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This European Standard EN 1993, Eurocode 3: Design of steel structures, has been prepared by Technical 
Committee CEN/TC250 « Structural Eurocodes », the Secretariat of which is held by BSI. CEN/TC250 is 
responsible for all Structural Eurocodes. 

This European Standard shall be given the status of a National Standard, either by publication of an identical 
text or by endorsement, at the latest by November 2005, and conflicting National Standards shall be withdrawn 
at latest by March 2010. 

This Eurocode supersedes ENV 1993-1-1. 

According to the CEN-CENELEC Internal Regulations, the National Standard Organizations of the 
following countries are bound to implement these European Standard: Austria, Belgium, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ircland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Swedcn, 
Switzerland and United Kingdom. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme 111 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 harmonization of technical speci1~cations. 

Within this action programme, the Commission took the initiative to establish a set of harmonized technical 
rules for the design of construction works which, in a first stage, would serve as an alternativc to the national 
rules in force in the Member States and, ultimately, would replace them. 

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

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an agreement I 
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 89/1 06/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 Directives initiated in pursuit of setting up the internal market). 

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

EN 1990 Eurocode: Basis of structural design 

EN 1991 Eurocode 1: Actions on structures 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of steel stluctures 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber stluctures 

EN 1996 Eurocode 6: Design of masonry structures 

EN ]997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

I 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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EN ] 999 Eurocode 9: Design of aluminium structures 

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

Status and field of application of Eurocodes 

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

as a means to prove compliance of building and civil engineering works with the essential requirements 
of Council Directive 89/1 06/EEC, particularly Essential Requirement N° 1 - Mechanical resistance and 
stability - and Essential Requirement N°2 Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonized 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 Documents2 referred to in Article 12 of the CPD, although they are of a different nature from 
harmonized product standard3

. Therefore, technical 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 a view to achieving a full 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. Unusual forms of 
construction or design conditions are not specifically covercd and additional 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 which may be preceded by a National title page and National foreword, and 
may be followed by a National annex (informative). 

The National Annex (informative) may only contain information on those parameters which are left open in 
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. : 

values for partial factors and/or classes whcre alternatives are given in the Eurocode, 

values to 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 harmonized technical specifications (ENs 

('"".-rill-'" to Art. 3 _3 of the CPD, the essential requirements (ERs) shall be concrete form in interpretative documents for the 
creation of tile necessary Jinks betwcen the essential requirements and the mandates tor hENs and ETAGsiETAs. 

According to Art. 12 of the CPD the interpretative documents shall : 
a) concrete form to the essential harmonizing the t"'·",,,,,,,I,,,n( and the technical bases and indicating classes 

where necessary; 
b) these classes or levels of requirement with the technical e.g. methods of 

calculation and technical rules for design. etc. ; 
c) serve as a reference for the establishment standards and guidelines for European technical approvals. 
The Eurocodes, de playa similar role in the field of the ER 1 and a part ofER 2. 
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There is a need for consistency between the harmonized technical specifications for construction products 
and the technical rulcs for works4

. Furthermore, all the information accompanying thc CE Marking of the 
constIuction products which rcfcr to Eurocodes should clearly mention which Nationally Determined 
ParaIneters have been taken into account. 

Additional information specific to EN 1993-1 

EN 1993 is intended to be used with Eurocodes EN 1990 - Basis of Structural Design, EN 1991 - Actions on 
structures and EN 1992 to EN 1999, when steel stluctures or steel components are rcferred 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 twelve subparts EN 1993-1-1 to EN 1993-1-12 each addressing specific stcel 
components, lilnit states or materials. 

It may also be used for design cases not covered by the Eurocodes (other structures, other actions, othcr 
materials) serving as a reference document for other CEN TC's concenling structural matters. 

EN 1993-1 is intended for use by 

committees drafting design related product, tcsting and execution standards, 

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

designers and constructors 

relevant authorities 

Numerical values for patiial 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 
worlananship and quality management applies. 

4 See Art.3.3 and Art.l2 of the CPD, as well as clauses 4.1. 4.3. L 4.3.2 and 5.2 ofID I. 
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National annex for EN 1993-1-1 

This standard gives values with notes indicating where national choices may have to be made. Therefore the 
National Standard implementing EN 1993-1 should have a National Annex containing all Nationally 
Determined Parameters to be used for the design ~ of steel structures and civil engineering works to be 
constructed @2] in the relevant country. 

National choice is allowed in EN 1993-1-1 through the following clauses: 

2.3.1(1) 

3.1(2) 

3.2.1 (I) 

3.2.2( I) 

3.2.3(1) 

3.2.3(3)8 

3.2.4(1 )8 

5.2.1(3) 

5.2.2(8) 

5.3.2(3) 

5.3.2(11 ) 

5.3.4(3) 

6.1(1) 

6.1(1)B 

6.3.2.2(2) 

6.3.2.3(1) 

6.3.2.3(2) 

6.3.2.4(1)8 

6.3.2.4(2)8 

6.3.3(5) 

6.3.4(1) 

7.2.1(1)B 

7.2.2(1)B 

7.2.3(1 )8 

BB.1.3(3)B 
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1 General 

1.1 Scope 

1.1.1 Scope of Eurocode 3 

(1) Eurocodc 3 applies to the design of buildings and civil engineering works in 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. 

(2) Eurocode 3 is concerned only \vith requirements for resistance, serviceability, durability and fire 
resistance of steel structures. Other requirements, e.g. concerning thermal or sound insulation, are not 
covered. 

(3) Euroeode 3 is intended to be used in conjunction with: 

EN 1990 "Basis of structural design" 

EN 1991 '"Actions on structures" 

ENs, ET AGs and ETAs for 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 

(4) 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 Steel Structures: Steel bridges. 

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

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

EN 1993-5 Design of Steel Structures: Piling. 

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

(5) 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 lules in EN 1993-1. 

(6) EN 1993-1 "General rules and lules for buildings" comprises: 

EN ] 993-1-1 Design of Steel Structures: General rules and rules for buildings. 

EN 1993-1-2 Design of Steel Structures: Structural fire design. 

EN 1993-1-3 Design of Steel Struchlres: IAC 2) Cold-formed members and sheeting @l]. 

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

Design of Steel Structures: Plated structural elements. 

Design of Steel Structures: Strength and stability of shell structures. 

EN 1993-1-5 

EN 1993-1-6 

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

EN 1993-1-8 

EN 1993-1-9 

Design of Steel Stluetures : Design of joints. 

Design of Steel Structures: Fatigue strength of steel structures. 

EN 1993-1-10 Design of Steel StIuctufes : Selection of steel for fracture toughness and through-thickness 
properties. 

EN 1993-1-11 Design of Steel Structures: Design of structures \vith tension components made of steel. 

EN 1993-1-12 Design of Steel Structures: Supplementary rules for high strength steel. 
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1.1.2 Scope of Part 1.1 of Eurocode 3 

(1) EN 1993-1-1 basic design rules for stccl structurcs with material thicknesses t 2: 3 mm. It also 
gives supplementary provisions for the structural design of steel buildings. These supplementary provisions 
are indicated by the lettcr "B" after thc paragraph number, thus ( )B. 

NOTE ~Forcold formed members and sheeting, see EN 1993-1-3 @lI. 

(2) The following subjects are dealt with in EN 1993-1-1: 

Section 1: General 

Section 2: Basis of 

Section 3: Materials 

Section 4: Durability 

Section 5: Structural analysis 

Section 6: Ultimate limit states 

Section 7: Scrviceability limit states 

(3) Sections 1 to 2 provide additional clauses to those given in EN 1990 "Basis of structural design". 

(4) Section 3 deals with matcrial properties of products made of low alloy structural steels. 

(5) Section 4 general ru1cs for durability. 

(6) Section 5 refers to the structural analysis of structures, in which tile melnbers can be modelled with 
sufficient accuracy as line e1cments for global analysis. 

(7) Section 6 gives detailed rules for thc design of cross sections and members. 

(8) Section 7 gives rules for serviceability. 

1.2 Normative references 

This European Standard incorporates by dated or undated reference, provisions from other publica60ns. 
These normative references are cited at the appropriate places in the text and the publications are listed 
hereafter. For dated references, subsequent amendmcnts to or revisions of any of publications apply to 
this Europcan Standard only when incorporated in it by amendment or revision. For undated references the 
latest edition of the publication referred to applics (including amendillents). 

1.2.1 General reference standards 

EN 1090 Execution of steel structurcs - Technical requirements 

EN ISO 12944 Paints and varnishes Corrosion protection of steel structures by protective paint 

EN ISO] 461 @lI Hot dip galvanized coatings on fabricated iron and steel articles - specifications and test 
methods 

1.2.2 Weldable structural steel reference standards 

EN 10025-1 :2004 Hot-rolled products of stIllctural steels - Pmi 1: General delivelY conditions. 

EN 10025-2:2004 Hot-rolled products of structural steels - Part 2: Technical delivery conditions for n011-
alloy structural 

EN 10025-3:2004 Hot-rolled products of stlllctural steels - Part 3: Technical delivery conditions for 
normalized / normalized rolled weldable fine grain structural steels. 
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EN 10025-4:2004 Hot-rolled products of structural Part 4: Technical dclivery conditions for 
thermomechanical rolled weldable finc grain structural steels. 

EN 10025-5:2004 Hot-rolled products of structural steels - Part 5: Technical delivery conditions for 
structural steels with improved atmospheric corrosion resistance. 

EN 10025-6:2004 Hot-rolled products of structural steels - Part 6: Technical delivery conditions for l1at 
products of high yield strcngth structural steels in the quenched and tempered condition. 

EN 10164: 1993 Stcel products with improved deformation propel1ies perpendicular to the surface of thc 
product - Technical delivery conditions. 

EN 10210-1: 1994 Hot finished structural hollow sections of non-alloy and fine grain structural steels -
Part 1: Technical delivcry requircmcnts. 

EN 10219-1: 1997 Cold formed hollow sections of structural stcel - Part 1: Technical delivery 
requirements. 

1.3 Assumptions 

(1) In addition to the assumptions of EN 1990 the following assumptions apply: 

fabrication and erection complies with EN 1090 

1.4 Distinction between principles and application rules 

(1) The rules in EN 1990 clause 1.4 apply. 

1.5 Terms and definitions 

(1) The rules in EN 1990 clause 1.5 apply. 

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

1.5.1 
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 
.LL<.4.LLL,",,>, it covers both plane frames and three-dimensional frames 

1.5.2 
sub-frame 
a frame that fonns part of a larger frame, but is be treated as an isolated frame in a structural analysis 

1.5.3 
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 structural propeliies of the members need be considered in the global 
analysis 

shnple, in which the joints are not required to resist moments 

1.5.4 
global anaJysis 
the detennination of a consistent set of internal forces and moments in a structure, which arc in equilibrium 
with a particular set of actions on the structure 
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1.5.5 
system length 
distance in a given plane between two adjacent points at which a nlember is braced against lateral 
displacement in this plane, or between one such point and the end of the member 

1.5.6 
buckling Jength 
system length of an otherwise similar member with pinned ends, which has the Saine critical buckling 
load as a given mcmber or segment of nlcmber 

1.5.7 
shear lag effect 
non-uniform stress distribution in wide flanges due to shear deformation; it is taken into account by using a 
reduced "effecti ve" flange width in safety assessments 

1.5.8 
capacity design 
design method for achieving the plastic deformation capacity of a Inember by providing additional strength 
in its connections and in other parts connected to it 

1.5.9 
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 wherc they first occur. 

NOTE Symbols are ordered by appearance in EN 1993-1-1. Symbols may have various meanings. 

Section / 

x-x axis along a member 

y-y axis of a cross-section 

z-z axis of a cross-section 

u-u major principal axis (where this does not coincide with the y-y axis) 

v-v minor principal axis (where this docs not coincide with the z-z axis) 

b width of a cross section 

h depth of a cross section 

d depth of straight pOliion of a web 

tw web thickness 

tr flangc thickness 

r radius of root fillet 

fl radius of root fillct 

1'2 toe radius 

thickness 

Section 2 

Pk nominal value of thc cffcct of prestressing imposed during erection 

Gk nominal value of the cffect of permanent actions 
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~ Xk @.il characteri stic values of material property 

Xn nonlinal values of material property 

Rd design value of resistance 

Rk characteristic value of resistance 

YM genera] partial factor 

YMi particular partial factor 

YMf partial factor for fatigue 

11 conversion factor 

ad design value of geometrical data 

Section 3 

fy yield strength 

fu ultimate strength 

[§) ReH (Aczl yield strength to product standards 

Rm ultimate strength to product standards 

Ao original cross-section area 

Cy yield strain 

CLi u ltill1ate strai n 

required design Z-value resulting frOll1 the magnitude of strains from restrained metal shrinkage under 
the weld beads. 

