cross-section, such as a structural
hollow section, it may be assumed that the effects of torsional warping can be neglected. Also as a
simplification, in the case of a member with open cross section, such as | or H, it may be assumed that the
effects of St. Venant torsion can be neglected.
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(8) For the caculation of the resistance Try Of closed hollow sections the design shear strength of the
individual parts of the cross section according to EN 1993-1-5 should be taken into account.

(99 For combined shear force and torsiona moment the plastic shear resistance accounting for torsiona
effects should be reduced from V  rq t0 V5 1 re @nd the design shear force should satisfy:

R <1 (6.25)

VpI,T,Rd

inwhich V  teqra May be derived as follows:
- foranl or H section:

T
Vv = 1- LEd Vv 6.26
pl,T,Rd \/ 1’25 (fy/\/g) /’YMO pl,Rd ( )

- for achannd section:

v | h- TiEd B Tw Ed v (6.27)
PLLT R 125(f /1N3)lyyo  (F,/3) e |

- for astructura hollow section:

=
Virre = {1_ = }V I,Rd (6.28)
P (F,73) e | "

whereV rqisgivenin 6.2.6.
6.2.8 Bending and shear
(1) Wherethe shear forceis present allowance shall be made for its effect on the moment resistance.

(2)  Where the shear force is less than half the plastic shear resistance its effect on the moment resistance
may be neglected except where shear buckling reduces the section resistance, see EN 1993-1-5.

(3) Otherwise the reduced moment resistance should be taken as the design resistance of the cross-section,
calculated using a reduced strength

(1-p)fy (6.29)
for the shear area,

2

2V

where p = [—E" —1} and V  gq i Obtained from 6.2.6(2).
pl,Rd

NOTE Seeaso6.2.10(3).

2V,

2
(4) Whentorsion is present p should be obtained from p = [ —1] , See 6.2.7, but should be taken

pl,T,Rd
as1for Vg £ 015VpI,T,Rd-
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(5) The reduced design plastic resistance moment allowing for the shear force may alternatively be
obtained for I-cross-sections with equal flanges and bending about the major axis as follows:

pA,’
{Wpl,y_ 4t :Ify

w

Myyra = Y but My ra <M ra (6.30)
MO

where M, crq is obtained from 6.2.5(2)
and A, =hyty

(6) For the interaction of bending, shear and transverse loads see section 7 of EN 1993-1-5.
6.2.9 Bending and axial force
6.29.1 Classland 2 cross-sections

(1) Where an axial force is present, alowance shall be made for its effect on the plastic moment
resistance.

(2) For class 1 and 2 cross sections, the following criterion should be satisfied:
Meg £ Mngrd (6.31)
where My rq IS the design plastic moment resistance reduced due to the axia force Ngg.

(3) For arectangular solid section without bolt holes My rq should be taken as:
2
M N,Rd — Mpl,Rd ll_ (N Ed / Npl,Rd) J (6.32)

(4) For doubly symmetrica |- 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:

Ny 025N, ¢ and (6.33)
0,5h,t,f,
Ngy S~ wwy (6.34)
Ymo

For doubly symmetrical 1- 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:

hy, t,f,
S'_ET___ (6.35)
MO

(5) For cross-sections where bolt holes are not to be accounted for, the following approximations may be
used for standard rolled | or H sections and for welded | or H sections with equal flanges:

Ed

Mnyrd = Mpiyra(1-N)/(1-0,58) but Myyrs <Mpiyrd (6.36)
forn< a Myzrda=Myizrd (6.37)
n—a 2
forn>a MN,Z,Rd = Mpl,z,Rd {1— (1—j } (638)
—a

where N =Ngqg/ Npirg
a=(A-2bt;)/A but a< 05
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For cross-sections where bolt holes are not to be accounted for, the following approximations may be used
for rectangular structural hollow sections of uniform thickness and for welded box sections with equal
flanges and equa webs:

Mnyrd = Mpyra(1-N)/(1-0,5a,) butMyyrd < Mpiyra (6.39)
Mnzrd = Mpizra(1-N)/(1-058) but My ra < Mpizrd (6.40)

where a, = (A - 2bt)/A but a, < 0,5 for hollow sections
ay = (A-2bt)/A  but a, < 0,5 for welded box sections
a=(A-2ht)/A but & < 0,5 for hollow sections
& = (A-2ht, )/A but & < 0,5 for welded box sections

(6) For bi-axia bending the following criterion may be used:

o B
M M
y,Ed +|: z,Ed :| <1 (6.41)
M N.,y,Rd M N,z,Rd

inwhich o and B are constants, which may conservatively be taken as unity, otherwise as follows:

- | and H sections;
oa=2;B=5n butfp>1

- circular hollow sections:

a=2;=2
- rectangular hollow sections:
(X:I3:L62 bUt(X:BSG
1-113n

where  N=Ngy/ Npigrd -
6.29.2 Class3cross-sections

(1) Inthe absence of shear force, for Class 3 cross-sections the maximum longitudinal stress shall satisfy
the criterion:

fy
o<1 (6.42)
Ymo

where G, -, isthe design value of the local longitudinal stress due to moment and axial force taking account
of bolt holes where relevant, see 6.2.4 and 6.2.5

6.29.3 Class4 cross-sections

(1) In the absence of shear force, for Class 4 cross-sections the maximum longitudinal stress oy gq
calculated using the effective cross sections (see 5.5.2(2)) shall satisfy the criterion:

fy
oSt (6.43)
Tmo

where G, ¢, isthe design value of the local longitudinal stress due to moment and axial force taking account
of bolt holes where relevant, see 6.2.4 and 6.2.5
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(2) Thefollowing criterion should be met:
NEd M y,Ed + NEd eNy M z,Ed + NEd eNz
A g fy Yo Wty min fy IYvo  West 2min fy IYwo
where Ay isthe effective area of the cross-section when subjected to uniform compression

<1 (6.44)

Wt min 1S the effective section modulus (corresponding to the fibre with the maximum elastic stress)
of the cross-section when subjected only to moment about the relevant axis

en is the shift of the relevant centroidal axis when the cross-section is subjected to compression
only, see 6.2.2.5(4)

NOTE Thesignsof Ngq, Mygq, M, gq and AM; = Ngg €y depend on the combination of the respective
direct stresses.

6.2.10 Bending, shear and axial force

(1) Where shear and axial force are present, allowance shall be made for the effect of both shear force and
axial force on the resistance moment.

(2) Provided that the design value of the shear force Vg4 does not exceed 50% of the design plastic shear
resistance V rg NO reduction of the resistances defined for bending and axial force in 6.2.9 need be made,
except where shear buckling reduces the section resistance, see EN 1993-1-5.

(3) Where Vgqexceeds 50% of V, rq the design resistance of the cross-section to combinations of moment
and axia force should be calculated using areduced yield strength

(1-p)fy (6.45)
for the shear area
where p= (2Veq / Vi ra-1) and Vy rq i obtained from 6.2.6(2).

NOTE Instead of reducing the yield strength also the plate thickness of the relevant part of the cross
section may be reduced.

6.3 Buckling resistance of members
6.3.1 Uniform members in compression
6.3.1.1 Bucklingresstance

(1) A compression member shall be verified against buckling as follows:
N
—H <10 (6.46)
b,Rd
where Ngg isthe design value of the compression force
Npra iSthe design buckling resistance of the compression member.

