BRITISH STANDARD BS EN
1993-1-1:2005

Incorporating
Corrigendum No. 1

Eurocode 3: Design of
steel structures —

Part 1-1: General rules and rules for
buildings

07/ 01/ 2009, Uncontrolled Copy, © BSI

)

5

»

c

c

o

o The European Standard EN 1993-1-1:2005 has the status of a

> British Standard

»

8

©

[¢)]

n

L ICS 91.010.30; 91.080.10

>

o

o

o

S =V a Y ]
3 LAY U =
5 D I ]
[¢})

o

— NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW .



© BSI

Uncontrol | ed Copy,

07/ 01/ 2009,

Construction Institute,

Li censed copy: St eel

BS EN 1993-1-1:2005

This British Standard was
published under the authority
of the Standards Policy and
Strategy Committee on

18 May 2005

© BSI 2006

ISBN 0 580 46078 9

National foreword

This British Standard is the official English language version of
EN 1993-1-1:2005, including Corrigendum February 2006. It supersedes
DD ENV 1993-1-1:1992, which is withdrawn.

The start and finish of text introduced or altered by corrigendum is indicated
in the text by tags [ac)(ac]. Tags indicating changes to CEN text carry the
number of the CEN corrigendum. For example, text altered by June 2006
corrigendum is indicated by [Ac) (Ac].

The structural Eurocodes are divided into packages by grouping Eurocodes for
each of the main materials, concrete, steel, composite concrete and steel,
timber, masonry and aluminium, this is to enable a common date of
withdrawal (DOW) for all the relevant parts that are needed for a particular
design. The conflicting national standards will be withdrawn at the end of the
coexistence period, after all the EN Eurocodes of a package are available.

Following publication of the EN, there is a period of allowed for the national
calibration during which the national annex is issued, followed by a coexistence
period of a maximum 3 years. During the coexistence period Member States are
encouraged to adapt their national provisions. Conflicting national standards
will be withdrawn by March 2010 at the latest.

BS EN 1993-1-1 will partially supersede BS 449-2, 5400-3 and 5950-1, which
will be withdrawn by March 2010.

The UK participating in its preparation was entrusted by Technical Committee
B/525, Building and civil engineering structures, to Subcommittee B/525/31,
Structural use of steel, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Where a normative part of this EN allows for a choice to be made at the national
level, the range and possible choice will be given in the normative text, and a note
will qualify it as a Nationally Determined Parameter (NDP). NDPs can be a
specific value for a factor, a specific level or class, a particular method or a
particular application rule if several are proposed in the EN.

To enable EN 1993-1-1 to be used in the UK, the NDPs will be published in a
National Annex, which will be made available by BSI in due course, after public
consultation has taken place.

Amendments issued since publication

Amd. No. Date Comments
16568 29 September 2006 |See national foreword and revision to
Corrigendum No. 1 supersession details
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This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.
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Foreword

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, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.

Background of the Eurocode programme

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

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 alternative 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 Steering 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 agreement1
between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to the
CEN through a series of Mandates, in order to provide them with a future status of European Standard (EN).
This links de facto the Eurocodes with the provisions of all the Council’s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on construction products
— CPD - and Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and
equivalent EFTA Directives initiated in pursuit of setting up the internal market).

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

EN 1990 Eurocode:  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 structures

EN 1994 Eurocode 4: Design of composite steel and concrete structures
EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for earthquake resistance

' 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 1999 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
following purposes :

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

- 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 Documents® referred to in Article 12 of the CPD, although they are of a different nature from
harmonized product standard®. 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 covered 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 CEN, 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 where 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

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

3 According to Art. 12 of the CPD the interpretative documents shall :
a) give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating classes
or levels for each requirement where necessary ;
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of
calculation and of proof, technical rules for project design, etc. ;
c) serve as a reference for the establishment of harmonized standards and guidelines for European technical approvals.
The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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and ETAs)

There is a need for consistency between the harmonized technical specifications for construction products
and the technical rules for works®. Furthermore, all the information accompanying the CE Marking of the
construction products which refer to Eurocodes should clearly mention which Nationally Determined
Parameters have been taken into account.

Additional information specific to EN 1993-1

EN 1993 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 structures or steel components are referred to.

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

EN 1993-1 comprises twelve subparts EN 1993-1-1 to EN 1993-1-12 each addressing specific steel
components, limit states or materials.

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

EN 1993-1 is intended for use by

- committees drafting design related product, testing and execution standards,
- clients (e.g. for the formulation of their specific requirements)

- designers and constructors

- relevant authorities

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

4 See Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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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 to be constructed in the relevant country.

National choice is allowed in EN 1993-1-1 through the following clauses:
- 23.1(D)

- 3.1

- 3.2.1()

- 3.2.2(D)

- 3.2.3(D)

- 3.2.303)B

- 3241)B

- 52103

- 5220

- 53203

- 5.3.2(11)

- 53403

- 6.1(1)

- 6.1(1)B

- 632202
- 6.3.2.3(1)
- 6.3.2.3(2)
- 6.3.24(HB
- 6.3.24(2)B
- 6.3.3(5

- 6.3.4(1)

- 72.1(1)B

- 7.2.2(1)B

- 7.2.3(1)B

- BB.1.3(3)B



© BSI

Uncontrol | ed Copy,

07/ 01/ 2009,

Construction Institute,

Li censed copy: St eel

V'Y
EN 1993-1-1: 2005 (E)

1 General

1.1 Scope
1.1.1 Scope of Eurocode 3

(1)  Eurocode 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 with requirements for resistance, serviceability, durability and fire
resistance of steel structures. Other requirements, e.g. concerning thermal or sound insulation, are not
covered.

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

- EN 1990 “Basis of structural design”

- EN 1991 “Actions on structures”

- ENs, ETAGs 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 rules in EN 1993-1.

(6) EN 1993-1 “General rules and rules for buildings” comprises:

EN 1993-1-1 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 Structures : Cold-formed thin gauge members and sheeting.
EN 1993-1-4  Design of Steel Structures : Stainless steels.

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

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

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

EN 1993-1-8  Design of Steel Structures : Design of joints.
EN 1993-1-9  Design of Steel Structures : Fatigue strength of steel structures.

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

EN 1993-1-11 Design of Steel Structures : Design of structures with 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 gives basic design rules for steel structures with material thicknesses t > 3 mm. It also
gives supplementary provisions for the structural design of steel buildings. These supplementary provisions
are indicated by the letter “B” after the paragraph number, thus ( )B.

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

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

Section 2: Basis of design

Section 3: Materials

Section 4: Durability

Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability 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 material properties of products made of low alloy structural steels.

(5) Section 4 gives general rules for durability.

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

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

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

1.2.1 General reference standards

EN 1090 Execution of steel structures — Technical requirements

ENISO 12944 Paints and varnishes — Corrosion protection of steel structures by protective paint systems

EN 1461 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 structural steels - Part 1: General delivery conditions.

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

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

10



© BSI

Uncontrol | ed Copy,

07/ 01/ 2009,

Construction Institute,

Li censed copy: St eel

EN 10025-4:2004

EN 10025-5:2004

EN 10025-6:2004

EN 10164:1993

EN 10210-1:1994

EN 10219-1:1997
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Hot-rolled products of structural steels - Part 4: Technical delivery conditions for
thermomechanical rolled weldable fine grain structural steels.

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

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

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

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

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

1.3 Assumptions

(1)  Inaddition to the general assumptions of EN 1990 the following assumptions apply:

- fabrication and erection complies with EN 1090

1.4 Distinction between principles and application rules

(1)  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
frames; it covers both plane frames and three-dimensional frames

1.5.2
sub-frame

a frame that forms 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 properties of the members need be considered in the global

analysis

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

1.5.4
global analysis

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

11
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1.5.5

system length

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

1.5.6

buckling length

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

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 “effective” flange width in safety assessments

1.5.8

capacity design

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

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

Section 1

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 does not coincide with the z-z axis)
b width of a cross section

h depth of a cross section

d depth of straight portion of a web

tw web thickness

te flange thickness

r radius of root fillet

I radius of root fillet

Iy toe radius

t thickness

Section 2
Py nominal value of the effect of prestressing imposed during erection

Gy nominal value of the effect of permanent actions

12
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Xk characteristic values of material property

X, nominal values of material property

Ry  design value of resistance

Ry  characteristic value of resistance

ym  general partial factor

yYmi  particular partial factor

yme  partial factor for fatigue

n conversion factor

aq design value of geometrical data

Section 3

fy yield strength

fy ultimate strength

Ren  yield strength to product standards

R,y  ultimate strength to product standards

Ao  original cross-section area

gy  yield strain

€y ultimate strain

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

Zrq available design Z-value

E modulus of elasticity

G shear modulus

v Poisson’s ratio in elastic stage

o coefficient of linear thermal expansion

Section 5

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

Fgs  design loading on the structure

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

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

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

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

h storey height

hy non dimensional slenderness

Ngq  design value of the axial force

[0} global initial sway imperfection

0o  basic value for global initial sway imperfection

on  reduction factor for height h applicable to columns

h height of the structure

13
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am
m
€o

L
MNinit
n cr
€o.d
Mgk
Nri

o

reduction factor for the number of columns in a row

number of columns in a row

maximum amplitude of a member imperfection

member length

amplitude of elastic critical buckling mode

shape of elastic critical buckling mode

design value of maximum amplitude of an imperfection
characteristic moment resistance of the critical cross section
characteristic resistance to normal force of the critical cross section

imperfection factor

El n'c'r bending moment due to 1, at the critical cross section

reduction factor for the relevant buckling curve

minimum force amplifier to reach the characteristic resistance without taking buckling into account

minimum force amplifier to reach the elastic critical buckling
equivalent force per unit length

in-plane deflection of a bracing system

equivalent design force per unit length

design bending moment

factor for ep 4

strain

stress

Gcom paMaximum design compressive stress in an element

/ length

€ coefficient depending on f;,

c width or depth of a part of a cross section

a portion of a part of a cross section in compression

W stress or strain ratio

ks  plate buckling coefficient

d outer diameter of circular tubular sections

Section 6

yYmo  partial factor for resistance of cross-sections whatever the class is
ym1  partial factor for resistance of members to instability assessed by member checks
ymz2  partial factor for resistance of cross-sections in tension to fracture
oxpra design value of the local longitudinal stress

o,r4 design value of the local transverse stress

Tgq  design value of the local shear stress

Ngs  design normal force

My 4 design bending moment, y-y axis

M, g4 design bending moment, z-z axis

Nra design values of the resistance to normal forces

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

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

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

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

doy diameter of hole
ex  shift of the centroid of the effective area A relative to the centre of gravity of the gross cross section

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

A effective area of a cross section

Nira design values of the resistance to tension forces

Npira design plastic resistance to normal forces of the gross cross-section
Nyra design ultimate resistance to normal forces of the net cross-section at holes for fasteners
A, netarea of a cross section

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

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

W mnminimum elastic section modulus

Wesrmin minimum effective section modulus

Ar  area of the tension flange

Agnet net area of the tension flange

Veq  design shear force

V.ra design shear resistance

V,ira plastic design shear resistance

A,  shear area

il factor for shear area

S first moment of area

1 second moment of area

A,  areaof aweb

Ar  area of one flange

Tgq design value of total torsional moments

Tra design resistance to torsional moments

Tira design value of internal St. Venant torsion

T, ga design value of internal warping torsion

T.ga  design shear stresses due to St. Venant torsion

Twrd design shear stresses due to warping torsion

Owrd design direct stresses due to the bimoment Bggy

Bgs bimoment

Vyirra reduced design plastic shear resistance making allowance for the presence of a torsional moment

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

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

My rareduced 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

parameter introducing the effect of biaxial bending

B parameter introducing the effect of biaxial bending

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

en. shift of the centroid of the effective area A relative to the centre of gravity of the gross cross section
(z-z axis)

Wegtmin minimum effective section modulus

Npra design buckling resistance of a compression member

e reduction factor for relevant buckling mode

®  value to determine the reduction factor y,

o, a, b, ¢, d class indexes for buckling curves

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

i radius of gyration about the relevant axis, determined using the properties of the gross cross-section

A slenderness value to determine the relative slenderness

At relative slenderness for torsional or torsional-flexural buckling
Nerr elastic torsional-flexural buckling force

Nt elastic torsional buckling force

My ra design buckling resistance moment

yur  reduction factor for lateral-torsional buckling

@, value to determine the reduction factor yit

oy imperfection factor

Arr non dimensional slenderness for lateral torsional buckling

M, elastic critical moment for lateral-torsional buckling

XLT,O plateau length of the lateral torsional buckling curves for rolled sections

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

f modification factor for y .t

k. correction factor for moment distribution

\j ratio of moments in segment
L.

length between lateral restraints

At equivalent compression flange slenderness
ig, radius of gyration of compression flange about the minor axis of the section

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

16
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Y

effective area of compression flange

Acmrweffective area of compressed part of web

Aeo
k b4
AM,
AM,

Lstable
Lch

slenderness parameter

modification factor

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

interaction factor

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

reduction factor for the non-dimensional slenderness Aop

EN 1993-1-1: 2005 (E)

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

cross section

minimum amplifier for the in plane design loads to reach the elastic critical resistance with regard to

lateral or lateral torsional buckling

characteristic value of resistance to compression

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

buckling length of chord

distance of centrelines of chords of a built-up column

distance between restraints of chords

angle between axes of chord and lacings

minimum radius of gyration of single angles

area of one chord of a built-up column

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

effective second moment of area of the built-up member

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

area of one diagonal of a built-up column

length of a diagonal of a built-up column

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

in plane second moment of area of a chord

in plane second moment of area of a batten

efficiency factor
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iy radius of gyration (y-y axis)

Annex A
Cmy equivalent uniform moment factor
Cu, equivalent uniform moment factor
Cuir equivalent uniform moment factor
ny  factor
L, factor
oy €lastic flexural buckling force about the y-y axis

N
Ner, elastic flexural buckling force about the z-z axis

Cyy factor
Cy, factor
C, factor
C,, factor

wy  factor

w,  factor

n, factor

Amae maximum of Xy and A,

bir factor

cit  factor

dir factor

e.r factor

yy  ratio of end moments (y-y axis)
Cuy,o factor

Cizo factor

ait factor

It St. Venant torsional constant

Iy second moment of area about y-y axis
M; gq(x) maximum first order moment

|04 ~maximum member displacement along the member

Annex B
Ol factor
o  factor

Cn  equivalent uniform moment factor

Annex AB

Y  partial factor for permanent loads

Gy characteristic value of permanent loads
Yo  partial factor for variable loads

Qx  characteristic value of variable loads

18
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Annex BB

Aetr,y effective slenderness ratio for buckling about v-v axis

Aefr,y effective slenderness ratio for buckling about y-y axis

Aefr,, effective slenderness ratio for buckling about z-z axis

Z ol

—
£

Cox

Ks

CSR,k

C\‘)C,k

C\‘)D,k

system length

buckling length

shear stiffness provided by sheeting

warping constant

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

factor for considering the moment distribution and the type of restraint

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

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

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

stable length between adjacent lateral restraints

stable length between adjacent torsional restraints

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

modification factor for linear moment gradient

modification factor for non-linear moment gradient

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

factor

factor

factor

ratio of critical values of axial forces

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

moment at a specific location of a member

moment at a specific location of a member

moment at a specific location of a member

moment at a specific location of a member

maximum of R; or Rs

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

additional depth of the haunch or taper

maximum depth of cross-section within the length L,

minimum depth of cross-section within the length L,
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hy
Ly
Ly

1.7

(1
X-X
yy

Z-Z

2

vertical depth of the un-haunched section
length of haunch within the length L,

length between restraints
Conventions for member axes

The convention for member axes is:
- along the member
- axis of the cross-section

- axis of the cross-section

For steel members, the conventions used for cross-section axes are:

- generally:

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

Z-Z

- cross-section axis perpendicular to the flanges

- for angle sections:

y-y - axis parallel to the smaller leg

Z-7Z

- axis perpendicular to the smaller leg

- where necessary:

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

v-v - minor principal axis (where this does not coincide with the zz axis)

A3)
“

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

The convention used for subscripts that indicate axes for moments is: "Use the axis about which the

moment acts."

20

NOTE All rules in this Eurocode relate to principal axis properties, which are generally defined by
the axes y-y and z-z but for sections such as angles are defined by the axes u-u and v-v.
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Figure 1.1: Dimensions and axes of sections
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2 Basis of design
21 Requirements
211 Basic requirements
(1)P The design of steel structures shall be in accordance with the general rules given in EN 1990.
(2) The supplementary provisions for steel structures given in this section should also be applied.
(3)  The basic requirements of EN 1990 section 2 should be deemed be satisfied where limit state design is
used in conjunction with the partial factor method and the load combinations given in EN 1990 together with

the actions given in EN 1991.

(4)  The rules for resistances, serviceability and durability given in the various parts of EN 1993 should be

% .
o0 applied.
©
} 2.1.2 Reliability management
>
a
8 (1)  Where different levels of reliability are required, these levels should preferably be achieved by an
appropriate choice of quality management in design and execution, according to EN 1990 Annex C and
2 EN 1090.
© 2.1.3 Design working life, durability and robustness
% 2.13.1 General
o
5 (1)P Depending upon the type of action affecting durability and the design working life (see EN 1990) steel
A structures shall be
§ - designed against corrosion by means of
S - suitable surface protection (see EN ISO 12944)
8 - the use of weathering steel
E — the use of stainless steel (see EN 1993-1-4)
. - detailed for sufficient fatigue life (see EN 1993-1-9)
)
= - designed for wearing
e - designed for accidental actions (see EN 1991-1-7)
E - inspected and maintained.
< 2.1.3.2 Design working life for buildings
= [~y (1)P,.B The design working life shall be taken as the period for which a building structure is expected to be
S used for its intended purpose.
E (2)B For the specification of the intended design working life of a permanent building see Table 2.1 of
8 EN 1990.

(3)B 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

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

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

2.2 Principles of limit state design
(1)  The resistance of cross-sections and members specified in this Eurocode 3 for the ultimate limit states
as defined in EN 1990, 3.3 are based on tests in which the material exhibited sufficient ductility to apply

simplified design models.

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

7 : :
o0 2.3 Basic variables
©
) 2.3.1 Actions and environmental influences
>
a
8 (1)  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.
o
)
— NOTE 1 The National Annex may define actions for particular regional or climatic or accidental
o situations.
S NOTE 2B For proportional loading for incremental approach, see Annex AB.1.
o
c
> NOTE 3B For simplified load arrangement, see Annex AB.2.
8 (2)  The actions to be considered in the erection stage should be obtained from EN 1991-1-6.
o
N
S (3) Where the effects of predicted absolute and differential settlements need to be considered, best
o estimates of imposed deformations should be used.
=
o (4) The effects of uneven settlements or imposed deformations or other forms of prestressing imposed
- during erection should be taken into account by their nominal value P, as permanent actions and grouped
) : . . .
— with other permanent actions Gy from a single action (G + Py).
S
= (5) Fatigue actions not defined in EN 1991 should be determined according to Annex A of EN 1993-1-9.
n
£ 2.3.2 Material and product properties
c
o (1)  Material properties for steels and other construction products and the geometrical data to be used for
- design should be those specified in the relevant ENs, ETAGs or ETAs unless otherwise indicated in this
S standard.
E 2.4 Verification by the partial factor method

241 Design values of material properties

(1)P For the design of steel structures characteristic values Xk or nominal values X,, of material properties
shall be used as indicated in this Eurocode.

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 governed 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

(1)  For steel structures equation (6.6¢) or equation (6.6d) of EN 1990 applies:
R 1
R,=—=—R, (T]lel;niin;ad) 2.1

Ym M

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

vm 1s the global partial factor for the particular resistance
NOTE For the definitions of 1;, 1;, Xk, Xy and ag see EN 1990.
2.4.4 \Verification of static equilibrium (EQU)
(1)  The reliability format for the verification of static equilibrium in Table 1.2 (A) in Annex A of
EN 1990 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

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

(2)  Inrecommending classes of constant partial factors yy; the characteristic values Ry were obtained from
Re=Ravmi 2.2)

where Ry 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 yy; have been determined such that
Ry represents approximately the 5 %-fractile for an infinite number of tests.

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

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

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

(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
3.21 Material properties

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

a) either by adopting the values f; = R, and f, = Ry, direct from the product standard
b) or by using the simplification given in Table 3.1

NOTE The National Annex may give 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 f, / f; of the specified minimum ultimate tensile strength f, to the specified minimum yield
strength f,;

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

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

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

- fu/f, 2 1,105

- elongation at failure not less than 15%;

- g 2> 15¢,, where g, is the yield strain (g, = f, / E).

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

3.2.3 Fracture toughness

(1)P  The material shall have sufficient fracture toughness to avoid brittle fracture of tension elements at

the lowest service temperature expected to occur within the intended design life of the structure.
NOTE The lowest service temperature to be adopted in design may be given in the National Annex.

(2)  No further check against brittle fracture need to be made if the conditions given in EN 1993-1-10 are
satisfied for the lowest temperature.
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(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 6gq = 0,25 fy(t) is recommended.

(4)  For selecting steels for members with hot dip galvanized coatings see EN 1461.

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

Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm < t < 80 mm
steel grade
fy [N/mm?] f, [N/mm?] fy [N/mm?] f, [N/mm?]
EN 10025-2
S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 510 335 470
S 450 440 550 410 550
EN 10025-3
S 275 N/NL 275 390 255 370
S 355 N/NL 355 490 335 470
S 420 N/NL 420 520 390 520
S 460 N/NL 460 540 430 540
EN 10025-4
S 275 M/ML 275 370 255 360
S 355 M/ML 355 470 335 450
S 420 M/ML 420 520 390 500
S 460 M/ML 460 540 430 530
EN 10025-5
S235W 235 360 215 340
S355W 355 510 335 490
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 f, and ultimate tensile
strength f, for structural hollow sections

Nominal thickness of the element t [mm]

Standard
and t <40 mm 40 mm <t < 80 mm
steel grade
f, [N/mm’] £, [N/mm?] f, [N/mm’] £, [N/mm?]

EN 10210-1

S235H 235 360 215 340
S275H 275 430 255 410
S355H 355 510 335 490
S 275 NH/NLH 275 390 255 370
S 355 NH/NLH 355 490 335 470
S 420 NH/NHL 420 540 390 520
S 460 NH/NLH 460 560 430 550
EN 10219-1

S235H 235 360

S275H 275 430

S355H 355 510

S 275 NH/NLH 275 370

S 355 NH/NLH 355 470

S 460 NH/NLH 460 550

S 275 MH/MLH 275 360

S 355 MH/MLH 355 470

S 420 MH/MLH 420 500

S 460 MH/MLH 460 530

3.24 Through-thickness properties

(1)  Where steel with improved through-thickness properties is necessary according to EN 1993-1-10, steel
according to the required quality class 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 may give the relevant allocation of target values Zgq according to
3.2(2) of EN 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
Zgq according to

Required value of Zg4 expressed
in terms of design Z-values

EN 1993-1-10 according to EN 10164
Zgg <10 —
10 <Zgg <20 Z 15
20<Zpg <30 725
Zgq> 30 735
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3.2.5 Tolerances

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

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

(3)  For 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 by this
Eurocode Part should be taken as follows:

- modulus of elasticity E =210 000N/ mm?
- shear modulus = _E ~ 81 000 N/ mm?
2(1+v)

- Poisson’s ratio in elastic stage v=0,3

~ coefficient of linear thermal expansion a =12x107° 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 & =10x10™° per K .

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)  Requirements for welding consumables are given in EN 1993-1-8.
3.4 Other prefabricated products in buildings

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

4 Durability

(1)  The basic requirements 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 susceptible 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)B For building structures no fatigue assessment is normally required except as follows:
a) Members supporting lifting appliances or rolling loads

b) Members subject to repeated stress cycles from vibrating machinery

¢) Members subject to wind-induced vibrations

d) Members subject to crowd-induced oscillations

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

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

5.1 Structural modelling for analysis

5.1.1 Structural modelling and basic assumptions

()P Analysis shall be based upon calculation models of the structure that are appropriate for the limit

state under consideration.

(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.

(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 transmit bending moments;
- continuous, in which the behaviour of the joint may be assumed to have no effect on the analysis;

- semi-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
5.21 Effects of deformed geometry of the structure

(1)  The internal forces and moments may generally be determined using either:
- first-order analysis, using the initial geometry of the structure or

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

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

F . .
o, = ﬁ >10 for elastic analysis
Ed (5.1)

F . .
o, =——2=15 for plastic analysis
Ed

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

Fgq  is the design loading on the structure

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

NOTE A greater limit for o, 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
(e.g. 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 a., 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
these structures o, may be calculated using the following approximative formula, provided that the axial
compression in the beams or rafters is not significant:

[ Hgq h
S _(VEd ](81{,&1] G2

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

Vg is the total design vertical load on the structure on the bottom of the storey

Oura 1S the horizontal displacement at the top of the storey, relative to the bottom of the storey,
when the frame is loaded with horizontal loads (e.g. wind) and fictitious horizontal loads
which are applied at each floor level

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

NOTE 1B For the application of (4)B in the absence of more detailed information 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 may be assumed to be significant if

AT,

2>0,3
NEd

(5.3)

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

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

1

o b
a

cr

(5.4)

provided that o, > 3,0,

where o 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 o, < 3,0 a more accurate second order analysis applies.