ZRd available design Z-value 

E modulus of elasticity 

G shear modulus 

v Poisson's ratio in elastic stage 

U coefficient of linear thermal expansion 

Section 5 

U cr factor by which the design loads would have to be increased to cause elastic instability in a global 
mode 

FEd design loading on the structure 

Fer elastic critical buckling load for global instability mode based on initial elastic stiffnesses 

[§) total design horizontal load, including equivalent forces transferred by the storey (storey shear) @lI 

[§) V Ed total design vertical load on the frame transferred by the storey (storey thlust) @lI 

bH,Ed horizontal displacement at the top of the storey, relative to the bottom of the storey 

h storey height 

A non dimensional slende111ess 

NEd design value of the axial force 

<P global initial sway imperfection 

<Po basic value for global initial sway imperfection 

Uh reduction factor for height h applicable to columns 

h height of the structure 
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am reduction factor for the number of columns in a row 

m number of columns in a row 

eo maximum amplitude of a member imperfection 

L member length 

Tjinit amplitude of clastic critical buckling mode 

11cr shape of clastic critical buckling mode 

eO.d design value of maximum amplitude of an imperfection 

MRk characteristic momcnt resistance of the critical cross section 

characteristic resistance to normal force of the critical cross section 

a imperfection factor 

Ell1~r bending moment due tOller at the critical cross section 

X reduction factor for the relevant buckling curve 

aull.k minimum load amplifier of the design loads to reach the characteristic resistance of the most critical 
cross section of thc structural component considering its in plane behaviour without taking lateral or 
lateral torsional buckling into account however accounting for all effects due to in plane geometrical 
deformation and imperfections, global and local, whcrc relevant ~ 

a cr minimum force amplifier to reach the ~ elastic critical buckling load ~ 

q equivalent force per unit 

8q in-plane deflection of a bracing systen1 

qel equivalent design force per unit length 

M Ed design bending moment 

k factor for eO.d 

E strain 

(J strcss 

(j"com,Ed maximum design compressive stress in an element 

e 

c 

a 

d 

length 

factor depending on fy ~ 

width or depth of a part of a cross section 

portion of a paI1 of a cross section in compression 

stress or strain ratio 

plate buckling factor ~ 

outer diameter of circular tubular sections 

Section 6 

YMO partial factor for resistance of cross-sections whatever the class is 

YMI pal1ial factor for resistance of members to instability assessed by member checks 

YM2 partial factor for resistance of cross-sections in tension to fracture 

ax.Ed design value of the local longitudinal stress 

(Jz.Ed design value of the local transverse stress 

'TEd design value of the local shear stress 

N Ed design norma] force 

My.Ed design bending moment, y-y axis 

Mz,Ed bending moment, z-z axis 

N Rd val ues of the resistance to normal forces 
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My,Rd design values of the resistancc to bending moments, y-y 

Mz,Rd design values of the resistance to bending moments, z-z axis 

s staggered pitch, the spacing of the centrcs of 1\-\10 consecutive holes in the chain measured parallel to 
the nlember axis 

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

n number of holes extending in any diagonal or L.I"'-- LUl"'- line progressively across the member or part of 
the member 

do diameter of hole 

eN shift of the centroid of the effective area AelT relative to the centre of gravity of the gross cross section 

L1MEd additional moment from shift of the centroid of the effective area 
of the gross cross scction 

relative to the centre of gravity 

AetT effectivc area of a cross section 

NtRd design valucs of the resistance to tension forces 

design plastic resistancc to normal forces of the gross cross-section 

Nu,Rd design ultimate resistance to normal forces of the net cross-section at holes for fasteners 

A llet net area of a cross section 

Nnet,RcI design plastic resistance to normal forces of the net cross-section 

Nc,Rd design resistance to normal forces of the cross-section for uniform compression 

Mc,Rd design resistance for bcnding about one principal axis of a cross-section 

W pl plastic section modulus 

W e1,min Ininin1um elastic section modulus 

Weff.min minimum effective section modulus 

Af area of the tension flange 

Af,net net area of the tension flange 

V Ed design shear force 

Vc,Rd design shear resistance 

l6§) V pl,Rd design plastic shear resistance 

Av shear area 

11 factor for shear area 

S first moment of area 

second moment of area 

A cross-sectional area 

Aw area of a web 

Af area of one flange 

T Ed design value of total torsional moments 

T Rd design resistance to torsional moments 

l6§) Tt,Ed design value of internal St. Vcnant torsional moment @II 

IAC2) Tw, Ed design value of internal warping torsional moment @II 

't'tEd design shear stresses due to S1. Venant torsion 

Tw,Ed design shear stresses due to warping torsion 

C'w.Ed design direct stresses due to the bimoment BEd 

BEd design value of the bimoment @II 

V pl,T,Rd reduced design plastic shear resistance making allowance for the presence of a torsional moment 
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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 

MV"Rd reduced design values of thc resistance to bending moments making allowance for the presence of 
shear forces 

MN .. Rd reduced design values of the resistance to bending moments making allowance for the presence of 
normal forces 

n ratio of design normal force to design plastic resistance to normal forces of the gross cross-section 

a ratio of web area to gross area 

ex parameter introducing the effect of biaxial bending 

p parameter introducing the cffect of biaxial bending 

eny shift of the ccntroid of the effective area relative to the centre of gravity of the gross cross section 
(y-y 

eN] sh ift of the centroid of the effective area AelT relative to the centre of gravity of the gross cross section 
axis) 

minimum cffcctive section modulus 

Nb,Rd design buckling resistance of a compression member 

X reduction factor for relevant buckling mode 

(I) va1ue to determine the rcduction factor X 

ao, a, b, c, d class indexes for buckling curves 

Ncr 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 prope11ies of the gross cross-section 

AI slenderness value to determine the relative slendemcss 

)'" T relative slenderness for torsional or torsional-flexural buckling 

Ncr.TF elastic torsional-l1exura I buckling force 

elastic torsional buckling force 

Mb,Rd design buckling resistance lTI0l11ent 

XLT reduction factor for lateral-torsional buckling 

<DLT value to determine the reduction factor XLT 

ex LT imperfection factor 

A LT non dimensional slenderness for lateral torsional buckling 

Mer elastic critical moment for lateral-torsional buckling 

I'A plateau length of the lateral torsional buckling curves ~ for rolled and welded sections @l] 

p correction factor for the lateral torsional buckling curves ~ for rolled and welded sections @l] 

XLT.mod modified reduction factor for lateral-torsional buckling 

f modification factor for XLT 

kc correction factor for moment distribution 

~J ratio of moments in segment 

Lc length between latera1 rcstraints 

AI' equivalent compression slenderness 

radius of gyration of compression flange about the minor axis of the section 

effective second moment of area of compression flange about the minor axis of the section 
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effective area of compression tlange 

AetT,w,ceffective area of compressed part of web 

Aco slenderness parameter 

k fi modification flictor 

moments due to the shift of the centroidal y-y axis 

~ ilMz.Ed @l) moments due to the shift of the centroidal z-z axis 

Xy reduction factor due to tlexural buckling (y-y axis) 

XZ reduction factor due to tlexural buckling axis) 

kyy interaction factor 

kyz interaction factor 

kzy interaction factor 

kzz interaction factor 

BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

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

Xop reduction factor for the non-dimensional slenderness Aop 

Uult.k minimum load amplifier of the design loads to reach the characteristic resistance of the most critical 
cross section 

ucr,op minimum amplifier for the in plane loads to reach the elastic ~critical buckling load ~ 
with to lateral or lateral torsional buckling 

NRk characteristic value of rcsistance to compression 

My,Rk characteristic value of resistance to bending moments about y-y axis 

M z.Rk characteristic value of resistance to bending moments about z-z axis 

Qm local force applied at each stabilized member at the plastic hinge locations 

stable length of segment 

buckling length of chord 

ho distance of centrelines of chords of a built-up column 

a distance between restraints of chords 

U angle between axes of chord and lacings 

1m in minimum radius of gyration of single 

ACh area of one chord of a built-up column 

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

M ~d design value of the L60maximum first order moment @l] in the middle of the built-up member 

letT effective second moment of area of the built-up member 

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

n number of planes of lacings or battens 

Ad area of one diagonal of a built-up column 

d length of a diagonal of a built-up column 

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

Ich in plane second moment of area of a chord 

Ib in plane second moment of area of a batten 

!l efficiency factor 

17 

www.amiralikhalvati.com



BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

1) radius of gyration (y-y axis) 

Annex A 

Cmy equivalent uniform moment factor 

Cm? equivalent uniform moment factor 

equivalent uniform moment factor 

factor 

PI factor 

elastic i1exural buckling force about the y-y axis 

Ncr,? clastic flexural buckling force about the z-z axis 

factor 

Cyz factor 

f~lctor 

Czz factor 

factor 

W z tactor 

IlpJ factor 

Amax maximum of Ay and j",z 

bLT factor 

Cn factor 

dn factor 

eLI' factor 

\/fy ratio of end moments (y-y axis) 

Cmy,() factor 

Cmz.O factor 

an factor 

h St. Venant torsional constant 

Iy second moment of area about y-y axis 

~ C 1 ratio between the critical bending moment (largest value along the member) and the critical constant 
bending moment for a member with hinged supports @1] 

Mi,Ed(X) maximum first order moment 

maximum member displacement along the melnber 

Annex B 

IAC 2) as factor; s = sagging 

IAC 2) ah factor; h hogging @1] 

ell equivalent uniform moment factor 

Annex AB 

YG pal1ial factor for permanent loads 

Gk characteristic value of permanent loads 

YQ pmiial factor for variable loads 

Ok characteristic value of variable loads 

18 

www.amiralikhalvati.com



Annex BB 

AefLv effective slenderness ratio for buckling about v-v axis 

.y effective slcndcI11ess ratio for buckling about y-y axis 

effective slenderness ratio for buckling about z-z axis 

L system length 

Lcr buckling length 

S shear stiffness providcd by sheeting 

Iw warping constant 

CS,k rotational stiffness providcd by stabilizing continuum and conncctions 

Ku factor for considering the type of analysis 

factor for considering the moment distribution and the type of restraint 

BS EN 1993-1-1:2005 
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rotational stiffness provided thc stabilizing continuum to the beam assuming a stiff connection to 
the member 

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

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

Lm stable length between adjacent lateral restraints 

Lk stable length between adjaccnt torsional restraints 

stable length between a plastic hinge location and an adjacent torsional restraint 

C 1 modification factor for moment distribution 

modification factor for linear moment gradient 

Cn modification factor for non-linear moment gradicnt 

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

Bo factor 

BI factor 

B2 factor 

~ 11 ratio of clastic critical values of axial forces 

Is radius of gyration related to centroid of restraining men1ber 

~L ratio of the algebraically smaller end moment to the larger end moment 

R\ moment at a specific location of a member 

R2 mOll1ent at a specific location of a member 

R3 moment at a specific location of a member 

~ moment at a specific location of a member 

R5 mOll1ent at a specific location of a member 

RE maximum of RI or R5 

Rs Inaximum value of bending moment anywhere in the length 

c taper factor 

hh additional depth of the haunch or taper 

hmax maximum depth of cross-section within thc length Ly 

hmin minimum depth of cross-section within the length 
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hs vertical depth of the un-hallnched section 

Lh length of haunch within the length 

Ly length between restraints 

1.7 Conventions for member axes 

(1) The convention for member axes is: 

x-x - along the member 

y-y - axis of the cross-section 

z-z - axis of the cross-section 

(2) For steel members, the cOllventions used for cross-section axes are: 

- generally: 

y-y - cross-section axis parallel to the f1anges 

z-z - cross-section axis perpendicular to the flanges 

- for angle sections: 

y-y axis parallel to the smaller leg 

z-z - axis perpendicular to the smaller leg 

where necessary: 

ll-ll - 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) The symbols used for dimensions and axes of rolled steel sections are indicated in Figure 1.1. 

(4) The convention used for subscripts that indicate axes for 1110ments is: "Use the axis about which the 
moment acts." 

20 
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2 Basis of design 

2.1 Requirements 

2.1.1 Basic requirements 

IEJ) (l)P The design of steel structures shall be in accordance with the rules in EN 1990. @j] 

(2) The supplementary provisions for steel structures given in this section should also be applied. 

(3) The basic requirements oLEN 1990 section 2 should be deemed be satisfied where limit state design is 
lIsed in conjunction with the pm1ial factor method and the load combinations given in EN 1990 together with 
the actions given in EN 1991. 

(4) The rules for resistances, serviceabi lity and durability given in the various pm1s of EN ] 993 should be 
applied. 

2.1.2 Reliability management 

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

2.1.3 Design working life, durability and robustness 

2.1.3.1 Genera] 

(l)P Depending upon the type of action affecting durability and the design working life (see EN 1990) steel 
structures shall be @j] 

designed against corrosion by means of 

suitable surface protection (see EN ISO 12944) 

the use of \vcathering steel 

the usc of stainlcss stccl EN 1993-1-4) 

detailed for sufficient fatiguc life 

designed for wearing 

EN 1993-1-9) 

designed for accidental actions (see EN 1991 

inspected and maintained. 

2.1.3.2 Design working Bfe for buildings 

IEJ) (l)P,B The design working life shall be taken as the period for which a building structure is expected to be 
used for its intendcd purpose. 

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

(3)8 For structural elements that cannot be designed for the total design life of the building, see 
2.1.3.3(3)B. 

2.1.3.3 Durability for buildings 

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

(3)8 If a building includes components that need to be replaceable (e.g. bearings in zones of soil 
scttlemcnt), thc possibility of their safc rcplacemcnt should bc verified as a transient design situation. 

2.2 Principles of limit state design 

(1) The resistance of cross-sections and members specificd in this Eurocodc 3 for the ultimate limit states 
as defined ~ in the clause 3.3 1990 arc based on tests in which the material exhibited sufficient 
ductility to apply simplified 

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

2.3 Basic variables 

2.3.1 Actions and environmental influences 

(l) Actions for the design of steel 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 accidental 
situations. 

NOTE 2B For proportional loading for incremental approach, see Annex AB.l. 

NOTE 3B For simplified load arrangement, see Annex AB.2. 

(2) The actions to be considered in the erection 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 irnposed deformations or other forms of imposed 
during erection should be taken into account by their nominal value Pk as permanent actions and grouped 
with other permanent actions Gk to form a single action @.il (Gk + Pd. 

(5) Fatigue actions not defined in EN 1991 should be determined """r>A"","rr to Annex A of EN 1993-1-9. 

2.3.2 Material and product properties 

(l) Material properties for steels and other construction products and the geometrical data to be used for 
design should be those specified in the relevant ET AGs or ETAs unless otherwise indicated in this 
standard. 

2.4 Verification by the partial factor method 

2.4.1 Design values of material properties 

~ (1) P For the of steel structures characteristic values or nominal values Xll of material 
properties shall be used as indicated in this Eurocode. @.il 

2.4.2 Design values of geometrical data 

(1) Geometrical 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 gove111ed by geometrical tolerances in product standards or the 
execution standard; 

structural imperfections due to fabrication and erection; 

residual stresses; 

variation of the yield strength. 

2.4.3 Design resistances 

(]) For steel structures equation (6.6c) or equation (6.6d) of EN 1990 applies: 

~ Rk ] ( .. .) 
~ Rd - Rk 1llX k.I' lli Xkj, ad 

YM 1M 
(2.1) 

where Rk is the characteristic value of the particu lar resistance determined with characteristic or nominal 
values for the material properties and dimensions 

YM is the global partial factor for the particular resistance 

NOTE For the definitions Ofl11, lli' Xkl , Xki and ad see EN 1990. 

2.4.4 Verification of static equilibrium (EQU) 

(1) The reI iability format for the verification of static equilibrium in Table 1.2 (A) in Annex A of 
EN 1990 also applies to 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 

(l) The resistances Rk in this standard have been determined using Annex D of EN 1990. 

(2) In recommending classes of constant partial factors YMi the characteristic values Rk were obtained from 

(2.2) 

where Rei are design values according to Annex D of EN 1990 

YMi are recommended partial factors. 