(2) For members with non-symmetric Class 4 sections allowance should be made for the additional

moment AMg4 due to the eccentricity of the centroidal axis of the effective section, see also 6.2.2.5(4), abd
the interaction should be carried out to 6.3.4 or 6.3.3.
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(3) Thedesign buckling resistance of a compression member should be taken as:

Af
N, . = L2aRF for Class 1, 2 and 3 cross-sections (6.47)
b,Rd
M1
A_f
N, o = XParly for Class 4 cross-sections (6.48)
b,Rd
’ Ym1

where y is the reduction factor for the relevant buckling mode.
NOTE For determining the buckling resistance of members with tapered sections along the member
or for non-uniform distribution of the compression force second order analysis according to 5.3.4(2)
may be performed. For out-of-plane buckling see also 6.3.4.

(4) Indetermining A and A« holes for fasteners at the column ends need not to be taken into account.

6.3.1.2 Buckling curves

(1) For axial compression in members the value of y for the appropriate non-dimensional slenderness A
should be determined from the relevant buckling curve according to:

1
gt
®+P? -1’

where @ = 0,5b+ 0((7: - 0,2)+ XZJ

_ Af
A= /N—y for Class 1, 2 and 3 cross-sections
cr
N A fy .
A= N for Class 4 cross-sections
cr

o is an imperfection factor

but ¥ <1,0 (6.49)

N, isthe eastic critical force for the relevant buckling mode based on the gross cross sectional
properties.

(2) The imperfection factor o corresponding to the appropriate buckling curve should be obtained from
Table 6.1 and Table 6.2.

Table 6.1: Imperfection factors for buckling curves

Buckling curve 3 a b c d
Imperfection factor o 0,13 0,21 0,34 0,49 0,76

(3) Values of the reduction factor y for the appropriate non-dimensional slenderness A may be obtained
from Figure 6.4.

= N
(4) For denderness A <0,2 or for N—Ed < 0,04 the buckling effects may be ignored and only cross

sectional checks apply.

57



prEN 1993-1-1: 2003 (E)

Table 6.2: Selection of buckling curve for a cross-section

Buckling curve
Buckling | S235
Cross section Limits about S275
axis S355 S460
S420
" |Z ~ t < 40 mm y-y a %
| 1 ] - = Z-2 b =y
\|r Q
(2]
= . = y-y b a
S l 40 mm < t; < 100 5 _7 c a
3 h| oy | y
kS| y-y b a
E | :: t; <100 mm 5 _7 c a
z = y-y d c
b tr > 100 mm i d c
0 =t 3 tr < 40 mm y-y b b
B 8 ! ! Z—Z7 C C
§ gly - y Yy —-fi——Y
_I | | y _y C C
—r— —— &> 40 mm z-2 d d
z z
> 0 hot finished any a =
oo
2%
cold formed any c c
4 t
| : | generally (except as
é 2 N ! 4 below) any b b
B2 Y -— - y
i) | .
K] §§ ) i Tt thick welds: a> 0,5t;
= | ! | b/t; < 30 any c c
! Z b | hit,, <30
4 |
2.9 (’ |
by | 1 - o | e |
" -9 !
3 L;:
g ‘w
=)
- any b b
: sl
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Non-dimensional slenderness A

Figure 6.4: Buckling curves

6.3.1.3 Sendernessfor flexural buckling

(1) Thenon-dimensiona slenderness Ais given by:

2\ A_fy:ﬁi

= N Y for Class 1, 2 and 3 cross-sections (6.50)
I 1

cr

f A eff

_ A L \/

= |~y _Za ¥ A to Class4 cross-sections (6.51)
N, A

where L. isthebuckling length in the buckling plane considered
i isthe radius of gyration about the relevant axis, determined using the properties of the gross

Cross-section
A =m \/E =93,9¢
fy
€= g (f, in N/mm?)

y
NOTE B For dastic buckling of components of building structures see Annex BB.

(2) For flexura buckling the appropriate buckling curve should be determined from Table 6.2.
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6.3.1.4 Sendernessfor torsional and torsional-flexural buckling

(1) For members with open cross-sections account should be taken of the possibility that the resistance of
the member to either torsional or torsional-flexural buckling could be less than its resistance to flexural
buckling.

(2) Thenon-dimensional slenderness A+ for torsional or torsional-flexural buckling should be taken as:

A= |—2 for Class 1, 2 and 3 cross-sections (6.52)

cr

. Aefffy :
At = N for Class 4 cross-sections (6.53)

where N, =N, . butN_, <N

N 7 iSthe éastic torsional-flexural buckling force
Nt isthedastic torsiona buckling force

(3 For torsiona or torsional-flexural buckling the appropriate buckling curve may be determined from
Table 6.2 considering the one related to the z-axis.

6.3.2 Uniform members in bending

6.3.21 Bucklingresstance

(1) A laterally unrestrained beam subject to major axis bending shall be verified against lateral-torsional
buckling as follows:

Mey <10 (6.54)
M b,Rd

where Mgy isthe design value of the moment
Mpra iSthe design buckling resistance moment.
(2) Beams with sufficient restraint to the compression flange are not susceptible to lateral-torsional

buckling. In addition, beams with certain types of cross-sections, such as square or circular hollow sections,
fabricated circular tubes or square box sections are not susceptible to lateral-torsional buckling.

(3 Thedesign buckling resistance moment of alaterally unrestrained beam should be taken as:

f
Mg = Xir W, —— (6.55)

M1
where W, is the appropriate section modulus as follows:
- Wy=W,, forClass1or 2 cross-sections
- W,=Wy, forClass 3 cross-sections
- W, =W, forClass4 cross-sections
x.7 isthe reduction factor for lateral-torsiona buckling.

NOTE 1 For determining the buckling resistance of beams with tapered sections second order
analysis according to 5.3.4(3) may be performed. For out-of-plane buckling see dso 6.3.4.

NOTE 2B For buckling of components of building structures see also Annex BB.
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(4)  Indetermining W, holes for fasteners at the beam end need not to be taken into account.
6.3.22 Lateral torsional buckling curves— General case

(1)  Unless otherwise specified, see 6.3.2.3, for bending members of constant cross-section, the value of
y.7 for the appropriate non-dimensional senderness A, should be determined from:

1
Xt = —
@ ; +4/02 —Air

where @ ; = O,5[1+ (o (XLT —0,2)+7_\aiTJ
o 7 isan imperfection factor

N Wyfy

LT —

but 3, <1,0 (6.56)

cr

M, isthe elastic critical moment for lateral-torsional buckling

(20 M isbased on gross cross sectional properties and takes into account the loading conditions, the real
moment distribution and the lateral restraints.

NOTE The imperfection factor o, 1 corresponding to the appropriate buckling curve may be obtained
from the National Annex. The recommended values ot are givenin Table 6.3.

Table 6.3: Imperfection factors for lateral torsional buckling curves

Buckling curve a b C d
Imperfection factor oy 1 0,21 0,34 0,49 0,76

The recommendations for buckling curves are given in Table 6.4.

Table 6.4: Lateral torsional buckling curve for cross sections using equation

(6.56)
Cross-section Limits Buckling curve
: hib<2 a
Rolled |-sections Wb > 2 b
. h/b<2 c
Welded |-sections Wb > 2 d
Other cross-sections - d

(3) Values of the reduction factor y.r for the appropriate non-dimensional slenderness A+ may be
obtained from Figure 6.4.