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

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

b) If second order effects in individual members or certain individual member imperfections (e.g. member
imperfections for flexural and/or lateral torsional buckling, see 5.3.4) are not totally accounted for in the
global 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 internal forces to be used in resistance checks are calculated
according to first order theory without considering imperfections.

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

5.3.1 Basis

(1)  Appropriate allowances 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 and any minor eccentricities present in joints of the unloaded
structure.

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

(3)  The following imperfections should be taken into account:
a) global imperfections for frames and bracing systems

b) local imperfections for individual members
5.3.2 Imperfections for global analysis of frames

(1)  The assumed shape of global imperfections and local imperfections may be derived from the elastic
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:

¢ = o 0t Ol (5.5)
where ¢, is the basic value: ¢y = 1/200

oy, is the reduction factor for height h applicable to columns:
2 2
o, =—= but Eﬁah <10

h  is the height of the structure in meters

. . . 1
o  1s the reduction factor for the number of columns in a row: o, = (0,5 (l + —j
m

m is the number of columns in a row including only those columns which carry a vertical load
NEgq not less than 50% of the average value of the column in the vertical plane considered

T

A | j j

Figure 5.2: Equivalent sway imperfections

b) relative initial local bow imperfections of members for flexural buckling
e/ L (5.6)

where L is the member length

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

Buckling curve | elastic analysis | plastic analysis
acc. to Table 6.1 e/ L e/ L

Qg 1/350 1/300

a 1/300 1/250

b 1/250 1/200

c 1/200 1/150

d 1/150 1/100

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

Heq > 0,15 Vg (5.7)

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

> ~
b/2
h h
H = ¢Neq < L
h
&2

~, A

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

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

- atleast one moment resistant joint at one member end

_ Af
- A>0,5 N Y (5.8)

Ed

where Ngq is the design value of the compression force

and A is the in-plane non-dimensional slenderness calculated 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 column, see Figure 5.3 and Figure 5.4.

initial sway imperfections initial bow imperfections
NEd NEd NECI NEd
\ 4 \1’ \1’ 4 Neg €o4
%d)NEd - 3 e L
—>
—>
>
>
—>
[ S ~8 Neq €04
2
—> ledl —> | [ L
—>
>
¢ 2
—>
—>
3]
L S{] 4 Neg€ogq
ed)NEd S Ll le— L
A A 1\ A
NEd NEd NEcI NEd

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 A .--~"\ B
- \
________________ 7 ] 2l
1 “
\ \
\
\
\
\
N \
\ \
\ \
\ _ s
p \ -
A; 'B A= B
N LN ’ \
y y
(a) Faces A-A and B-B sway (b) Faces A-A and B-B sway
in same direction in opposite direction

1 translational sway
2 rotational sway

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 mode n,, of the structure may
be applied as a unique global and local imperfection. The amplitude of this imperfection may be determined
from:

N,

cr eO Rk
=y, = — ———1.. 59
'7’"” ° EI ’7cr,max 77” 12 ET ’7cr,max '7" ( )
where:
—2
V2
— M 1 B —
e = a(1-02) =T 15r 7502 (5.10)
N 1 xA
— o
and A= |—“ s the relative slenderness of the structure (5.11)

o

cr

o is the imperfection factor for the relevant buckling curve, see Table 6.1 and Table 6.2;

x  1s the reduction factor for the relevant buckling curve depending on the relevant cross-section, see
6.3.1;

Oy 1S the minimum force amplifier for the axial force configuration Ngq in members to reach the
characteristic resistance Ngx of the most axially stressed cross section without taking buckling
into account

O 1s the minimum force amplifier for the axial force configuration Nggq in members to reach the
elastic critical buckling

Mgy is the characteristic moments resistance of the critical cross section, €.g. Merk O My as
relevant

Nri is the characteristic resistance to normal force of the critical cross section, i.e. Ny rk

EI is the bending moment due to n,, at the critical cross section

TNer 18 the shape of elastic critical buckling mode

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

NOTE 2 The National Annex may give information 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:

€0 = om L / 500 (5.12)

where L is the span of the bracing system

and o, =,/0,5 [1 +ij
\/ m

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

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

€ +9,

qy=) Ny 8 7 (5.13)
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where 0, is the inplane deflection of the bracing system due to q plus any external loads calculated from
first order analysis

NOTE 3, 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 Ngq4 in Figure 5.6 may be obtained from:

NEd:MEd/h (514)
where Mgq 1s the maximum moment in the beam

and h isthe overall depth of the beam.

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

(4) At points where beams or compression members are spliced, it should also be verified that the bracing
system is able to resist a local force equal to o.,,Ng4 / 100 applied to it by each beam or compression member
which is spliced at that point, and to transmit this force to the adjacent points at which that beam or
compression member is restrained, see Figure 5.7.

(5)  For checking for the 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 (1) may be omitted.

N, N,

ey imperfection
qq equivalent force per unit length
1 bracing system

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

Figure 5.6: Equivalent stabilizing force
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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)  Where the stability of members is accounted for by second order analysis according to 5.2.2(7)a) for
compression members imperfections ey 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 be adopted as keg 4 , where €4 is the equivalent initial bow imperfection of the weak axis
of the profile considered. In general an additional torsional imperfection need not to be allowed for.

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

(1)  The internal forces and moments may be determined using either
a) elastic global analysis

b) plastic global analysis.
NOTE For finite element model (FEM) analysis see 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 the structure has sufficient rotation capacity at the
actual locations of the plastic hinges, whether this is in the members or in the joints. Where a plastic hinge
occurs in a member, the member cross sections should be double symmetric or single symmetric with a plane
of symmetry in the same plane as the rotation of the plastic hinge and it should satisfy the requirements
specified in 5.6. Where a plastic hinge occurs in a joint the joint should either have sufficient strength to
ensure the hinge remains in the member or should be able to sustain the plastic resistance for a sufficient
rotation, see EN 1993-1-8.

(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 be redistributed in any member, provided, that:

a) the internal forces and moments in the frame remain in equilibrium with the applied loads, and
b) all the members in which the moments are reduced have Class 1 or Class 2 cross-sections (see 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 behaviour of the
material is linear, whatever the stress level is.

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

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

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

5.4.3 Plastic global analysis

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

- Dby elastic-plastic analysis with plastified sections and/or joints as plastic hinges,
- by non-linear plastic analysis considering the partial plastification of members in plastic zones,

- by rigid plastic analysis neglecting the elastic behaviour between hinges.

(2) Plastic global analysis may be used where the members are capable of sufficient rotation capacity to
enable the required redistributions of bending moments 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 the grades of structural
steel specified in section 3. Alternatively, a more precise relationship may be adopted, see EN 1993-1-5.

oA

—=E
de €

[

Figure 5.8: Bi-linear stress-strain relationship

39



© BSI

Uncontrol | ed Copy,

07/ 01/ 2009,

Construction Institute,

Li censed copy: St eel

£¢
EN 1993-1-1: 2005 (E)

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

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

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

5.5 Classification of cross sections

5.51 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 are those which can develop their plastic moment resistance, but have limited
rotation capacity because of local buckling.

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

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

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

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

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

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

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

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

(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 /YMO
c

, where G 4 1S the maximum design compressive stress in the part taken from first order or

com, E
com,Ed

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

(11) Cross-sections with a Class 3 web and Class 1 or 2 flanges may be classified as class 2 cross sections
with an effective web in accordance with 6.2.2.4.

(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 are satisfied:

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

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

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

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

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

- 2d, 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 concerned.

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

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

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

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

behaviour along the member including the combined effect of local, member and global buckling the
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

]

Axis of

bending

G

=l

A

— 1
t
't | - Axis of
o Cc C :
- - - - - — bending
Class Part sub! ectto Part subj egt to Part subject to bending and compression
bending compression
f f f
Stress — — —
distribution + + *t | lac
in parts c c c
(compression - _
positive) =
y fy fy
whena >0,5: ¢c/t< 1?9681
1 c/t<72¢ c/t<33e 36(1_
when a0 <0,5: c/tS—S
o
4
when o >0,5: ¢/t < 35681
2 c/t<83 c/t<38¢ 410;_
when a0 <0,5: ¢c/t<—2 &
o
f f
Stress — 7f —
distribution * *
in parts c + c c
(compression _ c/2 é
positive) ] I —
y v
42
when y > —1: clts—— "
3 c/t<124¢ c/t<42¢ 0,67 +0,33y
when y < —17: ¢/t < 62e(1— )/ (—y)
f, 235 275 355 420 460
e=,/235/f s
Y € 1,00 0,92 0,81 0,75 0,71

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

parts
Outstand flanges
.C, c c
; [ # _ ]
t t t] t -
Rolled sections Welded sections
Class Part subject to compression — Part subJec.t to bending and compression
Tip in compression Tip in tension
Stress oc oc
distribution - + +
in parts N c ---£ ___
(compression ! %—ﬂ nr ‘\: :,’—E
positive) H P c | c
9¢ 9¢
1 c/t<9 c/t<— c/t<
a ava
10¢ 10¢
2 c/t<10¢g c/t<— c/t<
o ova
Stress
distribution Wﬁ %
in parts N c AN N
(compression P %—ﬂ | | c | | c
positive) H
<
3 c/t<lde c/t<2leyk,
For k, see EN 1993-1-5
fi 235 275 355 420 460
e=,/235/f >
Y € 1,00 0,92 0,81 0,75 0,71
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Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts

Refer also to “Outstand flanges”

Angles
h

- i
t b

Does not apply to angles in
continuous contact with other

(see sheet 2 of 3) components
Class Section in compression
Stress
distribution f
across
section +
(compression
positive)
b+h
3 h/t<15¢: <115¢
Tubular sections
t d
Class Section in bending and/or compression
1 d/t<50¢”
2 d/t <70
3 d/t <90’
NOTE For d/t>90g” see EN 1993-1-6.
f, 235 275 355 420 460
e=,/235/1, € 1,00 0,92 0,81 0,75 0,71
g 1,00 0,85 0,66 0,56 0,51
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6 Ultimate limit states
6.1 General

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

- resistance of cross-sections whatever the class is: YMo
- resistance of members to instability assessed by member checks: M1
- resistance of cross-sections in tension to fracture: ™2
- resistance of joints: see EN 1993-1-8

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

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

'YM() = 1,00
yMl = 1,00
’YMZ = 1,25

6.2 Resistance of cross-sections

6.2.1 General

(1)P  The design value of an action effect in each cross section shall not exceed the corresponding design

resistance and if several action effects act simultaneously the combined effect shall not exceed the
resistance for that combination.

(2)  Shear lag effects and local buckling effects should be included by an effective width according to
EN 1993-1-5. Shear buckling effects should 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 cross section may be
used unless other interaction formulae apply, see 6.2.8 to 6.2.10.

2 2 2
cF)(,Ecl cyz,Ed cY)(,Ecl GZ,Ed TEd
+ — +3 <1 (6.1)
(fy/YMo) (fy/’YMOJ (fy/YMO}[fy/YMOJ (fy/yMO]

where G, g, is the design value of the local longitudinal stress at the point of consideration

G, g 18 the design value of the local transverse stress at the point of consideration

Ty 1s the design value of the local shear stress at the point of consideration

NOTE The verification according to (5) can be conservative as it excludes partial plastic stress
distribution, which is permitted in elastic design. Therefore it should only be performed where the
interaction of on the basis of resistances Nrq , M4, Vrg 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 linear summation of the utilization
ratios for each stress resultant may be used. For class 1, class 2 or class 3 cross sections subjected to the
combination of Nggq , My gq and M, g4 this method may be applied by using the following criteria:

NEd + My,Ed + Mz,Ed
NRd My,Rd Mz,Rd

<1 (6.2)

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

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

(8)  Where all the compression parts of a cross-section are at least Class 2, the cross-section may be taken
as capable of developing 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
elastic distribution of strains across the cross-section. Compressive stresses should be limited to the yield
strength at the extreme fibres.

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

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

6.2.2 Section properties

6.2.2.1 Gross 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-section 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 position of the critical fracture line.
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(4)  Where the fastener holes are staggered, the total area to be deducted for fasteners should be the greater
of:
a) the deduction for non-staggered holes given in (3)

2
b) t(ndo —Zi—] (6.3)

p

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;
t 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 member, see Figure 6.1.

do is the diameter of hole

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

PSS

Q"
p 4 A Q@  —»

4

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

_\

_
° R

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 For cold formed thin gauge members see 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

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

jLZOatW -

4

3 TZOstW -

compression
tension

plastic neutral axis
neglect

N W N~

Figure 6.3: Effective class 2 web

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

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

(2)  For cold formed thin walled sections see 1.1.2(1) and EN 1993-1-3.
(3) The effective widths of planar compression parts should be obtained from EN 1993-1-5.
(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 ey of the centroid of the effective area A
relative to the centre of gravity of the gross cross section and the resulting additional moment:

AMypy = N ey (6.4)

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

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

()P The design value of the tension force N4 at each cross section shall satisfy:

Neg <10 (6.5)

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

Afy
Npl,Rd = Y_ (6.6)

MO

b) the design ultimate resistance of the net cross-section at holes for fasteners
_ 0,9A . f, 67)

Y M2

Nu,Rd

(3) Where capacity design is requested, see EN 1998, the design plastic resistance Nprq (as given in
6.2.3(2) a)) should be less than the design ultimate resistance of the net section at fasteners holes Ny g4 (as
given in 6.2.3(2) b)).

(4)  In category C connections (see EN 1993-1-8, 3.4.2(1), the design tension resistance N;rq in 6.2.3(1) of
the net section at holes for fasteners should be taken as Ny rg, Where:

Anet fy
Nnet,Rd = (68)

Y Mo

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

6.2.4 Compression

(1)P  The design value of the compression force Ngq at each cross-section shall satisfy:

N

c,Rd

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

Af
Nopg =— for class 1, 2 or 3 cross-sections (6.10)
T mo
Ay f
= or class 4 cross-sections .
N, =——2  forclass 4 i 6.11
j T mo

(3) Fastener holes except for oversize and slotted holes as defined in EN 1090 need not be allowed for in
compression members, provided that they 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 AMgy due to the eccentricity of the centroidal axis of the effective section, see
6.2.2.5(4).
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6.2.5 Bending moment

(1)P  The design value of the bending moment Mg, at each cross-section shall satisfy:

M
Ed < 1’0 (612)
M

c,Rd

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

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

Wp] fy .
M, g = Mpl,Rd =— for class 1 or 2 cross sections (6.13)
MO
Wel,min fy .
MC’Rd =M, gg =——  forclass 3 cross sections (6.14)
T mo
M Weff,min fy :
A= for class 4 cross sections (6.15)
¥ mo

where Wemin and Wegmin corresponds to the fibre with the maximum elastic stress.
(3) For bending about both axes, the methods given in 6.2.9 should be used.
(4) Fastener holes in the tension flange may be ignored provided that for the tension flange:

Arp09F, AT,

f,net

(6.16)

Y m2 ¥ mo

where Ay is the area of the tension flange.
NOTE The criterion in (4) provides capacity design (see 1.5.8) in the region of plastic hinges.

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

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

6.2.6 Shear

[ (1)P  The design value of the shear force Vg4 at each cross section shall satisfy:

Ve <10 (6.17)

c,Rd
where V rq is the design shear resistance. For plastic design Vg is the design plastic shear resistance Vi rq

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

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

Viira = M (6.18)

¥ mo

where A, is the shear area.
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(3) The shear area A, may be taken as follows:

a) rolled I and H sections, load parallel to web A -2bt, + (tw + 2r) t, but not less than nh t
b) rolled channel sections, load parallel to web A -2bt, + (tw + r) t;
¢) rolled T-section, load parallel to web 0,9 (A - btf)

d) welded I, H and box sections, load parallel to web nz (hwtW )

e) welded I, H, channel and box sections, load parallel to flanges  A- z (hwtW )

f) rolled rectangular hollow sections of uniform thickness:

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

where A is the crosssectional area;
b is the overall breadth;
h is the overall depth;
hy, is the depth of the web;
r is the root radius;
tr is the flange thickness;

ty 1s the web thickness (If the web thickness in not constant, t, should be taken as the minimum
thickness.).

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

(4)  For verifying the design elastic shear resistance Vg4 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:

7—)1“ <1,0 (6.19)
fy/ \/g ’YMO

Vi, S
where Tgq may be obtained from: T, = fdt (6.20)

where Vgq4 is the design value of the shear force

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

I is second moment of area of the whole cross section
t is the thickness 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, see (5). Therefore it should only be carried out where
the verification on the basis of Vg according to equation (6.17) cannot be performed.
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(5) For I- or H-sections the shear stress in the web may be taken as:

V
Tog = AE“ if A, /A, 20,6 (6.21)

where A is the area of one flange;
A,, is the area of the web: A,, = hy, ty.
(6) In addition the shear buckling resistance for webs without intermediate stiffeners should be according
to section 5 of EN 1993-1-5, if
h €
—>T72— (6.22)
t, n
For n see section 5 of EN 1993-1-5.

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

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

(8)  Where the shear force is combined with a torsional moment, the plastic shear resistance Vg4 should
be reduced as specified in 6.2.7(9).

6.2.7 Torsion

(1)  For members subject to torsion for which distortional deformations may be disregarded the design
value of the torsional moment Tgq4 at each cross-section should satisfy:

T
_—Ed < 1’0 (623)

Rd
where Tgq is the design torsional resistance of the cross section.
(2)  The total torsional moment Tgy at any cross- section should be considered as the sum of two internal
effects:

Tea = Tepat Twka (6.24)
where Tigq 1is the internal St. Venant torsion;

Ty ra 1s the internal warping torsion.

(3) The values of T gq and Ty gq at any cross-section may be determined from Tgg 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 into account:
~ the shear stresses 1,54 due to St. Venant torsion T gq

—  the direct stresses Gy, gq due to the bimoment By and shear stresses 1y, gg due to warping torsion Ty gg
(5) For the elastic verification the yield criterion in 6.2.1(5) may be applied.

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

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

(9) For combined shear force and torsional moment the plastic shear resistance accounting for torsional
effects should be reduced from Vi, rq to Vi1 ra and the design shear force should satisfy:

-lﬁ—sw (6.25)

pL,T,Rd

in which V1 rg may be derived as follows:

- foran I or H section:

T
\Y% = - LEd \Y (6.26)
pl,T,Rd \/ 1’25 (fy/\/g) /VMO pl,Rd

- for a channel section:

v | - Tikd B Ty Ed vV (6.27)
TR 125 (6,3 ) e (643 v | '

- for a structural hollow section:

T
1- Lid A (6.28)
£N3 ) |

Vpl,T,Rd =
where Vi rq is given in 6.2.6.
6.2.8 Bending and shear

(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-pf (6.29)
for the shear area,
2
2V, . )
where p=| ———1| and V,,rq is obtained from 6.2.6(2).
pl,Rd

NOTE See also 6.2.10(3).

2V,

2
(4)  When torsion is present p should be obtained from p = [ - IJ , see 6.2.7, but should be taken

pl,T,Rd
as 0 for VEd < O,SVpl,T,Rd-
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(5) The reduced design plastic resistance moment allowing for the shear force may alternatively be
obtained for I-cross-sections with equal flanges and bending about the major axis as follows:

2
pPA,
{W""y - 4t

My yra = but My g <My gy (6.30)

Y mo

where My grq is obtained from 6.2.5(2)
and Ay =hyty

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

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

(2)P For class 1 and 2 cross sections, the following criterion shall be satisfied:

Mgg < Myra (6.31)

where My rq is the design plastic moment resistance reduced due to the axial force Ngy.

(3) For arectangular solid section without fastener holes My rq should be taken as:

MN,Rd = Mpl,Rd [1 - (NEd /Npl,Rd )2 ] (6.32)

(4)  For doubly symmetrical I- and H-sections or other flanges sections, allowance need not be made for
the effect of the axial force on the plastic resistance moment about the y-y axis when both the following
criteria are satisfied:

Ny £0,25 N, rq and (6.33)
0,5ht f,
N, <y (6.34)
¥ ™Mo

For doubly symmetrical I- and H-sections, allowance need not be made for the effect of the axial force on the
plastic resistance moment about the z-z axis when:
h t, f v
N, <——= (6.35)
¥ mo

(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:

Mnyrd = Mpiyra (1-0)/(1-0,5a)  but Myyra < Mpiyra (6.36)
forn < a: My,ra = Myizra (6.37)
n—a ?
forn>a: My, ra= MPLZ,Rd|:1 —( | j ] (6.38)
—-a

where n= NEd / Npl.Rd
a=(A-2bt;)/A but a < 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 thickness and for welded box sections with equal

flanges and equal webs:
Mnyrd = Mpiyra (1 -n)/(1-0,5a,)  but Myyra < Myiyra

Mnzrd = Mpizra (1 -n)/(1 - 0,5a¢)  but My, ra £ Mpizrd

A

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

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

a B
M y,Ed + [ M z,Ed } < 1
MN,y,Rd MN,z,Rd

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

— T and H sections:
a=2;B=5n butp=>1

— circular hollow sections:

a=2;B=2
- rectangular hollow sections:
1,66
a=p=—""—"-— buta=p<6
g 1-1,13n° g

where n= NEd / Npl,Rd .

6.2.9.2 Class 3 cross-sections

satisfy the criterion:

y

GX,Ed < 'Y
MO

(6.39)
(6.40)

(6.41)

[i) (1)P In the absence of shear force, for Class 3 cross-sections the maximum longitudinal stress shall

(6.42)

where o, is the design value of the local longitudinal stress due to moment 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

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

f

y
Oy rd S

¥ Mo

[’c) (1)P In the absence of shear force, for Class 4 cross-sections the maximum longitudinal stress oygq

(6.43)

where o -, is the design value of the local longitudinal stress due to moment and axial force taking account

of fastener holes where relevant, see 6.2.3, 6.2.4 and 6.2.5
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(2)  The following criterion should be met:
Ngq M g+ Ngi ey, M, +Ng ey,
A fy Y mo Weff,y,min fy Y mo Wett 2 min fy Y mo

where Aqgr is the effective area of the cross-section when subjected to uniform compression

<1 (6.44)

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

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

NOTE The signs of Ngg , My g4 , M, g and AM; = Ngq eni depend on the combination of the respective
direct stresses.

6.2.10 Bending, shear and axial force

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

(2)  Provided that the design value of the shear force Vg4 does not exceed 50% of the design plastic shear
resistance Vprq nO reduction of the resistances defined for bending and axial force in 6.2.9 need be made,
except where shear buckling reduces the section resistance, see EN 1993-1-5.

(3)  Where Vgqexceeds 50% of V, ra the design resistance of the cross-section to combinations of moment
and axial force should be calculated using a reduced yield strength

(1-p)fy (6.45)
for the shear area

where p= (2Vgq/ Vpl,Rd—l)2 and Vjrq 1s 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 verified against buckling as follows:
N
—E <10 (6.46)
b,Rd
where Ngg is the design value of the compression force;

Npra 1s the design buckling resistance of the compression member.
(2) For members with non-symmetric Class 4 sections allowance should be made for the additional

moment AMgy 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:

Af
bRd = X Y for Class 1, 2 and 3 cross-sections (6.47)
Ml
A . f
Nb,Rd = Xyﬁ for Class 4 cross-sections (6.48)
M1

where 7 is the reduction factor for the relevant buckling mode.
NOTE For determining the buckling resistance of members with tapered sections along the member
or for non-uniform distribution of the compression force second order analysis according to 5.3.4(2)

may be performed. For out-of-plane buckling see also 6.3.4.