NOTE 1 The numerical values of the recommended partial factors YMi have been detennined such that 
Rk represents approximately the 5 %-fractile for an infinite nUlYlber of tests. 

NOTE 2 For characteristic values of fatigue strength and pa11ial factorsYMf 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-] O. 

(3) Where resistances Rk for prefabricated products should be determined from tests, the procedure in (2) 
should be followed. 
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3.1 General 
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(1) The nominal values of material properties given in this section should be adopted as characteristic 
values in design calculations. 

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

NOTE For other steel material and products see National Annex. 

3.2 Structural steel 

3.2.1 Material properties 

(1) The nominal values of the yield strength fy and the ultimate strength £:1 for structural stccl should bc 
obtained 

a) either by adopting the valucs ~ fy = ReH and t~J = Rm direct from the product standard 

b) or by using the simplification givcn in Tablc 3.1 

NOTE The National Annex may the choice. 

3.2.2 Ductility requirements 

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

the ratio t~ I fy of the specified minimum ultimate tensile strength fu to the specified minimum yield 
strength . 

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

the ultimate strain Eu, where Eu corresponds to the ultimate strength £:J . 

NOTE The limiting values of the ratio fll I fy , the elongation at failure and the ultimate strain Cli may 
be defined in the National Annex. The following values are recommended: 

fu I fy 1,10; 

elongation at failure not less than 15%; 

ClI 15Ey , where Cy is the yield strain (Cy fy I 

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

3.2.3 Fracture toughness 

(l)P The material shall have sufficient fracture toughness to avoid brittle fracture of tension clements at 
the lowest servicc temperature expected to occur within the intended design life of the structurc. @il 

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 in EN 1993 -1 -10 are 
satisfied for the lowest temperature. 
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(3)B For building components under compression a minimum toughness property should be selected. 

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

(4) For selecting steels for members with hot dip galvanized coatings see I£§) EN ISO 1461 @l]. 

Table 3.1: Nominal values of yield strength fy and ultimate tensile strength fu for 
hot rolled structural steel 

Standard 
Nominal thickness of the element t [111m] 

and t 40mm 40 111m < t :::: 80 mm 
stccl 

t~ [N/mm2] fu [N/mm2] f~, [N/mm2] t~ [N/mnl] 

EN 10025-2 

S 235 235 360 215 360 
S 275 275 430 255 410 
S 355 355 490 335 470 
S 450 440 550 410 550 

EN 10025-3 

S 275 N/NL 275 390 370 
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 275M/ML 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 

S 235 W 235 360 215 340 
S 355 W 355 [§) 490 @lI 335 490 

EN 10025-6 

S 460 Q/QL/QL1 460 570 440 550 
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Table 3.1 (continued): Nominal values of yield strength fy and ultimate tensile 
strength f u for structu ral hollow sections 

Standard 
Nominal thickness of the clement t [111m] 

and t ::; 40 111m 40 111m < t ::; 80 111111 

steel grade 
fy [N/mm2] fu [N/mm2] f;, [N/mm2] fll [N/mm2] 

EN 10210-1 

S 235 H 235 360 215 340 
S 275 H 275 430 255 410 
S 355 H 355 510 335 490 

S 275 NHINLH 275 390 255 370 
S 355 NH/NLH 355 490 335 470 
S 420 NH/NLH@l] 420 540 390 520 
S 460 NH/NLH 460 560 430 550 

EN 10219-1 

S 235 H 235 360 
S 275 H 275 430 
S 355 H 355 510 

S 275 NHINLH 275 370 
S 355 NH/NLH 355 470 
S 460 NHINLH 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 

(I) Where steel with improved through-thickness properties is necessary according to EN 1993-1 10, steel 
according to the required quality elass in EN 10164 should be used. 

NOTE 1 Guidance on the choice of through-thickness properties is given in 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 l11ay give the relevant allocation of target values according to 
3.2(2) oLEN 1993-1-10 to the quality class in EN 10164. The allocation 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 ZRd expressed 
ZEd according to in te1111S of design Z-values 
EN 1993-1-10 according to EN 10164 

::;10 -

10 < :S 20 Z 15 

20 < ZEd::; 30 Z 25 

> 30 Z 35 
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3.2.5 Tolerances 

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

(2) For wcldcd components thc tolerances given in EN 1090 should be applied. 

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

3.2.6 Design values of material coefficients 

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

modulus of elasticity E = 210000 N Itnn12 

shear modulus G = E ~ 81 000 N / mn12 

2(1 v) 

Poisson's ratio in elastic stage v 0,3 

coefficient of linear thermal expansion a 12 xl 0- 6 perK (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 is taken as a = 10 10--6 perK. 

3.3 Connecting devices 

3.3.1 Fasteners 

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

3.3.2 Welding consumables 

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

3.4 Other prefabricated products in buildings 

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

4 Durability 

(1) The basic requiremcnts for durability are set out in EN 1990. 

~(2)P 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 sLisceptible to corrosion, mechanical wear or fatigue should be designed such that inspection, 
maintenance and reconstruction can be carried out satisfactorily and access is available for in-service 
inspection and maintenance. 
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(4)8 For building structures no fatigue assessment is normally required except as follows: 

a) Melnbers supporting lifting appliances or rolling loads 

b) Members subject to repeated stress cycles from vibrating machinery 

c) Members subject to wind-induced vibrations 

d) Members subject to crowd-induced oscillations 

~(5)P For elements that cannot be inspected an appropriate corrosion allowance shall be included. @i) 

(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 

~(l)P Analysis shall be based upon calculation models of the strueture that are appropriate for the limit 
state under consideration. @i) 

(2) The calculation model and basic assumptions for the calculations should 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)P The method used for the analysis shall be consistent with the design assumptions. @i) 

(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 generally 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 transll1it bending moments; 

con6nuous, in which the behaviour of the joint may be assumed to have no effect on the analysis; 

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

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

5.1.3 Ground-structure interaction 

(1) Account should 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 

(I) The internal forces and moments may general1y be determined using either: 

first-order analysis, using the initial geometry of the structure or 

second-ordcr analysis, taking into account the influence of the deformation of the structure. 

(2) The effects of the deformed geometry (second-order effects) should 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 deformations can be neglected. This 
condition may be assumed to be fulfilled, if the following criterion is satisfied: 

U cr 
Fer ~ 10 for elastic analysis 
FEd 

2:: 15 for plastic analysis 
(5.1 ) 

where U er is the factor by which the design loading would have to be increased to cause elastic instability 
in a global mode 

FEd is the design loading on the structure 

Fer is the elastic critical buckling load for global instability mode based on initial elastic 
stiffnesses 

NOTE A greater limit for U cr for plastic analysis is given in equation (5.1) because structural 
behaviour may be significantly influenced by non linear material properties in the ultimate limit state 

where a frame forms plastic hinges with moment redistributions or where significant non linear 
deformations from semi-rigid joints occur). Where substantiated by more accurate approaches the 
National Annex may give a lower limit for U cr for certain types of frames. 

(4)B Portal 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 
thesc structures U er [§) should be calculated using the following approximative formula, provided that 
the axial compression in the beams or rafters is not significant: 

(5.2) 

[§) where is the total design horizontal load, including equivalent forces according to 5.3.2(7), transfelTed 
by the storey (storey shear) 
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V[d is the total design vertical load on the frame transferred by the storey (storey thrust) @lI 

b'-LEd 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 arc applied at each floor level 

h is the storey height 
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[§) Figure 5.1: Notations for 5.2.1 (4) @iI 

NOTE IS For the application of (4)B in the absence of more detailed information a roof 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 [§) should @iI be assumed to be significant if 

A~ 0,3 -"-y - ~f 
NEd 

(5.3) 

where NEd is the design value of the compression force, 

"A is the 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 should 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 global analysis of the slip in bolt holes and similar deformations of connection 
devices like studs and anchor bolts on action effects should 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) The verification 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) partially by the global analysis and partially through individual stability checks of members according to 
6.3, 

c) 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 effccts may be calculated by using an analysis appropriate to the structure (including 
step-by-step or other itcrative procedures). For frames where the first sway buckling mode is prcdominant 
first order elastic analysis should be carried out with subsequent amplification of relevant action effects (e.g. 
bending moments) by appropriate factors. 

(5)8 For single storey frames designed on the basis of clastic global analysis second order sway effects due 
to vertical loads may be calculated by increasing the horizontal loads (e.g. wind) and equivalent loads 

<p due to imperfections (sec 5.3.2(7)) and other possible sway effects according to first order theory by 
the factor: 

(5.4 ) 

U(;r 

provided that au 3,0, 

where an may be calculated according to (5.2) in 5.2.1(4)B, provided that the roof slope is shallow and 
that the axial compression in the beams or rafters is not significant as defined in 5.2.1 (4)B. 

NOTE B For (Xcr 3,0 a morc accurate second order analysis applies. 

(6)B For multi-storey frames second order sway cfTects may be calculated by means of the method given in 
(5)8 provided that all storeys have a similar 

distribution of vertical loads and 

distribution of horizontal loads and 

distribution of frame stiffness with respect to the applied storey shear forces. 

NOTE B For the limitation of the method see also 5.2.1(4)B. 

(7) In accordance with (3) the stability of individual members should be checked according to the 
fo11owing: 

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 (c.g. member 
imperfections for flexural and/or lateral torsional buckling, see 5.3.4) are not totally accounted for in the 
global analysis~ the individual stability of members should be checked according to the relevant criteria in 
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 global 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) Where the stability of a frame 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 intenlal 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 should be incorporated in the structural analysis 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 eccentricities greater than the essential to1cranccs give in 
EN 1090-2 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 rcflect thc 
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) The following imperfections should be taken into account: 

a) global imperfections for frames and bracing systcms 

b) local imperfections for individual members 

5.3.2 Imperfections for global analysis of frames 

(1) The assumed shape of global imperfections and local impcrfections may bc dcrived from the clastic 
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 allowed 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) global initial sway imperfections, see Figure 5.2: 

(5.5) 

where q)o is the basic value: <Po = 1/200 

ah is the reduction factor for height h applicable to columns: 

h is the height of the structure in metcrs 

am is the reduction factor for the number of columns in a row: am = 

m is the number of columns in a row including only those columns which carry a vertical load 
not less than 500/0 of the average value of the column in the vertical plane considcred 

h 

Figure 5.2: Equivalent sway imperfections 

b) relative initial local bow imperfections of members for flexural buckling 

eo / L 

where L is the member length 

h 

(5.6) 

NOTE The values Co / L may be chosen in the National Annex. Recommended values are given in 
Table 5.1. 
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Table 5.1: Design value of initial local bow imperfection eo IL for members 

IIEV Buckling curve elastic analysis plastic analysis 
according to Table 6.2@l1 eo / L 

ao 1 / 350 
a 1 /300 
b 1/250 
c 1/200 
d 1 / 150 

(4)8 For building frames sway imperfections may be disregarded where 

H Ed 0) 15 V Ed 

eo / L 

1 /300 
1/250 
1 /200 
1 / 150 
1 / 100 

(5.7) 

(5)8 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 11, see (3) a). 

h h 

h 

t NEd 

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

(6) \Vhen performing the global analysis for determining end forces and end moments to be used in 
Inember checks according to 6.3 local bow imperfections may be neglected. However for frames sensitive to 
second order effects local bow imperfections of l11enlbers additionally to global sway imperfections (see 
5.2. J (3)) should be introduced in the structural analysis of the frame for each compressed member where the 
following conditions are met: 

at least one moment resistant joint at one l11ember end 

- /A fv 
/1,>0,5,,1-' 

V NEd 

(5.8) 

where NEd is the design value of the compression force 

and A is the in-plane non-dimensional slendell1ess caleulated for the member considered as hinged at 
its ends 

NOTE Local 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 initial sway imperfection and local bow imperfections may be replaced by systems of 
equivalent horizontal forces, introduced for each colUlnn, see Figure 5.3 and Figure 5.4. 

~ initial sway imperfections 
NEd !\JEd 

t t 
initial bow imperfections 

NEd 

L 

t 4 NEd eo 
~L 

Figure 5.4: Replacement of initial imperfections by equivalent horizontal forces 

(8) These initial sway imperfections should apply in all relevant horizontal directions, but need only be 
considered in one direction at a time. 

(9)B 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 

AI JIB 
~--- ~----------t 

(a) Faces A-A and B-B sway 
in same direction 

J translational sway 
2 rotational swaJ' 

--, 
A.----_--",......-....:::-__ ..I..-.-,B 

\ 

\ 

\ 

A ' r-- -.. B 

t 
(b) Faces A-A and B-B sway 

in opposite direction 

Figure 5.5: Translational and torsional effects (plan view) 
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(11) As an alternative to (3) and (6) the shape of the elastic critical buckling model1cr of the structure may 
be applied as a unique global and local imperfection. The amplitude of this imperfection may be determined 
from: 

(5.9) 

where: 

for). > 0,2 (5.10) 

and A is the relative slende111ess of the structure (5.11) 

a is the imperfection factor for the relevant buckling curve, see Table 6.1 and Table 

X is the rcduction factor for the relevant buckling curve depending on the relevant cross-section, see 
6.3.1; 

aullJ is the minimum force amplifier for the axial force configuration NEd in members to reach the 
characteristic resistance NRk of the most axially stressed cross section without taking buckling 
into account 

an is the minimum force amplifier for the axial force configuration 
the elastic critical buckling load @II 

111 members to reach 

MRk is the characteristic moments resistance of the critical cross section, e.g. MelJ~k or MpLRk as 
relevant 

is the characteristic resistance to normal force of the critical cross section, i.e. NpLRk 

E'I '7;'r,max is the bending moment due to llcr at the critical cross section 

11cr is the shape of elastic critical buckling mode 

NOTE 1 For calculating the amplifiers aultk and acl' the members of the structure may be considered 
to be loaded by axial forces NEd only that result from the first order clastic analysis of the structure for 
the loads.(§) In case of elastic global calculation and plastic cross-section check the linear 

formula + < 1 should be used.@.il 
IV,JIJ'd }\111U1d -

NOTE 2 The National Annex may give infonnation for the scope of application of (11). 

5.3.3 Imperfection for analysis of bracing systems 

(1) In the analysis of bracing systems which are required to provide lateral 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 members to be restrained, in the form of an initial bow imperfection: 

eo = am L / 500 (5.12) 

where L is the span of the bracing system 

and am 

in which 111 is the number of members to be restrained. 