= = M M
(4) For sendernesses At <0,2 (or At <0,4 (see 6.3.2.3)) or for MEd <0,04 (or MEd <016 (see

cr cr

6.3.2.3)) lateral torsional buckling effects may be ignored and only cross sectional checks apply.
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6.3.23 Lateral torsional buckling curvesfor rolled sectionsor equivalent welded sections

(1)

For rolled or equivalent welded sections in bending the values of y.r for the appropriate non-

dimensional slenderness may be determined from

1 Xir <10
but 1 (6.57)

Xt = <_—
[ —2 Xt ==
D+ q)iT —BALr o KiT

D, = O,5h+ o T (7_\,LT - }_\aLT,O )+ BxiT J

NOTE The parameters }_LLT,O and 3 and any limitation of validity concerning the beam depth or h/b
ratio may be given in the National Annex. The following values are recommended for rolled sections:

Airo =04 (maximum value)

B=0,75  (minimum value)

The recommendations for buckling curves are given in Table 6.5.

Table 6.5: Selection of lateral torsional buckling curve for cross sections using

()

equation (6.57)

Cross-section Limits Buckling curve
) h/b<?2 b
Rolled |-sections Wb > 2 c
. hb<?2 c
Welded |-sections hb>2 d
Other cross-sections - d

For taking into account the moment distribution between the lateral restraints of members the

reduction factor x, + may be modified as follows:

62

_ A but %7 ma 1 (6.58)

XLT,mod f

NOTE The values f may be defined in the National Annex. The following minimum values are
recommended:

f =1-05(1—k_)[1-2,0(Acr —0,8)?] butf <1,0

k. isa correction factor according to Table 6.6
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Table 6.6: Correction factors k¢

Moment distribution K
(T 1,0
y=1
(I e e 1
1<y<l 133-0.33y
0,94
0,90
0,91
0,86
0,77
0,82

6.3.24 Smplified assessment methodsfor beamswith restraintsin buildings

(B Members with discrete lateral restraint to the compression flange are not susceptible to lateral-
torsional buckling if the length L. between restraints or the resulting equivalent compression flange

slenderness 7_u satisfies:

- - M
7\.]‘ = _kch < 7\4c0 ¢.Rd
If,z7\“1 My,Ed

(6.59)

where M, gq is the maximum design value of the bending moment within the restraint spacing

fy
M cRd — Wy —
Ywm1
W, isthe appropriate section modulus corresponding to the compression flange
k. isaslenderness correction factor for moment distribution between restraints, see Table 6.6

ir, isthe radius of gyration of the compression flange including 1/3 of the compressed part of the
web area, about the minor axis of the section

Leo isthe slenderness parameter of the above compression element

A =T \/E ~ 930
fy
€= }g (f, in N/mm?)
y
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NOTE 1B For Class 4 cross-sections iz, may be taken as

_ oy

if,Z_ 1

Aeff f + éAeff ,W,C
where g is the effective second moment of area of the compression flange about the minor axis
of the section

Aqis  isthe effective area of the compression flange
Adrwe 1Sthe effective areas of the compressed part of the web

NOTE 2B The slenderness limit Aco may be given in the National Annex. A limit vaue
Aco = ALt + 0,1 isrecommended, see 6.3.2.3.

(2)B If the slenderness of the compression flange A exceeds the limit given in (1)B, the design buckling
resistance moment may be taken as:

Myra =KX Mgg but Mgy <M gy (6.60)

where 7y isthe reduction factor of the equivalent compression flange determined with A
k,, isthe modification factor accounting for the conservatism of the equivalent compression flange
method

NOTE B The modification factor may be given in the National Annex. A vaue k;, =110 is
recommended.

(3B The buckling curvesto be used in (2)B should be taken as follows:

curve d for welded sections provided that: tﬂ <44¢
f

curve c for al other sections
where h isthe overal depth of the cross-section
t isthethickness of the compression flange

NOTE B For latera torsiona buckling of components of building structures with restraints see also
Annex BB.3.

6.3.3 Uniform members in bending and axial compression

(1) Unless second order analysis is carried out using the imperfections as given in 5.3.2, the stability of
uniform members with double symmetric cross sections for sections not susceptible to distortional
deformations should be checked as given in the following clauses, where adistinction is made for:

- members that are not susceptible to torsiona deformations, e.g. circular hollow sections or sections
restraint from torsion

- members that are susceptible to torsiona deformations, e.g. members with open cross-sections and not
restraint from torsion.

(2) In addition, the resistance of the cross-sections at each end of the member should satisfy the
requirementsgivenin 6.2.

NOTE 1 The interaction formulae are based on the modelling of simply supported single span

members with end fork conditions and with or without continuous lateral restraints, which are
subjected to compression forces, end moments and/or transverse loads.
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NOTE 2 In case the conditions of application expressed in (1) and (2) are not fulfilled, see 6.3.4.

(3 For members of structural systems the resistance check may be carried out on the basis of the
individual single span members regarded as cut out of the system. Second order effects of the sway system
(P-A-effects) have to be taken into account, either by the end moments of the member or by means of
appropriate buckling lengths respectively.

(49) Memberswhich are subjected to combined bending and axial compression should satisfy:

M + AM

Ney k,, —2= YE 4Ky, Mago + AM g <1 (6.61)
Xy N Rk M y,Rk M z,Rk
- Xt

Tm1 Ywm1 Tma

N M, g + AM M, +AM,
N K Y. Y YE Lk, 'E(:vl Bl (6.62)
Xz Rk y,Rk z,Rk

Xt
Twm1 Vw1 VI

where Ngg, Mygq and M, gq are the design values of the compression force and the maximum moments
about the y-y and z-z axis along the member, respectively

AMy g4, AM g are the moments due to the shift of the centroidal axis according to 6.2.9.3 for
class 4 sections, see Table 6.7,

Yy and x; are the reduction factors due to flexural buckling from 6.3.1
LT is the reduction factor due to lateral torsional buckling from 6.3.2
Kyy, Kyz, Kzys Kz are the interaction factors

Table 6.7: Values for Nrk = fy A, Mirc = fy Wi and AM; gq

Class 1 2 3 4
A A A A At
W, Woiy Wy Wiy Weit,y
Wz Wpl,z Wpl,z We|,z Weff,z
AM y,Ed 0 0 0 eN’y NEd
AM z,Ed O O O eN,z NEd

NOTE For members not susceptible to torsional deformation y,+ would be x,+ = 1,0.
(5) Theinteraction factorskyy , ky, , kyy , k., depend on the method which is chosen.

NOTE 1 The interaction factors Ky, Ky, ky and k. have been derived from two alternative
approaches. Values of these factors may be obtained from Annex A (aternative method 1) or from
Annex B (aternative method 2).

NOTE 2 The National Annex may give a choice from alternative method 1 or alternative method 2.
NOTE 3 For simplicity verifications may be performed in the elastic range only.

6.3.4 General method for lateral and lateral torsional buckling of structural components

(1) Thefollowing method may be used where the methods given in 6.3.1, 6.3.2 and 6.3.3 do not apply. It

allows the verification of the resistance to lateral and lateral torsiona buckling for structural components
such as

- single members, built-up or not, uniform or not, with complex support conditions or not, or
- planeframes or subframes compaosed of such members,
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which are subject to compression and/or mono-axial bending in the plane, but which do not contain rotative
plastic hinges.

NOTE The National Annex may specify the field and limits of application of this method.