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

6.3.1.2 Buckling curves

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

1
gL
O+VD? -1

where @ = 0,5[1 + 0((77 - 0,2)+ 7_\«2J

but ¥ < 1,0 (6.49)

— Af
A= Y for Class 1, 2 and 3 cross-sections
NC]’
Y A eff fy .
A= for Class 4 cross-sections
NCY
o is an imperfection factor

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

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

Table 6.1: Imperfection factors for buckling curves

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

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

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

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

1Y

Buckling curve
Buckling | S 235
Cross section Limits about S 275
axis S 355 S 460
S 420
ts z _
| N tr <40 mm y=y a o
[ N I e ] - Z—Z b ao
A
. | 2 R
g i = | 40mm<t<100 | YV | P a
= Jr z—-7 c a
o h y , y
= _
= | o | <100 mm y-y b a
2 ! o zZ—7z c a
— |;| Vi
: 2 _
z =1 >100mm y—y d ¢
b zZ—z7 d c
m s :ttf allg jh:tf tr <40 mm y=y b b
- & 1 ! Z—7Z (v C
g .e
g S|y I~ y |y o y
= ) y-y c c
T g tr> 40 mm Z-7 d d
4 4
5 2 hot finished any a ag
2.8
ch
- cold formed any c c
1z b
y — . 1 generally (except as any b b
R | below)
] |
3 § h| vy - i - y
CR ) i Tty thick welds: a > 0,5t;
= | ! | b/ty <30 any C c
L Z b J h/t,, <30
@ |
R — !
;? g (’ T ) - any c c
s ]
23 '
g W
‘g - any b b
-
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1,0
09 o
0.8 | b
C
0,7 +
z d
Q
& 0,6
=
2 05+
Q
=
04 +
) o
. 0,3
@ ’
< 0,2 +
a
8 01+
°
) 0,0 ; ; : : : : : : : : : :
- 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 24 2,6 2,8 3,0
(@) _
= Non-dimensional slenderness A
5
S . . .
= Figure 6.4: Buckling curves
)
o :
8 6.3.1.3  Slenderness for flexural buckling
N
g The non-dimensional slenderness A is given by:
~~
Py ’ 1
© ik_ for Class 1, 2 and 3 cross-sections (6.50)
- 1
)
5
: eff
= eff L .
& for Class 4 cross-sections (6.51)
S where L. is the buckling length in the buckling plane considered
45 i is the radius of gyration about the relevant axis, determined using the properties of the gross
S cross-section
1% /
é =939¢

2
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235

(fy in N/mm?)

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

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 resistance of
the member to either torsional or torsional-flexural buckling could be less than its resistance to flexural
buckling.

(2)  The non-dimensional slenderness At for torsional or torsional-flexural buckling should be taken as:

— Af
At = N ! for Class 1, 2 and 3 cross-sections (6.52)

cr

Aefff

y

Ar =

for Class 4 cross-sections (6.53)

cr
where N, =N_; butN_ <N_,
Nerr 18 the elastic torsional-flexural buckling force;
Ne.r is the elastic torsional buckling force.

(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 member subject to major axis bending should be verified against lateral-
torsional buckling as follows:

M
—H <10 (6.54)

where Mgy is the design value of the moment

My ra is the design buckling resistance moment.

(2) Beams with sufficient restraint to the compression flange are not susceptible to lateral-torsional
buckling. In addition, beams with certain types of cross-sections, such as square or circular hollow sections,
fabricated circular tubes or square box sections are not susceptible to lateral-torsional buckling.

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

f
My ra = %r W,y —— (6.55)

T wmi
where W, is the appropriate section modulus as follows:
- Wy,=W,, forClass 1 or 2 cross-sections
- Wy =Wy, for Class 3 cross-sections
- Wy;=W,, for Class 4 cross-sections

yLr 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 structures see also Annex BB.
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(4)  Indetermining W, holes for fasteners at the beam end need not to be taken into account.

6.3.2.2 Lateral torsional buckling curves — General case

(1) Unless otherwise specified, see 6.3.2.3, for bending members of constant cross-section, the value of
yLt for the appropriate non-dimensional slenderness A;t, should be determined from:

1
Air = =
(DLT + VcDiT — ALt

where @, = 0,5l1+ O (XLT —0,2)+ XiTJ

but ,, <1,0 (6.56)

o L7 is an imperfection factor

P Wyfy

LT —

cr

M,; is the elastic critical moment for lateral-torsional buckling

(2) M, 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 ot corresponding to the appropriate buckling curve may be obtained
from the National Annex. The recommended values o r are given in Table 6.3.

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

Buckling curve a b c d
Imperfection factor ot 0,21 0,34 0,49 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
) h/b<2 a
Rolled I-sections Wb > 2 b
. h/b<2 c
Welded I-sections Wb > 2 d
Other cross-sections - d

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

(4)  For slendernesses At < Ao (see 6.3.2.3) or for % < Zu,oz (see 6.3.2.3) lateral torsional buckling

cr

effects may be ignored and only cross sectional checks apply.
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6.3.2.3 Lateral torsional buckling curves for rolled sections or equivalent welded sections
(1)  For rolled or equivalent welded sections in bending the values of y.r for the appropriate non-
dimensional slenderness may be determined from

i Yor <1,0
but 1 (6.57)

Xir = <__
[ -2 Xt ==
D+ (DiT —BArr - }LiT

D, .= 0,5[1 +0 T (7_\,LT —XLT,O )+ BXiTJ

NOTE The parameters XLT,O and 3 and any limitation of validity concerning the beam depth or h/b

ratio may be given in the National Annex. The following values are recommended for rolled sections
or equivalent welded sections:

7_\.LT,0 = 0,4 (maximum value)

B=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
. h/b<2 b
Rolled I-sections Wb > 2 c
) h/b<2 c
Welded I-sections Wb > 2 d

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

_ Xt

XLT,mod -

bUt % 1meq <1 (6.58)

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

f=1-0,51-k_)[1-2,0(hir —0,8)*] but f <1,0

k. is a correction factor according to Table 6.6
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Table 6.6: Correction factors k.

Moment distribution k.
(T 1,0
y=1
(I e I
1,33 -0,33y
-1<y <l

0,94

0,90

0,91

0,86

0,77

0,82

6.3.2.4 Simplified assessment methods for beams with restraints in buildings

(1)B Members with discrete lateral restraint to the compression flange are not susceptible to lateral-

torsional buckling if the length L. between restraints or the resulting slenderness At of the equivalent
compression flange satisfies:
a _ kch M

Ap = - < heo —2M (6.59)
i, A M, g

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

fy
Mc,Rd = Wy
Tmi
W, is the appropriate section modulus corresponding to the compression flange
k. 1s a slenderness correction factor for moment distribution between restraints, see Table 6.6

ig, 1is the radius of gyration of the equivalent compression flange composed of the compression
flange plus 1/3 of the compressed part of the web area, about the minor axis of the section

Aco is a slenderness limit of the equivalent compression flange defined above

A= /E =939¢
f
Yy
€= /ﬁ (f, in N/mm?®)
fy
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NOTE 1B For Class 4 cross-sections ir, may be taken as

. _ Ieff,f
lf,z - 1
Aeff,f + EA

eff,w,c

where ILeg¢ is the effective second moment of area of the compression flange about the minor axis
of the section

Acirr 1S the effective area of the compression flange

Acmiwe 18 the effective areas of the compressed part of the web

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

heo = XLT,O + 0,1 is recommended, see 6.3.2.3.

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

M s = ke M e but My e M gy (6.60)

where 7y is the reduction factor of the equivalent compression flange determined with At
k,, 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, =110 is

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

h
curve d for welded sections provided that: . <44¢
£

curve c for all other sections
where h is the overall depth of the cross-section

tr 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 carried out using the imperfections as given in 5.3.2, the stability of
uniform members with double symmetric cross sections for sections not susceptible to distortional
deformations should be checked as given in the following clauses, where 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 not
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.

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.

For members of structural systems the resistance check may be carried out on the basis of the
individual single span members regarded as cut out of the system. Second order effects of the sway system
(P-A-effects) have to be taken into account, either by the end moments of the member or by means of
appropriate buckling lengths respectively, see 5.2.2(3)c) and 5.2.2(8).

Members which are subjected to combined bending and axial compression should satisfy:

M + AM M .. +AM
Ny N kyy y,Ed vEd kyz 2,Ed 2B g (6.61)
Xy Ny y My,Rk M, ri
LT
Y mi Y wmi Twmi
M + AM M AM
Ne k, —H Pk, —2H el (6.62)
Xz NRk Y My,Rk Mz,Rk
Xt
Y Y Y

where Ngg, Mygq and M, gq are the design values of the compression force and the maximum moments

6))

AMy k4, AM, 4

Xy and y,

ALT

kyy: kyz; kzy, kzz

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 sections, see Table 6.7,

are the reduction 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 AMi,Ed

Class 1 2 3 4
A; A A A Acgr
Wy Wpl y Wpl % W % Weffy
W, Wolz Wolz Welz Wtz
AMY Ed 0 0 0 CNLy NEd
AM, k4 0 0 0 enz Neg

NOTE For members not susceptible to torsional deformation y t would be y.r = 1,0.

The interaction factors kyy , ky, , ks , k,, depend on the method which is chosen.

NOTE 1 The interaction factors kyy, ky,, k,, and k,, 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, built-up or not, uniform or not, with complex support conditions or not, or

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

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

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

Xopault,k

Y

>1,0 (6.63)

where ok 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 18 the reduction factor for the non-dimensional slenderness Aop , see (3), to take account of

lateral and lateral torsional buckling.

(3) The global non dimensional slenderness XOP for the structural component should be determined from

- (04
hop = | —= (6.64)
(04

cr,op

where ok is defined in (2)

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

NOTE In determining O, and o Finite Element analysis may be used.

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

a) the minimum value of
y  for lateral buckling according to 6.3.1

yor for lateral torsional buckling according to 6.3.2

each calculated for the global non dimensional slenderness XOP .

. . . 1 NEd My,Ed .
NOTE For example where o, is determined by the cross section check = + this
Oy Ng y.Rk
method leads to:
N M
B4 v.bd (6.65)

< Xop
NRk/VMl My,Rk/'YMl

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

. . . 1 NEd My,Ed .
NOTE For example where o,y is determined by the cross section check = + this

Oy Npg M v,Rk

method leads to:
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N M
Ed i y,Ed <1 (6.66)
XNRk/YMl Xir My,Rk/VMl

6.3.5 Lateral torsional buckling of members with plastic hinges

6.3.5.1 General

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

a) restraints at locations of “rotated” plastic hinges, see 6.3.5.2, and

b) verification of stable length of segment between such restraints and other lateral restraints, see 6.3.5.3

(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 lateral and torsional
restraint with appropriate resistance to lateral forces and torsion induced by local plastic deformations of the
member at this location.

(2)B Eftective restraint should be provided

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

- for members carrying either moment alone or moment and axial tension in which the compression flange
is in contact with a floor slab, by lateral and torsional restraint to the compression flange (e.g. by
connecting it to a 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 the plastic hinge location (e.g. by
means of a web stiffener also connected to the compression flange with a stiff joint from the
compression flange into the slab).

3

O] O] o] O] !

N N

[9J(e] o]

Figure 6.5: Typical stiff torsional restraint

1 compression flange

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

(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 Qp,
applied at each stabilized member at the plastic hinge locations, where;

Nf,Ed

=1L5a
Q. ™ 700

(6.67)

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

O 1s 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 segment

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

. . . .. h , .
For uniform beam segments with I or H cross sections with — < 40¢ under linear moment and without

t;
significant axial compression the stable length may be taken from
L. =35¢1, for 0,625 <y <1 6.68)
L. =(60-40y)ei, for—1<y<0,625 '
where € = 235
- 2
f, |N/ mm |
_ MEd,min _ . .
Yy = ———— =ratio of end moments in the segment
Mpl,Rd

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

(2)B  Where a rotated plastic hinge location occurs immediately adjacent to one end of a haunch, the tapered
segment need not be treated as a segment adjacent to a plastic hinge location if the following criteria are
satisfied:

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

b) the compression flange of the haunch remains 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

(1

Uniform built-up compression members with hinged ends that are laterally supported should be

designed with the following model, see Figure 6.7.

1.

2.

2
1.
2.

3)
“

The member may be considered as a column with a bow imperfection €, =

500

The elastic deformations of lacings or battenings, see Figure 6.7, may be considered by a continuous
(smeared) shear stiffness Sy of the column.

NOTE For other end conditions appropriate modifications may be performed.

The model of a uniform built-up compression member applies when
the lacings or battenings consist of equal modules with parallel chords

the minimum numbers of modules in a member is three.

NOTE This assumption allows the structure to be regular and smearing the discrete structure to a
continuum,

The design procedure is applicable to built-up members with lacings in two planes, see Figure 6.8.

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

| L2
I
e,
|
N2
|
na
TNEG
eo = L/500

Figure 6.7: Uniform built-up columns with lacings and battenings
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Lo = 1,52a L, = 1,28a

N

Lch=a

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

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

(6) For a member with two identical chords the design force N¢j, gq should be determined from:

M ,h A
N pa = 0,5N  +—F—0—< (6.69)
eff
Npe, + M;
where M, = —5° =
_Ne_ Neg
Ncr SV
mw’El,, . . .
o = >— Is the effective critical force of the built-up member

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

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

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

hy is the distance between the centroids of chords

Ay, 1s the cross-sectional area of one chord

I 1s the effective second moment of area of the built-up member, see 6.4.2 and 6.4.3

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

M
Vg =7 LEd (6.70)
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 compression should be designed for buckling.
NOTE Secondary moments may be neglected.
(2)  For chords the buckling verification should be performed as follows:
N
—P <10 (6.71)
N ra
where N gq is the design compression force in the chord at mid-length of the built-up member according to
6.4.1(6)
and  Nygrq is the design value of the buckling resistance of the chord taking the buckling length L, from
Figure 6.8.

(3)  The shear stiffness Sy of the lacings should be taken from Figure 6.9.

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

Ly =0,5hiA (6.72)

a

System
Aqg Ag

e—ho—] <—hs] |<hs—

; T
\/T\'/;Ld/\T
4

nEA jah;
nEA ,ah; nEA ,ah; 3
Sv — 5 — d’l1 Adho
2d d +7d3
\%

n is the number of planes of lacings
A4 and Ay refer to the cross sectional area of the bracings

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

6.4.2.2 Constructional details

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

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

chord chord

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

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

6.4.3 Battened compression members

6.4.3.1 Resistance of components of battened compression members

(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.

NOTE For simplicity the maximum chord forces Ny, g may be combined with the maximum shear
force Vigg.
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Ve /2 Ve /2
a/s2
V. ah
= T ° V. af2
Veald ¥
l Va4 A
VEdaIZ VEua"ho a/o
Vo /2 Ved/2
- -

rNch,Ed T Nch,Ed

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

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

24EI 2n°El
S = h < ST e (6.73)
a’ 1+—2IC]1 hy 2
nl, a

(3)  The effective second moments of area of battened built-up members may be taken as:
I, =0,5h;A  +2ul, (6.74)
where I, = in plane second moment of area of one chord
I, = in plane second moment of area of one batten

u = efficiency factor from Table 6.8

n = number of planes of lacings

Table 6.8: Efficiency factor

Criterion Efficiency factor u
A>150 0
A
75 <A <150 u=2-—
75
A<75 1,0

I
where A =_£ ;ig=.—— ; 1, =05h;A  +21,
1, 2A
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6.4.3.2 Design details
(1) 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.

6.44 Closely spaced built-up members

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

Figure 6.12: Closely spaced built-up members

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

Maximum spacing between

Type of built-up member interconnections *)

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

Members according to Figure 6.13 connected by pair of battens 70 1min

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

(2)  The shear forces to be transmitted by the battens should be determined from 6.4.3.1(1).
(3) In the case of unequal-leg angles, see Figure 6.13, buckling about the y-y axis may be verified with:
i, = o (6.75)
YIS '

where iy is the minimum radius of gyration of the built-up member.
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Figure 6.13: Star-battened angle members

7 Serviceability limit states
7.1 General

(1) A steel structure should be designed and constructed such that all relevant serviceability 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
7.21 \Vertical deflections

(1)B  With reference to EN 1990 — Annex Al.4 limits for vertical deflections according to Figure Al.l
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

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

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

agreed with the client.

NOTE B The National Annex may specify limits for vibration of floors.
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Annex A [informative] — Method 1: Interaction factors k; for interaction formula
in 6.3.3(4)

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

Design assumptions
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Interaction factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
[ [ 1
kyy Y H 1_ NEd Y H 1_ NEd ny
Ncr,y NCY,}’
sz My sz My l 0’6 WZ
kyz 1— NEd 1- NEd Cyz Wy
Ncr,z cr,z
K, 1) 1
C,C, C,.C : 0,6, |—
kzy g . 1— NEd my = mLT 1 NEd Czy W,
NCT:Y Ncr,y
1
sz MZ sz “Z -
kzz 1_ NEd 1_ Ed sz
Ncr,z Ncr z

Auxiliary terms:

N
1_7Ed 176 2 5 196 T2 Wel,
N ny = 1 + (Wy - 1) 2 - C]le }Lmax - Cfny 7\4max Ilpl - bLT 2 Y
Hy = ;y Wy Wy Wpl,y
1- Ed — M M
5N, | with by =058, o —— 25 =.Ed
XLT Mpl,y,Rd Mpl,z,Rd
1_ NEd 5 _2
C2 A W
n o= Nor, C,,=l+(w,-1)||2-14—=2"2n  —c.; |206 W, e
g 1=y N, w, w, W,
’ Ncrz 72
’ . Ao My,Ed
W, with ¢, =10 a, —
W, = =L <15 S5+ A, Cmy Xrr Mpl,y,Rd
Wel,y 5 —5
C 7\Amax W We
w, = Wor 15 C, =1+ (w, —1)[| 21422 h —d, (20,6 —YW”
Wel,z Wy W, pLy
Ny N M M
pl = N /E with d,; =2a,, }LO—4 v S8
Re /Y 0,1+A, Cmy Xt Mpl,y,Rd C. Mpl,z,Rd
Cumy see Table A.2
)| 1:6 Y 1,6 32 Wel,z
aLT = —_TZO CZZ :1+(WZ _1)|:(2_W_Cr2nz 7\lmax _W C12112 7\«max 1llpl_eLT ZW
y VA VA pl,Z
N M
with e, =1,7 a ; 0_4 v
0,1+A, Cmy Xt Mpl,y,Rd
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Table A.1 (continued)

Domax = max{&y
Az

Ao = non-dimensional slenderness for lateral-torsional buckling due to uniform bending moment,
i.e. yy =1,0 in Table A.2

non-dimensional slenderness for lateral-torsional buckling

A

= N N
If Lo <0,2,/C, 4 (1 N Le J(l ——x J : Ciny = Cinyo

cr,z Ncr,TF
sz:sz,O
Cor=1,0
If Ao > 0,24/C af[ 1— —2d |1 Ea_|. Cpy = Coyo +(1-C, o )T
Ncr,z Ncr,TF ’ ’ 1+\I8yaLT
mz szO
2 arr >1

CmLT ~ ~my
1 _ NEd 1 _ NEd
Ncr,z Ncr,T

_ My,Ed f 1 .
g, = —— forclass 1, 2 and 3 cross-sections
NEd el,y
M
JEd : .
g, = Y cff for class 4 cross-sections
NEd eff,y

Ny = elastic flexural buckling force about the y-y axis
Ner, = elastic flexural buckling force about the z-z axis
Ner = elastic torsional buckling force

It = St. Venant torsional constant

I, = second moment of area about y-y axis
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Table A.2: Equivalent uniform moment factors C,io

Moment diagram

C

mi,0

N
Caio =079+ 0,21y, +036(y; ~033) £

-1y <1 i
\IW Cpip =1+ ?2Eli oy | N
j L ‘Mi,Ed (X)‘ Ncr.i
N | § Mo

Mi gq (x) 1s the maximum moment My gq or M, gq
|84] is the maximum member displacement along the member
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Annex B [informative] — Method 2: Interaction factors k; for interaction
formula in 6.3.3(4)

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

deformations
Interaction Type of Design assumptions
factors sections elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
Co| 140,60, —— B Co| 141y —02)—50
K I-sections XyNRk /Y i XyNRk /Y
v RHS-sections N N
<C,,|1+0,6 ——— <C,,|1+08—— —
%y Nric /Yo %y N /Yan
I-sections
Ky, RHS-sections ks, 0,6 k,
I-sections
Koy RHS-sections 0.8 kyy 0,6 ky,
= N
cm{1 +on, - 0,6)%)
I-sections NXz Rk /Y
C (1 +0,61, L] = Cm(l + 1,4ﬁj
k " %o Nrie /Y Xz Nric Y

N
< sz(l +O,6—EdJ

%N/ Van
RHS-sections

C,| 1+ —0,2)%}

N
< sz[l+0,8¢J
X Nri /Y

For I- and H-sections and rectangular hollow sections under axial compression and uniaxial bending My g4
the coefficient k,, may be k,, = 0.

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

deformations
Interaction Design assumptions
factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
Kyy ky, from Table B.1 ky, from Table B.1
ky, k,, from Table B.1 k,, from Table B.1
| 0.05h, N {1 o N }
(CmLT - 0925) % Nri /Y (CmLT —0,25) %2 Nri /Y
S|y 005 N 2{ ol N, }
k (CmLT _0525) %N / Vo (CmLT _0’25) % Nri/ Vi
zy
for A, < 0,4:
_ A, N
k,=06+A,<1- 0.1 Ed

zy

(CmLT —0,25) X Nre /Y
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k,, | k,, from Table B.1 | k,, from Table B.1

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

. Cuy and Cpy and Cyr 1
M td my mz ml
ometit agtam range uniform loading concentrated load
-1<y<l 0,6 +0,4y>04
1<y <1 0,2 +0,8a,>0,4 0,2 + 0,805 > 0,4
0<y<1 0,1-0,805>0,4 -0,8a, > 0,4
o, = M_/M, 1<y <0 0,1(1-y) - 0,80, > 0,4 0,2(-y) - 0,805 > 0,4
M wM], 0<on<1 | -1<y<l1 0,95 + 0,050, 0,90 + 0,100,
h
0<y<1 0,95 + 0,050, 0,90 + 0,100,
-1<0,<0
o, = M /M, -1 <y <0 0,95 + 0,050(1+2vy) 0,90 - 0,1004(1+2y)

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

Chy » Cmz and Cp 1 should be obtained according to the bending moment diagram between the relevant
braced points as follows:

moment factor  bending axis  points braced in direction

Crny y-y zZ-Z
Cuz z-Z y-y
CrLt Y-y y-y
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Annex AB [informative] — Additional design provisions

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

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

(2)B In this incremental approach each permanent or variable action should be increased proportionally.

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

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

a) alternative spans carrying the design permanent and variable load (yg Gk + 7o Qx), other spans carrying
only the design permanent load yg Gy

b) any two adjacent spans carrying the design permanent and variable loads (ys Gk + 7o Qx), all other spans
carrying only the design permanent load yg Gy

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

NOTE 2 This annex is intended to be transferred to EN 1990 in a later stage.
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Annex BB [informative] — Buckling of components of building structures

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

BB.1.1 General

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

(2)B The buckling length L., of an I or H section chord member may be taken as 0,9L for in-plane buckling
and 1,0L for out-of-plane buckling, unless a smaller value is justified by analysis.

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

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

BB.1.2 Angles as web members

(1)B Provided that the chords supply appropriate end restraint to web members made of angles and the end
connections of such web members supply appropriate fixity (at least two bolts if bolted), the eccentricities
may be neglected and end fixities allowed for in the design of angles as web members in compression. The
effective slenderness ratio . may be obtained as follows:

Nettv = 0,35+ 0,77_»\, for buckling about v-v axis
;_Leff,y =0,50+ 0,77_\«y for buckling about y-y axis (BB.1)
Xeff,z =0,50+ 0,7XZ for buckling about z-z axis

where A is as defined in 6.3.1.2.

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

BB.1.3 Hollow sections as members

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

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

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

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

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

2 2
T

S>|EI, ~+GI, + EI,~—0,25h 70
L L

. . (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 each rib.

I, 1is the warping constant

I,  1is the torsion constant

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

h s 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 Eqation (BB.2) may also be used to determine the lateral stability of beam flanges used in
combination with other types of cladding than trapezoidal sheeting, provided that the connections are
of suitable design.

BB.2.2 Continuous torsional restraints

(1)B A beam may be considered as sufficiently restraint from torsional deformations if

lek
Coi > KK

z

(BB.3)

v

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

K, = 0,35 for elastic analysis
K, = 1,00 for plastic analysis
Kg = factor for considering the moment distribution see Table BB.1 and the type of restraint

M= characteristic value of the plastic moment of the beam
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AN

Table BB.1: Factor K, for considering the moment distribution and the type of

restraint
without with
Case Moment distribution translational | translational
restraint restraint
ey
2a 0,12
v
3,5
MmN N
2b 0,23
\ V
3 \ M 28 0
4 TTTT—— M 1,6 1,0
M
5 \I M 1,0 0,7
P <-0,3

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

1 1

1 1
_l_

CS,k CSR,k

CSC,k CSD,k

(BB.4)

where Cgrx = rotational stiffness (per unit of the beam length) provided by the stabilizing continuum to
the beam assuming a stiff connection to the member

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

Cgopx = 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)
Copx = ©

NOTE For more

information see EN 1993-1-3.