(2) For convenience, the effects of the initial bow in1perfections of the members to be restrained by a 
bracing system, may be replaced by the equivalent stabilizing force as shown in Figure 5.6: 
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where <Sq is the inplane deflection of the bracing system due to q plus any external loads calculated from 
first order analysis 

NOTE Sq may be taken as 0 if second order theory is used. 

(3) Where the bracing system is required to stabilize the compression flange of a beam of constant height, 
the force NEd in Figure 5.6 may be obtained from: 

NEd = M Ed / h (5.14) 

where M Ed is the maximum moment in the beam 

and h is the overall depth of the beam. 

NOTE Where a beam is subjected to external compreSSIOn NEd 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 

system is able to resist a local force equal to amN Ed / 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 
con1pression member is restrained, see Figure 5.7. 

(5) For checking for the local 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 (I) may be omitted. 

NEd 

eo impeliection 
qd eqllivalentforce per unit length 
1 bracing system 

The force N Ed is assumed uniform within the span L of the bracing system. 
For non-unifon11 forces this is slightly conservative. 

Figure 5.6: Equivalent stabilizing force 
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am CPo : CPo = 1 /200 

1 splice 
2 bracing .">JJStem 

Figure 5.7: Bracing forces at splices in compression elements 

5.3.4 Member imperfections 

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

(2) \Vhcrc thc stability of mcmbcrs is accounted for by second ordcr analysis according to 5.2.2(7)a) for 
compression mcmbers imperfections eo according to 5.3.2(3)b), 5.3.2(5) or 5.3.2(6) should be considered. 

(3) For a second order analysis taking account of lateral torsional buckling of a member in bending the 
imperfections may bc adopted as keO,d, ~ where eo is @l] the equivalent initial bow imperfection of the 
weak axis of the profile considered. In gcneral an additional torsional inlpcrfection need not to be allowed for. 

NOTE The National Annex may choose the value ofk. The value k 0,5 is recommended. 

5.4 Methods of analysis considering material non-linearities 

5.4.1 General 

(1) Thc intcrnal forces and l1101nents may bc determined using eithcr 

a) elastic global analysis 

b) plastic global analysis. 

NOTE For finite element model (FEM) analysis sec EN 1993-1-5. 

(2) Elastic global analysis may be used in all cases. 
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(3) Plastic global analysis may be used only where thc structure has sufficient rotation capacity at thc 
actual locations of the plastic hinges, whether this is in the membcrs or in thc joints. Wherc a plastic hingc 
occurs in a ll1cmber, thc mcmber cross sections should be double symnlctric or single symmetric with a plane 
of symmetry in the sanle plane as the rotation of the plastic hinge and it should satisfy thc rcquirements 
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 
rotatio11, see EN 1993-1-8. 

(4)B As a simplified 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 bc redistributed in any membcr, provided, that: 

a) the internal forces and moments in the framc remain in equilibrium with the applicd loads, and 

b) all the members in which the moments are reduced have Class 1 or Class 2 cross-sections (sce 5.5), and 

c) lateral torsional buckling of the members is prevented. 

5.4.2 Elastic global analysis 

(1) Elastic global analysis should be based on the assumption that the stress-strain bchaviour of thc 
material is linear, whatever the stress level is. 

NOTE For the choice of a semi-continuous joint model see 5.1.2 

(2) Intemal forces and moments may be calculated according to elastic global analysis cvcn if thc 
resistance of a cross section is based on its plastic resistance, scc 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 

(l) Plastic global analysis allows for the effects of material non-linearity in calculating thc action cffects 
of a stnlctural system. Thc bchaviour should be modcllcd by one of the following mcthods: 

by elastic-plastic analysis with plastified scctions and/or joints as plastic hingcs, 

by non-linear plastic analysis considering the partial plastificatio11 of membcrs in plastic lones, 

by rigid plastic analysis neglecting thc elastic behaviour betwecn hingcs. 

(2) Plastic global analysis may be used where the members are capable of sufficicnt rotation capacity to 
enable the required redistributions ofbcnding Inomcnts to develop, see 5.5 and 5.6. 

(3) Plastic global analysis 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 thc grades of structural 
steel specified in section 3. Altenlatively, a more precise relationship may be adoptcd, see EN 1993-1-5. 

(J" 

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 geomehy (e.g. second-order 
effects) have to be considered. Tn 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 principles in 5.2. 

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

5.5 Classification of cross sections 

5.5.1 Basis 

(1) The role of cross section classification is to identify the extent to which the resistance and rotation 
capacity of cross sections is limited by its local 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 arc 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 deve lopment of the plastic moment resistance. 

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

(2) ]n Class 4 cross sections effective widths may be used to make the necessary allowances for 
reductions in resistance due to the effects of local buckling, see [§) EN 1993-1-5, 4.4 ®J. 

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

(4) Compression parts include every part of a cross-section which IS either totally or partially 111 
compression under the load combination considered. 

(5) The various compression parts in a cross-section (such as a web or t1ange) 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. 

(8) The limiting proportions for Class 1, 2, and 3 compression parts should be obtained from Table 5.2. A 
part which fails to satisfy the limits for Class 3 should be taken as Class 4. 

(9) 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 / Y MO 1 . 1 . d' . . 1 k f fi d --- , W1ere (J com.Ed IS t 1e maX1111Um eSlgn compreSSIVe stress 111 t 1e part ta en rom 1rst or er or 
(J cOIll.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 wcb and Class I or 2 flanges may bc classified as class 2 cross sections 
with an eHective web in accordance with 6.2.2.4. 

(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 plastic hinge locations, the cross-section of the member which contains the plastic hinge should 
have a rotation 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 arc 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 Inelnber of h/2 from the plastic hinge location, lEV where h is the height of the cross section @II. 

(3) Where the cross-section of the mcmber vary along length @II, 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 plastic hinge locations, the compression flange should be Class I for a distance each way 
along the member from the plastic hinge location of not less than the of: 

2d, where d is as defined in (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 conce111cd. 

e) Elsewhere in the member the compression flange should be class I or class 2 and the web should be class 
1, class 2 or class 3. 

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

• • ----r 
c c C I Axis of - - - -

J 

--- ---------t+------- -----H-

r- ----- C ... c • t 
-- ----------- --- --~ 

Class 

Stress 
distribution 

in parts 
( compression 

positive) 

2 

Stress 
distribution 

in parts 
( compression 

positive) 

3 

£=~235/fy 

Part subject to 
bending 

+ 

cl t ~ 72£ 

cit ~ 83£ 

-------!y 
- -r 
+// 

/ c ----I 

/ c/2 -
/L-- __ 1 __ -'_ 
~-

fy 

cit ~ 124£ 

I fv 

I G 

I 

I 

Part subject to 
compression 

cl t ~ 33£ 

cl t ~ 38£ 

+ e 

i----'-

cl t ~ 42£ 

235 275 
1,00 0,92 

..,--

t .. 1---- bending 
__ 1 

t, , 
+t Axis of 

--- r~-- ~ - bending 
C ... : 

Pali subject to bending and compression 

+ 1 t lac[ 
I Ie 
~I 

I ____ t 

I 
396£ 

when a > 0,5: c t ~ ---
13a -1 

36£ 
when a ~ 0,5: cit ~ -

a 

I 
456£ 

when a > 0,5: c t ~ ---
13a -1 

h I 
41,5£ 

w en a ~ 0,5: c t ~ --
a 

+ 

c 

42£ 
when \If> -1: cit ~ -----

0,67 + 0,33\1f 

when \If ~ -1"): cit ~ 62£(1 - \If )~ ( -\If) 
355 420 I 460 
0,81 0,75 I 0,71 

*) \1':::; -1 applies where either the compression stress IT :::; fy or the tensile strain Gy > fiE 
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Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression 
parts 

Outstand flanges 

~ 
C C C , r--i r--rl , ~----II[ 

I I t .. tr~ T t t ...-1 
c 

,--" '------, '-------, 

Rolled sections Welded sections 

Class Part subject to compression 
Part subject to bending and compression 

Tip in compression Tip in tension 

Stress o.C aC .. .... -
distribution ! + 

i + + 
in parts ; 

~1 ! c I 
( compression I ~ 

lLJ 
~ 

\ 
I 0-

J -I I 

positive) 
I 1 C i !! c : i' 

I 9E 9E 
1 cit ~ 9c: c t=:;- c/t=:;--

a a~ 
10c: 10c: 

2 cit=:; 10E cit=:;- cit ~--a ara 
Stress 

I 1+'''" distribution + //+ 
i - .. ~ I ........ -

in pa11s ~1 ! c ~1 rL/ ~1 f 

( compression I : . c : I C I ... 
I : ! : ! 

positive) 
I 

3 cit 14c: 
cl t =:; 2 :jC 

For k:J see EN 1993-1-5 
fy I 235 275 355 I 420 460 E = ~235/fy 
£ I 1,00 0,92 0,8] I 0,75 0,71 
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Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression 
parts 

Angles 
h 

.... ... 
i 

~ 
t Does not apply to angles in I 

Refer also to "Outstand flanges" ib continuous contact with other 
(see sheet 2 of 3) components 

Class Section in compression 

Stress 
di stribution + fy 

~-

across 

11+ section 
( compression 

positive) 

b+h 
" I&) hit S; 15£ and S; 11,5£ -, 

2t 
Tubular sections 

t 
o-r

d 

-'-

Class Section in bending and/or compression 

I dl t s; 50£2 

2 d/tS;70£2 

" 
d ItS; 90£2 

.) 

NOTE For d/t > 90£ see EN 1993-1-6. 

I fv 235 275 355 420 460 
£ = ~235 / f I I:: 1,00 0,92 0,81 0,75 0,71 I y 

I 
J 

1,00 0,85 0,66 0,56 0,51 E-
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6 Ultimate limit states 

6.1 General 

(1) The partial faetors YIvl as defined in 2.4.3 should be applied to the various characteristic values of 
resistance in this section as follows: 

resistance of eross-sections whatever the class is: 

resistance of members to instability assessed by member checks: 

resistance of cross-sections in tension to fracture: 

Yl'vlO 

YMI 

YrvI2 

resistance of joints: see EN 1993-1-8 

NOTE 1 For other recommended numerical values see EN 1993 Pmi 2 to Part 6. For structures not 
covered by EN 1993 Part 2 to Part 6 the National Annex may define the partial factors YMi; it is 
recommended to take the partial factors YMi from EN 1993-2. 

NOTE 2B Partial factors YMi for buildings may be detined in the National Annex. The following 
numerical values are recommended for buildings: 

YMO 1,00 

YMI = ] ,00 

YM2 = 1,25 

6.2 Resistance of cross-sections 

6.2.1 General 

1Ei>(1)P The design value of an action effect in each eross section shall not exceed the corresponding design 
resistance and if several action effects act simultaneously the combined effect shaH not exeeed the 
resistance for that combination. @il 

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

(3) The design 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 sectional classes 
provided the effective cross sectional properties are used for the verification of class 4 cross sections. 

(5) For the elastic verification the following yield criterion for a critical point of the eross section may be 
used unless other interaction f01111ulae apply, see 6.2.8 to 6.2.10. 

(6.1) 

where ax,Ed is the design value of the text deleted longitudinal stress at the point of consideration 

a z.Ed is the design value of the text deleted transverse stress at the point of consideration 

t Ed is the design value of the 8V text deleted @lI 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 e1astic design. Therefore it should only be performed where the 
interaction of on the basis of resistances NRd , MRd , V Rd cannot be performed. 
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(6) The plastic resistance of cross sections should be verified by finding a stress distribution which is in 
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 lincar summation of the utilization 
ratios for cach strcss resultant may be used. For class 1, class 2 or class 3 cross sections subjected to the 
combination of , M\.[d and Mz,Ed this method may be applicd by using the following criteria: 

Mz. Ed +--
M z.Rd 

(6.2) 

where N Rd , My,Rd and Mz. Rd are the design values of the resistance depending on the cross sectional 
classification and including any rcduction that Illay be caused by shear effects, see 6.2.8. 

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

(8) Wherc all the compression parts of a cross-section are ~ Class 1 or Class 2 @l], the cross-section may 
be taken as capable of dcveloping its full plastic resistance in bending. 

(9) Where all the compression parts of a cross-section are Class 3, its resistance should be based on an 
clastic 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 t1anges for ULS checks. For 
fatigue see EN 1993-1-9. 

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

6.2.2 Section properties 

6.2.2. t Cross cross-section 

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

6.2.2.2 Net area 

(1) The net area of a cross-sect jon should be taken as its gross area less appropriate deductions for all 
holes and other openings. 

(2) For calculating 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 positlon of the critical fracture line. 
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(4) Where the fastener holes arc staggered, the total area to be deducted 
of: 

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

b) t (nd 0 _ L S 2 

4p 
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fasteners should be the greater 

(6.3) 

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

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

is the thickness; 

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

do is the diameter of hole 

(5) In an angle or other member with holes in more then one planc, the spacing p should be measured 
along the centre of thickness of the material (sec 6.2). 

I 

: 

p 

I i 
.~- -4t-- --ftj--

CD/ I , I .. ;t :@ ~ , 
'/ , --$-----~- I 

I . . I 
1 I , I 

S S 

I 

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) The calculation of the effective widths is covered in EN 1993-1-5. 

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

NOTE F or co Id fonned melnbers sce EN 1993-1-3. 
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6.2.2.4 Effective properties of cross sections with class 3 webs and class 1 or 2 flanges 

(\) \\tTherc 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(1\), the proportion of the web in compression should be replaced by a part of 20£tw 

adjacent to the compression flange, with another pali of 20£t\\ adjacent to the plastic neutral axis of the 
effective cross-section in accordance with Figure 6.3. 

3 

2 

I compression 
2 tension 
3 plastic nelltral axis 
4 neglect 

+ 

2 

Figure 6.3: Effective class 2 web 

6.2.2.5 Effective cross-section properties of Class 4 cross-sections 

(l) 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 sections ~ see l.l.2(1) and EN 1993-1-3. 

(3) The effective widths of planar compression palis should be obtained from EN 1993-1-5. 