(2) Overdl resistance to out-of-plane buckling for any structural component conforming to the scope in
(1) can be verified by ensuring that:

(04
Lok 5 49 (6.63)
Ywm1

where oy 1S the minimum load amplifier of the design loads to reach the characteristic resistance of the
most critical cross section of the structura component considering its in plane behaviour
without taking lateral or lateral torsiona buckling into account however accounting for all
effects due to in plane geometrical deformation and imperfections, global and local, where
relevant

Xop 1S the reduction factor for the non-dimensional slenderness Xop, see (3), to take account of
lateral and lateral torsional buckling

(3 Thegloba non dimensiona slenderness Xop for the structural component should be determined from

Ol it i

7_Lop = (664)

o

cr,op

where oy isdefinedin (2)

Ocrop 1S the minimum amplifier for the in plane design loads to reach the elastic critical resistance of
the structura component with regards to lateral or lateral torsional buckling without
accounting for in plane flexural buckling

NOTE In determining o.,op aNd otk Finite Element analysis may be used.

(4)  Thereduction factor  ,, may be determined from either of the following methods:

a) the minimum value of
yx  for lateral buckling according to 6.3.1
y. for lateral torsional buckling according to 6.3.2

each calculated for the globa non dimensional slenderness 7_\40p

. . . N M .
NOTE For example where oy iS determined by the cross section check = B VB g
Olyex  Npy v.RK
method leads to:
N M
B4 Y < Yo (6.65)

N i /YMl M y,Rk /YMl

b) a value interpolated between the values y and x. r as determined in &) by using the formula for ok
corresponding to the critical cross section

N M .
=B 4 VH g
Olyex  Npy v.RK

NOTE For example where oy iS determined by the cross section check

method leads to:
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N M
B4 v.Ed <1 (6.66)
XNRK/YMl XLT My,Rk/YMl

6.3.5 Lateral torsional buckling of members with plastic hinges

6.35.1 Genera

(1)B Structures may be designed with plastic analysis provided latera torsiona buckling in the frame is
prevented by the following means:

a) regtraints at locations of “rotated” plastic hinges, see 6.3.5.2, and
b) verification of stable length of segment between such restraints and other lateral restraints, see 6.3.5.3

(2B Where under al ultimate limit state load combinations, the plastic hinge is “not-rotated” no restraints
are necessary for such aplastic hinge.

6.352 Redraintsat rotated plastic hinges

(1)B At each rotated plastic hinge location the cross section should have an effective lateral and torsional
restraint with appropriate resistance to lateral forces and torsion induced by local plastic deformations of the
member at this location.

(2)B Effective restraint should be provided

- for members carrying either moment or moment and axia force by lateral restraint to both flanges. This
may be provided by lateral restraint to one flange and a stiff torsional restraint to the cross-section
preventing the lateral displacement of the compression flange relative to the tension flange, see Figure
6.5.

- for members carrying either moment alone or moment and axial tension in which the compression flange
is in contact with a floor slab, by lateral and torsional restraint to the compression flange (e.g. by
connecting it to a dab, see Figure 6.6). For cross-sections that are more slender than rolled | and H
sections the distorsion of the cross section should be prevented at the plastic hinge location (e.g. by
means of a web stiffener also connected to the compression flange with a stiff connection from the
compression flange into the slab).

2

O] o] o] o] !

N N

[o)(©] [9)(©]

Figure 6.5: Typical stiff torsional restraint

1 compression flange

Figure 6.6: Typical lateral and torsional restraint by a slab to the compression
flange
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(3B At each plastic hinge location, the connection (e.g. bolts) of the compression flange to the resisting
element at that point (e.g. purlin), and any intermediate element (e.g. diagona brace) should be designed to
resist alocal force equa to 2,5% of N;gq (defined in 6.3.5.2(5)B) transmitted by the flange in its plane and
perpendicular to the web plane, without any combination with other loads.

(4B Where it is not practicable providing such a restraint directly at the hinge location, it should be
provided within a distance of h/2 along the length of the member, where h isits overall depth at the plastic
hinge location.

(5)B For the design of bracing systems, see 5.3.3, it should be verified by a check in addition to the check
for imperfection according to 5.3.3 that the bracing system is able to resist the effects of local forces Q,
applied at each stabilised member at the plastic hinge locations, where;

Nf,Ed

Q,=150a, 00 (6.67)

where N;gq is the axia force in the compressed flange of the stabilised member at the plastic hinge
location

on isaccordingto 5.3.3(1)
NOTE For combination with external loads see also 5.3.3(5).
6.35.3 Veification of stablelength of segment

(B The lateral torsional buckling verification of segments between restraints may be performed by
checking that the length between restraints is not greater than the stable length.

. , . . h : ,
For uniform beam segments with | or H cross sections with o < 40¢ under linear moment and without
f
significant axial compression the stable length may be taken from

L gape =35€1, for 0,625<y <1

. (6.68)
L oo = (60—40y)ei, for —1<y<0,625
where e = 235
1, [N 7mm]
M Ed,min

Y= = ratio of end moments in the segment

pl,Rd
NOTE B For the stable length of a segment see also Annex BB.3.

(2B Where arotated plastic hinge location occurs immediately adjacent to one end of a haunch, the tapered

segment need not be treated as a segment adjacent to a plastic hinge location if the following criteria are

satisfied:

a) the restraint at the plastic hinge location should be within a distance h/2 along the length of the tapered
segment, not the uniform segment

b) the compression flange of the haunch remains e astic throughout its length

NOTE B For more information see Annex BB.3.
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6.4 Uniform built-up compression members

6.4.1 General

(1) Uniform built-up compression members with hinged ends that are laterally supported should be
designed with the following model, see Figure 6.7.

. . . . L
1. The member may be considered as a column with abow imperfection e, = 500
2. The elastic deformations of lacings or battenings, see Figure 6.7, may be considered by a continuous
(smeared) shear stiffness S, of the column.
NOTE For other end conditions appropriate modifications may be performed.

(2) Themodel of auniform built-up compression member applies when
1. thelacings or battenings consist of equal modules with paralel chords
2. the minimum numbers of modules in a member is three.

NOTE This assumption alows the structure to be regular and smearing the discrete structure to a
continuum.

(3) Thedesign procedure is applicable to built-up members with lacings in two directions, see
Figure 6.8.

(4) Thechords may be solid members or may themselves be laced or battened in the perpendicular plane.

o

Figure 6.7: Uniform built-up columns with lacings and battenings

€ = L/500

69



prEN 1993-1-1: 2003 (E)

Ly =1,52a

Lo=a

Figure 6.8: Lacings on four sides and buckling length L., of chords

(5) Checks should be performed for chords using the design chord forces N¢, gq from compression forces
Ngg and moments Mgq at mid span of the built-up member.