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

buckling

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

BB.3.1.1 Stable lengths between adjacent lateral restraints

(1)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

L., where:
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z

A4

where Ngqg

A
Wiy
L

fy

Ci

1

1 (N
57,4

756 C;

2
235J

EN 1993-1-1: 2005 (E)

(BB.5)

is the design value of the compression force [N] in the member

is the cross section area [mm?] of the member

is the plastic section modulus of the member

1s the torsion constant of the member

is the yield strength in [N/mm?]

is a factor depending on the loading and end conditions to be taken from literature

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

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

34

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 member at a distance that
satisfies the requirements for L,

NOTE In general L, is greater than L,

1
|
\
|

r8

- 9

N~

Co NN AN W

tension flange

plastic stable length (see
BB.3.1.1)

elastic section (see 6.3)

plastic hinge

restraints

bending moment diagram
compression flange

plastic with tension flange
restraint, stable length = L (see
BB.3.1.2, equation (BB.7) or
(BB.8))

elastic with tension flange
restraint (see 6.3), y and y.rfrom
N, and M., including tension
flange restraint

Figure BB.1: Checks in a member without a haunch
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11

12

tension flange

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

plastic stable length (see
BB.3.1.1)

elastic section (see 6.3)
plastic hinge

restraints

bending moment diagram
compression flange

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

plastic stable length (see
BB.3.1.2)

elastic section (see 6.3), y and
xirfrom N, and M., including
tension flange restraint

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

> O1

RN N~

~ O Co NN

12

tension flange

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

plastic stable length (see
BB.3.1.1)

elastic section (see 6.3)
plastic hinge

restraints

bending moment diagram
compression flange

plastic stable length (see
BB.3.2)

plastic stable length (see
BB.3.1.2)

elastic section (see 6.3), y and
yirfrom N, and M., including
tension flange restraint

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

(1)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
constant moment is not greater than Ly, 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 L, see BB.3.1.1,

600f
54+ [ i
E )\t
L

_ f : (BB.6)
i)
E | t,

(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 L, provided that

where

- 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 L, see BB.3.1.1,

M
where L =,C_ L, pLy.R (BB.7)
MN,y’Rk +aN,
Cn is the modification factor for linear moment gradient, see BB.3.3.1;
a is the distance between the centroid of the member with the plastic hinge and the centroid of

the restraint members;
M,y rk 1s the characteristic plastic moment resistance of the cross section about the y-y axis

Mnyre 18 the characteristic plastic moment resistance of the cross section about the y-y axis with
reduction due to the axial force Ngg

(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 L, 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 L, see BB3.1.1

where L =,C, L, (BB.8)

C, 1is the modification factor for non-linear moment gradient, see BB.3.3.2,

see Figure BB.1, Figure BB.2 and Figure BB.3.
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BB.3.2 Haunched or tapered members made of rolled sections or equivalent welded I-
sections

BB.3.2.1 Stable length between adjacent lateral restraints

(1)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
L., where

- for three flange haunches (see Figure BB.2)

38i
_ . (BB.9)

U(Ne), 1 (Wi, )Y
57,4 A ) 756C;| Al )\ 235
- for two flange haunches (see Figure BB.3)

L =085 381, (BB.10)

2
L (N, U (W | £
57,4\ A 756 C; | Al | 235

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

m

2
pLy

Al

is the maximum value in the segment
t

2
ply

A is the cross sectional area [mm?] at the location where is a maximum of the tapered

t
member

Wiy is the plastic section modulus of the member

I, is the torsional constant of the member

fy is the yield strength in [N/mm?]

i, is the minimum value of the radius of gyration in the segment

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

- 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 member at a distance that
satisfies the requirements for L.

BB.3.2.2 Stable length between torsional restraints

(1)B For non uniform members with constant flanges under linear or non-linear moment gradient and axial
compression, 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 is not
greater than L, 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 L, see BB.3.2.1,
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where

- for three flange haunches (see Figure BB.2)

C

(BB.11)
- for two flange haunches (see Figure BB.3)
JC, L,
L, =085——— (BB.12)
c

where Ly is the length derived for a uniform member with a cross-section equal to the shallowest section,
see BB.3.1.2

C,see BB.3.3.2
¢ 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

(1)B The modification factor C,, may be determined from

1

= > (BB.13)
B, +B,B, +B,B,
in which
B 1+10n
* 1+20m

B o S
' on+104n

0,5 0,5

B, = -
' lemfn 14207
n= NcrE
Nch
2
n°El,
NcrE = 2
Lt
L, is the distance between the torsional restraints
1 (n’El,a®> =’ElL, . - . . :
N =— L2 + = +GI, | 1is the elastic critical torsional buckling force for an I-section
ls t t

between restraints to both flanges at spacing L, with intermediate
lateral restraints to the tension flange.

V) 2
;o =1, +1, +a

where a is the distance between the centroid of the member and the centroid of the restraining members,
such as purlins restraining rafters
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B¢ is the ratio of the algebraically smaller end moment to the larger end moment. Moments that
produce compression in the non-restrained flange should be taken as positive. If the ratio is less

than —1,0 the value of 3, should be taken as —1,0, see Figure BB.4.

+ +
200 100
/I
\I 1
B = -200
B =190 _ 45 ' +100
Y4200 ’ but B, 2-1,0 thusf, =-10

Figure BB.4: Value of B¢

BB.3.3.2 Non linear moment gradients

(1)B The modification factor C, may be determined from

c - 12
" [R,+3R, +4R, +3R, +R +2(R, -R )|

(BB.14)

in which R, to Rs are the values of R according to (2)B at the ends, quarter points and mid-length, see Figure

BB.5, and only positive values of R should be included.

In addition, only positive values of (Rs — Rg) should be included, where
- Rgis the greater of R; or Rs

~ Ry is the maximum value of R anywhere in the length L,

Figure BB.5: Moment ratios

(2)B The value of R should be obtained from:
My,Ed +a N,
fy Wpl,y
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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

(1)B For a non uniform member with constant flanges, for which h > 1,2b and h/t; > 20 the taper factor c

should be obtained as follows:

- for tapered members or segments, see Figure BB.6(a):

2/3
c=le— (1; _lj
(h_gj min

t;

- for haunched members or segments, see Figures BB.6(b) and BB.6(¢):
2/3
3 (h, J L,

(i—_gj[h_s L,

y
where h, is the additional depth of the haunch or taper, see Figure BB.6;

c=1+

hpax  1s the maximum depth of cross-section within the length L, , see Figure BB.6;
hmin  is the minimum depth of cross-section within the length L, , see Figure BB.6;
hs is the vertical depth of the un-haunched section, see Figure BB.6;

L, is the length of haunch within the length L, , see Figure BB.6;

L,  is the length between points at which the compression flange is laterally restrained.

(h/ty) is to be derived from the shallowest section.

(BB.16)

(BB.17)

(a) Tapered segment (b) Haunched segment (c) Haunched segment

X = restraint

Figure BB.6: Dimensions defining taper factor
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BRITISH STANDARD NA to BS EN 1993-1-1:2005

National Annex (informative) to

BS EN 1993-1-1:2005, Eurocode 3: Design
of steel structures — Part 1-1: General rules
and rules for buildings

Introduction

This National Annex has been prepared by BSI Subcommittee
B/525/31, Structural use of steel. It is to be used in conjunction with
BS EN 1993-1-1:2005.

@ NA.1 Scope
© This National Annex gives:
< a) the decisions for the National Determined Parameters described
o in the following subclauses of BS EN 1993-1-1:2005:
8 e 23.1(1) e 53.2(3) e 6.3.24(2)B
8 e  3.1(2) e 53.2(11) e 6.3.3(5
— e 3.21(1) e 53.4(3) e 6.3.4(1)
© o 3.2.2(1) e 6.1(1) e 7.21(1)B
= o 3.2.3(1) e 6.1(1)B e 7.22(1)B
g e 3.23(3)B e 6.3.2.2(2) e 7.23(1)B
e e 3.24(1)B e 6.3.2.3(1) e BB.1.3(3)B
) e 521(3) e 6.3.2.3(2)
- e 52.2(8) e 6.3.2.4(1)B
o
S
N b) Decisions on the status of BS EN 1993-1-1:2005 informative
N annexes; and
o
o) ¢) References to non-contradictory complementary information.
o
o NA.2 Nationally Determined Parameters
=]
b NA.2.1 General
f Decisions for the Nationally Determined Parameters decided in
c BS EN 1993-1-1:2005 are given in clauses NA.2.2 to NA.2.26.
o
§ NA.2.2 Actions and environmental influences
- [BS EN 1993-1-1:2005, 2.3.1(1)]
@ There are no additional regional, climatic or accidental situations
8 to consider.

NA.2.3 Other Steel material and products
[BS EN 1993-1-1:2005, 3.1(2)]
If other steels are used, due allowance should be made for
variations in properties, including ductility and weldability. Further

information on the ductility requirements for steel is given in
BS EN 1993-1-1:2005, 3.2.2(1).
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NA.2.4

NA.2.5

NA.2.6

NA.2.7
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Steel castings and forgings may be used for components in bearings,
junctions and other similar parts. Castings should conform to

BS EN 10293 and forgings should conform to BS EN 10250-2. Further
guidance on steel castings is given in reference [1].

For higher strength steels see BS EN 1993-1-12.

Material properties [BS EN 1993-1-1:2005, 3.2.1(1)]

The nominal values of the yield strength f, and the ultimate strength
f, for structural steel should be those obtained from the product
standard. The ultimate strength f, should be taken as the lowest value
of the range given for R,, in the product standard. Further information
on the yield and ultimate strength for structural steel is also given in
NA.4.

Ductility requirements [BS EN 1993-1-1:2005, 3.2.2(1)]
a) Elastic global analysis

The limiting values for the ratio f/f, the elongation at failure and the
ultimate strain ¢, for elastic global analysis are given below.

f/f, = 1.10;
Elongation at failure not less than 15%;
€, > 15¢,.

b) Plastic global analysis

Plastic global analysis should not be used for bridges. For buildings
the limiting values for the ratio f /f, the elongation at failure and the
ultimate strain ¢, for plastic global analysis are given below.

f/f,>1.15;
Elongation at failure not less than 15%;

€, > 20e,.

Fracture toughness [BS EN 1993-1-1:2005, 3.2.3(1)]

For buildings and other quasi-statically loaded structures the lowest
service temperature in the steel should be taken as the lowest air
temperature which may be taken as —=5°C for internal steelwork and
-15°C for external steelwork.

For bridges the lowest service temperature in the steel should be
determined according to the NA to BS EN 1991-1-5 for the bridge
location. For structures susceptible to fatigue it is recommended that
the requirements for bridges should be applied.

In other cases (e.g. the internal steelwork in cold stores) the lowest
service temperature in the steel should be taken as the lowest air
temperature expected to occur within the intended design life of
the structure.

Toughness properties for members in compression
[BS EN 1993-1-1:2005, 3.2.3(3)B]

The recommendations given in the NA to BS EN 1993-1-10 should
be used.
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Through-thickness properties
[BS EN 1993-1-1:2005, 3.2.4(1)B]

The recommendations given in the NA to BS EN 1993-1-10 should
be used.

Effects of deformed geometry of the structure
[BS EN 1993-1-1:2005, 5.2.1(3)]
For plastic analysis of clad structures provided that the stiffening
effects of masonry infill wall panels or diaphragms of profiled steel
sheeting are not taken into account:

o, =10
For plastic analysis of portal frames subject to gravity loads only with
frame imperfections:

O, =5

provided the following conditions are satisfied:

a) The span, L, does not exceed 5 times the mean height of the
columns

b) h, satisfies the criterion:
(h/s,)* + (h/s,)* < 0.5

in which sa and sb are the horizontal distances from the apex
to the columns.

NOTE For a symmetrical frame this expression simplifies to
h, < 0.25L.

Structural stability of frames
[BS EN 1993-1-1:2005, 5.2.2(8)]

This method should only be used for frames that comply with 5.2.2(6).
In such cases the sway moments in the beams and beam-to-column
connections should be multiplied by k, unless a smaller value is shown
to be adequate by analysis. k, may be evaluated using the following
expression provided that o, > 3.0:

Design values of initial local bow imperfection
[BS EN 1993-1-1:2005, 5.3.2(3)]

For elastic analysis of the cross-section, the initial imperfections for an
individual section about a particular axis should be back-calculated
from the formula for the buckling curves given in BS EN 1993-1-1:2005,
6.3 using the elastic section modulus.

For plastic analysis of the cross-section, the initial imperfections for an
individual section about a particular axis should be back-calculated
from the formula for the buckling curves given in BS EN 1993-1-1:2005,
6.3 using the full plastic section modulus.

©BSI2008 ¢ 3
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NA.2.12 Amplitude of imperfections
[BS EN 1993-1-1:2005, 5.3.2(11)]

The method given in BS EN 1993-1-1:2005, 5.3.2(11) should not be
used for buildings.

NA.2.13 Imperfections for lateral-torsional bucking in bending
[BS EN 1993-1-1:2005, 5.3.4(3)]

The value of k should be taken as 1.0.

NA.2.14 Partial factors for structures not covered by BS EN 1993
Part 2 to Part 6 [BS EN 1993-1-1:2005, 6.1(1)]

@ For structures not covered by BS EN 1993 Part 2 to Part 6, the partial
o factors should be appropriate for the structure and agreed with the
client.
2
8 NA.2.15 Partial safety factors for buildings
- [BS EN 1993-1-1:2005, 6.1(1)]
E For buildings the following partial factors should be used:
© Yo = 1.00
c Ymr = 1.00
o
o Yz = 1.10
)
o NA.2.16 Imperfection factors for lateral torsional buckling
S [BS EN 1993-1-1:2005, 6.3.2.2(2)]
N
J The recommended values given in BS EN 1993-1-1:2005, Table 6.3 and
o Table 6.4 should be used.
TS}
o - -
i NA.2.17 Lateral torsional buckling for rolled
e sections or equivalent welded sections
> [BS EN 1993-1-1:2005, 6.3.2.3(1)]
E’) For buildings and bridges the following values of A1, and 8 should be
c used:
- a) For rolled sections and hot-finished and cold-formed hollow
o sections:
o Mro=0.4
> B=0.75
g b) For welded sections:
8 Ao = 0.2
B =1.00

Li censed copy: St eel
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BS EN 1993-1-1:2005, Table 6.5 should be replaced with the
following table:

Cross-section Limits Buckling
curve
Rolled doubly symmetric | and H sections and hot-finished h/b <2 b

hollow sections

2.0<h/b <31 d
h/b > 3.1 d
Angles (for moments in the major principal plane) d
All other hot-rolled sections. d
Welded doubly symmetric sections and cold-formed h/b <2 C
hollow sections 2.0<h/b<3.1 d

NA.2.18 Modification factor, f [BS EN 1993-1-1:2005, 6.3.2.3(2)]

The recommended expression for f should be used in which k. is
given by:

kK==
Je,
where:

_M_, for the actual bending moment diagram
M, for a uniform bending moment diagram

1

values of C, are given in the references listed in NA.4.

NA.2.19 The slenderness limit A,
[BS EN 1993-1-1:2005, 6.3.2.4(1)B]

For I, H, channel and box sections used in buildings the value of A,
should be taken as 0.4.

NA.2.20 Modification factor, k;
[BS EN 1993-1-1:2005, 6.3.2.4(2)B]

The value of the modification factor k; should be taken as:
kq = 1.0 for hot rolled I-sections;
kq =1.0 for welded I-sections with h/b < 2;

kq = 0.9 for other sections.

NA.2.21 Interactions factors k,,, k,,, k,, and k,,
[BS EN 1993-1-1:2005, 6.3.3(5)]

The interaction factors k,,, k,,, k,,, k,, for doubly symmetric sections
may be determined using either alternative Method 1 (given in

BS EN 1993-1-1:2005, Annex A) or alternative Method 2 (given

in BS EN 1993-1-1:2005, Annex B). Alternative Method 2 (given in

BS EN 1993-1-1:2005, Annex B) may also be used for sections that are

not doubly symmetric when modified in accordance with NA.3.2.

©BSI2008 ¢ 5
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NA.2.22

NA.2.23

Yo
BRITISH STANDARD

General method for lateral and lateral
torsional buckling of structural components
[BS EN 1993-1-1:2005, 6.3.4(1)]

This method is only valid for nominally straight components subject to
in-plane monoaxial bending and/or compression.

In this method y,, should be taken as the minimum value of  and
xur- Where y is determined in accordance with BS EN 1993-1-1:2005,
6.3.1 for lateral buckling and y,; is determined in accordance with
BS EN 1993-1-1:2005, 6.3.2 for lateral torsional buckling

Vertical deflections [BS EN 1993-1-1:2005, 7.2.1(1)B]

The following table gives suggested limits for calculated vertical
deflections of certain members under the characteristic load
combination due to variable loads and should not include permanent
loads. Circumstances may arise where greater or lesser values would
be more appropriate. Other members may also need deflection limits.

On low pitch and flat roofs the possibility of ponding should be
investigated.

Vertical deflection

Cantilevers

Length/180

Beams carrying plaster or other brittle finish Span/360

Other beams (except purlins and sheeting rails) Span/200

Purlins and sheeting rails

To suit the characteristics of particular cladding

NA.2.24

Horizontal deflections [BS EN 1993-1-1:2005, 7.2.2(1)B]

The following table gives suggested limits for calculated horizontal
deflections of certain members under the characteristic load
combination due to variable load. Circumstances may arise where
greater or lesser values would be more appropriate. Other members
may also need deflection limits.

Horizontal deflection

Tops of columns in single-storey buildings except Height/300

portal frames

Columns in portal frame buildings, not To suit the characteristics of the particular
supporting crane runways cladding
In each storey of a building with more than one Height of that storey/300

storey

NA.2.25

6 e« ©BSI2008

Dynamic effects [BS EN 1993-1-1:2005, 7.2.3(1)B]

Reference should be made to specialist literature as appropriate. For
floor vibrations see NA.4.
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NA.2.26

NA.3

NA.3.1

NA.3.2

NA.3.3

NA.3.4

NA.4

YoV
NA to BS EN 1993-1-1:2005

Hollow section buckling lengths in lattice girders
[BS EN 1993-1-1:2005, BB.1.3(3)B]

The recommended values may be used and further information is
given in NA.4.

Decisions on the status of informative
annexes

BS EN 1993-1-1:2005, Annex A

BS EN 1993-1-1:2005, Annex A may be used. The scope of Method 1
given in Annex A should be limited to doubly symmetric sections.

BS EN 1993-1-1:2005, Annex B
BS EN 1993-1-1:2005, Annex B may be used.

Where applied to sections that are not doubly symmetric )—LZ and y,
should be taken as the values of 1 and x from the highest value of 4,
to BS EN 1993-1-1, 6.3.1.3 or A to BS EN 1993-1-1, 6.3.1.4.

Where the sections are not |, H or hollow sections Class 1 and Class 2
sections should be designed as Class 3 sections.

BS EN 1993-1-1:2005, Annex AB
BS EN 1993-1-1:2005, Annex AB may be used.

BS EN 1993-1-1:2005, Annex BB
BS EN 1993-1-1:2005, Annex BB may be used.

References to non-contradictory
complementary information

References cited in this National Annex to non-contradictory,
complementary information can be found at www.steel-ncci.co.uk.
Whilst this material is likely to be technically authoritative, not all

of it has been reviewed by the UK national committee, and users
should satisfy themselves of its fitness for their particular purpose. In
particular, they should be aware that material indicated as not having
been endorsed by the committee might contain elements that are in
conflict with the Eurocode.

©BSI2008 e« 7
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National foreword

This British Standard was published by BSI. It is the UK implementation of
EN 1993-1-5:2006. It partially supersedes BS 449-2:1969, BS 5400-3:2000 and
BS 5950-1:2000. These standards will be withdrawn by March 2010 at the
latest.

The UK participation in its preparation was entrusted by Technical Committee
B/525, Building and civil engineering structures, to Subcommittee B/525/31,
Structural use of steel.

A list of organizations represented on B/525/31 can be obtained on request to
its secretary.

The structural Eurocodes are divided into packages by grouping Eurocodes for
each of the main materials: concrete, steel, composite concrete and steel,
timber, masonry and aluminium; this is to enable a common date of
withdrawal (DOW) for all the relevant parts that are needed for a particular
design. The conflicting national standards will be withdrawn at the end of the
coexistence period, after all the EN Eurocodes of a package are available.
Following publication of the EN, there is a period allowed for national
calibration during which the National Annex is issued, followed by a
coexistence period of a maximum three years. During the coexistence period
Member States are encouraged to adapt their national provisions. Conflicting
national standards will be withdrawn by March 2010 at the latest. Where a
normative part of this EN allows for a choice to be made at national level, the
range and possible choice will be given in the normative text, and a note will
qualify it as a Nationally Determined Parameter (NDP). NDPs can be a specific
value for a factor, a specific level or class, a particular method or a particular
application rule if several are proposed in the EN. To enable EN 1993-1-5 to be
used in the UK, the NDPs will be published in a National Annex, which will be
made available by BSI in due course after public consultation has taken place.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

Amendments issued since publication
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Foreword

This European Standard EN 1993-1-5,, Eurocode 3: Design of steel structures Part 1.5: Plated structural
elements, 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 April 2007 and conflicting National Standards shall be withdrawn
at latest by March 2010.

This Eurocode supersedes ENV 1993-1-5.

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

National annex for EN 1993-1-5

This standard gives alternative procedures, values and recommendations with notes indicating where national
choices may have to be made. The National Standard implementing EN 1993-1-5 should have a National
Annex containing all Nationally Determined Parameters to be used for the design of steel structures to be
constructed in the relevant country.

National choice is allowed in EN 1993-1-5 through:
- 2.2(5

- 3.3(D

- 4.3(6)

- 512

- 642

- 8(2)

- 9.1(1)

- 9.2.109
- 10(1)

- 10(5)

- C2(1)

- C5(2)

- C8(1)

- C903)

- D.2.2(2)
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1 Introduction
1.1 Scope

(1) EN 1993-1-5 gives design requirements of stiffened and unstiffened plates which are subject to in-
plane forces.

(2)  Effects due to shear lag, in-plane load introduction and plate buckling for I-section girders and box
girders are covered. Also covered are plated structural components subject to in-plane loads as in tanks and
silos. The effects of out-of-plane loading are outside the scope of this document.

NOTE 1: The rules in this part complement the rules for class 1, 2, 3 and 4 sections, see EN 1993-1-1.

NOTE 2: For the design of slender plates which are subject to repeated direct stress and/or shear and also
fatigue due to out-of-plane bending of plate elements (breathing) see EN 1993-2 and EN 1993-6.

NOTE 3: For the effects of out-of-plane loading and for the combination of in-plane effects and out-of-plane
loading effects see EN 1993-2 and EN 1993-1-7.

NOTE 4: Single plate elements may be considered as flat where the curvature radius r satisfies:
2

a
>4 (1.1)
t

where a is the panel width

¢t is the plate thickness
1.2 Normative references

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

EN 1993-1-1 Eurocode 3 :Design of steel structures: Part 1-1: General rules and rules for buildings
1.3 Terms and definitions

For the purpose of this standard, the following terms and definitions apply:

1.3.1

elastic critical stress

stress in a component at which the component becomes unstable when using small deflection elastic theory
of a perfect structure

1.3.2
membrane stress
stress at mid-plane of the plate

1.3.3
gross cross-section
the total cross-sectional area of a member but excluding discontinuous longitudinal stiffeners

1.34

effective cross-section and effective width

the gross cross-section or width reduced for the effects of plate buckling or shear lag or both; to distinguish
between their effects the word “effective” is clarified as follows:

“effective™ denotes effects of plate buckling
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S¢e

“effective’ denotes effects of shear lag
“effective* denotes effects of plate buckling and shear lag

135

plated structure

a structure built up from nominally flat plates which are connected together; the plates may be stiffened or
unstiffened

1.3.6
stiffener
a plate or section attached to a plate to resist buckling or to strengthen the plate; a stiffener is denoted:

- longitudinal if its direction is parallel to the member;

- transverse if its direction is perpendicular to the member.

1.3.7
stiffened plate
plate with transverse or longitudinal stiffeners or both
(cg 1.3.8
o subpanel
unstiffened plate portion surrounded by flanges and/or stiffeners
2 1.3.9
8 hybrid girder
- girder with flanges and web made of different steel grades; this standard assumes higher steel grade in
o flanges compared to webs
° 1.3.10
= sign convention
8 unless otherwise stated compression is taken as positive
c
= 1.4 Symbols
o)
8 (1) In addition to those given in EN 1990 and EN 1993-1-1, the following symbols are used:
S A total area of all the longitudinal stiffeners of a stiffened plate;
%)
o Ag gross cross sectional area of one transverse stiffener;
2 Actr effective cross sectional area;

A.orr  effective® cross sectional area;

Aceitioc effective’ cross sectional area for local buckling;

a length of a stiffened or unstiffened plate;

b width of a stiffened or unstiffened plate;

by, clear width between welds;

Dest effective’ width for elastic shear lag;

Fgq design transverse force;

clear web depth between flanges;

Lesr effective length for resistance to transverse forces, see 6;

M;rq design plastic moment of resistance of a cross-section consisting of the flanges only;
M rq design plastic moment of resistance of the cross-section (irrespective of cross-section class);
Mgq design bending moment;

NEq design axial force;

t thickness of the plate;

Li censed copy: UNI VERSI TY OF EDI NBURGH,
=
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VEa design shear force including shear from torque;
Wese effective elastic section modulus;

B effective’ width factor for elastic shear lag;

(2) Additional symbols are defined where they first occur.