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

~MEd = N EdeN (6.4) 

NOTE The sign of the additional moment depends on the effect in the combination of inten1al 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)P The design value of the tension force NEd at each cross section shall satisfy: @il 

N LRd 

1,0 (6.5) 

(2) For sections with holes the design tension resistance Nt.Rd should be taken as the smaller of: 

a) the design plastic resistance of the gross cross-section 

N pLRd 

YMO 

b) the design ultimate resistance of the net cross-section at holes for fasteners 

N u.Rd 

0,9A nel fu 
(6.7) 

(3) Where capacity design is requested, see EN 1998, the design plastic resistance NpLRd (as given in 
6.2.3(2) a» should be less than the design ultimate resistancc of the net section at fastcncrs holes N u•Rd (as 

in 6.2.3(2) b». 

(4) In category C connections EG(see EN 1993-1-8,3.4.1(1» ,the design tcnsion resistance in 
6.2.3(1) of the nct section at holes for fasteners should be takcn as NneLRd, where: 

N nCLRd (6.8) 
YMO 

(5) For angles connected through one leg, see also EN 1993-1 3.10.3 @l]. Similar considcration 
should also be given to other type of scctions connected through outstands. 

6.2.4 Compression 

(l)P The design value ofthc compression force NEd at each cross-scction shall satisfy: 

NEd :::;;1,0 
N c.Rd 

(6.9) 

(2) The design resistance of the cross-section for uniform compression N C•Rd should be determined as 
follows: 

YMO 

Aerr 
NeRd =---

YMO 

for class 1, 2 or 3 cross-sections (6.]0) 

for class 4 cross-sections (6.11 ) 

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

(4) In the case of unsymmetrical Class 4 sections, the method given in 6.2.9.3 should be used to allow for 
the additional moment L1M Ed due to the eccentricity of the centroidal axis of the effective section, see 
6.2.2.S( 4). 
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6.2.5 Bending moment 

IEJ) (I)P Thc dcsign value of the bcnding moment M Ed at each cross-section shall satisfy:@j] 

1,0 
Ml'.Rd 

whcrc McJ{d is determined considering fastener holes, see (4) to (6). 

(6.1 

(2) The design rcsistance for bending about one principal axis of a cross-section is determined as follows: 

M cRd = M pI. Rei = ----'-~ 
Y l'vIO 

M e .Rd M cUZcl 

YMO 

M = WelT,mill 
I:.Rd 

YMO 

for class ] or 2 cross sections 

for class 3 cross sections 

for class 4 cross sections 

where WeLll1l11 and corresponds to the fibre with the maximum elastic strcss. 

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

(4) Fastener holes in the tension flange may be ignored provided that for the tension flange: 

YMO 

where AI' is the area of the tension flange. 

NOTE The criterion in (4) provides capacity design (see 1.5.8) ~text de!eted(ffiJ. 

(6.13 ) 

(6.]4) 

(6.15) 

(6.16) 

(5) Fastener holes in tension zone of the web need not be allowed for, provided that the lin1it given in (4) 
is satisfied for the complete tcnsion zone comprising the tension flangc 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 allowcd for, provided that they are filled by fasteners. 

6.2.6 Shear 

(l)P The design value of thc shear force V Ed at each cross section shall satisfy: 

(6.17) 

where Vc.RcI is the dcsign shear resistance. For plastic design is the design plastic shear resistance VpLRd 

as given in (2). For elastic design Vc.Rd is the design elastic shear resistance calculated using (4) and (5). 

(2) In the absence of torsion the design plastic shear resistance is given by: 

Av (fy I FJ) 
YMO 

where Av is the shear area. 

50 

(6.18) 

www.amiralikhalvati.com



(3) The shear area may be taken as follows: 

BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

a) rolled I and H sections, load parallel to web 

b) rolled channel sections, load parallel to web 

- 2bt f + (t\\ + 2r) t f but not less than llh\\tw 

A 2bt c + (t \\ r) t f 

~ c) rolled T -section, load parallel to web 

- for rolled I-sections: 
t. 

A =A-bt,+(t +2r)---.L 
v j \V 2 

tr A=t ,(h--) 
v \\ ') 

"-

- for welded T -sections: 

d) welded I, H and box sections, load parallel to web llL (hw tw) 

e) welded I, H, channel and box sections, load parallel to flanges A- L (h w t w ) 

f) rolled rectangular hollow sections ofunifonu thickness: 

load parallel to depth 

load parallel to width 

g) circular hollow sections and tubes of uniform thickness 

where A is the crosssectional area; 

b is the overall breadth; 

h is the overall depth; 

hw is the depth of the web; 

r is the root radius; 

tf is the flange thickness; 

Ah/(b+b) 

Ab/(b+h) 

2A/rr 

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

11 sec EN 1993-1-5. 

NOTE 11 may be conservatively taken equal 1,0. 

(4) For verifying the design elastic shear resistance Vc.Rd the 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: 

1,0 ( 6.19) 

where TEd luay be obtained from: 1: Ed = 
I t 

(6.20) 

where V Ed is the design value of the shear force 

S is the first moment of area about the centroidal axis of that pOltion of the cross-section between 
the point at which the shear is required and thc boundary of the cross-section 

IS second moment of area of the whole cross section 

IS the thickncss at the examined point 

NOTE The verification according to (4) is conservative as it excludes partial plastic shear 
distribution, which is permitted in elastic design, sec (5). Therefore it should only be carried out where 
the verification on the basis ofVc.Rd according to equation (6.17) cannot be performed. 
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(5) For J- or H-sections the shear strcss in the web may be taken as: 

1 1:d = A if AI' / A\\ 2:: 0,6 
\V 

where Ar is the area of one flange; 

is the area of the \;\;'eb: 

(6.21) 

(6) In addition the shear buckling resistance for webs without intermediate stiffeners shouJd be according 
to section 5 of EN 1993-1-5, if 

hw > 72~ 
tw 11 

For 11 sec section 5 of EN 1993-1-5. 

NOTE 11 may be conservatively taken equal to 1,0. 

( 6.22) 

(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 Vpl,Rd should 
be reduced as specified in 6.2.7(9). 

6.2.7 Torsion 

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

::; 1,0 
TRd 

where T Rd is the design torsion a 1 resistance of the cross section. 

(6.23) 

(2) The total torsional moment at any cross- section should be considered as the sum of two internal 
effects: 

where is IRV the design value of the internal St. Venant torsion moment @lI; 

Tw. Ed is IRV the design vallie of the internal warping torsional moment @lI. 

(6.24) 

(3) The values of Tt.Ed and at any cross-section may be determined from 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 along the member. 

(4) The following stresses due to torsion should be taken i11to account: 

the shear stresses "[1.Ed due to St. Venant torsion TLFd 

the direct stresses CJw,Ed due to the bimoment BEd and shear stresses '[v{.Ed due to warping torsion Tw.Ed 

(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 BEd should be derived fi:om elastic analysis, sec (3). 

(7) As a simplification, in the case of a member witb 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 I or H, it may be assumed that the 
effects of St. Venant torsion can be neglected. 
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(8) For the calculation of the resistance T Rd of closed hollow sections the design shear strength of the 
individual palis of the cross section according to EN 1993-1-5 should be taken into account. 

(9) For combined shear force and torsional moment the plastic shear resistance accounting for torsional 
effects should be reduced from V pLRd to Vpl.T.Rd and the design shear force should satisfy: 

-.....:::..::.--:::;1,0 
V pl,T,Rd 

in which Vpl.T.Rd may be derived as follows: 

for an 1 or H section: 

V pl,T,Rd 
1 Tt.Ed V 

- 125 (f I '3)/ pl.Rd 
, y "'-' YMO 

for a channel section: 

V pl,T.ReI 

for a structural hollow section: 

V pl.T,Rd 

where V pLRd is given in 6.2.6. 

6.2.8 Bending and shear 

(6.25) 

(6.26) 

(6.27) 

(6.28) 

(1) Where the shear force is present allowance should 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 yield strength 

(1 - p) fy 

for the shear area, 

where p = 2 - IJ 2 and 

\. V pl.Rd 

NOTE See also 6.2.10(3). 

is obtained from 6.2.6(2). 

(4) When torsion is present p should be obtained from p 

as 0 for V Ed S O,5Vpl ,T.Rd. 

(6.29) 

[
2VEd 

Vpl.T.Rd 

1]', see 6.2.7, but should be taken 
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(5) The reduced design plastic resistance moment allowing for the shear force may altematively be 
obtained for I-crass-sections with equal flanges and bending about the major axis as follows: 

M y.V.Rd 
l A 2] W

pl
.
y 

_P
4t

\\ fy 
IV 

Y r\'\o 
but M y.V.Rd :s; My.c,Rd (6.30) 

where My.c.Rd is obtained from 6.2.5(2) 

and AII' = hw tw 

(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 

6.2.9.1 Class 1 and 2 cross-sections 

(l) Where an axial force is present, allowance should be made for its effect on the plastic lTIOment 
resistance. 

~(2)P For class 1 and 2 cross sections, the fol1owing criterion shall be satisfied:@il 

Mhl S M N.Rd (6.31) 

where MN.Rd is the design plastic moment resistance reduced due to the axial force NEd. 

(3) For a rectangular solid section without fastener holes M N.Rd should be taken as: 

M N.Rd = MpI.Rdr-(N Ed IN pI.Rd)2 J (6.32) 

(4) For doubly symmetrical 1- 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: 

NEd :s; 0,25 N pl.Rd and (6.33) 

0,5h w t w f y 
NEd :s; . (6.34) 

YMO 

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

hwtwfy 
NEd :s;---

Y [1,'10 

( 6.35) 

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

M N.y.Rd = IYfpl.y.Rd (1-n)/(1-0,5a) but M N.y.Rd S Mpl.y,Rd (6.36) 

for n s a: M N.z.Rd = Mpl.z,Rd ( 6.37) 

for n > a: MN.,.RJ ~ MpL,Rd [ 1 - ( ~ ~ : J 2 ] (6.38) 

where n = NEd / Npl. Rd 

a = (A-2btr )/A but a s 0,5 
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For cross-sections where fastener holes are not to be accounted for, the following approximations may be 
used for rectangular structural hollow sections of uniform thic1u1ess and for welded box sections with equal 
flanges and equal webs: 

MN,y.ReI = MpLy.ReI (1 - n)/(1 - 0,5aw) but M N.y.Rd ::;; MpLy.Rd 

MN,LReI = MpLLReI (1 - n)l(1 - 0,5af ) but M'l.z.Rd ::;; Mpl.z.ReI 

where aw = (A - 2bt)/A but aw ::;; 0,5 for hollow sections 

aw = (A-2btr)l A but aw ::;; 0,5 for welded box sections 

ar = (A - 2ht)/ A but ar ::;; 0,5 for hollow sections 

ar = (A-2htw )/ A but ar ::;; 0,5 for welded box sections 

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

_---'----'_ + z". <1 
[

My Ed lex l M. Eel l r.l 
M ny.

RcI 
M

NLRd
-

in which a and ~ are constants, which may conservatively be taken as unity, otherwise as follows: 

I and H sections: 

a = 2 ; 0 = 5 n but 0 2 1 

circular hollow sections: 

a=2;0=2 

~ M - M - M (1- L7) IfiC:l E::1J N •. l',Rd - , ;V·.=.Rd - pl.ReI n ~ 

rectangular hollow sections: 

a = 0 = 1,66 ') 
1-1,1311-

but a = ~::;; 6 

where 11 = NEd / Npl,ReI . 

6.2.9.2 Class 3 cross-sections 

(6.39) 

(6.40) 

(6.41) 

~ (l)P In the absence of shear force, for Class 3 cross-sections the maximum longitudinal stress sball 
satisfy the criterion: @il 

fy 
0' , :s; - (6.42) x,EeI 

YMO 

where 0' x,Ed is the design value of the local longitudinal stress due to lTIOment and axial force taking account 

of fastener holes where relevant, see 6.2.3,6.2.4 and 6.2.5 

6.2.9.3 Class 4 cross-sections 

~ (l)P In the absence of shear force, for Class 4 cross-sections the maximum longitudinal stress ax,Ed 

calculated using the effective cross sections (see 5.5.2(2)) shall satisfy the criterion: @il 

fy 
ax,EeI ::;;--

YMO 

(6.43) 

where 0' x,EeI is the design value of ~ the longitudinal stress @2] due to moment and axial force taking 

account of fastener boles where relevant, sec 6.2.3, 6.2.4 and 6.2.5 
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(2) As an alternative to the criterion in (1) the following simplified criterion may be used: @21 

__ N_EC_l __ + M + M z.l~d + N Ed e Nz 

ACfrfy/YMO \Vcll ,y,mill f IYtvlO WefLz,min fy/Y/v10 

where Aclr is the et1cetive area of the cross-section when subjected to uniform compression 

Wcff.l1lill is the effective section modulus (corresponding to the fibre with the maximum elastic 
of the cross-section when subjected only to moment about the relevant axis 

(6.44) 

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

NOTE The signs of NEd, 

direct stresses. 
Mz,Ed and ~Mi NEd eNi depend on the combination of the respective 

6.2.10 Bending, shear and axial force 

(J) Where shear and axial force are present, allowancc should be made for the effect of both shear force 
and axial force on the resistance moment. 

(2) Provided that the value of the shear force does not exceed 50% of the design plastic shear 
resistance 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 V Ed exceeds 50% OfVpl.Rd the design resistance of the cross-section to combinations of moment 
and axial force should be calculated llsing a reduced yield strength 

(l-p )t~ ( 6.45) 

for the shear arca 

where p= (2VEd I VpI. Rd-1)2 and VpLRd is 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 Buckling resistance 

(1) A compression member should be verificd against buckling as follows: 

NEd :::; 1,0 
N b,Rd 

where NEd is the design value of the compression force; 

Nb.Rd is the design buekljng resistance of the compression member. 

(6.46) 

(2) For members with non-sYl11metric Class 4 sections allowance should be made for the additional 
moment ~MEd due to the eccentricity of the centroidal axis of the effective section, see also 6.2.2.5(4), and 
the interaction should be carried out to 6.3.4 or 6.3.3. 
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(3) The design buckling resistance of a compression member should be taken as: 

Nb,Rd for Class I, 2 and 3 cross-sections (6.47) 

X 
Nb,Rd =---

YMI 

for Class 4 cross-sections (6.48) 

where X 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 eOlnpression force second order analysis according to 5.3.4(2) 
may be performed. For out-of-plane buckling sec also 6.3.4. 

(4) In detennining A and Aetr holes for fasteners at the colunul ends need not to be taken into account. 