(6) For amember with two identical chords the design force N gq Should be determined from:

M hoA
Neg = 05N gy +—2 20— (6.69)
eff
N, + M,

where Mg =—5-0 &
1_ NEd _ NEd
NCI’ SV

m’El, . o :

N, = —z isthe effective critical force of the built-up member

Nggs  isthe design value of the compression force to the built-up member

Mgy isthe design value of the maximum moment in the middle of the built-up member considering
second order effects

M, is the design value of the maximum moment in the middle of the built-up member without
second order effects

ho is the distance between the centroids of chords

Aq  isthe cross-sectional area of one chord

lr  isthe effective second moment of area of the built-up member, see 6.4.2 and 6.4.3

S,  istheshear stiffness of the lacings or battened panel, see 6.4.2 and 6.4.3.
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(7)  The checks for the lacings of laced built-up members or for the frame moments and shear forces of the
battened panels of battened built-up members should be performed for the end panel taking account of the
shear force in the built-up member:

Vg =7 MLE" (6.70)

6.4.2 Laced compression members

6.4.2.1 Resstanceof componentsof laced compresson members

(1) Thechordsand diagonal lacings subject to compression should be designed for buckling.
NOTE Secondary moments may be neglected.

(2)  For chords the buckling verification should be performed as follows:

N
— B <10 (6.70)
N b,Rd
where N eq iSthe design compression force in the chord at mid-length of the built-up member according to
6.4.1(6)
and  Nygrg iSthe design value of the buckling resistance of the chord taking the buckling length L, from
Figure 6.8.

(3) Theshear stiffness S, of the lacings should be taken from Figure 6.9.

(4) The effective second order moment of area of laced built-up members may be taken as:

|4 =05h2A (6.72)

a

System
Ag Ag

; 1
L i R
i

Ag
F—ho—A )‘—ho—" "‘ho_q
nEA ah2 nEA ah2 L‘mﬁ
d?'o d“'o 3
O e d{l Adhz}
va

n isthe number of planes of lacings
Aqand Ay refer to the cross sectional area of the bracings

Figure 6.9: Shear stiffness of lacings of built-up members

6.4.2.2 Condgructional details

(1) Single lacing systems in opposite faces of the built-up member with two paralel laced planes should
be corresponding systems as shown in Figure 6.10(a), arranged so that one is the shadow of the other.
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(2) When the single lacing systems on opposite faces of a built-up member with two paralel laced planes
are mutually opposed in direction as shown in Figure 6.10(b), the resulting torsional effects in the member
should be taken into account.

(3) Tie panes should be provided at the ends of lacing systems, at points where the lacing is interrupted
and at joints with other members.

chord chord

/4
OfF—1o

«

A
—

@l——®
@ @ @ @

Lacingonface A  Lacing on face B Lacingonface A LacingonfaceB
a) Corresponding lacing system b) Mutually opposed lacing system
(Recommended system) (Not recommended)

Figure 6.10: Single lacing system on opposite faces of a built-up member with
two parallel laced planes

6.4.3 Battened compression members
6.4.3.1 Resganceof componentsof battened compression members

(1) The chords and the battens and their joints to the chords should be checked for the actual moments and
forcesin an end pandl and at mid-span asindicated in Figure 6.11.

NOTE For simplicity the maximum chord forces Ng,gq may be combined with the maximum shear
force Vegg.
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— —
Ved2 Vo2 ’
as2
Veah
= T ° V. al2
Vv a4 Y
l v a4 &
VE,,aIZ VEdthn a/o
Veo/2 Ved/2
-——— -
TN Nch,Ed

chEd

Figure 6.11: Moments and forces in an end panel of a battened built-up member

(2) Theshear stiffness S, should be taken as follows:

2
o __ 28El, _2rEl, 673

V a’| 1+ e ho &
nl, a
(3) The effective second moments of area of battened built-up members may be taken as:

| =05h2A, +2ul, (6.74)

where | = in plane second moment of area of one chord
I, = in plane second moment of area of one batten
u = efficiency factor from Table 6.8

Table 6.8: Efficiency factor n

criterion efficiency factor u
A >150 0
A
75<A <150 p=2-—
75
A<T75 1,0
L . [, )
where A=— ; i, = ; 1, =05hgA, +2l
Io 2A

73



prEN 1993-1-1: 2003 (E)
6.4.32 Design details
(1) Battens should be provided at each end of a member.

(2) Where pardlel planes of battens are provided, the battens in each plane should be arranged opposite
each other.

(3) Battens should also be provided at intermediate points where loads are applied or lateral restraint is
supplied.

6.4.4 Closely spaced built-up members

(1) Built-up compression members with chords in contact or closely spaced and connected through
packing plates, see Figure 6.12, or star battened angle members connected by pairs of battens in two
perpendicular planes, see Figure 6.13 should be checked for buckling as a single integral member ignoring
the effect of shear giffness (S, = o), when the conditionsin Table 6.9 are met.

Figure 6.12: Closely spaced built-up members

Table 6.9: Maximum spacings for interconnections in closely spaced built-up or
star battened angle members

M aximum spacing between

Type of built-up member interconnections *)

Members according to Figure 6.12 connected by bolts or welds 15 imin

Members according to Figure 6.13 connected by pair of battens 70 imin

*) centre-to-centre distance of interconnections
imin 1S the minimum radius of gyration of one chord or one angle

(2) Theshear forcesto be transmitted by the battens should be determined from 6.4.3.1(1).
(3 Inthe case of unequal-leg angles, see Figure 6.13, buckling about the y-y axis may be verified with:
. I
i =_0 6.75
v =115 (6.75)

where i isthe minimum radius of gyration of the built-up member.
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=G
e z—
i +1+ ++ g =
! i v
| a N
< 1 V

Figure 6.13: Star-battened angle members

7 Serviceability limit states
7.1 General

(1) A steel structure shall be designed and constructed such that al relevant serviceability criteria are
satisfied.

(2) Thebasic requirements for serviceability limit states are given in 3.4 of EN 1990.

(3 Any serviceability limit state and the associated loading and analysis model should be specified for a
project.

(49 Where plagtic globa analysis is used for the ultimate limit state, plastic redistribution of forces and
moments at the serviceability limit state may occur. If so, the effects should be considered.

7.2 Serviceability limit states for buildings
7.2.1 Vertical deflections

(DB With reference to EN 1990 — Annex Al.4 limits for vertical deflections according to Figure A1.1
should be specified for each project and agreed with the client.

NOTE B The National Annex may specify the limits.
7.2.2 Horizontal deflections

(DB With reference to EN 1990 — Annex A1.4 limits for horizontal deflections according to Figure A1.2
should be specified for each project and agreed with the client.

NOTE B The National Annex may specify the limits.
7.2.3 Dynamic effects
(1)B With reference to EN 1990 — Annex A1.4.4 the vibrations of structures on which the public can walk
should be limited to avoid significant discomfort to users, and limits should be specified for each project and

agreed with the client.