2 Basis of design and modelling
2.1 General

()P The effects of shear lag and plate buckling shall be taken into account at the ultimate, serviceability or
fatigue limit states.

NOTE: Partial factors 4 and %, used in this part are defined for different applications in the National
Annexes of EN 1993-1 to EN 1993-6.

2.2 Effective width models for global analysis

()P The effects of shear lag and of plate buckling on the stiffness of members and joints shall be taken into
account in the global analysis.

(2)  The effects of shear lag of flanges in global analysis may be taken into account by the use of an
effective’ width. For simplicity this effective® width may be assumed to be uniform over the length of the
span.

(3)  For each span of a member the effective’ width of flanges should be taken as the lesser of the full
width and L/8 per side of the web, where L is the span or twice the distance from the support to the end of a
cantilever.

(4)  The effects of plate buckling in elastic global analysis may be taken into account by effective® cross
sectional areas of the elements in compression, see 4.3.

(5) For global analysis the effect of plate buckling on the stiffness may be ignored when the effective®
cross-sectional area of an element in compression is larger than py, times the gross cross-sectional area of
the same element.

NOTE 1: The parameter py;,, may be given in the National Annex. The value gy, = 0,5 is recommended.

NOTE 2: For determining the stiffness when (5) is not fulfilled, see Annex E.
2.3 Plate buckling effects on uniform members

(1)  Effective’ width models for direct stresses, resistance models for shear buckling and buckling due to
transverse loads as well as interactions between these models for determining the resistance of uniform
members at the ultimate limit state may be used when the following conditions apply:

- panels are rectangular and flanges are parallel;

- the diameter of any unstiffened open hole or cut out does not exceed 0,05, where b is the width of the
panel.

NOTE: The rules may apply to non rectangular panels provided the angle ¢, (see Figure 2.1) is not greater
than 10 degrees. If oy exceeds 10, panels may be assessed assuming it to be a rectangular panel based on the
larger of b, and b, of the panel.
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Figure 2.1: Definition of angle «

(2)  For the calculation of stresses at the serviceability and fatigue limit state the effective® area may be
used if the condition in 3.1 is fulfilled. For ultimate limit states the effective area according to 3.3 should be
used with Breplaced by S,

2.4 Reduced stress method
(1) As an alternative to the use of the effective’ width models for direct stresses given in sections 4 to 7,
the cross sections may be assumed to be class 3 sections provided that the stresses in each panel do not

exceed the limits specified in section 10.

NOTE: The reduced stress method is analogous to the effective’ width method (see 2.3) for single plated
elements. However, in verifying the stress limitations no load shedding has been assumed between the plated
elements of the cross section.

2.5 Non uniform members

(1) Non uniform members (e.g. haunched members, non rectangular panels) or members with regular or
irregular large openings may be analysed using Finite Element (FE) methods.

NOTE 1: See Annex B for non uniform members.

NOTE 2: For FE-calculations see Annex C.
2.6 Members with corrugated webs

(1) For members with corrugated webs, the bending stiffness should be based on the flanges only and
webs should be considered to transfer shear and transverse loads.

NOTE: For plate buckling resistance of flanges in compression and the shear resistance of webs see Annex D.
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3 Shear lag in member design

3.1
6]

General

Shear lag in flanges may be neglected if by < L./50 where by is taken as the flange outstand or half the

width of an internal element and L. is the length between points of zero bending moment, see 3.2.1(2).

2

Where the above limit for b, is exceeded the effects due to shear lag in flanges should be considered at
serviceability and fatigue limit state verifications by the use of an effective® width according to 3.2.1 and a
stress distribution according to 3.2.2. For the ultimate limit state verification an effective area according to

3.3 may be used.

3)
3.2
3.21

D

Stresses due to patch loading in the web applied at the flange level should be determined from 3.2.3.

Effective® width for elastic shear lag

Effective width

The effective’ width b for shear lag under elastic conditions should be determined from:

bt = f bo

where the effective® factor f is given in Table 3.1.

This effective width may be relevant for serviceability and fatigue limit states.

2)

Provided adjacent spans do not differ more than 50% and any cantilever span is not larger than half the
adjacent span the effective lengths L. may be determined from Figure 3.1. For all other cases L. should be

taken as the distance between adjacent points of zero bending moment.

B Le=0,25 (Ly+ Ly) BiLo=2L,4

B L.=0,85L; | , BiLe=0,70L, |

Ly Lo L3_‘

L1/4L Ly/2 Li/4] Ly/4 L,/2 L,/4

ﬁ)#l/ s AT Ay B 2

Figure 3.1: Effective length L. for continuous beam and distribution of
effective® width
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2 forinternal flange
3 plate thickness t
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Figure 3.2: Notations for shear lag
Table 3.1: Effective® width factor 8
K Verification £ — value
x<0,02 p=10
1
sagging bending B=p= m
0,02<x<0,70 1
hogging bendi h=p.= 1
OSEINS bending 1+6,0| x— +1,6 x°
2500 x
1
sagging bending B=p= 50
> 0,70 ’ ;
hogging bending B=p5,= 26 K
all x end support Bo=1(0,55+ 0,025/ k) B, but fy < f
all Cantilever p = p, at support and at the end

. As(
K=(X0b0/Le with a(): 1+—=

byt

in which Ay is the area of all longitudinal stiffeners within the width by and other
symbols are as defined in Figure 3.1 and Figure 3.2.
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3.2.2 Stress distribution due to shear lag

(1)  The distribution of longitudinal stresses across the flange plate due to shear lag should be obtained
from Figure 3.3.

I ber=Pbo e pRett= Bbg
9 ©
E d \
I I y
y b1 = 5Bbgy
by bo

B>020: B<0,20:
o, =1,25(8-0,20) o, o, =0
O'(y)=62+(0'1—0'2)(1—y/b0)4 O-(y)zdl(l_y/bl)4

o1 is calculated with the effective width of the flange b

Figure 3.3: Distribution of stresses due to shear lag

3.2.3 In-plane load effects

(1)  The elastic stress distribution in a stiffened or unstiffened plate due to the local introduction of in-
plane forces (patch loads), see Figure 3.4, should be determined from:

Oy = b lta) (3.2)
’Ed beff tw + ast,l

2
with: b, =s, [ 1+ (ij
s, n
0,878 a,,
n=0,636 |1+ —-——
s, =8, +21,

where ag; is the gross cross-sectional area of the stiffeners smeared over the length s.. This may be taken,
conservatively, as the area of the stiffeners divided by the spacing s;

tw is the web thickness;

Z is the distance to flange.

NOTE: The equation (3.2) is valid when sy/s. < 0,5; otherwise the contribution of stiffeners should be
neglected.

11
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Se

1__
Z
L ' | tw
1 S 171
/92 Ed \ 2
I R o N
| N N

1 stiffener
2 simplified stress distribution
3 actual stress distribution

Figure 3.4: In-plane load introduction

NOTE: The above stress distribution may also be used for the fatigue verification.

3.3 Shear lag at the ultimate limit state

(1) At the ultimate limit state shear lag effects may be determined as follows:
a) elastic shear lag effects as determined for serviceability and fatigue limit states,
b) combined effects of shear lag and of plate buckling,

c) elastic-plastic shear lag effects allowing for limited plastic strains.

NOTE 1: The National Annex may choose the method to be applied. Unless specified otherwise in EN 1993-2
to EN 1993-6, the method in NOTE 3 is recommended.

NOTE 2: The combined effects of plate buckling and shear lag may be taken into account by using A.¢ as given
by:

Ae :Ac,eﬂ ult (33)

where A .q is the effective” area of the compression flange due to plate buckling (see 4.4 and 4.5);

Ba s the effective’ width factor for the effect of shear lag at the ultimate limit state, which may be
taken as 3 determined from Table 3.1 with ¢ replaced by

3.4)

te is the flange thickness.

12
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NOTE 3: Elastic-plastic shear lag effects allowing for limited plastic strains may be taken into account using
Aesr as follows:

Ay =A 58" 2A ;0 3.5)

where  fand kare taken from Table 3.1.

The expressions in NOTE 2 and NOTE 3 may also be applied for flanges in tension in which case A . should be
replaced by the gross area of the tension flange.

4 Plate buckling effects due to direct stresses at the ultimate limit state
4.1 General

(1)  This section gives rules to account for plate buckling effects from direct stresses at the ultimate limit
state when the following criteria are met:

a) The panels are rectangular and flanges are parallel or nearly parallel (see 2.3);

b) Stiffeners, if any, are provided in the longitudinal or transverse direction or both;
¢) Open holes and cut outs are small (see 2.3);

d) Members are of uniform cross section;

e) No flange induced web buckling occurs.
NOTE 1: For compression flange buckling in the plane of the web see section 8.

NOTE 2: For stiffeners and detailing of plated members subject to plate buckling see section 9.
4.2 Resistance to direct stresses

(1)  The resistance of plated members may be determined using the effective areas of plate elements in
compression for class 4 sections using cross sectional data (A, Lo, Werr) for cross sectional verifications and
member verifications for column buckling and lateral torsional buckling according to EN 1993-1-1.

(2)  Effective® areas should be determined on the basis of the linear strain distributions with the attainment
of yield strain in the mid plane of the compression plate.

4.3 Effective cross section

(1)  In calculating longitudinal stresses, account should be taken of the combined effect of shear lag and
plate buckling using the effective areas given in 3.3.

(2) The effective cross sectional properties of members should be based on the effective areas of the
compression elements and on the effective’ area of the tension elements due to shear lag.

(3)  The effective area A.sr should be determined assuming that the cross section is subject only to stresses
due to uniform axial compression. For non-symmetrical cross sections the possible shift ey of the centroid of
the effective area A.y relative to the centre of gravity of the gross cross-section, see Figure 4.1, gives an
additional moment which should be taken into account in the cross section verification using 4.6.

(4)  The effective section modulus W should be determined assuming the cross section is subject only to
bending stresses, see Figure 4.2. For biaxial bending effective section moduli should be determined about

both main axes.

NOTE: As an alternative to 4.3(3) and (4) a single effective section may be determined from Ngq and Mg, acting
simultaneously. The effects of ey should be taken into account as in 4.3(3). This requires an iterative procedure.

13
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AR

(5) The stress in a flange should be calculated using the elastic section modulus with reference to the mid-

plane of the flange.

(6) Hybrid girders may have flange material with yield strength fi; up to @Xf,,, provided that:

a) the increase of flange stresses caused by yielding of the web is taken into account by limiting the stresses

in the web to fyy ;

b) fyr (rather than f, ) is used in determining the effective area of the web.

NOTE: The National Annex may specify the value @,. A value of ¢, = 2,0 is recommended.

(7)  The increase of deformations and of stresses at serviceability and fatigue limit states may be ignored
for hybrid girders complying with 4.3(6) including the NOTE.

(8)  For hybrid girders complying with 4.3(6) the stress range limit in EN 1993-1-9 may be taken as 1,5f;.

2

!
|
e}
|

|

2

3

G

G’

1

2

3

centroid of the gross cross
section

“centroid of the effective

cross section

centroidal axis of the gross
cross section

centroidal axis of the
effective cross section

non effective zone

centroid of the gross cross
section

centroid of the effective
cross section

centroidal axis of the gross
cross section

centroidal axis of the
effective cross section

non effective zone

C]
| 3
Gross cross section Effective cross section
Figure 4.1: Class 4 cross-sections - axial force
————
/3
1 - - 2
G - - - s
c
———— ————
e
1
- - — 2
G G
Gross cross section Effective cross section
Figure 4.2: Class 4 cross-sections - bending moment
14
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4.4 Plate elements without longitudinal stiffeners

(1) The effective’ areas of flat compression elements should be obtained using Table 4.1 for internal
elements and Table 4.2 for outstand elements. The effective® area of the compression zone of a plate with the
gross cross-sectional area A, should be obtained from:

Ac,eff =p Ac (4 1)

where p is the reduction factor for plate buckling.

(2)  The reduction factor p may be taken as follows:

- internal compression elements:

p=10 for A, <0,673
p= Ay — 0’0_525 B+y) <1,0  for A, >0,673 , where B+w)=0 4.2)
Ay

- outstand compression elements:

p=10 for A, <0,748

= ’1”__—?’188 <1,0 for A, >0,748 (4.3)
Ap

where 71;, = L = bit

o, 284¢e.fk,

v is the stress ratio determined in accordance with 4.4(3) and 4.4(4)

b  is the appropriate width to be taken as follows (for definitions, see Table 5.2 of EN 1993-1-1)

by, for webs;

b for internal flange elements (except RHS);
b-3t forflanges of RHS;

c for outstand flanges;

h for equal-leg angles;

h for unequal-leg angles;

ks 1s the buckling factor corresponding to the stress ratio y and boundary conditions. For long plates k; is
given in Table 4.1 or Table 4.2 as appropriate;

t 1s the thickness;
o, 1s the elastic critical plate buckling stress see equation (A.1) in Annex A.1(2) and Table 4.1 and Table
4.2;

~ 235

€= f‘,lN/mmzl

(3)  For flange elements of I-sections and box girders the stress ratio ¥ used in Table 4.1 and Table 4.2
should be based on the properties of the gross cross-sectional area, due allowance being made for shear lag in
the flanges if relevant. For web elements the stress ratio y used in Table 4.1 should be obtained using a stress
distribution based on the effective area of the compression flange and the gross area of the web.

NOTE: If the stress distribution results from different stages of construction (as e.g. in a composite bridge) the
stresses from the various stages may first be calculated with a cross section consisting of effective flanges and

15
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gross web and these stresses are added together. This resulting stress distribution determines an effective web
section that can be used for all stages to calculate the final stress distribution for stress analysis.

(4)  Except as given in 4.4(5), the plate slenderness A » of an element may be replaced by:

4.4)

where Ocomps 1S the maximum design compressive stress in the element determined using the effective”
area of the section caused by all simultaneous actions.

NOTE 1: The above procedure is conservative and requires an iterative calculation in which the stress ratio y
(see Table 4.1 and Table 4.2) is determined at each step from the stresses calculated on the effective® cross-
section defined at the end of the previous step.

NOTE 2: See also alternative procedure in Annex E.

(5)  For the verification of the design buckling resistance of a class 4 member using 6.3.1, 6.3.2 or 6.3.4 of

EN 1993-1-1, either the plate slenderness A, or 71 pred With o.ompq based on second order analysis with
global imperfections should be used.

(6)  For aspect ratios a/b < 1 a column type of buckling may occur and the check should be performed
according to 4.5.4 using the reduction factor p..

NOTE: This applies e.g. for flat elements between transverse stiffeners where plate buckling could be column-
like and require a reduction factor p, close to %, as for column buckling, see Figure 4.3 a) and b). For plates with
longitudinal stiffeners column type buckling may also occur for a/b > 1, see Figure 4.3 c).

a) column-like behaviour b) column-like behaviour of an
of plates without unstiffened plate with a small
longitudinal supports aspect ratio &

c¢) column-like behaviour of a longitudinally
stiffened plate with a large aspect ratio &

Figure 4.3: Column-like behaviour

16
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Table 4.1: Internal compression elements

Stress distribution (compression positive) Effective® width b
=1:
o [T [QITTALL =
ba ) ) obe bex=p b
b
bel = 075 beff beZ = 0a5 beff
o 11— e
Oz _
bet |, L be bar=p b
A B A 2
bel = bgﬂ beZ = beff - bel
S5-y
¥ be o w<0:
o —
&WI‘\T\W o, beg=pb.=p bl (1-y)
. =)
b ) ba=04by  ba=06bu
W = 0oloy 1 1>y>0 0 0>y>-1 -1 -1>y>-3
Buckling factor k| 4,0 | 82/(1,05+y) | 7,81 7,81-629p+9,78y" | 239 | 5981 -y)
Table 4.2: Outstand compression elements
Stress distribution (compression positive) Effective® width b,
[ et 1>y>0:
oy
% byr=pc
¢ L
by ‘ be 1l v< 0:
W ’
beit=pb.=pc/(1-y)
% W b
, eff ,
W = 0)/0; 1 0 -1 1>y>-3
Buckling factor k, 0,43 0,57 0,85 0,57 - 0,21y + 0,07y
1 betr
eft 1>w>0:
o]
% ber=p c
c L
et w<0:
g
] o, ber=p b =p c/(1-y)
b | b
v =aoylo; 1 1>y>0 0 0>y>-1 -1
Buckling factor k, 0,43 0,578 / (w + 0,34) 1,70 1,7 -5y + 17,1y” 23,8
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4.5 Stiffened plate elements with longitudinal stiffeners

451 General

(1)  For plates with longitudinal stiffeners the effective” areas from local buckling of the various subpanels
between the stiffeners and the effective’ areas from the global buckling of the stiffened panel should be
accounted for.

(2)  The effective® section area of each subpanel should be determined by a reduction factor in accordance
with 4.4 to account for local plate buckling. The stiffened plate with effective® section areas for the stiffeners
should be checked for global plate buckling (by modelling it as an equivalent orthotropic plate) and a
reduction factor p should be determined for overall plate buckling.

(3)  The effective’ area of the compression zone of the stiffened plate should be taken as:

Ac,eﬁ' = pc Ac,eﬁ' Joc + z bedge,qﬁt (45)

where A .ft10c 1S the effective’ section areas of all the stiffeners and subpanels that are fully or partially in the
compression zone except the effective parts supported by an adjacent plate element with the width begge e,
see example in Figure 4.4.

(4)  The area Acf1oc Should be obtained from:

Ac,eﬂ,loc = Ax/,,eﬂ + zploc bc,loc ! (46)

where z applies to the part of the stiffened panel width that is in compression except the parts begge e,
-

see Figure 4.4;

Agerr 18 the sum of the effective’ sections according to 4.4 of all longitudinal stiffeners with gross
area Ay located in the compression zone;

b.joc 1s the width of the compressed part of each subpanel;

Pe 1S the reduction factor from 4.4(2) for each subpanel.

b — bl pl Ac,eff,loc
1,edge ,eff

b 3,edge,eff

2

b1 bz b3

Figure 4.4: Stiffened plate under uniform compression

NOTE: For non-uniform compression see Figure A.1.
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(5) In determining the reduction factor p. for overall buckling, the reduction factor for column-type
buckling, which is more severe than the reduction factor than for plate buckling, should be considered.

(6) Interpolation should be carried out in accordance with 4.5.4(1) between the reduction factor p for plate
buckling and the reduction factor y. for column buckling to determine p. see 4.5.4.

(7)  The reduction of the compressed area Ao through p. may be taken as a uniform reduction across
the whole cross section.

(8)  If shear lag is relevant (see 3.3), the effective cross-sectional area A. ¢ of the compression zone of the
stiffened plate should then be taken as A

c

o accounting not only for local plate buckling effects but also for

shear lag effects.

(9)  The effective cross-sectional area of the tension zone of the stiffened plate should be taken as the gross
area of the tension zone reduced for shear lag if relevant, see 3.3.

(10) The effective section modulus W, should be taken as the second moment of area of the effective cross
section divided by the distance from its centroid to the mid depth of the flange plate.

4.5.2 Plate type behaviour

(1)  The relative plate slenderness A » of the equivalent plate is defined as:

71,, — /M 4.7)
Gcr,p

AC C
with 3, =—2=
i) AC
where A, is the gross area of the compression zone of the stiffened plate except the parts of subpanels

supported by an adjacent plate, see Figure 4.4 (to be multiplied by the shear lag factor if
shear lag is relevant, see 3.3);

Aceitioc 18 the effective area of the same part of the plate (including shear lag effect, if relevant) with
due allowance made for possible plate buckling of subpanels and/or stiffeners.

(2) The reduction factor p for the equivalent orthotropic plate is obtained from 4.4(2) provided A, is
calculated from equation (4.7).

NOTE: For calculation of ¢, see Annex A.

4.5.3 Column type buckling behaviour

(1)  The elastic critical column buckling stress o, of an unstiffened (see 4.4) or stiffened (see 4.5) plate
should be taken as the buckling stress with the supports along the longitudinal edges removed.

(2)  For an unstiffened plate the elastic critical column buckling stress o . may be obtained from
2 2
n°Et

o.. = 4.8
v = -

(3)  For a stiffened plate o, may be determined from the elastic critical column buckling stress &, of the
stiffener closest to the panel edge with the highest compressive stress as follows:

T°EI,,
c. ., = =

crsl (49)
" Ay, a’

19



© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

Li censed copy: UNI VERSI TY OF EDI NBURGH,

YYY
EN 1993-1-5: 2006 (E)

where [, is the second moment of area of the gross cross section of the stiffener and the adjacent parts

of the plate, relative to the out-of-plane bending of the plate;

A,,, is the gross cross-sectional area of the stiffener and the adjacent parts of the plate according to

Figure A.1.
NOTE: o, may be obtained from 0, . =0, b—‘ , where o, is related to the compressed edge of the
sl,1
plate, and , by, and b, are geometric values from the stress distribution used for the extrapolation, see Figure

Al

(4)  The relative column slenderness ZC is defined as follows:

Ao = L for unstiffened plates (4.10)
O-cr,c
Ae = /'BA’C /s for stiffened plates (4.11)
O-CI",C
. AS/, Leff
with S e = A— ;

sl,1

A, isdefined in 4.5.3(3);

Asuyeﬁ. is the effective cross-sectional area of the stiffener and the adjacent parts of the plate with

due allowance for plate buckling, see Figure A.1.

(5) The reduction factor y. should be obtained from 6.3.1.2 of EN 1993-1-1. For unstiffened plates
o = 0,21 corresponding to buckling curve a should be used. For stiffened plates its value should be increased
to:

0,09
ile

a,=a+ 4.12)

IsZ,l

with =
sl,1

e = max (ej, ey) is the largest distance from the respective centroids of the plating and the one-sided
stiffener (or of the centroids of either set of stiffeners when present on both sides) to the neutral
axis of the effective column, see Figure A.1;

o = 0,34 (curve b) for closed section stiffeners;

= 0,49 (curve c) for open section stiffeners.

4.5.4 Interaction between plate and column buckling

(1)  The final reduction factor p. should be obtained by interpolation between y. and p as follows:

p.=p-2.)E02-&)+x. (4.13)

o,
where £=—"2—1 but 0<E<1

cr,c

O 18 the elastic critical plate buckling stress, see Annex A.1(2);

O 1s the elastic critical column buckling stress according to 4.5.3(2) and (3), respectively;

20



© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

Li censed copy: UNI VERSI TY OF EDI NBURGH,

Y'Y
EN 1993-1-5: 2006 (E)

X is the reduction factor due to column buckling.

p s the reduction factor due to plate buckling, see 4.4(1).
4.6 Verification
(1)  Member verification for uniaxial bending should be performed as follows:

7, = Ny, + My, + Ny,
1 fy Aeﬁ' fy We.ff
Vvo Vvo

°y <10 (4.14)

where A is the effective cross-section area in accordance with 4.3(3);
en is the shift in the position of neutral axis, see 4.3(3);
Mgy s the design bending moment;
Ngq  is the design axial force;
W. is the effective elastic section modulus, see 4.3(4);

%o 1s the partial factor, see application parts EN 1993-2 to 6.

NOTE: For members subject to compression and biaxial bending the above equation (4.14) may be modified as

follows:
7= N, My,Ed + Ny e, + M, +Ng ey <10 4.15)
f y Aeﬁ‘ f y Wy,eﬁ‘ f y Wz,eﬁ‘
Vmo Vvo Vumo

My gq, M,gq  are the design bending moments with respect to y—y and z—z axes respectively;

eyN» €N are the eccentricities with respect to the neutral axis.
(2)  Action effects Mg4 and Ngq4 should include global second order effects where relevant.

(3)  The plate buckling verification of the panel should be carried out for the stress resultants at a distance
0,4a or 0,5b, whichever is the smallest, from the panel end where the stresses are the greater. In this case the
gross sectional resistance needs to be checked at the end of the panel.

5 Resistance to shear
5.1 Basis

(1)  This section gives rules for shear resistance of plates considering shear buckling at the ultimate limit
state where the following criteria are met:

a) the panels are rectangular within the angle limit stated in 2.3;
b) stiffeners, if any, are provided in the longitudinal or transverse direction or both;
¢) all holes and cut outs are small (see 2.3);

d) members are of uniform cross section.