6.3.1.2 Buckling curves 

-

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

1 
but X ~ 1,0 

CP+~(j)2 _?:.2 
X (6.49) 

where <1> 0,5l1 + a(?:. - 0,2)+?:.2 J 

- Hff A- --Y 

Ncr 
for Class 1, 2 and 3 cross-sections 

A= for Class 4 cross-sections 

a is an imperfection factor 

Ncr is the elastic critical force for the relevant buckling mode based on the gross cross sectional 
properties. 

(2) The imperfection factor a 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 I ao a b I c d 

Inlperfection factor a I 0,13 0,21 0,34 I 0,49 0,76 

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

(4) For slenderness A ~ 0,2 or for ~ 0,04 the buckling effects may be ignored and only cross 
Ncr 

sectional checks apply. 
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Table 6.2: Selection of buckling curve for a cross-section 

Buckling 
Cross section Limits about 
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0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6 2,8 3,0 

Non-dimensional slendell1ess I ... 

Figure 6.4: Buckling curves 

6.3.1.3 Slenderness for flexural buckling 

(1) The non-dimensional s1enden1ess I\, is given by: 

for Class 1, 2 and 3 cross-sections (6.50) 

for Class 4 cross-sections (6.51) 

where Ler is the buckling length in the buckling plane considered 

is the radius of gyration about the relevant axis, determined using the properties of the gross 
cross-secti on 

NOTE B For elastic buckling of components of building structures sec Annex BB. 

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

(1) For members with open cross-sections account should be taken of the possibility that the of 
the mcmbcr to eithcr torsional or torsional-tlcxural buckling could be less than its rcsistance to tlexural 
buckling. 

(2) The non-dimcnsional slendemess "'AT for torsional or torsional-flexural buckling should be taken as: 

for Class 1, 2 and 3 cross-sections 

II.T :::;;: for Class 4 cross-scctions 

wherc Ncr:::;;: N cr.TF but Ncr < N er.T 

Ncr. is thc elastic torsional-flcxural buckling force; 

N Cr•T is the clastic torsional buckling force. 

(6.52) 

(6.53) 

(3) For torsional 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 

6.3.2.1 Buckling resistance 

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

::; 1,0 
Mb,Rd 

\vhere M Ed is the design value of the moment 

Mb,Rd is the design buckling resistance moment. 

(6.54) 

(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 squarc or circular hollow sections, 
fabricated circular tubes or square box sections are not susceptible to lateral-torsional buckling. 

(3) The design buckling resistance moment of a laterally unrestrained beam should be taken as: 

M b. Rd XLT Wy (6.55) 
" Y!Vll 

where Wy is the appropriate section modulus as follows: 

60 

Wy Wpl.y 

Wy Wei.)' 

Wy = Welry 

for Class I or 2 cross-sections 

for Class 3 cross-sections 

for 4 cross-sections 

XLT is the reduction factor for lateral-torsional 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 also 6.3.4. 

NOTE 2B For buckling of components of building stIl1ctures see also Annex BB. 
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(4) In determining Wy holes for fasteners at the beam end need not to be taken into aecount. 

6.3.2.2 Lateral torsional buckling curves General case 

(l) Unless otherwise specified, see 6.3.2.3, for bending members of constant cross-section, the value of 
XLT for the appropriate non-dimensional slenderness should be determined fi:om: 

XLT= butxLT::;l,O (6.56) 

cD LT + 

where cD LT = 0,5l1 + u LT (~LT - 0,2)+ 5::~"T J 

a L T is an imperfection factor 

Mer is the elastic eritical moment for lateral-torsional buckling 

(2) Mer is based on gross cross sectional properties and takes into account the loading conditions, the real 
moment distribution and the lateral restraints. 

NOTE The imperfection factor aLT corresponding to the appropriate buckling curve may be obtained 
from the National Annex. The recommended values aLT are in Table 6.3. 

Table 6.3: Recommended values for imperfection factors for lateral torsional 
buckling curves 

d 
0,76 

The recommendations for buckling curves are given in Table 6.4. 

Table 6.4: Recommended values for lateral torsional buckling curves for cross
sections using equation (6.56) 

Cross-section Limits Buckling curve 

Rolled I-sections 
h/b::; 2 a 
h/b > 2 b 

\Velded I-sections 
h/b 2 c 
hlb 2 d 

Other cross-sections d 

-

(3) Values of the reduction factor XLT for the appropriate non-dimensional slenderness P'LT may be 
obtained from Figure 6.4. 

(4) 
M -

For slendernesses }"LT ~ ~LTO (see 6.3.2.3) or for ~ ~ 
Mer 

effects may be ignored and only cross sectional eheeks apply. 

6.3.2.3) lateral 10rsional buekling 
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6.3.2.3 Lateral torsional buckling curves for rolled sections or equivalent welded sections 

(1) For rollcd or equivalent welded sections in bending the values of XLT for thc appropriate non-
dimensional slendelllcss may bc dctermined from 

XLI !XLT ::; 1,0, 
----;====== but < I 

XLT - -'> 

A-
(6.57) 

NOTE The parameters ~~ and 0 and any limitation of validity concerning the beam depth or hlb 
ratio may be given in the National Annex. The following values are recommended for rolled sections 
or equivalent welded sections: 

A Ll.O 0,4 (maximum value) 

o 0,75 (minimum value) 

The recommendations for buckling curves are given in Table 6.5. 

Table 6.5: Recommendation for the selection of lateral torsional buckling curve 
for cross sections using equation (6.57) 

Cross-section Limits Buckling curve 

Rolled I-sections 
hlb S; 2 b 
hlb > 2 c 

\Velded I -sections 
hlb 2 c 
hlb > 2 d 

(2) For taking into account the moment distribution between the lateral restraints of members the 
reduction factor XLT may be modified as follows: 

62 

!XLT.1ll0d ::; 1 

X L'f,lllod ~ but 11' < 1 
f ALT,mod -

Au 

(6.58) 

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

butf::;l,O 

kc is a correction factor according to Table 6.6 
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Moment distribution 

I111111111111111111111111111111 

\1'=1 

mlllllllllllllli!llii!!!''':n 

-1::; ::; 1 
1,33 

1,0 

0,33'1' 

0,94 

0,90 

0,91 

0,86 

0,77 

0,82 
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6.3.2.4 Simplified assessment methods for beams with restraints in buildings 

(l)B Members with discrete lateral restraint to the compresslon flange are not susceptible to lateral

torsional buckling if the length Lc between restraints or the resulting slenderness A f of the equivalent 
compression flange satisfies: 

where 

- M 
If' < I c:Rd /\, - /\'cO--

i ,)"1 My,Ed 

(6.59) 

is the maximum design value of the bending moment within the restraint spacing 

MC: Rd = Wy 
. YMl 

Wy is the appropriate section modulus corresponding to the compression 

kc is a slenderness correction factor for moment distribution between restraints, see Table 6.6 

1,~z is the radius of gyration of the equivalent compresslon flange composed of the compression 
flange plus 113 of the compressed part of the web area, about the minor axis of the section 

is a slenden1ess liluit of the equivalent compression flange defined abovc 
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NOTE 1B For Class 4 cross-sections may be taken as 

1 r = 

wbere IelIr is the etTective second n10mcnt of area of the compression flange about the minor axis 
of thc section 

Ad'Ll' is the effective area of the compression flangc 

is the effective ~ area @.il of the compressed part of the web 

NOTE 2B The slenderness limit may be given in the National Annex. A limit value 

!"'dl ALT.o + 0,1 is recommended, see 6.3.2.3. 

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

Mb.Rd = kuX (6.60) 

where X is the reduction factor of the equivalent compression flange determined with A I' 

k fi is the 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 value k fP 1,10 is 

recommended. 

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

curve d for welded sections provided that: h:::; 44£ 
t f 

curve c for all other sections 

where h is the overall depth of the cross-section 

tf is the thickness of the compression flange 

NOTE B For lateral torsional 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 canied 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 a distinction is made for: 

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

members that are susceptible to torsional deformations, e.g. members with open cross-sections and 110t 
restraint from torsion. 

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

64 

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 n1embers regarded as cut out of the system. Second order effects of the sway system 
(P-~-effects) have to be taken into account, either by the end moments of thc mcmber or by means 
appropriate buckling lengths respectively, see 5.2.2(3)e) and 5.2.2(8). 

(4) MelTlbcrs which are subjected to combined bending and axial compression should satisfy: 

NEd M M z.Ed + L1M 
+ kyy +k :S;1 

Rk M z.Rk 

(6.61) 

XLT 
YMI YMI YMI 

NEd M M z.Ed + L1M z.Ed 

Xz NRk 

+ k zy + k zz 
M z. Rk 

:S;1 (6.62) 

XLT 
YMI YMI YMI 

where My.Ed and M z.Ed are the design values of the compression force and the maximum moments 
about the y-y and z-z axis along the member, respectively 

are the moments due to the shift of the centroidal axis according to 6.2.9.3 for 
class 4 scctions, see Table 6.7, 

Xl' and Xz are the rcduction factors due to flexural buckling from 6.3.1 

is the reduction factor due to lateral torsional buckling from 6.3.2 

are the interaction factors 

Table 6.7: Values for NRk = fy Ai, Mi,Rk = fy Wi and ~Mi,Ed 

Class 1 2 3 4 

Ai A A A Aclf 
\Vy WI)"V \Vpl.v \Vel.v Wen:v 
Wz \VDLz W pLz WeLz W crLz 

L1Mv.Ed 0 0 0 CN.Y lEd 

L1Mz.Ed ° ° ° eN.? ! Ed 

NOTE For members not susceptible to torsional deformation XLT would be XLT 1,0. 

(5) The interaction factors kyy , , k,~y , kzz depend on the method which is chosen. 

NOTE 1 The interaction factors kyz, and have been derived from two alternative 
approaches. Values of these factors may be obtained from Annex A (alternative method 1) or from 
Annex B (alternative 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) The following 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 torsional buckling for structural components 
such as 

[§) single members with mono symmetric cross sections, built-up or not @l], uniform or not, with 
complex support conditions or not, or 

plane frames or subfl'ames composed of such members, 
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which arc subject to compression and/or mono-axial bending in the plane, but which do not contain rotative 
plastic hinges. 

NOTE The National Anncx may specify the field and linlits of application of this method. 

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

1,0 (6.63) 
YMI 

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

XOP is the reduction factor for the non-dimensional slendelTIess Aor , see (3), to take account of 

lateral and lateral torsional buckling. 

(3) The global non dimensional s1endenless j"op for the stmctural component should be determined from 

Aop = (6.64) 

where Uuit,k is defined in (2) 

is the minimum amplifier for the in plane design loads to reach the elastic critical load @1] 
of the stmctural component with regards to lateral or latcral torsional buckling without 
accounting for in plane flexural buckling 

NOTE In determining u cr.op and Uulr,k Finite Element analysis may be used. 

(4) The reduction factor may be determined from either of the following methods: 

a) the minimum value of 

X for lateral buckling according to 6.3.1 

XLT for lateral torsional buckling according to 6.3.2 

each calculated for the global non dimensional slenderness Aop . 

NOTE For example where Uulr,k is determined by the cross section check 
N 

this 
U ulCk NRk 

method leads to: 

N Ed + _M----" __ 

NRk/YMl My.Rk/YMI 
Xop (6.65) 

b) a value interpolated between the values X and XLT as determined in a) by using the formula for Uult,k 

corresponding to the critical cross section 
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NOTE For example where UulLk is determined by the cross section check _1_ 
u ulLk 

method leads to: 

+ this 
NRk M y.Rk 
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NEd M 
---=-=----- + -----'--- ~ 1 
X N Rk /Y MI XLT M y .Rk /Y Ml 

(6.66) 

6.3.5 lateral torsional buckling of members with plastic hinges 

6.3.5.1 General 

(1)B Structures Inay be designed with plastic analysis provided lateral torsional buckling in thc frame is 
prevented by the following means: 

a) restraints at locations of "rotated" plastic hinges, see and 

b) verification of stable length of segment bctween such restraints and other latcra1 restraints, sce 6.3.5.3 

(2)B Where under all ultimate limit state load combinations, the plastic hinge is "not-rotated" no restraints 
are necessary for such a plastic hinge. 

6.3.5.2 Restraints at rotated plastic hinges 

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

(2)B Effective restraint should be provided 

for me111bers canying either moment or moment and axial force by lateral restraint to both flanges. This 
may be provided by lateral restraint to one flangc and a stiff torsional restraint to the cross-section 
preventing the lateral displacement of the compression flange relative to the tension flangc, scc 
6.5. 

for members canying 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 by 
connecting it to a slab, see Figure 6.6). For cross-sections that are more slender than rolled I and H 
sections the distorsion of the cross section should be prevented at thc plastic hinge location (e.g. by 
means of a web stiffener also connected to the comprcssion flange with a stiff joint hom thc 
compression flange into the slab). 

Figure 6.5: Typical stiff torsional restraint 

1 compression/lange 

Figure 6.6: Typical lateral and torsional restraint by a slab to the compression 
flange 
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(3)B At each plastic hinge location, the connection (e.g. bolts) of the compression flange to the 
element at that point purlin), and any intermediate element (e.g. diagonal brace) should be designed to 
resist to a local force of at least 2,S% of (defined in 6.3.S.2(S)B) transmitted by the flange in its plane 
and perpendicular to the web plane, without any combination with other loads. 

(4)B 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 is its 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 Qm 
applied at each stabilized member at the plastic hinge locations, where; 

QJ11 (6.67) 

where N CEd is the axial force in the compressed flange of the stabilized member at the plastic hinge 
location; 

am is according to 5.3.3(1). 

NOTE For combination with external loads see also 5.3.3(5). 

6.3.5.3 Verification of stable length of segnlent 

(l)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. 

'+ b . 1 '. h h 110 d]' For Ul1l10rm cam segments WIt 1 I or H cross sectIons WIt .,' E un er . 111 ear moment and without 
t f 

significant axial compression the stable length may be taken from 

where E 

E 1 for 0,625 ::s;; \jf ::s;; 1 

(60 - 40\jf) E i z for -1 ::s;; \jf ::s;; 0,625 

235 

fy [N 11111112] 

M 
'V ;::;:: = ratio of end moments in the segment 

Mpl. Rd 

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

(6.68) 

(2)B \Vherc a rotated plastic hinge location occurs iInmediately 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 follovving criterja 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 elastic 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 

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

L 
1. member may be considered as a column with a bow imperfeetion eo = 

500 

2. The elastic deformations of or battens @2], see 6.7, nlay be eonsidered by a continuous 
(slTIeared) shear stiffness Sy of the colunu1. 