NOTE B The National Annex may specify limits for vibration of floors.
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Annex A [informative] — Method 1: Interaction factors kj for interaction

formulain 6.3.3(4)

Table A.1: Interaction factors k;j (6.3.3(4))

Design assumptions

Interaction factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class1, class 2
[ [ 1
C.C.r—o— C.Cr—o——"r
kyy i - 1— NEd my LT 1- NEd ny
Ncr,y Ncr,y
Ky, mzl_ N g mzl_ Neg Cy, | Wy
Ncr,z Ncr,z
U, V) 1 w
CoyCrir —— CC z 0,6, —
Key my ~mLT 1_h my ~mLT L N g Czy w,
Ncr,y Ncr,y
c M c M 1
kzz mzl_ NEd mzl_ NEd sz
NCTZ NC(,Z

Auxiliary terms:

1_h
_ Ncr,y
My - 1 X NEd
T Ay
Ncr,y
1_ NEd
Ncrz
M, = ’
1_XZ NEd
W
w, =—"Y <15
Wy,
_ Wpl,z
w, = <15
We|,z
n | = NEd
P NRk /YMl

Cry € Table A.2

I
a;=1--—1>0
Iy

16 , = 16 ., 52 W,
C :1+(W —1) [2——Cn1y7hmax——cmy7bmax I’Ip,—bLT > ’
" ’ { Wy W, Wpl,y
— M M
with b, =05a,; Ao —— L& =
LT Ivlpl,y,Rd Mpl,z,Rd
2 2 W
C,=1+(w, —1)||2-14Smrm |y ¢ |sop [We Mar
w; w, W,,
. }_\ag MyEd
with c,; =10a,; — ’
5+ A, Cuy Xt My ra
—2
C2 }\4max w, W
C, =1+, -1||2-214"> " In —d,|>06 L
Wy w, Wp,'y
N M M
with d ; =2a,; 7“’_4 s 25
O,1+ Az Cr’ny Xt IVIpI,y,Rd sz IVIpI,z,Rd
_ _ W
sz :1+(Wz_1){[2_ﬁcﬁwz }\amax _Ecﬁ’z }\jlax ]ﬂpl_eLT:|Z 82
w w W
z z pl,z
7\40 I\/ly,Ed

with e - =17a —
o o 01+ kj Coy Xt My ra
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Table A.1 (continued)

Amax = max{ﬁy

z

Ao = non-dimensional slenderness for lateral-torsional buckling due to uniform bending moment,
l.e.yy=1,0inTableA.2

Aur = non-dimensional slenderness for lateral-torsional buckling

For Ao =0: Cry = Ciny0
sz = sz,O
Cnt=10

For ko >0:  C, =Cpo+(1-Cp ) e,

1+ e a;

sz = sz,O
a
CmLT :Ciy =L
{1_ NEd ](1_ NEd J
Ncr,z Ncr,T
M A
g, = y.Ed for class 1, 2 and 3 cross-sections
NEd We|,y
M A
g, = — B el for dlass 4 cross-sections
NEd eff |y

Ny = elastic flexural buckling force about the y-y axis
N, = elastic flexura buckling force about the z-z axis
N7 = elastic torsional buckling force

It = St. Venant torsional constant

ly = second moment of area about y-y axis

Table A.2: Equivalent uniform moment factors Cpipo

Moment diagram Cuio
Mo M _ N e
izyel Coio = 0,79+ 0,21y, +0,36(y, _0'33)N_m
M (X | n’ElL (8, | N
( ) Cmi,O :1+ B —1 Ed
L ‘Mi,Ed (X)‘ N
N | $ MG

Mi g4 (X) iSthe maximum moment My gq Of M, g4
[0,] is the maximum member displacement along the member

N
C,,=1-018_E
' N

cr.i

N
C,,=1+003—F
' N

cr.i
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Annex B [informative] — Method 2: Interaction factors kj for interaction
formulain 6.3.3(4)

Table B.1: Interaction factors kj; for members not susceptible to torsional

deformations

; Design assumption
Interaction Typ_e of elastic cross-sectional properties plastic cross-sectional properties
factors sections
class 3, class 4 class 1, class 2
_ N — N
C,,|1+06hy — Cpy| 1+ (hy —02)—E
K |-sections XyNRk I Y XyNRk IV
i RHS-sections N N
<C,| 1+ 06— <C, |1+ 08——&
XyNe /Y XyNec/ Y
[-sections
Kye RHS-sections Kez 0.6 kzz
|-sections
Kay RHS-sections 0.8kyy 0.6 Ky
— N
cm{u (2n, - o,e)ﬁ}
|-sections XN ! T
n N <C,|1+14— Nea
C.|1+06h, — 5 S Crg| L4141
" y\ I /yMl XzNre Vw1
ZZ N o - N
< sz(l‘i‘ 0,6v} sz 1+ (7\11 _ 0’2) Ed
XzNre I %, N gy /YMl
RHS-sections NZ
< sz(1+ O,8—Ed]
XNe ! Y

For I- and H-sections and rectangular hollow sections under axial compression and uniaxia bending My gq
the coefficient k,, may be k,, = 0.

Table B.2: Interaction factors kj for members susceptible to torsional

deformations

Design assumptions

Inﬁ;?gtrlé)n elagtic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class1, class 2
Kyy Ky, from Table B.1 ky, from Table B.1
Kyz ky; from Table B.1 ky; from Table B.1
{ 0,05k N, } {1_ 0%, N, }
(CmLT _0'25) XN ! Y (Crir _O’ZS)XZNRK Y
[, 005 Ne, S {1_ 01 N g }
Kay (CmLT -0,25) XzNre ! Y (Cour =0.25) %, N/ Yanr
for k. < 0,4:
K, =06+A, <1- Ok Ne,
(CmLT B 0125) XzN Rk /YM1
Ky, k,, from Table B.1 k,, from Table B.1
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Table B.3: Equivalent uniform moment factors C,, in Tables B.1 and B.2

Moment diagram range uniform loading concentrated load
-1<y<1 0,6 +0,4y =04
-1<y<1 0,2+0,805> 0,4 0,2+ 0,805>0,4
O<wy<1 0,1-0,805s>0,4 -0,80,s> 0,4
1<y <0 0,1(1-y) - 0,80,s> 0,4 0,2(-y) - 0,805> 0,4
-1<y<1 0,95 + 0,050, 0,90 + 0,100,
O<y<l1 0,95 + 0,050, 0,90 + 0,100,
-1<o0,<0
oy, = My /M, 1<y <0 0,95 + 0,050,(1+2v) 0,90 - 0,1001,(1+2y)

For members with sway buckling mode the equivalent uniform moment factor should be taken C,, = 0,9 or

Cuz = 0,9 respectively.
Cuy » Cz and C,i 1 shall be obtained according to the bending moment diagram between the relevant braced

points as follows:

moment factor  bending axis  points braced in direction
Chy zz
Cz y-y
Ciit y-y
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Annex AB [informative] — Additional design provisions
AB.1 Structural analysis taking account of material non-linearities

(1)B In case of material non-linearities the action effects in a structure may be determined by incremental
approach to the design loads to be considered for the relevant design situation.

(2)B Inthisincrementa approach each permanent or variable action should be increased proportionally.

AB.2 Simplified provisions for the design of continuous floor beams

(DB For continuous beams with slabs in buildings without cantilevers on which uniformly distributed |oads
are dominant, it is sufficient to consider only the following load arrangements:

a) aternative spans carrying the design permanent and variable load (ys Gk + Yo Qx), other spans carrying
only the design permanent load ys Gk

b) any two adjacent spans carrying the design permanent and variable loads (ys Gk + Yo Qk), al other spans
carrying only the design permanent load ys Gy

NOTE 1 a) appliesto sagging moments, b) to hogging moments.

NOTE 2 Thisannex isintended to be transferred to EN 1990 in a later stage.
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Annex BB [informative] — Buckling of components of building
structures

BB.1 Flexural buckling of members in triangulated and lattice structures
BB.1.1 General

(DB For chord members generally and for out-of-plane buckling of web members, the buckling length L
may be taken as equal to the system length L, unless asmaller value can be justified by analysis.

(2B The buckling length L, of an | or H section chord member may be taken as 0,9L for in-plane buckling
and 1,0L for out-of-plane buckling, unless asmaller value isjustified by analysis.