72 31
(2) Plates with h,/t greater than — & for an unstiffened web, or — &£,/k, for a stiffened web, should be
n n

checked for resistance to shear buckling and should be provided with transverse stiffeners at the supports,

235

where € = .
f, |N/mm2 |
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NOTE 1: h, see Figure 5.1 and for k. see 5.3(3).

NOTE 2: The National Annex will define 7. The value 7 = 1,20 is recommended for steel grades up to and
including S460. For higher steel grades 7= 1,00 is recommended.

5.2 Design resistance

(1)  For unstiffened or stiffened webs the design resistance for shear should be taken as:

77 -fyw hw t

Vb,Rd = wa,Rd + be,Rd < \/—— 5.1
3%
in which the contribution from the web is given by:
zw f w hW t
Voot =— 1 — (5.2)
V3 7

and the contribution from the flanges Vi¢rq is according to 5.4.

(2)  Stiffeners should comply with the requirements in 9.3 and welds should fulfil the requirement given in
9.3.5.

A

! L !

Cross section notations a) No end post b) Rigid end post ¢) Non-rigid end post

Figure 5.1: End supports

5.3 Contribution from the web
(1)  For webs with transverse stiffeners at supports only and for webs with either intermediate transverse
stiffeners or longitudinal stiffeners or both, the factor y,, for the contribution of the web to the shear buckling

resistance should be obtained from Table 5.1 or Figure 5.2.

Table 5.1: Contribution from the web y,, to shear buckling resistance

Rigid end post Non-rigid end post
Aw<0,83/7 7 7
0,83/ < A, <1,08 0,83/ A, 0,83/ A,
A, >1,08 137/(0,7 + 2. 0.83/ A

NOTE: See 6.2.6 in EN 1993-1-1.
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(2)  Figure 5.1 shows various end supports for girders:
a) No end post, see 6.1 (2), type ¢);
b) Rigid end posts, see 9.3.1; this case is also applicable for panels at an intermediate support of a
continuous girder;
¢) Non rigid end posts see 9.3.2.
(3)  The slenderness parameter A in Table 5.1 and Figure 5.2 should be taken as:
(5.3)
where 7, =k, 0, (5.4)
NOTE 1: Values for o and k; may be taken from Annex A.
NOTE 2: The slenderness parameter 7Iw may be taken as follows:
a) transverse stiffeners at supports only:
- h
Aw=—2— (5.5)
86,41t ¢
b) transverse stiffeners at supports and intermediate transverse or longitudinal stiffeners or both:
- h
Aw=—"2— (5.6)
3741t ek,
in which k; is the minimum shear buckling coefficient for the web panel.
NOTE 3: Where non-rigid transverse stiffeners are also used in addition to rigid transverse stiffeners, k. is taken
as the minimum of the values from the web panels between any two transverse stiffeners (e.g. a, X hy, and a; X
hy,) and that between two rigid stiffeners containing non-rigid transverse stiffeners (e.g. a4 X hy,).
NOTE 4: Rigid boundaries may be assumed for panels bordered by flanges and rigid transverse stiffeners. The
web buckling analysis can then be based on the panels between two adjacent transverse stiffeners (e.g. a; X hy, in
Figure 5.3).
NOTE 5: For non-rigid transverse stiffeners the minimum value k; may be obtained from the buckling analysis
of the following:
1. acombination of two adjacent web panels with one flexible transverse stiffener
2. acombination of three adjacent web panels with two flexible transverse stiffeners
For procedure to determine k. see Annex A.3.
(4) The second moment of area of a longitudinal stiffener should be reduced to 1/3 of its actual value

when calculating k.. Formulae for &, taking this reduction into account in A.3 may be used.
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Figure 5.2: Shear buckling factor y,

(5) For webs with longitudinal stiffeners the slenderness parameter ZW in (3) should not be taken as less
than

z — hw[
T 3are k.

where hy; and k;; refer to the subpanel with the largest slenderness parameter 71w of all subpanels within the
web panel under consideration.

5.7

NOTE: To calculate k; the expression given in A.3 may be used with k., = 0.

3
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Figure 5.3: Web with transverse and longitudinal stiffeners

5.4 Contribution from flanges

(1)  When the flange resistance is not completely utilized in resisting the bending moment (Mggy < Mtrq)
the contribution from the flanges should be obtained as follows:

2

b t: f. M

be ol = for f)f 1- Ed (5.8)
o C Y Mf,Rd

brand t; are taken for the flange which provides the least axial resistance,

by being taken as not larger than 15¢t; on each side of the web,
M fk . . . .. .
M ; p, =— is the moment of resistance of the cross section consisting of the effective area of the
MO
flanges only,
1,6b,t7 f,

c=a [0,25 + #

thy f,,

(2)  When an axial force Ngq is present, the value of Mg should be reduced by multiplying it by the
following factor:

N
Ny (59)
(4 +45.) 7y

Ymo

where Af; and Ay, are the areas of the top and bottom flanges respectively.
5.5 Verification
(1)  The verification should be performed as follows:

s =VL"SL0 (5.10)

b,Rd

where Vg, is the design shear force including shear from torque.

6 Resistance to transverse forces
6.1 Basis

(1) The design resistance of the webs of rolled beams and welded girders should be determined in
accordance with 6.2, provided that the compression flange is adequately restrained in the lateral direction.

(2)  The load is applied as follows:
a) through the flange and resisted by shear forces in the web, see Figure 6.1 (a);
b) through one flange and transferred through the web directly to the other flange, see Figure 6.1 (b).

c) through one flange adjacent to an unstiffened end, see Figure 6.1 (c)
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(3)  For box girders with inclined webs the resistance of both the web and flange should be checked. The
internal forces to be taken into account are the components of the external load in the plane of the web and
flange respectively.

(4)  The interaction of the transverse force, bending moment and axial force should be verified using 7.2.

Type (a) Type (b) Type (¢)

A A i

g
w5 e 21 B

|
| a I VTA
2 2
kF:6+2(ﬂj kF=3,5+2(ﬂj kF:2+6(S°'+CJS6
a a h,

Figure 6.1: Buckling coefficients for different types of load application

6.2 Design resistance

(1)  For unstiffened or stiffened webs the design resistance to local buckling under transverse forces should
be taken as

(6.1)

where f, 1is the thickness of the web;
fyw 18 the yield strength of the web;

L. 1is the effective length for resistance to transverse forces, which should be determined from
Ly=xp 1, (6.2)
where /4, is the effective loaded length, see 6.5, appropriate to the length of stiff bearing s, see 6.3;
Xr 1s the reduction factor due to local buckling, see 6.4(1).
6.3 Length of stiff bearing

(1)  The length of stiff bearing s, on the flange should be taken as the distance over which the applied load
is effectively distributed at a slope of 1:1, see Figure 6.2. However, s, should not be taken as larger than 4.

(2)  If several concentrated forces are closely spaced, the resistance should be checked for each individual
force as well as for the total load with s, as the centre-to-centre distance between the outer loads.

S R A £ |
B G ;‘@ﬂ

Figure 6.2: Length of stiff bearing
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(3) If the bearing surface of the applied load rests at an angle to the flange surface, see Figure 6.2, s
should be taken as zero.

6.4 Reduction factor y: for effective length for resistance

(1)  The reduction factor & should be obtained from:

Xr= %5 <10 (6.3)
F
— et f..
where Ar = %fw (6.4)
t3
F, =09 keE» 6.5)

w

(2)  For webs without longitudinal stiffeners kr should be obtained from Figure 6.1.

NOTE: For webs with longitudinal stiffeners information may be given in the National Annex. The following
rules are recommended:

For webs with longitudinal stiffeners kr may be taken as

2
k,=6+2 [h—W} + [5,44ﬁ - 0,21} N 6.6)
a

a

where b is the depth of the loaded subpanel taken as the clear distance between the loaded flange and the

stiffener
I } b
=109 <13|-L | +210[03-2 .
7, i [@} [ a} ©67)

where I, is the second moment of area of the stiffener closest to the loaded flange including contributing parts

of the web according to Figure 9.1.

b b
Equation (6.6) is valid for 0,05 < - <0,3 and h—l < 0,3 and loading according to type a) in Figure 6.1.
a

(3) 4 should be obtained from 6.5.
6.5 Effective loaded length

(1)  The effective loaded length £, should be calculated as follows:

b
mlz—f i (6.8)
fywtw
2
—002| M| i 7r>05
iy =5 [, if Ar >0, (6.9)

m, =0 if Ar <05
For box girders, bt in equation (6.8) should be limited to 15&t; on each side of the web.
(2) For types a) and b) in Figure 6.1, £, should be obtained using:

t,o=s,+21, (1 +/m, +m, ) ,but £ < distance between adjacent transverse stiffeners (6.10)
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(3) For type c) €, should be taken as the smallest value obtained from the equations (6.11), (6.12) and
(6.13).

2
m 14
,=10,+t, 7%[—6] +m, (6.11)
I,
Lo=0, +1,/m +m, (6.12)
k.Et,
e:F—tW3ss+c (6.13)
2fywhw

6.6 Verification

(1)  The verification should be performed as follows:

FEd
=——<1,0 (6.14)
772 f w Leﬁ' tw

Vi

where Fgq s the design transverse force;
L. is the effective length for resistance to transverse forces, see 6.2(2);

tw is the thickness of the plate.

7 Interaction

7.1 Interaction between shear force, bending moment and axial force

(1) Provided that 7_]3 (see below) does not exceed 0,5 , the design resistance to bending moment and axial

force need not be reduced to allow for the shear force. If 53 is more than 0,5 the combined effects of

bending and shear in the web of an I or box girder should satisfy:

_ M _ M
771+[1— f”“‘](zm—l)zg,o forn, =Lk (7.1)

pl.Rd pl,Rd

where M;rq is the design plastic moment of resistance of the section consisting of the effective area of
the flanges;

Mrqa 1is the design plastic resistance of the cross section consisting of the effective area of the
flanges and the fully effective web irrespective of its section class.

- My
=
Mpl,Rd
7_7 _ VEd
3=
wa,Rd

In addition the requirements in sections 4.6 and 5.5 should be met.
Action effects should include global second order effects of members where relevant.

(2)  The criterion given in (1) should be verified at all sections other than those located at a distance less
than A,/2 from a support with vertical stiffeners.
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(3)  The plastic moment of resistance M;rq may be taken as the product of the yield strength, the effective
area of the flange with the smallest value of A/ and the distance between the centroids of the flanges.

(4) If an axial force Ngq is present, My rq and M;gq should be reduced in accordance with 6.2.9 of
EN 1993-1-1 and 5.4(2) respectively. When the axial force is so large that the whole web is in compression
7.1(5) should be applied.

(5) A flange in a box girder should be verified using 7.1(1) taking Mrq = O and g4 taken as the average
shear stress in the flange which should not be less than half the maximum shear stress in the flange and 77, is

taken as 77; according to 4.6(1). In addition the subpanels should be checked using the average shear stress
within the subpanel and y,, determined for shear buckling of the subpanel according to 5.3, assuming the
longitudinal stiffeners to be rigid.

7.2 Interaction between transverse force, bending moment and axial force

(1) If the girder is subjected to a concentrated transverse force acting on the compression flange in
conjunction with bending and axial force, the resistance should be verified using 4.6, 6.6 and the following
interaction expression:

n,+038n <14 (7.2)

(2)  If the concentrated load is acting on the tension flange the resistance should be verified according to
section 6. Additionally 6.2.1(5) of EN 1993-1-1 should be met.

8 Flange induced buckling

(1) To prevent the compression flange buckling in the plane of the web, the following criterion should be
met:

ho o EOJA 8.1)
b Jy VAe

where A, is the cross section area of the web;
Ay s the effective cross section area of the compression flange;
hy, is the depth of the web;
t,, 1s the thickness of the web.

The value of the factor k should be taken as follows:
- plastic rotation utilized k=03
- plastic moment resistance utilized k=0,4

- elastic moment resistance utilized k= 0,55

(2)  When the girder is curved in elevation, with the compression flange on the concave face, the following
criterion should be met:

L
hy fir VAg (8.2)
t, h E
1+#
3r f,vf

r is the radius of curvature of the compression flange.

NOTE: The National Annex may give further information on flange induced buckling.
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9 Stiffeners and detailing
9.1 General

(1)  This section gives design rules for stiffeners in plated structures which supplement the plate buckling
rules specified in sections 4 to 7.

NOTE: The National Annex may give further requirements on stiffeners for specific applications.
(2)  When checking the buckling resistance, the section of a stiffener may be taken as the gross area
comprising the stiffener plus a width of plate equal to 15¢f but not more than the actual dimension available,

on each side of the stiffener avoiding any overlap of contributing parts to adjacent stiffeners, see Figure 9.1.

(3) The axial force in a transverse stiffener should be taken as the sum of the force resulting from shear
(see 9.3.3(3)) and any external loads.

15¢ 15¢t 15¢t L, 15et

\AS §\AS
N

Figure 9.1: Effective cross-section of stiffener

9.2 Direct stresses
9.2.1 Minimum requirements for transverse stiffeners

(1) In order to provide a rigid support for a plate with or without longitudinal stiffeners, intermediate
transverse stiffeners should satisfy the criteria given below.

(2)  The transverse stiffener should be treated as a simply supported member subject to lateral loading with
an initial sinusoidal imperfection w, equal to s/300, where s is the smallest of ay, a, or b, see Figure 9.2 ,
where a; and a, are the lengths of the panels adjacent to the transverse stiffener under consideration and b is
the height between the centroids of the flanges or span of the transverse stiffener. Eccentricities should be
accounted for.

1

a4 a ‘ ‘ b ‘

1 Transverse stiffener

Figure 9.2: Transverse stiffener

(3)  The transverse stiffener should carry the deviation forces from the adjacent compressed panels under
the assumption that both adjacent transverse stiffeners are rigid and straight together with any external load
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and axial force according to the NOTE to 9.3.3(3). The compressed panels and the longitudinal stiffeners are
considered to be simply supported at the transverse stiffeners.

(4) It should be verified that using a second order elastic method analysis both the following criteria are
satisfied at the ultimate limit state:

- that the maximum stress in the stiffener should not exceed f/ 4.
- that the additional deflection should not exceed b/300.
(5) In the absence of an axial force in the transverse stiffener both the criteria in (4) above may be

assumed to be satisfied provided that the second moment of area I of the transverse stiffeners is not less
than:

4
L= (2] (1w, 204 .1
‘ E \rm b
o,
where o, Z#h(i+ij
o, , b \a a,
u_n'zEemax >10
-~ f,3006
Vi

emax 18 the maximum distance from the extreme fibre of the stiffener to the centroid of the stiffener;

Ngg is the maximum compressive force of the adjacent panels but not less than the maximum
compressive stress times half the effective’ compression area of the panel including stiffeners;

Ocrc » Ocrp are defined in 4.5.3 and Annex A.

NOTE: Where out of plane loading is applied to the transverse stiffeners reference should be made to
EN 1993-2 and EN 1993-1-7.

(6)  If the stiffener carries axial compression this should be increased by AN, = o, b/ 7* in order to

account for deviation forces. The criteria in (4) apply but AN need not be considered when calculating the
uniform stresses from axial load in the stiffener.

(7)  As a simplification the requirement of (4) may, in the absence of axial forces, be verified using a first
order elastic analysis taking account of the following additional equivalent uniformly distributed lateral load
q acting on the length b:

g= %am (w, +w,,) ©9.2)

where o, is defined in (5) above;
wo is defined in Figure 9.2;

we is the elastic deformation, that may be either determined iteratively or be taken as the maximum
additional deflection 5/300.

(8)  Unless a more advanced method of analysis is carried out in order to prevent torsional buckling of
stiffeners with open cross-sections, the following criterion should be satisfied:

Iy =53 L (9.3)
I E

p

where I, is the polar second moment of area of the stiffener alone around the edge fixed to the plate;

It is the St. Venant torsional constant for the stiffener alone.
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(9)  Where warping stiffness is considered stiffeners should either fulfil (8) or the criterion
O 2 0f, 9.4)
where o is the elastic critical stress for torsional buckling not considering rotational restraint from the

plate;

6 is a parameter to ensure class 3 behaviour.

NOTE: The parameter d may be given in the National Annex. The value €= 6 is recommended.

9.2.2 Minimum requirements for longitudinal stiffeners

(1) The requirements concerning torsional buckling in 9.2.1(8) and (9) also apply to longitudinal
stiffeners.

(2) Discontinuous longitudinal stiffeners that do not pass through openings made in the transverse
stiffeners or are not connected to either side of the transverse stiffeners should be:

- used only for webs (i.e. not allowed in flanges);

- neglected in global analysis;

- neglected in the calculation of stresses;

- considered in the calculation of the effective’ widths of web sub-panels;

- considered in the calculation of the elastic critical stresses.

(3)  Strength assessments for stiffeners should be performed according to 4.5.3 and 4.6.

9.2.3 Welded plates

(1)  Plates with changes in plate thickness should be welded adjacent to the transverse stiffener, see Figure
9.3. The effects of eccentricity need not be taken into account unless the distance to the stiffener from the
welded junction exceeds by/2 or 200 mm whichever is the smallest, where b, is the width of the plate
between longitudinal stiffeners.

1 =

\ . bo
<min (§ or 200 mm)

| L |

\ 5/ \

1 Transverse stiffener
2 Transverse weld

Figure 9.3: Welded plates
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9.2.4 Cut outs in stiffeners

(1)  The dimensions of cut outs in longitudinal stiffeners should be as shown in Figure 9.4.

>
(e e SRR ees

h

<48
| j<40mm [ /x\ {
/ \

Figure 9.4: Cut outs in longitudinal stiffeners

j imin

(2)  The length ¢ should not exceed:

(<6t . for flat stiffeners in compression
<8t for other stiffeners in compression
<15t for stiffeners without compression

where £, is the lesser of the plate thicknesses

x,Rd

(3) The limiting values ¢ in (2) for stiffeners in compression may be increased by when
x,Ed
Orpg SO, pe and £ <157 .
0, s 18 the compression stress at the location of the cut-out
(4) The dimensions of cut outs in transverse stiffeners should be as shown in Figure 9.5.
7777 T | . |
=
_——— - — —.. | l< 0,6h,
—

; h,

]

/ e

]

]

/

rovoless.s e x !
Figure 9.5: Cut outs in transverse stiffeners
(5) The gross web adjacent to the cut out should resist a shear force Vg4, where
1 y
Vg, Lo T 7 (9.5)
e ¥mo be

I.. 1s the second moment of area for the net section of the transverse stiffener;

e is the maximum distance from the underside of the flange plate to the neutral axis of net section,
see Figure 9.5;

bs is the length of the transverse stiffener between the flanges.
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9.3 Shear
9.3.1 Rigid end post

(1)  The rigid end post (see Figure 5.1) should act as a bearing stiffener resisting the reaction from the
support (see 9.4), and should be designed as a short beam resisting the longitudinal membrane stresses in the
plane of the web.

NOTE: For the effects of eccentricity due to movements of bearings, see EN 1993-2.

(2) A rigid end post should comprise of two double-sided transverse stiffeners that form the flanges of a
short beam of length A, see Figure 5.1 (b). The strip of web plate between the stiffeners forms the web of
the short beam. Alternatively, a rigid end post may be in the form of a rolled section, connected to the end of
the web plate as shown in Figure 9.6.

e

r
A

|

|

|

|

!

| r
hw | %

[ ;

|

|

|

|

i

1 Inserted section

Figure 9.6: Rolled section forming an end-post

(3)  Each double sided stiffener consisting of flats should have a cross sectional area of at least 4/1W1f2 /e,

where e is the centre to centre distance between the stiffeners and e > 0,1 4, see Figure 5.1 (b). Where a

w?
rolled section other than flats is used for the end-post its section modulus should be not less than 44, t* for

bending around a horizontal axis perpendicular to the web.

(4)  As an alternative the girder end may be provided with a single double-sided stiffener and a vertical
stiffener adjacent to the support so that the subpanel resists the maximum shear when designed with a non-
rigid end post.

9.3.2 Stiffeners acting as non-rigid end post

(1) A non-rigid end post may be a single double sided stiffener as shown in Figure 5.1 (c). It may act as a
bearing stiffener resisting the reaction at the girder support (see 9.4).

9.3.3 Intermediate transverse stiffeners

(1) Intermediate stiffeners that act as rigid supports to interior panels of the web should be designed for
strength and stiffness.

(2) When flexible intermediate transverse stiffeners are used, their stiffness should be considered in the
calculation of k; in 5.3(5).
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(3) The effective section of intermediate stiffeners acting as rigid supports for web panels should have a
minimum second moment of area I:

if alh,<2: I,215h 1 /d®

st —

9.6)
if alh,>2: 1,2075h, 1

NOTE: Intermediate rigid stiffeners may be designed for an axial force equal to
1 _ . .
Vg == foht! V3 Vy1) | according to 9.2.1(3). In the case of variable shear forces the check is

performed for the shear force at the distance 0,54, from the edge of the panel with the largest shear force.
9.3.4 Longitudinal stiffeners

(1)  If longitudinal stiffeners are taken into account in the stress analysis they should be checked for direct
stresses for the cross sectional resistance.

9.3.5 Welds

(1)  The web to flange welds may be designed for the nominal shear flow V, /h  if Vg does not exceed

X fywhwt/ (\/g V1 ) For larger values Vg4 the weld between flanges and webs should be designed for the
shear flow 77 fywt/(\/g 7/M1).

(2) In all other cases welds should be designed to transfer forces along and across welds making up
sections taking into account analysis method (elastic/plastic) and second order effects.

9.4 Transverse loads
(1)  If the design resistance of an unstiffened web is insufficient, transverse stiffeners should be provided.

(2)  The out-of-plane buckling resistance of the transverse stiffener under transverse loads and shear force
(see 9.3.3(3)) should be determined from 6.3.3 or 6.3.4 of EN 1993-1-1, using buckling curve c¢. When both
ends are assumed to be fixed laterally a buckling length ¢ of not less than 0,754, should be used. A larger
value of ¢ should be used for conditions that provide less end restraint. If the stiffeners have cut outs at the
loaded end, the cross sectional resistance should be checked at this end.

(3)  Where single sided or other asymmetric stiffeners are used, the resulting eccentricity should be
allowed for using 6.3.3 or 6.3.4 of EN 1993-1-1. If the stiffeners are assumed to provide lateral restraint to
the compression flange they should comply with the stiffness and strength criteria in the design for lateral
torsional buckling.
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10 Reduced stress method

(1)  The reduced stress method may be used to determine the stress limits for stiffened or unstiffened
plates.

NOTE 1: This method is an alternative to the effective width method specified in section 4 to 7 in respect of the
following:

- Oxgd» 0,4 and 7 are considered as acting together

- the stress limits of the weakest part of the cross section may govern the resistance of the full cross section.

NOTE 2: The stress limits may also be used to determine equivalent effective areas. The National Annex may
give limits of application for the methods.

(2)  For unstiffened or stiffened panels subjected to combined stresses Oxgq , Gy rq and g class 3 section
properties may be assumed, where
Pa,
Ik > (10.1)
Vi

where ¢« 1s the minimum load amplifier for the design loads to reach the characteristic value of
resistance of the most critical point of the plate, see (4);

P is the reduction factor depending on the plate slenderness A, to take account of plate
buckling, see (5);

%1 is the partial factor applied to this method.

(3)  The plate slenderness 2 » should be taken from

— (04
A, = |4k (10.2)
o

where ¢, is the minimum load amplifier for the design loads to reach the elastic critical load of the plate
under the complete stress field, see (6)

NOTE 1: For calculating ¢, for the complete stress field, the stiffened plate may be modelled using the rules in
section 4 and 5 without reduction of the second moment of area of longitudinal stiffeners as specified in 5.3(4).

NOTE 2: When ¢, cannot be determined for the panel and its subpanels as a whole, separate checks for the
subpanel and the full panel may be applied.

(4) Indetermining o4 the yield criterion may be used for resistance:
2 2 2

1 o o o, o T
_ Ed || T | Ed SEd | 3 TEd (10.3)

2
X\ Sy [ L N !
where 0, g4, O, s and 74 are the components of the stress field in the ultimate limit state.

NOTE: By using the equation (10.3) it is assumed that the resistance is reached when yielding occurs without
plate buckling.
(5) The reduction factor p may be determined using either of the following methods:
a) the minimum value of the following reduction factors:
px  for longitudinal stresses from 4.5.4(1) taking into account column-like behaviour where relevant;
p, for transverse stresses from 4.5.4(1) taking into account column-like behaviour where relevant;

X~ for shear stresses from 5.2(1);
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each calculated for the slenderness A » according to equation (10.2).