NOTE For other end conditions appropriate modifications may be performed. 

(2) The lTIodel of a uniform built-up cOlTIpression member applies when 

1. the lacings or lEV battens @lI consist of equal modules with parallel chords 

2. the minimUlTI nunlbers of 1110dules in a member is thrce. 

NOTE This assumption allows the structure to be regular and smearing thc discrete structurc to a 
continUlUTI. 

(3) The design procedure is applicable to built-up lTIembers with lacings in two planes, sec 6.8. 

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

r~ 

T 
Ll2 

H-
Ll2 

eo = L/500 

I 

I I 

0 1 

! -A 
A." Ii"' 

I I 

1 
b 

b 

T 

z 
~ 

i 

Figure 6.7: Uniform built-up columns with lacings and lEV battens 
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r---------------------~------------------~ 

Lch = 1,28a 

I 
Lch = a 

Figure 6.8: Lacings on four sides and buckling length Lch of chords 

(5) Checks should be performed for chords using the design chord forces N ch .Ed from compression forces 
NEd and moments at mid span of the built-up member. 

(6) For a member with two identical chords the design force shou1d be determined from: 

N eh.Ed (6.69) 

where M Ed 
NEd NEd 

70 

N Sv 

N is the effective critical force of the built-up member 

NEd is the design value of the compression force to the built-up member 

M Ed is the design value of the maximum moment in the middle of the built-up member considering 
second order effects 

M :~d is thc design value of the maximum moment in the middle of the built-up member without 

second ordcr effects 

ho is the distance between the centroids of chords 

Ach is the cross-sectional area of one chord 

Icff is the effective second moment of area of the built-up member, see 6.4.2 and 6.4.3 

Sv is the shear stiffness of the lacings or battened paneL see 6.4.2 and 6.4.3. 

www.amiralikhalvati.com



BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

(7) The checks for the lacings of laced built-up members or for the frame moments and shcar forces of thc 
battened panels of battened built-up members should be performed for the end pancl taking account of the 
shear force in the built-up membcr: 

6.4.2 Laced compression members 

6.4.2.1 Resistance of components of laced compression members 

(1) The chords and diagonal lacings subject to comprcssion should be designed for buckling. 

NOTE Second31Y moments may be neglected. 

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

---:::;1,0 
Nb,Rd 

(6.70) 

(6.71) 

where Neh,Ed is the design compression force in the chord at mid-length of the built-up member according to 
6.4.1(6) 

and Nb,RcI is the design value of the buckling resistance of thc chord taking the buckling length Lch from 
Figure 6.8. 

(3) The shear stiffness Sv of the lacings should be takcn from Figure 6.9. 

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

Ieff 0,5h~Ach 

T T 
a 

+ a 
System 1 a 

Ad 
~ 

t--- ho ----i r--ho~ 

Sy 
2d 3 d 3 

n is the number of planes of lacings 
Ad and Av refer to the cross sectional area of the bracin s 

1-
I 
a 

1 

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

6.4.2.2 Constructional details 

(6.72) 

(1) Single lacing systems in opposite faces of the built-up membcr with two parallcllaced planes should 
be cOlTesponding systenls as shown in Figure 6.10(a), arranged so that one is the shadow of the other. 
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(2) Whcn the lacing systems on opposite faces of a built-up member with two parallel laced planes 
are mutually opposed in direction as shown in 6.l0(b), the resulting torsional effects in the member 
should be taken into account. 

(3) Tie panels should be provided at the ends of 
and at joints \vith other members. 

chord 
IL 

CD :0:=======0l CD 
A I B 

........ ~ I ~ 
I I 

(g):O ~l(g) 

Lacing on face A Lacing on face B 

a) Corresponding lacing system 
(Recommended system) 

systems, at points where the 

chord 
IL 

is interrupted 

Lacing on face A Lacing on face B 

b) Mutually opposed lacing 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 Resistance of cmnponents of battened compression Inembers 

(1) The chords and the battens and their joints to the chords should be checked for the actual moments and 
forces in an end panel and at mid-span as indicated in Figure 6.11. 

72 

~OTE For simpllcity the maximum chord forces 
force V[d. 

may be combined with the maximum shear 
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Figure 6.11: Moments and forces in an end panel of a battened built-up member 

(2) The shear stiffness Sv should be taken as follows: 

_=-_--=.:.'----= < 2 IT 2 EI eh 
- ') a-

(3) The effective second moments of area of battened built-up members may be taken as: 

Ieff = O,5h~Ach + 2~lIeh 

where Ieh = in plane second moment of area of onc chord 

Ib = in plane second moment of area of one battcn 

J.l efficiency factor fron1 Table 6.8 

~ n number of planes of battens @lI 

Table 6.8: Efficiency factor J.l 

Criterion Efficiency factor ~l 

A ~ 150 0 
Iv 

75 < I\, < 150 ~ 2--
75 

A::; 75 1 ~O 

where }" = 
L 

io ~ ; I, = O,5h~A'h + 21", , 
10 

(6.73) 

(6.74) 

73 

www.amiralikhalvati.com



BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 
6.4.3.2 Design details 

(l) Battens should be provided at each end of a member. 

(2) Where parallel 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 

(l) Built-up compression members with chords in contact or closely spaced and connected through 
packing plates, see Figure 6.12, or star battened angle Inembers 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 stiffness (Sv = (0), when the conditions in Table 6.9 are Inet. 

z z 
I I 

I 

z 
I 

I 

I 

z 
I 

I 

I .J!L 
y------~-------y ,!r y--I--y y--- ...Jl------y 

I 
y--¥- -y 

I 

i i z 
Figure 6.12: Closely spaced built-up mernbers 

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

Type of built-up member 
Maxin1um spacing between 

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 is the minimum radius of gyration of one chord or one angle 

(2) The shear forces to be transn1itted by the battens should be detennined from 6.4.3.1 (l). 

(3) In the case of unequal-leg angles, see Figure 6.13, buckling about the y-y axis Inay be verified with: 

. 10 
1 =---

y 1,15 
(6.75) 

where in is the minimum radius of gyration of the built-up member. 
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/' 
V 

/' 
V 

Figure 6.13: Star-battened angle members 

7 Serviceability limit states 

7.1 General 

I 
Y 

V 
./ 

/' 

V 
./ 

. ---;/'_·-z 

(1) A steel structure should be designed and constructed such that all relevant serviceabi Iity criteria are 
satisfied. 

(2) The basic 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. 

(4) Where plastic global 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 

(l)B With reference to EN 1990 - Annex A 1.4 limits for vertical deflections according to Figure A 1.1 
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 

(l)B With reference to EN 1990 - Annex A 1.4 limits for horizontal deflections according to Figure A 1.2 
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 

(l)B With reference to EN 1990 - Annex A 1.4.4 the vibrations of stluctures 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 kij for interaction formula 
in 6.3.3(4) 

Interaction factors 

AuxiliaI terms: 

~z = 

1 

1- NEd 

N cLy 

Xv NEd 

. N cr.y 

NEd 

Ncr 

WI' -~ 1~ Wv - ,) . W 
el.y 

W :s:; 1,5 
Wel. z 

Table A.1: Interaction factors kjj (6.3.3(4)) 

Design as sum tions 
clastic cross-sectional properties plastic cross-sectional properties 

class 3, class 4 class 1, class 2 

~y 
C my C mLT ---'--

N
tLy 

Cmz N 
1--~ 

Ncr 

CmyCmLT--'::::""-

Ncr,y 

C ~z 
lllZ N 
1-~ 

1 + (W 

with b LT 

14 --"'-=---

-"1 

II.~ M 
with C LT = 10 a LT -4 C M 

5 + Az my XLT . - pl.y,Rd 

C zv = 1 + (W - 1) [( 2 - 14 C' ~' - l W 

Cmz N C
1 

O,6JW, 
1-~ Wy 

1 ~
7 

C C 06 -y 
my mLT N- , 

1 _E_d C Zy W z 

Ncr,y 

C 
IllZ N_ C 
1-~ zz 

Ncr 

11 NEd. 1...0 M M z.Ed 
pi N /y r;:;:;:lwlthd LT =2a LT -4 

Rk MO~ 0,1 + iz_ C X M C M f'v_ my "LT ·pl.y.RJ "I11Z pJ.z.Rd 

c,ny see Table A.2 ~ r J 
a LT 1- 1, :2: ° = 1 + (w, l)l2 ~~. C,;".,t" - ~6 . C,;" ~y;", - eu np/:2: W

p

/, 

1...0 
with eLT 1,7 a LT --- ------

0,1 + 
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{
-

- Av 
Amax = tnax --

II.. z 

Table A.1 (continued) 

Ao non-dimensional slendenless for lateral-torsional buckling due to uniform bending moment, 

Le. ~Jy =1,0 in Table A.2 

A LT non-dimensional slenderness for lateral-torsional buckling 

CIllZ Cmz.O 

Cmu 1,0 

If ~o > O,2.JC:4 (1- N Cd J(l- NEd J: 
N CLl N cr.TF 

( ) 
FraLT 

= C my .o + 1- Cmy,o r::-
. l+"cya LT 

Cmz = Cmz .o 

C mLT = 

[§) Cmi,o see Table A.2 @1] 

A 
C = 

y NEd 
for class 1, 2 and 3 cross-sections 

for class 4 cross-sections 
N'~d W j'f c e' ,y 

is a factor depending on the loading and end conditions and may be taken as 
is to be taken from Table 6.6. @1] 

where kc 

= elastic flexural buckling force about the y-y axis 

= elastic flexural buckling force about the z-z axis 

Ned elastic torsional buckling force 

IT St. Venant torsional constant 

Iy second moment of area about y-y axis 
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Table A.2: Equivalent uniform moment factors Cmi,Q 

Moment diagram C l11i .O 

MI I l \j/MJ NEd 

- 1 :::; \1' :::; 1 C l11i .O = 0,79 + 0,21\1' i + 0,36(\1' i - 0,33)~ 
eLI 

~ l n2EIi 1<\ 1 J NEd 
emi,o = 1 + L'IM. ( )1- 1 ~ 

I.Ed X Cr.1 

~ /1 ~ M(x) 

~ Mi,Ed (x) is the maximum moment My,Ed or M z.Ed ~ according 
to the first order analyses @1] 
18x l is the nlaximum ll1enlber ~ deflection@1] along the member 

~ 
C . = 1 - ° 18 N Ed 

1111.0 , N . 
Cr.1 

C. = 1 + ° 03 NEd ~ 1111.0 . , N. 
Cr.1 
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Annex B [informative] - Method 2: Interaction factors kij for interaction 
formula in 6.3.3(4) 

Table B.1: Interaction factors kij for members not susceptible to torsional 
deformations 

Interaction Type of 
Design assumptions 

factors seetions elastic cross-sectional properties plastic cross-sectional properties 
class 3, class 4 class 1, class 2 

( 

Ned 
CmY (1 + (~ NEd 

Cmyll + 0,6Ay 
I-sections X N Rk / Y Ml XyNRk/YMI 

kyy 
RHS-sections 

S;C my (I+0,6 N"d, J S; Cm, (1 + 0,8 N Fd 

Xy N Rk / YMI N Rk / Y MI / 

kyz 
I-sections 

kzz 0,6 
RHS-sections 

I-sections 
0,8 kyy 0,6 kyy 

RHS-sections 

I-sections 

Cm{I+~A 06) N'd ) 
' Xz N Rk / Y \11 

( NEd I C (I + 1 4 NEd J C mz 1 + 0,6j,~z I . 
1112 , 

XzN Rk / Y Ml 
Xz N Rk / Y rvll 

kzz 

(1+06 NEd ) ::; (I + (~, - NEd C ' XzN Rk / Y MI XzN Rk / Y MI 
RHS-sections 

oS: C m,{1 + 0,8 
NEd 

N Rk /YMI 

For 1- and H-sections and rectangular hollow sections under axial compression and uniaxial bending My.Ed 

the coefficient kzv may be k,~v 0. 

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

Desio-n assum tions Interaction I----------------¥----'-----------------I 

factors elastic cross-sectional prope11ics plastic cross-sectional properties 
class 3, class 4 class L class 2 

B.l kvv fro111 Table B.l 
kvz from Table B.l 

-
for "Az < 0,4 : 

-

0,1I ... z NEd k zy 0,6 + ::; 1 - -,------ -------=-=--

N Rk / Y MI 
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I kzz I kzz from Table B.l kzz from Table B.] 

Table B.3: Equivalent uniform moment factors em in Tables B.1 and B.2 

Moment diagram range Cmv and Cmz and CnL T 

uniforn1 loading concentrated load 

1~c:>:->_. 

M ; ~ljIM -l~~J~l 0,6 + 0,4\V ;:::: 0,4 

° ~ a s ~ 1 -1~\V~] 0,2 + O,8as ;:::: 0,4 0,2 + 0,8as ;:::: 0,4 

0::;\jJ::;1 0,1 - 0,8as 2: 0,4 -0,8as 2: 0,4 
-1 ~ as < ° 

J\'1s/ Jv1h -1::;\jJ<0 0,1 (1-\jJ) - 0,8as 2: 0,4 0,2( -\jJ) - 0,8as 2: 0,4 

) ,+fIV1h ° ~ ah ~ 1 -1~~/~] 0,95 + 0,05ah 0,90 + O,lOah 

O~~J~l 0,95 + 0,05ah 0,90 + O,lOah 
-1 ~ ah < ° 

-1~\jJ<0 

For members with sway buckling mode the equivalent uniform moment factor should be taken emy = 0,9 or 
~ Cm? @1] = 0,9 respectively. 
Cmy , Cmz and CmLT should be obtained according to the bending moment diagram between the relevant 
braced points as follows: 

moment factor 
Cmy 

bending axis 
y-y 

points braced in direction 
z-z 

C Il1Z 

CmLT 
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Annex AB [informative] - Additional design provisions 

AB.1 Structural analysis taking account of material non-linearities 

(l)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 In this incremental approach each permanent or variablc action should be increased proportionally. 

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

(l)B For continuous beams with slabs in buildings without cantilevers on which uniformly distributed loads 
are dominant, it is suflkient to consider only the following load arrangements: 

a) altenlative spans carrying the design permanent and variable load (YG Gk Yo Qk), other spans carrying 
only the design permanent load YG Gk 

b) any two adjacent spans carrying the design permanent and variable loads (YG Gk + Yo Qk), all other spans 
carrying only the design pennanent load YG Gk 

NOTE 1 a) applies to sagging Inoments, b) to hogging moments. 