(3B Web members may be designed for in-plane buckling using a buckling length smaller than the system
length, provided the chords supply appropriate end restraint and the end connections supply appropriate
fixity (at least 2 boltsif bolted).

(4B Under these conditions, in normal triangulated structures the buckling length L., of web members for
in-plane buckling may be taken as 0,9L, except for angle sections, see BB.1.2.

BB.1.2 Angles as web members
(1B Provided that the chords supply appropriate end restraint to web members made of angles and the end
connections of such web members supply appropriate fixity (at least two bolts if bolted), the eccentricities

may be neglected and end fixities allowed for in the design of angles as web members in compression. The
effective slendernessratio A may be obtained as follows:

Aetv = 0,35+0,7Ay for buckling about v-v axis
Net vy =050+ 0,77_Ly for buckling about y-y axis (BB.1)
At 2z =050+ 0,77_»1 for buckling about z-z axis

where A is as defined in 6.3.1.2.

(2B When only one bolt is used for end connections of angle web members the eccentricity should be
taken into account using 6.2.9 and the buckling length L, should be taken as equal to the system length L.

BB.1.3 Hollow sections as members

(DB The buckling length L, of a hollow section chord member may be taken as 0,9L for both in-plane and
out-of -plane buckling, where L is the system length for the relevant plane. The in-plane system length is the
distance between the joints. The out-of-plane system length is the distance between the lateral supports,
unless asmaller valueisjustified by analysis.

(2B The buckling length L, of a hollow section brace member (web member) with bolted connections may
be taken as 1,0L for both in-plane and out-of -plane buckling.

(3B For latticed girders with parallel chords and braces, for which the brace to chord diameter or width
ratio B is less than 0,6 the buckling length L. of a hollow section brace member without cropping or
flattening, welded around its perimeter to hollow section chords, may generally be taken as 0,75L for both
in-plane and out-of-plane buckling, unless smaller values may be justified by tests or by calculations.

NOTE The National Annex may give more information on buckling lengths.
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BB.2 Continuous restraints
BB.2.1 Continuous lateral restraints

(1)B If trapezoida sheeting according to EN 1993-1-3 is connected to a beam and the condition expressed
by equation (BB.2) is met, the beam at the connection may be regarded as being laterally restrained in the
plane of the sheeting.

2 2
SZ[EIW T LGl + E|ZTE—20,25h2]

LZ

70

h?

(BB.2)

where S isthe shear stiffness (per unit of beam length) provided by the sheeting to the beam regarding its
deformation in the plane of the sheeting to be connected to the beam at each rib.

lw isthewarping constant

Iy isthetorsion constant

I, isthesecond moment of area of the cross section about the minor axis of the cross section
is the beam length

h  isthe depth of the beam

If the sheeting is connected to a beam at every second rib only, S should be substituted by 0,20S.
NOTE Eqation (BB.2) may aso be used to determine the lateral stability of beam flanges used in
combination with other types of cladding than trapezoidal sheeting, provided that the connections are
of suitable design.

BB.2.2 Continuous torsional restraints

(DB A beam may be considered as sufficiently restraint from torsional deformationsif

MZ
Co > —25K K, (BB.3)
' El,
where Cy = rotationa dtiffness (per unit of beam length) provided to the beam by the stabilising

continuum (e.g. roof structure) and the connections
K, = 0,35for eastic analysis
K, = 1,00for plastic anaysis
Ky = factor for considering the moment distribution see Table BB.1 and the type of restraint
M= characteristic value of the plastic moment of the beam
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Table BB.1: Factor K4 for considering the moment distribution and the type of
restraint

without with
Case Moment distribution trandational | trandationd
restraint restraint

1 \M 4,0 0

2a /\ M 0,12
N v

35

M R /] M
2b 0,23

5 ~——Jym| 10 07

¥ < -0,3

(2B Therotational stiffness provided by the stabilising continuum to the beam may be cal culated from

1=1+1+1 (BB.4)
Cox Cork  Cock  Conk

rotational stiffness (per unit of the beam length) provided by the stabilising continuum to
the beam assuming a tiff connection to the member

where C@R'k

Cock = rotationa stiffness (per unit of the beam length) of the connection between the beam and
the stabilising continuum

Copx = rotationa stiffness (per unit of the beam length) deduced from an analysis of the
distorsional deformations of the beam cross sections, where the flange in compression is
the free one; where the compression flange is the connected one or where distorsional
deformations of the cross sections may be neglected (e.g. for usua rolled profiles)
Copk =0

NOTE For more information see EN 1993-1-3.

BB.3 Stable lengths of segment containing plastic hinges for out-of-plane
buckling

BB.3.1 Uniform members made of rolled sections or equivalent welded I-sections

BB.3.1.1 Stablelengths between adjacent lateral restraints

(1B Latera torsiona buckling effects may be ignored where the length L of the segment of a member
between the restrained section at a plastic hinge location and the adjacent lateral restraint is not greater than

L m Where:
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L = 38, (BB.5)

2
1 (Neg), 1 (Waylf,
57,4\ A 756 CZ | Al, | 235

where Ngg isthe design value of the compression force [N] in the member

A isthe cross section area [mm?] of the member
W,y isthe plastic section modulus of the member
l¢ is the torsion constant of the member

fy istheyield strength in [N/mn¥]

provided that the member is restrained at the hinge as required by 6.3.5 and that the other end of the segment
isrestrained

- either by alateral restraint to the compression flange where one flange is in compression throughout the
length of the segment,

- orbyatorsiond restraint,

- or by alatera restraint at the end of the segment and atorsiona restraint to the member at a distance that
satisfies the requirementsfor L,

see Figure BB.1, Figure BB.2 and Figure BB3.

NOTE In genera Lgisgreater than L,

N 7
i | |
| TR \
| \

T

| "8

=

tension flange
6 y 2 plagtic stable length (see

3 BB.3.1.1)
elastic section (see 6.3)
plastic hinge
restraints
bending moment diagram
compression flange
plastic with tension flange
restraint, stable length = L (see
J BB.3.1.2, equation (BB.7) or
| b (BB-S))
i h ! 9 dastic with tension flange

\

34

coO~NO U1l h W

restraint (see 6.3), y and y. from
Ne and M, including tension
A-A B-B flange restraint

Figure BB.1: Checks in a member without a haunch
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tension flange

elagtic section (see 6.3)
plagtic stable length (see
BB.3.2.1) or elastic (see
6.3.5.3(2)B)

plagtic stable length (see
BB.3.1.1)

elastic section (see 6.3)
plastic hinge

restraints

bending moment diagram
compression flange

plagtic stable length (see
BB.3.2) or elastic (see
6.3.5.3(2)B)

plagtic stable length (see
BB.3.1.2)

elastic section (see 6.3), y and
it from N, and M, including
tension flange restraint

Figure BB.2: Checks in a member with a three flange haunch
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B-B
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12

tension flange

elastic section (see 6.3)
plagtic stable length (see
BB.3.2.1)

plastic stable length (see
BB.3.1.1)

elagtic section (see 6.3)
plastic hinge

restraints

bending moment diagram
compression flange

plastic stable length (see
BB.3.2)

plagtic stable length (see
BB.3.1.2)

elastic section (see 6.3), y and
it from N, and M, including
tension flange restraint

Figure BB.3: Checks in a member with a two flange haunch
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BB.3.1.2 Stablelength between torsional restraints