NOTE: This method leads to the verification formula:
2 2 2

O,k Ok | Ouma Ok + Tra < p? (10.4)
Y oV 507 N\ Y 5

NOTE: For determining p, for transverse stresses the rules in section 4 for direct stresses oy should be applied
to o, in the z-direction. For consistency section 6 should not be applied.

b) a value interpolated between the values of p,, p, and %, as determined in a) by using the formula for G
as interpolation function

NOTE: This method leads to the verification format:
2 2 2

Gx,Ed + O-Z,Ed _ Gx,Ed O-Z,Ed + 3 TEd Sl
pry/yMl Ioz.fy/7/M1 on.fy/}/Ml pzfy/yMl Zw-fylyMl

(10.5)

NOTE 1: Since verification formulae (10.3), (10.4) and (10.5) include an interaction between shear force,
bending moment, axial force and transverse force, section 7 should not be applied.

NOTE 2: The National Annex may give further information on the use of equations (10.4) and (10.5). In case
of panels with tension and compression it is recommended to apply equations (10.4) and (10.5) only for the
compressive parts.

(6) Where a, values for the complete stress field are not available and only ¢,; values for the various

components of the stress field oxgq , 0, ¢ and 74 can be used, the ¢, value may be determined from:
1/2

2
1 1+ 1+ 1+ 1+ 1- 1- 1
— l//x + Wz + l/jx + Wz + l/zjx + lzﬂz + > (106)
acr 4 acr,x 4 aCV,Z 4 acr,x 4 acr,z 2 acr,x 2 aCV,Z acr,f
O .
where a, . = i
Gx,Ed
GCV,Z
aL'V,Z =
O-z,Ed
TCI T
aL'V,T =
z.z',Ed

and Gi.x, Ouzs T Wi and ¥, are determined from sections 4 to 6.

(7)  Stiffeners and detailing of plate panels should be designed according to section 9.
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Annex A [informative] — Calculation of critical stresses for stiffened
plates

A.1  Equivalent orthotropic plate
(1) Plates with at least three longitudinal stiffeners may be treated as equivalent orthotropic plates.

(2)  The elastic critical plate buckling stress of the equivalent orthotropic plate may be taken as:

C.p=ky, Oy (A.1)
rEr tY
where o, = 1 =190000| — in [MPa]
12(1-v?)b b

ks, 1s the buckling coefficient according to orthotropic plate theory with the stiffeners smeared over
the plate;

b  is defined in Figure A.1;
t s the thickness of the plate.

NOTE 1: The buckling coefficient k;, is obtained either from appropriate charts for smeared stiffeners or
relevant computer simulations; alternatively charts for discretely located stiffeners may be used provided local
buckling in the subpanels can be ignored and treated separately.

NOTE 2: o, is the elastic critical plate buckling stress at the edge of the panel where the maximum
compression stress occurs, see Figure A.1.

NOTE 3: Where a web is of concern, the width b in equations (A.1) and (A.2) should be replaced by h,,.

NOTE 4: For stiffened plates with at least three equally spaced longitudinal stiffeners the plate buckling
coefficient kg, (global buckling of the stiffened panel) may be approximated by:

2((1+a2)2 + ;/—1)
ALy s asily (A2)
4(1+\/;)

ey S

with: w=22>05

where: [ 1s the second moment of area of the whole stiffened plate;
bt bt
12(1-2%) 10,92°

YA, isthe sum of the gross areas of the individual longitudinal stiffeners;

I, is the second moment of area for bending of the plate =

A, is the gross area of the plate = bt ;

o, is the larger edge stress;

o, is the smaller edge stress;
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a, band t are as defined in Figure A.1.

crp

N\

< —

crsl c

bs\,1

S\

EN 1993-1-5: 2006 (E)

1 centroid of stiffeners
7 2 centroid of columns =
stiffeners + accompanying
plating
3 subpanel
4 stiffener
5 plate thickness t

e =max (e, e;)

width for eross width for effective
areag area according to condition for y;
Table 4.1
3 - l// 3 - l// Gcr,s s
b1 ing 5 : b, : bl,eﬂ v, = >0
- WI 5 - Wl ac'r,p
2 2 o,
b b, bz,eﬂ v, = >0
b 5 - l//2 5 - WZ O-cr,sl,l
3- v, 3- v,
b jn bz bZ,eﬁ‘ v, >0
e 5-v, S-y, ’
O,
b3 sup 0.4 bsc 0.4 bscerr y,=—<0
o,

Figure A.1:

Notations for longitudinally stiffened plates
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A.2 Critical plate buckling stress for plates with one or two stiffeners in the
compression zone

A.2.1 General procedure

(1)  If the stiffened plate has only one longitudinal stiffener in the compression zone the procedure in A.1
may be simplified by a fictitious isolated strut supported on an elastic foundation reflecting the plate effect in
the direction perpendicular to this strut. The elastic critical stress of the strut may be obtained from A.2.2.

(2)  For calculation of A, and I, the gross cross-section of the column should be taken as the gross

area of the stiffener and adjacent parts of the plate described as follows. If the subpanel is fully in
compression, a portion (3—1/)/ (5—1/) of its width b, should be taken at the edge of the panel and

2/ (5 - l//) at the edge with the highest stress. If the stress changes from compression to tension within the

subpanel, a portion 0,4 of the width b, of the compressed part of this subpanel should be taken as part of the
column, see Figure A.2 and also Table 4.1. s the stress ratio relative to the subpanel in consideration.

(3)  The effective” cross-sectional area A,, ; of the column should be taken as the effective” cross-section

of the stiffener and the adjacent effective® parts of the plate, see Figure A.1. The slenderness of the plate
elements in the column may be determined according to 4.4(4), with oo, gq calculated for the gross cross-
section of the plate.

4) If pfy/ hai,with p. determined according to 4.5.4(1), is greater than the average stress in the column
Ocom.ea NO further reduction of the effective’ area of the column should be made. Otherwise the effective area
in (4.6) should be modified as follows:
pC f AS N
Ac,ejf,loc = : o (A3)

O-mm,Ed }/M 1

(5) The reduction mentioned in A.2.1(4) should be applied only to the area of the column. No reduction
need be applied to other compressed parts of the plate, except for checking buckling of subpanels.

(6) As an alternative to using an effective® area according to A.2.1(4), the resistance of the column may be
determined from A.2.1(5) to (7) and checked to ensure that it exceeds the average stress g.om kg

NOTE: The method outlined in (6) may be used in the case of multiple stiffeners in which the restraining effect
from the plate is neglected, that is the fictitious column is considered free to buckle out of the plane of the web.

——— At
o)
4— | -(S_W)b
ESSSSTY ——(5'% !
be 5
a S 0,4 b,
N ‘t_ % L
I
a. b. C.
Figure A.2: Notations for a web plate with single stiffener in the compression
zone

(7) If the stiffened plate has two longitudinal stiffeners in the compression zone, the one stiffener
procedure described in A.2.1(1) may be applied, see Figure A.3. First, it is assumed that one of the stiffeners

40



© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

Li censed copy: UNI VERSI TY OF EDI NBURGH,

yoY
EN 1993-1-5: 2006 (E)

buckles while the other one acts as a rigid support. Buckling of both the stiffeners simultaneously is
accounted for by considering a single lumped stiffener that is substituted for both individual ones such that:

a) its cross-sectional area and its second moment of area I are respectively the sum of that for the individual
stiffeners

b) it is positioned at the location of the resultant of the respective forces in the individual stiffeners

For each of these situations illustrated in Figure A.3 a relevant value of o, is computed, see A.2.2(1), with
b,=b, and b, =b; and B" =b, +b, , see Figure A.3.

T A T “T A~ A
/ (B<1 I’I b*1
Y S - A (+x
\ B2 ! /D \
1 . 1KY S \ g
\ Bk \ Hb
\
\‘ [jkz ‘\
\
\ \
. —de —t Y Y
Stiffener I Stiffener 11 Lumped stiffener
Cross-sectional area Ay Ay A, +A
Second moment of area I, Ly, l,,+1,,

Figure A.3: Notations for plate with two stiffeners in the compression zone

A.2.2 Simplified model using a column restrained by the plate

(1) In the case of a stiffened plate with one longitudinal stiffener located in the compression zone, the
elastic critical buckling stress of the stiffener can be calculated as follows ignoring stiffeners in the tension

Zone:
105 E 1, £ h
O-L'r,s( = \/T l‘f az a"
Asﬁ,l bl b2
o _7[2EIS/;,1+ Et3ba2
er.st Ay, a’ 4 71 (1 — VZ)ASU b12 b22

(A.4)

if a<a,

[, b>b;
with  a, =4,334 %
P

where A, is the gross area of the column obtained from A.2.1(2)

I,,, is the second moment of area of the gross cross-section of the column defined in A.2.1(2)
about an axis through its centroid and parallel to the plane of the plate;

by, b, are the distances from the longitudinal edges of the web to the stiffener (b,+b, = b).
NOTE: For determining o . see NOTE to 4.5.3(3).

(2) In the case of a stiffened plate with two longitudinal stiffeners located in the compression zone the
elastic critical plate buckling stress should be taken as the lowest of those computed for the three cases using
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equation (A.4) with b, =b; , b, =b, and b = B" . The stiffeners in the tension zone should be ignored in the

calculation.

A.3 Shear buckling coefficients

(1)  For plates with rigid transverse stiffeners and without longitudinal stiffeners or with more than two
longitudinal stiffeners, the shear buckling coefficient &, can be obtained as follows:

k,=534+4,00(h,/a) +k, whenalh,>1
k. =4,00+534(h,/a) +k, whenalh, <1

but not less than 2 3 f 2—“
t w

a is the distance between transverse stiffeners (see Figure 5.3);

(A.5)

where k_,

I, is the second moment of area of the longitudinal stiffener about the z—z axis, see Figure 5.3 (b).

For webs with two or more longitudinal stiffeners, not necessarily equally spaced, I, is the
sum of the stiffness of the individual stiffeners.

NOTE: No intermediate non-rigid transverse stiffeners are allowed for in equation (A.5).

(2)  The equation (A.5) also applies to plates with one or two longitudinal stiffeners, if the aspect ratio

a . . I . .
o = — satisfies & =3 . For plates with one or two longitudinal stiffeners and an aspect ratio & <3 the
w

shear buckling coefficient should be taken from:

634018

t°h 1
k. =41+ ——+272 st A.6
i o’ 3\/ th, (A.0)
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Annex B [informative] — Non-uniform members
B.1 General

(1)  The rules in section 10 are applicable to webs of members with non parallel flanges as in haunched
beams and to webs with regular or irregular openings and non orthogonal stiffeners.

(2) o4 and o, may be obtained from FE-methods, see Annex C.

(3)  The reduction factors p, , p, and y, for A, may be obtained from the appropriate plate buckling
curves, see sections 4 and 5.
NOTE: The reduction factor p may be obtained as follows:

(B.1)

This procedure applies to px, o, and yy. The values of i po and @, are given in Table B.1. These

values have been calibrated against the plate buckling curves in sections 4 and 5 and give a direct
correlation to the equivalent geometric imperfection, by :

|- PAr
Y
e =a, (2, —/lpo)g% (B.2)
- r

Table B.1: Values for 1,, and a,

Product predominant buckling mode | &, Ao
direct stress for =0 0,70
hot rolled | direct stress for <0 0.13
shear 0,80
transverse stress
direct stress for =0 0,70
welded or | direct stress for < 0 0.34
cold formed |shear ’ 0,80
transverse stress
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B.2 Interaction of plate buckling and lateral torsional buckling

(1)  The method given in B.1 may be extended to the verification of combined plate buckling and lateral
torsional buckling of members by calculating ¢, and & as follows:

O is the minimum load amplifier for the design loads to reach the characteristic value of resistance of the
most critical cross section, neglecting any plate buckling and lateral torsional buckling;

O, 1is the minimum load amplifier for the design loads to reach the elastic critical resistance of the member
including plate buckling and lateral torsional buckling modes.

(2) When ¢, contains lateral torsional buckling modes, the reduction factor p used should be the
minimum of the reduction factor according to B.1(3) and the y.r — value for lateral torsional buckling
according to 6.3.3 of EN 1993-1-1.
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Annex C [informative] — Finite Element Methods of analysis (FEM)
C.1 General

(1)  Annex C gives guidance on the use of FE-methods for ultimate limit state, serviceability limit state or
fatigue verifications of plated structures.

NOTE 1: For FE-calculation of shell structures see EN 1993-1-6.

NOTE 2: This guidance is intended for engineers who are experienced in the use of Finite Element methods.

(2) The choice of the FE-method depends on the problem to be analysed and based on the following
assumptions:

Table C.1: Assumptions for FE-methods

No Material Geometric Imperfections, Example of use
behaviour behaviour see section C.5
1 linear linear no elastic shear lag effect, elastic resistance
2 non linear linear no plastic resistance in ULS
3 linear non linear no critical plate buckling load
4 linear non linear yes elastic plate buckling resistance
5 non linear non linear yes elastic-plastic resistance in ULS
C.2 Use

(1) Inusing FEM for design special care should be taken to

- the modelling of the structural component and its boundary conditions;
- the choice of software and documentation;

- the use of imperfections;

- the modelling of material properties;

- the modelling of loads;

- the modelling of limit state criteria;

- the partial factors to be applied.

NOTE: The National Annex may define the conditions for the use of FEM analysis in design.

C.3 Modelling

(1) The choice of FE-models (shell models or volume models) and the size of mesh determine the
accuracy of results. For validation sensitivity checks with successive refinement may be carried out.

(2)  The FE-modelling may be carried out either for:
- the component as a whole or
- asubstructure as a part of the whole structure.
NOTE: An example for a component could be the web and/or the bottom plate of continuous box girders in the

region of an intermediate support where the bottom plate is in compression. An example for a substructure could
be a subpanel of a bottom plate subject to biaxial stresses.

(3)  The boundary conditions for supports, interfaces and applied loads should be chosen such that results
obtained are conservative.

45




© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

Li censed copy: UNI VERSI TY OF EDI NBURGH,

YOA
EN 1993-1-5: 2006 (E)

(4)  Geometric properties should be taken as nominal.
(5)  All imperfections should be based on the shapes and amplitudes as given in section C.5.

(6)  Material properties should conform to C.6(2).

C.4 Choice of software and documentation
(1)  The software should be suitable for the task and be proven reliable.
NOTE: Reliability can be proven by appropriate bench mark tests.

(2) The mesh size, loading, boundary conditions and other input data as well as the output should be
documented in a way that they can be reproduced by third parties.

C.5 Use of imperfections

(1)  Where imperfections need to be included in the FE-model these imperfections should include both
geometric and structural imperfections.

(2)  Unless a more refined analysis of the geometric imperfections and the structural imperfections is
carried out, equivalent geometric imperfections may be used.

NOTE 1: Geometric imperfections may be based on the shape of the critical plate buckling modes with
amplitudes given in the National Annex. 80 % of the geometric fabrication tolerances is recommended.

NOTE 2: Structural imperfections in terms of residual stresses may be represented by a stress pattern from the
fabrication process with amplitudes equivalent to the mean (expected) values.

(3)  The direction of the applied imperfection should be such that the lowest resistance is obtained.

(4)  For applying equivalent geometric imperfections Table C.2 and Figure C.1 may be used.

Table C.2: Equivalent geometric imperfections

Type of imperfection Component Shape Magnitude
global member with length / bow see EN 1993-1-1, Table 5.1
global longitudinal stiffener with length a bow min (a/400, b/400)
local panel or subpanel with short span a or b bl;ﬁl;g:g min (a/200, b/200)
local stiffener or flange subject to twist bow twist 1/50
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Type of
imperfection

Component

global
member with
length £

global
longitudinal
stiffener with
length a

local panel or
subpanel

local stiffener
or flange
subject to
twist

Figure C.1: Modelling of equivalent geometric imperfections
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(5) In combining imperfections a leading imperfection should be chosen and the accompanying
imperfections may have their values reduced to 70%.

NOTE 1: Any type of imperfection should be taken as the leading imperfection and the others may be taken as
the accompanying imperfections.

NOTE 2: Equivalent geometric imperfections may be substituted by the appropriate fictitious forces acting on
the member.

C.6 Material properties
(1)  Material properties should be taken as characteristic values.

(2) Depending on the accuracy and the allowable strain required for the analysis the following
assumptions for the material behaviour may be used, see Figure C.2:

a) elastic-plastic without strain hardening;

b) elastic-plastic with a nominal plateau slope;

c) elastic-plastic with linear strain hardening;

d) true stress-strain curve modified from the test results as follows:

o, =c(l+e)

true

e, =in(l+e)

true

(C.1)

Model
OA OA
fy" fy_' 1
with
yielding
plateau a) b)
tan(E) tan(E)
> >
€ €
1 tan(E/10000)
(or similarly small value)
OA
T tan'(E/100
with
strain- C)
hardening y
tan'(E) .
€

1 true stress-strain curve
2 stress-strain curve from tests

Figure C.2: Modelling of material behaviour
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NOTE: For the elastic modulus E the nominal value is relevant.

Loads

The loads applied to the structures should include relevant load factors and load combination factors.

For simplicity a single load multiplier & may be used.

C.8
6]

Limit state criteria

The ultimate limit state criteria should be used as follows:

1. for structures susceptible to buckling:

attainment of the maximum load.

2. for regions subjected to tensile stresses:

attainment of a limiting value of the principal membrane strain.

C.9

ey

NOTE 1: The National Annex may specify the limiting of principal strain. A value of 5% is
recommended.

NOTE 2: Other criteria may be used, e.g. attainment of the yielding criterion or limitation of the
yielding zone.

Partial factors

The load magnification factor ¢, to the ultimate limit state should be sufficient to achieve the required

reliability.

2

3)

The magnification factor ¢, should consist of two factors as follows:

1. ¢ to cover the model uncertainty of the FE-modelling used. It should be obtained from evaluations
of test calibrations, see Annex D to EN 1990;

2. o, to cover the scatter of the loading and resistance models. It may be taken as yy if instability
governs and yy, if fracture governs.

It should be verified that:

a,> o 0 (C.2)

NOTE: The National Annex may give information on py; and yy,. The use of yy; and yy, as specified in the
relevant parts of EN 1993 is recommended.
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Annex D [informative] — Plate girders with corrugated webs

D.1 General

(1)  Annex D covers design rules for I-girders with trapezoidal or sinusoidal corrugated webs, see Figure
D.1.

S -
X
x
=
z
0o>30°
/ [4

[a: 4, '\"( /. A — . - *...f E A

;

Figure D.1: Geometric notations

D.2 Ultimate limit state
D.2.1 Moment of resistance

(1)  The moment of resistance M4 due to bending should be taken as the minimum of the following:

. bytyf s, [h +t1+t2j_blt1fy,, [h +t1+t2j.bltl . (h +t1+t2j O
Rd — w 4 W ) W .
7MO 2 7M0 2 7/M1 2
tension flange compression flange compression flange

where fi . is the value of yield stress reduced due to transverse moments in the flanges

fyf,r =/ yff T

fr=1-04

o(M,) is the stress due to the transverse moment in the flange

4 is the reduction factor for out of plane buckling according to 6.3 of EN 1993-1-1
NOTE 1: The transverse moment M, results from the shear flow in flanges as indicated in Figure D.2.
NOTE 2: For sinusoidally corrugated webs fr is 1,0.
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w

T1 {x)
| —— ' Tz(x, .Tz(X)

-

4

|1 (x )
K, i) K, (x)
{ <A ro
' |
Figure D.2: Transverse actions due to shear flow introduction into the flange

(2)  The effective® area of the compression flange should be determined from 4.4(1) using the larger value

of the slenderness parameter A » defined in 4.4(2). The buckling factor ks should be taken as the larger of:

b
a) k, =0,43+ (—j (D.2)
a
where b is the maximum width of the outstand from the toe of the weld to the free edge
a=a,+2a,
b) k, =0,60 (D.3)
where b= b
2

D.2.2 Shear resistance

(1)  The shear resistance V4 should be taken as:

S
Vs =X.———=ht, (D.4)
Rd Y \/g

where , is the lesser of the values of reduction factors for local buckling j, , and global buckling %, ,
obtained from (2) and (3)

(2)  The reduction factor g, , for local buckling should be calculated from:
L15

el = = < 1,0 (DS)
Aol = 09+ Aes
where Ae, = /s (D.6)
) Tcr,( \/g
; 2
7, =483 E{ } (D.7)
amax

amax Should be taken as the greater of a, and a,.
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NOTE: For sinusoidally corrugated webs the National Annex may give information on the calculation of 7 ,
and ¥, ,.

The use of the following equation is recommended:

2 r 2
.., =(534+ 438 )E—E[L
’ hyt, 120-v?)| s

where w is the length of one half wave, see Figure D.1,

s is the unfolded length of one half wave, see Figure D.1

(3)  The reduction factor ¥, for global buckling should be taken as

e =L_2 <1,0 (D.8)
0,5+ Ace
_ £
where A., = : D.9
8 TC,.’g\/E ( )
32,4 3
ers =T VDD (D.10)
D, - E t?v w
120-v2) s
D - ET,

w

I, second moment of area of one corrugation of length w, see Figure D.1
NOTE 1: s and I, are related to the actual shape of the corrugation.

NOTE 2: Equation (D.10) is valid for plates that are assumed to be hinged at the edges.
D.2.3 Requirements for end stiffeners

(1)  Bearing stiffeners should be designed according to section 9.
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Annex E [normative] — Alternative methods for determining effective
cross sections

E.1 Effective areas for stress levels below the yield strength

(1)  As an alternative to the method given in 4.4(2) the following formulae may be applied to determine
effective areas at stress levels lower than the yield strength:

a) for internal compression elements:
1-0,055(3+ )/ Ape Ap = A
= S V)l v +0,181—y(_p = ") but p< 1,0 (E.1)
lp,red lp - 0,6
b) for outstand compression elements:

_ 1—0,1_88/ﬂ/p,red + 0,18 (ﬂf_P - ﬂp,red) but 0 < 1’0 (E2)
p.red (Z’P - Y )

For notations see 4.4(2) and 4.4(4). For calculation of resistance to global buckling 4.4(5) applies.

E.2 Effective areas for stiffness

(1)  For the calculation of effective areas for stiffness the serviceability limit state slenderness A p .- may
be calculated from:

— o
JEd
ﬂ«p,ser q ) com ser

f,

where Oiompaser 18 defined as the maximum compressive stress (calculated on the basis of the effective cross
section) in the relevant element under loads at serviceability limit state.

(E.3)

(2) The second moment of area may be calculated by an interpolation of the gross cross section and the
effective cross section for the relevant load combination using the expression:
(Igr - Ieﬁ‘ (O-com,Ed,ser )) (E4)

O,.
g
Ief-f- —Igr -

com,Ed ,ser

where I,  isthe second moment of area of the gross cross section
O, is the maximum bending stress at serviceability limit states based on the gross cross section

Lot OcomEdser) 1S the second moment of area of the effective cross section with allowance for local
buckling according to E.1 calculated for the maximum stress GiomEdser = Oy Within the
span length considered.

(3) The effective second moment of area /.. may be taken as variable along the span according to the most
severe locations. Alternatively a uniform value may be used based on the maximum absolute sagging

moment under serviceability loading.

(4)  The calculations require iterations, but as a conservative approximation they may be carried out as a
single calculation at a stress level equal to or higher than Gom g4 ser-
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Foreword

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, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.

Background to the Eurocode programme

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

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 alternative 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 Steering 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 agreement1
between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to CEN
through a series of Mandates, in order to provide them with a future status of European Standard (EN). This
links de facto the Eurocodes with the provisions of all the Council’s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on construction products
- CPD - and Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and
equivalent EFTA Directives initiated in pursuit of setting up the internal market).

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

EN 1990 Eurocode 0: 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 structures

EN 1994 Eurocode 4: Design of composite steel and concrete structures
EN 1995 Eurocode 5: Design of timber structures

EN 1996 Eurocode 6: Design of masonry structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for earthquake resistance
EN 1999 Eurocode 9: Design of aluminium structures

! 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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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
following purposes :

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

— 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 Documents” referred to in Article 12 of the CPD, although they are of a different nature from
harmonized product standards®. 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 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 covered 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 CEN, which may be preceded by a National title page and National foreword, and
may be followed by a National annex.

The National annex 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 and/or classes where alternatives are given in the Eurocode,

values to be used where a symbol only is given in the Eurocode,

— country specific data (geographical, climatic, etc.), e.g. snow map,

— the procedure to be used where alternative procedures are given in the Eurocode.

It may contain

— decisions on the application of informative annexes,

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

Links between Eurocodes and harmonized technical specifications (ENs and ETAs) for
products

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for the
creation of the necessary links between the essential requirements and the mandates for harmonized ENs and ETAGS/ETAs.