NOTE 2 This annex is intended to be transferred to EN 1990 in a later stage. 

81 

www.amiralikhalvati.com



BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

Annex BB [informative] - Buckling of components of building structures 

88.1 Flexural buckling of members in triangulated and lattice structures 

88.1.1 General 

(l)B For chord members generally and for out-of-plane buckling of web members, the buckling length 
may be takcn as equal to the system length L, see BB.1.3(1 )B, unless a smaller value can be justified by 
analysis. 

(2)B The buckling length Ler of an I or H section chord member may be taken as O,9L for in-plane buckling 
and 1 ,OL for out-of-plane buckling, unless a smaller value is justified by analysis. 

(3)B \Veb mcmbcrs may be designed for in-plane buckling using a buckling length smaller than the system 
length, providcd thc chords supply appropriatc end restraint and the end connections supply appropriate 
fixity (at least 2 bolts ifboltcd). 

(4)B Under these conditions, in normal triangulated stIllctures the buckling length Ler of web members for 
in-plane buck ling may be taken as O,9L, except for sections, see BB.1.2. 

88.1.2 Angles as web members 

(1)8 Provided that the chords supply appropriate end restraint to web mcmbers 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 cnd !}xities allowed for in the design of angles as web members in compression. The 
effective slenderness ratio Acff may be obtained as follows: 

0,35 + O,7J. .. y for buckling about v-v axis 

f"'clT = 0,50 + O,7Ay for buckling about y-y axis (BB.1) 

AclT,z 0,50 + O,7Az for buckling about z-z axis 

where f .. is as dcfined in 6.3.1.2. 

(2)8 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 La should be taken as equal to the system length L. 

88.1.3 Hollow sections as members 

(l)8 The buckling length Lcr of a hollow section chord member may be taken as O,9L for both in-plane and 
out-of-planc 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 suppOlis, 
unless a smaller value is justified by analysis. 

(2)8 The buckling length Ler of a hollow section brace member (web member) with bolted connections lllay 
be taken as l,OL for both in-plane and out-of-plane buckling. 

~ (3)B The buckling length LCI of a hollow section brace member without cropping or llattening, welded 
around its perimeter to hollow section chords, may be generally taken as O,75L for both in-plane and out
of-plane buckling. Lower buckling lengths may be used based on testing or calculations. In this case the 
buckling length of the cord may not be reduced. 

NOTE The National Annex may give more information on buckling lengths. 
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88.2 Continuous restraints 

BB.2.1 Continuous lateral restraints 

(l)B If trapezoidal sheeting according to EN 1993-1-3 is connected to a beam and the condjtion expressed 
IE1) by formula (BB.2) @lI is met, the beam at the connection may be regarded as being laterally restrained 
in the plane of the sheeting. 

( 
rr:2 .. rr2 I 70 

S ~ EIw - + GIT + EI z ') 0,25h - I @lI 
L- h-

(BB.2) 

where S is the 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 the bottom at each 
rib 

Iw is the warping constant 

~ IT @l1 is the torsion constant 

Iz is the second moment of area of the cross section about the minor axis of the cross section 

L is the beam length 

h is the 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 Formula (BB.2) @l] may also be used to detel111ine 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 

(l)B A beml1 may be considered as sufficiently restraint from torsional deformations if 

M~l.k 
C a.k > --I(aI(u (BB.3) 

where rotational stiffness (per unit of beam length) provided to the beam by the stabilizing 
continuum (e.g. roof structure) and the connections 

0,35 for elastic analysis 

1,00 for plastic analysis 

Ks factor for considering the lTIOlTIent distribution see Table BB.l and the type of restraint 

:rv1pIJ= characteristic value of the plastic moment of the beam 
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Table 88.1: Factor Ks for considering the moment distribution and the type of 
restraint 

I without with 
Case Moment distribution . translati,onal translational 

i restramt restraint 

I ~ IM~ 
I 

1 4,0 ° 
2a rd M 

0,12 

3,5 

2b M'" 

~ 
/1M 

0,23 

,.., 
2,8 0 _1 

I 

4 M 1,6 
I 

1,0 

5 
M~ 

1,0 0,7 ~1tJM 
ljJ :;; -0,3 

(2)B The rotational stiffness provided by the stabilizing continuum to the beam may be calculated from 

1 I I 1 
--=--+--+--
C:n C:m.k C 9C.k C~m.k 

(BB.4) 

where C 8R.k rotational stiffness (per unit of the bean1 length) provided by the stabilizing continuum to 
the beam assuming a stiff connection to the member 

CSD.k 

rotational stiffness (per unit of the beam length) of the connection between the beam and 
the stabilizing continuum 

rotational 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 usual rolled profiles) 
CHD.k co 

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

88.3 Stable lengths of segment containing plastic hinges for out-of-plane 
buckling 

88.3.1 Uniform members made of rolled sections or equivalent welded I-sections 

BR.3.1.1 Stable lengths between adjacent lateral restraints 

(l)B Lateral 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 lateral restraint is not greater than 
Lm, where: 
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~ L 38i z 
~ 'Ill == -;::=============== (BB.S) 

-[ ~~y Jl :;5 r 
where is the design value of the compression force [NJ in the member 

is the cross section area [111m2] of the member A 

Wpl.y is the plastic section modulus of the member 

IT @lI is the torsion constant of the member 

fy is the yield strength in [N/mn12] 

is a factor depending on the loading and end conditions and may be taken as C, ke where 
kc is to be taken from Table 6.6. @il 

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

either by a lateral restraint to the compression flange where onc flange is in compression throughout the 
length of the segment, 

or by a torsional restraint, 

or by a lateral restraint at the end of the segment and a torsional restraint to thc mcmber at a distance that 
satisfies the requirements for Ls, 

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

NOTE In general Ls is greater than Lm. 

1 rt>A B 7 

4\ 
\\ 

2{J 
8 

1 tension flange 
~ 6 2 plastic stable length 

BB.3.1.1) 

3 3 elastic section (s'ee 6.3) 

II 4 plastic hinge 
I, 5 restrain!.,' 

I 

II 9 6 bending moment diagram I: 
7 compression/lange d 
8 plastic ';1/ith tension/lange 

restraint, stable length = L, 
BB.3. equation (BB.7) or 
(BB.8)) 

9 ela,),tic with tensiol1flange 

lc>A B~ 
restrclint (see 6.3), X and Xufl'om 
Ncr and flier including tension 

A-A 8-8 flange restraint 

Figure 88.1: Checks in a member without a haunch 
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2 4 

~ 1.----....-'7--"------.. --.--~_~ ___ ~_-_ 6 ......... : ....... 9 1 ---PJ----"-l ~ 
LL 3 

'---..r-
~--~--~~----~----~ 12 

10 11 

8-8 

9 

1 tension/lange 
2 elastic section 6.3) 
3 plastic stable length (see 

4 

5 
6 
7 

BB.3.2.1) or elastic (')ee 
6. 3. 5. 3 (2)B) 
plastic stable length (s'ee 
BB.3.1.1) 
elastic section (see 6.3) 
plastic hinge 
restraints 

8 bending nwment diagran1 
9 compression.flange 
10 plastic stable length (see 

BB.3.2) or elastic 
6.3.5. 3 (2)B) 

11 plastic stable length (see 
BB.3.1.2) 

12 elastic section (see 6.3), X and 
XL Tf;'orn Ncr and J~T inclllding 
tension flange restraint 

Figure BB.2: Checks in a member with a three flange haunch 
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.. 1 

'--v--' 
3 A-A 

1 tension/lange 
2 elastic section ('iee 6.3) 
3 plastic stable length 

~ BB.3.2.1) 
--.T 4 plastic stable length (see 

BB.3.1.1) 
5 elastic section 6.3) 
6 plastic 
7 restraints 
8 bending moment diagram 
9 compression flange 
10 plastic stable length (')ee 

,,9 BB.3.2) 

'---..r--' 

11 plastic stable length 
BB.3.1.2) 

----~--~------~------ 12 
11 10 

12 elastic section X and 
XL Tfrorn and Mer including 

8-8 tension flange restraint 

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

(1)8 Lateral 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 subject to a 
constant moment is not greater than Ll;, provided that 

the member is restrained at the hinge as required by 6.3.5 and 

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

where 

l 600f y J( h J . 54+-- - 1 , E t
f 

Z 

(BB.6) 

(2)B Lateral 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 subject to a 
linear moment gradient and axial compression is not greater than Ls, provided that 

the member is restrained 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 Lm, see BB.3.1.1, 

where L = rc- L ( MpLy,Rk J 
s "\j'-'m l; 

M N.y.Rk + aN Ed 

(BB.7) 

Cm 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; 

Mp1.y.Rk is the characteristic plastic moment resistance of the cross section about the y-y axis 

MN.y.Rl; is the characteristic plastic moment resistance of the cross section about the y-y axis with 
reduction due to the axial force NEd 

(3)B Lateral 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 Ls, provided that 

the Inember is restrained 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 Lm, ~ see BB.3 .1.1 @1] 

where Ls =.JC: Lk (BB.8) 

Cll is the modification factor for non-linear moment gradient, see BB.3.3.2, 

see Figure BB.1, Figure BB.2 and Figure BB.3. 

87 

www.amiralikhalvati.com



BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

BB.3.2 Haunched or tapered members made of rolled sections or equivalent welded 1-
sections 

88.3.2.1 Stable length between adjacent lateral restraints 

(l)B Lateral torsjonal buckling effects may be ignored where the length L of the segment of a melnber 
between the restrained section at a plastic hinge location and the adjacent lateral restraint is not greater than 
Lm, where 

for three flange haunches (see Figure BB.2) 

~Lm (BB.9) 

for two nange haunches (see Figure BB.3) 

Lm = 0,85 ----;:================ @iI (BB.IO) 

where NEd is the design value of the compression force [N] in the member 

W1 
pl,y 

~ --- is the maximum value in the segment 
AIT 

A is the cross sectional area [mm2] at the location where ~ @il is a maxilnum of the 
AIT 

tapered member 

is a factor depending on the loading and end conditions and may be taken as C] 
kc is to be taken from Table 6.6. @iI 

\VpLy is the plastic section modulus of the member 

is the torsional constant of the member 

is the yield strength in [N/mm2
] 

lz is the minimum value of the radius of gyration in the segment 

where 

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

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

or by a torsional restraint, 

or by a lateral restraint at the end of the segment and a torsional restraint to the Inell1ber at a distance that 
satisfies the requirements for L~. 

BB.3.2.2 Stable length between torsional restraints 

(l)B For non uniform members with constant flanges under linear or nOll-linear moment gradient and axial 
compression, lateral torsional buckling effects Inay be ignored where the length L of the segment of a 
member between the rcstrained section at a plastic hinge location and the adjacent torsional restraint is not 
greater than provided that 

88 

the member is restrained 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 Lm, see BB.3.2.1, 
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where 

for three flange haunches (see Figure BB.2) 

Lk 
Ls =-'----

c 

for two flange haunches (see Figure BB.3) 

Lk 
Ls 0,85---

c 

BS EN 1993-1-1:2005 
EN 1993-1-1:2005 (E) 

(BB.l1) 

(BB.12) 

where Lk is the length derived for a uniform member with a cross-section equal to the shal10west section, 
see BB.3.1.2 

en see BB.3.3.2 

e is the taper 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 

(l)B The modification factor Cn Inay be detennined from 

in which 

1 + 1011 
Bo 

1 + 2011 

5~ 
B I = --'-----=-

1t + 10 ~ 

B _ 0,5 0,5 
2 - 1 + 1t~ 1 + 2011 

11= 
NcrT 

NcrE = L 2 

t 

(BB.13) 

L t is the distance between the torsional restraints 

[§) NcrT is the elastic critical torsional buckling force for an I-section 

between restraints to both flanges at spacing with intermediate 
lateral restraints to the tension flange . 

• ? • 2' 2 
l~=ly+l +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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PI is the ratio of the algebraically smaller cnd moment to the larger end moment. Moments that 
producc compression in the non-restrained flange should be taken as positive. If the ratio is less 
than -1,0 the value of ~t should be taken as -1,0, see Figure BB.4. 

(XI::::==I x =x x=x ====Ix I) (XII::::== x =x x=x ====Ix 1) 
+ 

200~ 

-100 
~l = + 200 

cc::::::::::::: 1 00 

-0,5 

+ 

200 

p~100 

n = 200 =-2 
}-'I +100 

IRV but ~t ::;;; -1,0 thus ~t 1,0 @2] 

Figure BB.4: Value of Pt 

BB.3.3.2 Non linear moment gradients 

(I)B The modification factor en may be determined from 

12 
C 11 = -=------~--------;-------,,.-:: 

1+3R2+4R3+3R4+R5+ 
(BB.14) 

in which RI to Rs are the values of R according to (2)B at the ends, quarter points and mid-length, see Figure 
BB.S, and only positive values of R should be included. 

In addition, only positive values of (Rs RE) should be included, where 

RE is the greater of R I or Rs 

Rs is the maximum value ofR anywhere in the length Ly 

IAC2) Figure BB.5: Moment values {AC21 

(2)B The value of R should be obtained from: 

R 
+ a NEd 
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(BB.1S) 
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where a is the distance between the centroid of the member and the centroid of the restraining members, 
such as purlins restraining rafters. 

BB.3.3.3 Taper factor 

(l)B For a non uniform member with constant flanges, for which h 2: 1,2b and hltr _ 20 the taper factor c 
should be obtained as follows: 

for tapered members or segments, see Figure BB.6(a): 

c=1+---
h 

hmin 

for haunched members or segments, see Figures BB.6(b) and BB.6(c): 

c=l+---

where hh is the additional depth of the haunch or taper, see Figure BB.6; 

hmax is the maximum depth of cross-section within the length Ly , see Figure BB.6; 

hmin is the minimum depth of cross-section within the length Ly , see Figure BB.6; 

h5 is the vertical depth of the un-haunched section, see Figure BB.6; 

Lh is the length of haunch within the length Ly , see Figure BB.6; 

is the length between points at which the compression flange is laterally restrained. 

(hJtf) is to be derived fronl the shallowest section. 

(BB.16) 

(BB.17) 

(a) Tapered segment (b) Haunched segment (c) Haunched segment 

x restraint 

Figure 88.6: Dimensions defining taper factor 

91 

www.amiralikhalvati.com