(1B Latera torsiona buckling effects may be ignored where the length L of the segment of a member
between the restrained section at a plastic hinge location and the adjacent torsiona restraint subject to a
constant moment is not greater than L, provided that

- the member isrestrained at the hinge as required by 6.3.5 and

- there are one or more intermediate lateral restraints between the torsional restraints at a spacing that
satisfies the requirements for L., see BB.3.1.1,

(5,4+ 600t j{h] i
E |t
L = _ (BB.6)
{20 -
E )t

(2B Lateral torsiona buckling effects may be ignored where the length L of the segment of a member
between the restrained section at a plastic hinge location and the adjacent torsiona restraint subject to a
linear moment gradient and axial compression is not greater than L, provided that

- the member isrestrained at the hinge as required by 6.3.5 and

- there are one or more intermediate lateral restraints between the torsional restraints at a spacing that
satisfies the requirements for L., see BB.3.1.1,

where

M
where L, =,/C. L, PLy.RK (BB.7)
) " (MN,y,Rk +aNg
Cn is the modification factor for linear moment gradient, see BB.3.3.1;
a is the distance between the centroid of the member with the plastic hinge and the centroid of

the restraint members;
Muiyre iSthe characteristic plastic moment resistance of the cross section about the y-y axis

Mnyre IS the characteristic plastic moment resistance of the cross section about the y-y axis with
reduction due to the axial force Ngg

(3B Latera torsional buckling effects may be ignored where the length L of a segment of a member
between the restrained section at a plastic hinge location and the adjacent torsional restraint subject to a non
linear moment gradient and axial compression is not greater than L, provided that

- the member isrestrained at the hinge as required by 6.3.5 and

- there are one or more intermediate lateral restraints between the torsional restraints at a spacing that
satisfies the requirementsfor L, see BB3.1.1

where L, =,/C, L, (BB.8)

C, isthe maodification factor for non-linear moment gradient, see BB.3.3.2,

see Figure BB.1, Figure BB.2 and Figure BB.3.

86



prEN 1993-1-1: 2003 (E)

BB.3.2 Haunched or tapered members made of rolled sections or equivalent welded I-
sections

BB.3.2.1 Stablelength between adjacent lateral restraints

(DB Latera torsiona buckling effects may be ignored where the length L of the segment of a member
between the restrained section at a plastic hinge location and the adjacent lateral restraint is not greater than
L, where

- for three flange haunches (see Figure BB.2)

— 38, (BB.9)

Lm
1(Ng), 1 (W, | )
57,4\ A 756 CZ| Al, | 235
- for two flange haunches (see Figure BB.3)

L =085 38, (BB.10)

1 NEdJ+ Lo(WE )Y
574\ A ) 756CZ| Al, | 235

where Ngg isthe design value of the compression force [N] in the member

2
ply

Al is the maximum value in the segment
t

2

W
A is the cross sectional area [mm?] at the location where —PY is a maximum of the tapered

t
member

W,y isthe plastic section modulus of the member

l¢ isthe torsional constant of the member

fy istheyied strength in [N/mm?]

iz is the minimum value of the radius of gyration in the segment

provided that the member is restrained at the hinge as required by 6.3.5 and that the other end of segment is
restrained

- ether by alateral restraint to the compression flange where one flange is in compression throughout the
length of the segment,

- orbyatorsiond restraint,

- or by alatera restraint at the end of the segment and atorsiona restraint to the member at a distance that
satisfies the requirementsfor L.

BB.3.2.2 Stablelength between torsional restraints

(1)B For non uniform members with constant flanges under linear or non-linear moment gradient and axial
compression, latera torsional buckling effects may be ignored where the length L of the segment of a
member between the restrained section at a plastic hinge location and the adjacent torsional restraint is not
greater than L, provided that

- the member isrestrained at the hinge as required by 6.3.5 and

- there are one or more intermediate lateral restraints between the torsional restraints at a spacing that
satisfies the requirementsfor L., see BB.3.2.1,
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where
- for three flange haunches (see Figure BB.2)

e
e

(BB.11)
- for two flange haunches (see Figure BB.3)
JC, L,
L,=085——— (BB.12)
C

where Ly isthe length derived for a uniform member with a cross-section equal to the shallowest section,
see BB.3.1.2, using the minimum value for i, in the segment and the maximum value of (h/t) in
the segment

C, seeBB.3.3.2
c isthetaper factor defined in BB.3.3.3

BB.3.3 Modification factors for moment gradients in members laterally restrained along the
tension flange

BB.3.3.1 Linear moment gradients

(DB The modification factor C,, may be determined from
1

o= 5 (BB.13)
BO + BlBt + BZBt
in which
1+10n
B, =
1+ 20n
5o 5V
" m+10n
B — 0,5 0,5

> 1+mfn 1+20n

crE

leN

oT
2
_T El,

N
L’

crE

L, isthe distance between the torsional restraints

Ner == L 2 L 2

T . 2
IS t t

1 (n’El,a®> n’El _ —_— _ _
[ 4+ *+Gl, | is the eastic critica buckling force for an I-section between

restraints to both flanges at spacing L. with intermediate lateral
restraints to the tension flange.

2
S

22 2 k2 2
ig =i, +i;+a

where a is the distance between the centroid of the member and the centroid of the restraining members,
such as purlins restraining rafters
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B is the ratio of the agebraically smaller end moment to the larger end moment. Moments that
produce compression in the non-restrained flange should be taken as positive. If the ratio is less

than —1,0 the value of B; should be taken as—1,0, see Figure BB 4.

+ +
200 100
/I
—
~ 100 500
g =200
B, =—0_ 45 ‘" +100

but B, 2-10 thusf, =-10

Figure BB.4: Value of B

BB.3.3.2 Non linear moment gradients

(1)B The modification factor C, may be determined from
12
C, =
[R,+3R,+4R,+3R, +R. +2(R,—R.)|

in which R; to Rs are the values of R according to (2)B at the ends, quarter points and mid-length, see Figure
BB.5, and only positive values of R should be included.

(BB.14)

In addition, only positive values of (Rs — Rg) should be included, where
- Reisthegreater of Ry or Rg
- Rsisthe maximum value of R anywhere in the length L,

s
Rg= R R,
R, R, Rs R4/
R, Ry R R
Rs

Figure BB.5: Moment ratios

(2B Thevalue of R should be obtained from:
M, g +aNg
nyVNJ

R= (BB.15)
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where a is the distance between the centroid of the member and the centroid of the restraining members,
such as purlinsrestraining rafters

BB.3.3.3 Taper factor

(1)B For a non uniform member with constant flanges, for which h > 1,2b and h/t; > 20 the taper factor c
should be obtained as follows:

- for tapered members or segments:

3

h 2/3
c=1+ ( e —1) (BB.16)
H_g hmin
-9

- for haunched members or segments:

2/3
_ S LU I LT
c=1+ (h )(hsj \/: (BB.17)

t,
where h, istheadditiona depth of the haunch or taper, see Figure BB.6;
hmax 1S the maximum depth of cross-section within the length L, , see Figure BB.6;
Pmin 1S the minimum depth of cross-section within the length L , see Figure BB.6;
hs isthe vertical depth of the un-haunched section, see Figure BB.6;
L  isthelength of haunch within the length L, , see Figure BB.6;
Ly isthelength between points at which the compression flange is laterally restrained,

(a) Tapered segment (b) Haunched segment (c) Haunched segment

X = restraint

Figure BB.6: Dimensions defining taper factor
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