According to Art. 12 of the CPD the interpretative documents shall :
a)  give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating classes or levels for each
requirement where necessary ;
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation and of proof,
technical rules for project design, etc. ;
c¢) serve as a reference for the establishment of harmonized standards and guidelines for European technical approvals.

The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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There is a need for consistency between the harmonized technical specifications for construction products
and the technical rules for works®. Furthermore, all the information accompanying the CE Marking of the
construction products which refer to Eurocodes should clearly mention which Nationally Determined
Parameters have been taken into account.

National annex for EN 1993-1-8

This standard gives alternative procedures, values and recommendations with notes indicating where national
choices may have to be made. The National Standard implementing EN 1993-1-8 should have a National
Annex containing all Nationally Determined Parameters for the design of steel structures to be constructed in
the relevant country.

National choice is allowed in EN 1993-1-8 through:

- 2.2(2)
- 1.2.6 (Group 6: Rivets)

_ - 3.1.1(3)
(cg - 3.4.2(1)
© - 5.2.1(2)
< - 6.2.7.2(9)
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4 see Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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1 Introduction

1.1 Scope

(1)  This part of EN 1993 gives design methods for the design of joints subject to predominantly static
loading using steel grades S235, S275, S355 and S460.

1.2 Normative references

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

1.2.1 Reference Standards, Group 1: Weldable structural steels

EN 10025-1:2004
EN 10025-2:2004

EN 10025-3:2004

EN 10025-4:2004

EN 10025-5:2004

EN 10025-6:2004

1.2.2 Reference

conditions

EN 10029:1991

EN 10034:1993
EN 10051:1991

EN 10055:1995

EN 10056-1:1995
EN 10056-2:1993

EN 10164:1993

Hot rolled products of structural steels. General technical delivery conditions

Hot rolled products of structural steels. Technical delivery conditions for non-alloy
structural steels

Hot rolled products of structural steels. Technical delivery conditions for
normalized/normalized rolled weldable fine grain structural steels

Hot rolled products of structural steels. Technical delivery conditions for
thermomechanical rolled weldable fine grain structural steels

Hot rolled products of structural steels. Technical delivery conditions for structural
steels with improved atmospheric corrosion resistance

Hot rolled products of structural steels. Technical delivery conditions for flat products
of high yield strength structural steels in quenched and tempered condition

Standards, Group 2: Tolerances, dimensions and technical delivery

Hot rolled steel plates 3 mm thick or above - Tolerances on dimensions, shape and
mass

Structural steel I- and H-sections - Tolerances on shape and dimensions

Continuously hot-rolled uncoated plate, sheet and strip of non-alloy and alloy steels -
Tolerances on dimensions and shape

Hot rolled steel equal flange tees with radiused root and toes - Dimensions and
tolerances on shape and dimensions

Structural steel equal and unequal leg angles - Part 1: Dimensions

Structural steel equal and unequal leg angles - Part 2: Tolerances on shape and
dimensions

Steel products with improved deformation properties perpendicular to the surface of
the product - Technical delivery conditions

1.2.3 Reference Standards, Group 3: Structural hollow sections

EN 10219-1:1997

Cold formed welded structural hollow sections of non-alloy and fine grain steels - Part
1: Technical delivery requirements
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Cold formed welded structural hollow sections of non-alloy and fine grain steels - Part
2: Tolerances, dimensions and sectional properties

Hot finished structural hollow sections of non-alloy and fine grain structural steels -
Part 1: Technical delivery requirements

Hot finished structural hollow sections of non-alloy and fine grain structural steels -
Part 2: Tolerances, dimensions and sectional properties

1.2.4 Reference Standards, Group 4: Bolts, nuts and washers

EN 14399-1:2002
EN 14399-2:2002
EN 14399-3:2002

EN 14399-4:2002

EN 14399-5:2002
EN 14399-6:2002

EN ISO 898-1:1999

EN 20898-2:1993

EN ISO 2320:1997

EN ISO 4014:2000
EN ISO 4016:2000
EN ISO 4017:2000
EN ISO 4018:2000
EN ISO 4032:2000
EN ISO 4033:2000
EN ISO 4034:2000
EN ISO 7040:1997

EN ISO 7042:1997
EN ISO 7719:1997
ISO 286- 2:1988

ISO 1891:1979

EN ISO 7089:2000
EN ISO 7090:2000
EN ISO 7091:2000
ENISO 10511:1997
EN ISO 10512:1997

ENISO 10513:1997

High strength structural bolting for preloading - Part 1 : General Requirements
High strength structural bolting for preloading - Part 2 : Suitability Test for preloading

High strength structural bolting for preloading - Part 3 : System HR -Hexagon bolt and
nut assemblies

High strength structural bolting for preloading - Part 4 : System HV -Hexagon bolt
and nut assemblies

High strength structural bolting for preloading - Part 5 : Plain washers for system HR

High strength structural bolting for preloading - Part 6 : Plain chamfered washers for
systems HR and HV

Mechanical properties of fasteners made of carbon steel and alloy steel - Part 1: Bolts,
screws and studs (ISO 898-1:1999)

Mechanical properties of fasteners - Part 2: Nuts with special proof load values -
Coarse thread (ISO 898-2:1992)

Prevailing torque type steel hexagon nuts - Mechanical and performance requirements
(ISO 2320:1997)

Hexagon head bolts - Product grades A and B (ISO 4014:1999)
Hexagon head bolts - Product grade C (ISO 4016:1999)
Hexagon head screws - Product grades A and B (ISO 4017:1999)
Hexagon head screws - Product grade C (ISO 4018:1999)
Hexagon nuts, style 1 - Product grades A and B (ISO 4032:1999)
Hexagon nuts, style 2 - Product grades A and B (ISO 4033:1999)
Hexagon nuts - Product grade C (ISO 4034:1999)

Prevailing torque hexagon nuts (with non-metallic insert), style 1 - Property classes 5,
8and 10

Prevailing torque all-metal hexagon nuts, style 2 - Property classes 5, 8, 10 and 12
Prevailing torque type all-metal hexagon nuts, style 1 - Property classes 5, 8 and 10

ISO system of limits and fits - Part 2: Tables of standard tolerance grades and limit
deviations for hole and shafts

Bolts, screws, nuts and accessories - Terminology and nomenclature - Trilingual
edition

Plain washers- Nominal series- Product grade A

Plain washers, chamfered - Normal series - Product grade A

Plain washers - Normal series - Product grade C

Prevailing torque type hexagon thin nuts (with non-metallic insert)

Prevailing torque type hexagon nuts thin nuts, style 1, with metric fine pitch thread -
Property classes 6, 8 and 10

Prevailing torque type all-metal hexagon nuts, style 2, with metric fine pitch thread -
Property classes 8, 10 and 12
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1.2.5 Reference Standards, Group 5: Welding consumable and welding

EN 12345:1998 Welding-Multilingual terms for welded joints with illustrations. September 1998.
EN ISO 14555:1998 Welding-Arc stud welding of metallic materials. May 1995

ENISO 13918:1998 Welding-Studs for arc stud welding-January 1997

EN 288-3:1992 Specification and approval of welding procedures for metallic materials. Part 3:
Welding procedure tests for arc welding of steels. 1992

EN ISO 5817:2003  Arc-welded joints in steel - Guidance for quality levels for imperfections

1.2.6 Reference Standards, Group 6: Rivets

NOTE: Information may be given in the National Annex.

1.2.7 Reference Standard, Group 7: Execution of steel structures

EN 1090-2 Requirements for the execution of steel structures

1.3 Distinction between Principles and Application Rules
(1)  The rules in EN 1990 clause 1.4 apply.
1.4 Terms and definitions

(1)  The following terms and definitions apply:

141
basic component (of a joint)
Part of a joint that makes a contribution to one or more of its structural properties.

14.2

connection

Location at which two or more elements meet. For design purposes it is the assembly of the basic
components required to represent the behaviour during the transfer of the relevant internal forces and
moments at the connection.

143
connected member
Any member that is joined to a supporting member or element.

1.4.4

joint

Zone where two or more members are interconnected. For design purposes it is the assembly of all the basic
components required to represent the behaviour during the transfer of the relevant internal forces and
moments between the connected members. A beam-to-column joint consists of a web panel and either one
connection (single sided joint configuration) or two connections (double sided joint configuration), see
Figure 1.1.

14.5

joint configuration

Type or layout of the joint or joints in a zone within which the axes of two or more inter-connected members
intersect, see Figure 1.2.

1.4.6
rotational capacity

10
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The angle through which the joint can rotate for a given resistance level without failing.

14.7
rotational stiffness
The moment required to produce unit rotation in a joint.

14.8

structural properties (of a joint)

Resistance to internal forces and moments in the connected members, rotational stiffness and rotation
capacity.

1.4.9
uniplanar joint
In a lattice structure a uniplanar joint connects members that are situated in a single plane.

1 % 2 1omV )
— 2 [ —
01 [
—
Joint = web panel in shear + connection Leftjoint = web panel in shear + left connection

Right joint=web panel in shear + right connection
a) Single-sided joint configuration b) Double-sided joint configuration

1 web panel in shear
2 connection
3 components (e.g. bolts, endplate)

Figure 1.1: Parts of a beam-to-column joint configuration

11
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1 3 3 1 Single-sided beam-to-column joint
configuration;
2 2 Double-sided beam-to-column
1k = Jjoint configuration;
.4 .
SHw 3 Beam splice;
.2 4 Column splice;

1.

5 Column base.

T
------------

a) Major-axis joint configurations

1T
M2 e Mp1,Eq % et % M2 Ed
junis

Double-sided beam-to-column Double-sided beam-to-beam
joint configuration joint configuration

b) Minor-axis joint configurations (to be used only for balanced moments Myt eq = Mo2,eq)

Figure 1.2: Joint configurations

12
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Symbols

The following symbols are used in this Standard:

is
is
is

is

is
is

is

is

is

is

is
is

is

is

is

is

is

is

is

the nominal bolt diameter, the diameter of the pin or the diameter of the fastener;
the hole diameter for a bolt, a rivet or a pin ;

the hole size for the tension face, generally the hole diameter, but for a slotted holes perpendicular
to the tension face the slot length should be used;

the hole size for the shear face, generally the hole diameter, but for slotted holes parallel to the
shear face the slot length should be used;

the clear depth of the column web;

the mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller;

the design value of the Hertz pressure;
the specified ultimate tensile strength of the rivet;

the end distance from the centre of a fastener hole to the adjacent end of any part, measured in the
direction of load transfer, see Figure 3.1;

the edge distance from the centre of a fastener hole to the adjacent edge of any part, measured at
right angles to the direction of load transfer, see Figure 3.1;

the distance from the axis of a slotted hole to the adjacent end or edge of any part, see Figure 3.1;

the distance from the centre of the end radius of a slotted hole to the adjacent end or edge of any
part, see Figure 3.1;

the effective length of fillet weld;
the number of the friction surfaces or the number of fastener holes on the shear face;
the spacing between centres of fasteners in a line in the direction of load transfer, see Figure 3.1;

the spacing between centres of fasteners in an outer line in the direction of load transfer, see
Figure 3.1;

the spacing between centres of fasteners in an inner line in the direction of load transfer, see
Figure 3.1;

the spacing measured perpendicular to the load transfer direction between adjacent lines of
fasteners, see Figure 3.1;

the bolt row number;

NOTE: In a bolted connection with more than one bolt-row in tension, the bolt-rows are numbered
starting from the bolt-row furthest from the centre of compression.

—
2]

is
is
is
is
is
is

is

is

the length of stiff bearing;

the thickness of the angle cleat;

the thickness of the column flange;

the thickness of the plate under the bolt or the nut;
the thickness of the web or bracket;

the thickness of the column web;

the gross cross-section area of bolt;

the area of the rivet hole;

the shear area of the column, see EN 1993-1-1;

the tensile stress area of the bolt or of the anchor bolt;

13
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A,cr 18 the effective shear area;

Bpra is  the design punching shear resistance of the bolt head and the nut
E is the elastic modulus;

F,ca 1s  the design preload force;

Figa 1s the design tensile force per bolt for the ultimate limit state;

Fira 1s the design tension resistance per bolt;

Frra is the tension resistance of an equivalent T-stub flange;

Fyra 1s  the design shear resistance per bolt;

Fora 1s  the design bearing resistance per bolt;

Firaseris  the design slip resistance per bolt at the serviceability limit state;
Fsra 1s the design slip resistance per bolt at the ultimate limit state;
Fyraseris  the design shear force per bolt for the serviceability limit state;

Fyra 1s  the design shear force per bolt for the ultimate limit state;

)

@ Mjra is  the design moment resistance of a joint;

© . . : -
S;  is the rotational stiffness of a joint;

C>):. Siimi 1s  the initial rotational stiffness of a joint;

8 Vuprais  the plastic shear resistance of a column web panel;

- z is  the lever arm;

(¢} . .

— p is  the slip factor;

© [0} is  the rotation of a joint.

S

—

g (2)  The following standard abbreviations for hollow sections are used in section 7:

8 CHS for “circular hollow section”;

) . S . .
RHS for “rectangular hollow section”, which in this context includes square hollow sections.

@ .

8 gap g overlap ratio A, = (q/p) x 100 %

N

~~

[ee]

o

~~

(o))

—

(a) Definition of gap (b) Definition of overlap

Figure 1.3: Gap and overlap joints

(3) The following symbols are used in section 7:
A4; is the cross-sectional area of member i (=0, 1, 2 or 3);
A, is the shear area of the chord;

Ayerr 1s  the effective shear area of the chord;

14
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bep 18
b, is
b, is
d; is
d, 1is
e is
1o is
_fyi iS
jfy() is
g is
hi is
k is
L is
p is
q is
r is
tr is
t is
t is
tw is
o is
gi is
K is
is
7] is

YA©O

EN 1993-1-8 : 2005 (E)

the system length of a member;

the design value of the resistance of the joint, expressed in terms of the in-plane internal moment
in member i (i=0, 1,2 or 3);

the design value of the in-plane internal moment in member i (i=0, 1, 2 or 3);

the design value of the resistance of the joint, expressed in terms of the out-of-plane internal
moment in member i (i=0, 1, 2 or 3);

the design value of the out-of-plane internal moment in member i (i=0, 1, 2 or 3);

the design value of the resistance of the joint, expressed in terms of the internal axial force in
member i (i=0, 1,2 or 3);

the design value of the internal axial force in member i (i=0, 1, 2 or 3);
the elastic section modulus of member i (=0, 1, 2 or 3);

the plastic section modulus of member i (i=0, 1, 2 or 3);

the overall out-of-plane width of RHS member i (i=0, 1, 2 or 3);

the effective width for a brace member to chord connection;

the effective width for an overlapping brace to overlapped brace connection;
the effective width for punching shear;

the width of a plate;

the effective width for the web of the chord,;

the overall diameter of CHS member i (i =0, 1, 2 or 3);

the depth of the web of an I or H section chord member;

the eccentricity of a joint;

the buckling strength of the chord side wall;

the yield strength of member i (i=0, 1, 2 or 3);

the yield strength of a chord member;

the gap between the brace members in a K or N joint (negative values of g represent an overlap
q); the gap g is measured along the length of the connecting face of the chord, between the toes
of the adjacent brace members, see Figure 1.3(a);

the overall in-plane depth of the cross-section of memberi (i=0, 1, 2 or 3);
a factor defined in the relevant table, with subscript g, m,n or p;
the buckling length of a member;

the length of the projected contact area of the overlapping brace member onto the face of the
chord, in the absence of the overlapped brace member, see Figure 1.3(b);

the length of overlap, measured at the face of the chord, between the brace members in a K or N
joint, see Figure 1.3(b);

the root radius of an I or H section or the corner radius of a rectangular hollow section;
the flange thickness of an I or H section;

the wall thickness of member i (i=0, 1, 2 or 3);

the thickness of a plate;

the web thickness of an I or H section;

a factor defined in the relevant table;

the included angle between brace member i and the chord (i =1, 2 or 3);

a factor defined where it occurs;

a factor defined in the relevant table;

the angle between the planes in a multiplanar joint.

15
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(4)  The integer subscripts used in section 7 are defined as follows:

i is

iandj are

an integer subscript used to designate a member of a joint, i =0 denoting a chord and i=1, 2 or
3 the brace members. In joints with two brace members, i = 1 normally denotes the
compression brace and i=2 the tension brace, see Figure 1.4(b). For a single brace i =1
whether it is subject to compression or tension, see Figure 1.4(a);

integer subscripts used in overlap type joints, i to denote the overlapping brace member and j to
denote the overlapped brace member, see Figure 1.4(c).

(5)  The stress ratios used in section 7 are defined as follows:

n is
np 1S
00,Ed is

Op.Ed is

the ratio (cogd/f50)/ Yms (used for RHS chords);
the ratio (cprd/fy0)/ Yms (used for CHS chords);
the maximum compressive stress in the chord at a joint;

the value of oprs excluding the stress due to the components parallel to the chord axis of the
axial forces in the braces at that joint, see Figure 1.4.

(6) The geometric ratios used in section 7 are defined as follows:

s is
B is
y is
n is
p is
Aoy 1S

the ratio of the mean diameter or width of the brace members, to that of the chord:
for T, Y and X joints:

d d, b
R s R
dy by, b
for K and N joints:
d +d, d +d, Orb] +b, +h +h,
2d, = 2b, 4 b,
for KT joints:
d +d, +d; d, +d, +d, or b +b, +b, +h +h, +h
3d, ’ 3 b, 6 b,

the ratio bi/b,;

the ratio of the chord width or diameter to twice its wall thickness:
d b b
o . 2o o 2o
21, 2t 2 t;

the ratio of the brace member depth to the chord diameter or width:

h, h

1

_Or_l

dO bO
the ratio Ai/by;
the overlap ratio, expressed as a percentage (Aoy = (q/p) X 100%) as shown in figure 1.3(b).

(7)  Other symbols are specified in appropriate clauses when they are used.

NOTE: Symbols for circular sections are given in Table 7.2.

16
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// -7
MoO,Ed T
toi\
- = |hy
NO,Ed Y

a) Joint with single brace member
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c) Overlap joint with two brace members

Figure 1.4: Dimensions and other parameters at a hollow section lattice girder
joint
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2 Basis of design
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Assumptions

The design methods given in this part of EN 1993 assume that the standard of construction is as
specified in the execution standards given in 1.2 and that the construction materials and products used
are those specified in EN 1993 or in the relevant material and product specifications.

General requirements

All joints shall have a design resistance such that the structure is capable of satisfying all the basic
design requirements given in this Standard and in EN 1993-1-1.

The partial safety factors yy; for joints are given in Table 2.1.

Table 2.1: Partial safety factors for joints

Resistance of members and cross-sections Mo > Ym1 and v see EN 1993-1-1

Resistance of bolts

Resistance of rivets

Resistance of pins M2

Resistance of welds

Resistance of plates in bearing

Slip resistance

- at ultimate limit state (Category C) M3

- at serviceability limit state (Category B) YM3.ser

Bearing resistance of an injection bolt M4

Resistance of joints in hollow section lattice girder YMs

Resistance of pins at serviceability limit state VM6,ser

Preload of high strength bolts M7

Resistance of concrete y. see EN 1992

NOTE: Numerical values for yy may be defined in the National Annex. Recommended values are as
follows: ym> = 1,25 5 vz = 1,25 and psser = 115 7ma = 1,05 s = 1,05 pmgser = 1,05y = L1

Joints subject to fatigue shall also satisfy the principles given in EN 1993-1-9.
Applied forces and moments

The forces and moments applied to joints at the ultimate limit state shall be determined according to
the principles in EN 1993-1-1.

Resistance of joints
The resistance of a joint should be determined on the basis of the resistances of its basic components.

Linear-elastic or elastic-plastic analysis may be used in the design of joints.
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Where fasteners with different stiffnesses are used to carry a shear load the fasteners with the highest
stiffness should be designed to carry the design load. An exception to this design method is given in
3.9.3.

Design assumptions

Joints shall be designed on the basis of a realistic assumption of the distribution of internal forces
and moments. The following assumptions shall be used to determine the distribution of forces:

(a) the internal forces and moments assumed in the analysis are in equilibrium with the forces and
moments applied to the joints,

(b)  each element in the joint is capable of resisting the internal forces and moments,

(c)  the deformations implied by this distribution do not exceed the deformation capacity of the
fasteners or welds and the connected parts,

(d) the assumed distribution of internal forces shall be realistic with regard to relative stiffnesses
within the joint,

(e) the deformations assumed in any design model based on elastic-plastic analysis are based on
rigid body rotations and/or in-plane deformations which are physically possible, and

(f)  any model used is in compliance with the evaluation of test results (see EN 1990).
The application rules given in this part satisfy 2.5(1).
Joints loaded in shear subject to impact, vibration and/or load reversal

Where a joint loaded in shear is subject to impact or significant vibration one of the following jointing
methods should be used:

- welding

- Dbolts with locking devices

- preloaded bolts

- injection bolts

- other types of bolt which effectively prevent movement of the connected parts

- rivets.

Where slip is not acceptable in a joint (because it is subject to reversal of shear load or for any other
reason), preloaded bolts in a Category B or C connection (see 3.4), fit bolts (see 3.6.1), rivets or
welding should be used.

For wind and/or stability bracings, bolts in Category A connections (see 3.4) may be used.
Eccentricity at intersections

Where there is eccentricity at intersections, the joints and members should be designed for the
resulting moments and forces, except in the case of particular types of structures where it has been
demonstrated that it is not necessary, see 5.1.5.

In the case of joints of angles or tees attached by either a single line of bolts or two lines of bolts any
possible eccentricity should be taken into account in accordance with 2.7(1). In-plane and out-of-plane
eccentricities should be determined by considering the relative positions of the centroidal axis of the
member and of the setting out line in the plane of the connection (see Figure 2.1). For a single angle in
tension connected by bolts on one leg the simplified design method given in 3.10.3 may be used.

NOTE: The effect of eccentricity on angles used as web members in compression is given in
EN 1993-1-1, Annex BB 1.2.
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1 Centroidal axes

2 Fasteners

3 Setting out lines

Figure 2.1: Setting out lines

3 Connections made with bolts, rivets or pins

3.1 Bolts, nuts and washers

3.1.1 General

(1)  All bolts, nuts and washers should comply with 1.2.4 Reference Standards: Group 4.

(2)  The rules in this Standard are valid for the bolt classes given in Table 3.1.

(3)  The yield strength f;, and the ultimate tensile strength f, for bolt classes 4.6, 4.8, 5.6, 5.8, 6.8, 8.8 and

10.9 are given in Table 3.1. These values should be adopted as characteristic values in design
calculations.

Table 3.1: Nominal values of the yield strength f;, and the ultimate tensile
strength £, for bolts

Bolt class 4.6 48 5.6 5.8 6.8 8.8 10.9
£ (N/mm?) 240 320 300 400 480 640 900
o (N/mm?) 400 400 500 500 600 800 1000

NOTE: The National Annex may exclude certain bolt classes.

3.1.2 Preloaded bolts

(1)  Only bolt assemblies of classes 8.8 and 10.9 conforming to the requirements given in 1.2.4 Reference
Standards: Group 4 for High Strength Structural Bolting for preloading with controlled tightening in
accordance with the requirements in 1.2.7 Reference Standards: Group 7 may be used as preloaded
bolts.

3.2 Rivets

(1)  The material properties, dimensions and tolerances of steel rivets should comply with the requirements
given in 1.2.6 Reference Standards: Group 6.

20



© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

Li censed copy: UNI VERSI TY OF EDI NBURGH,

3.3
(M

34
3.4.1

()

Y4

EN 1993-1-8 : 2005 (E)

Anchor bolts

The following materials may be used for anchor bolts:
- Steel grades conforming to 1.2.1 Reference Standards: Group 1;
- Steel grades conforming to 1.2.4 Reference Standards: Group 4;

- Steel grades used for reinforcing bars conforming to EN 10080;

provided that the nominal yield strength does not exceed 640 N/mm” when the anchor bolts are
required to act in shear and not more than 900 N/mm? otherwise.

Categories of bolted connections
Shear connections
Bolted connections loaded in shear should be designed as one of the following:

a) Category A: Bearing type

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading and
special provisions for contact surfaces are required. The design ultimate shear load should not exceed
the design shear resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and
3.7.

b) Category B: Slip-resistant at serviceability limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the serviceability limit state. The design serviceability shear load should not exceed the design slip
resistance, obtained from 3.9. The design ultimate shear load should not exceed the design shear
resistance, obtained from 3.6, nor the design bearing resistance, obtained from 3.6 and 3.7.

c) Category C: Slip-resistant at ultimate limit state

In this category preloaded bolts in accordance with 3.1.2(1) should be used. Slip should not occur at
the ultimate limit state. The design ultimate shear load should not exceed the design slip resistance,
obtained from 3.9, nor the design bearing resistance, obtained from 3.6 and 3.7. In addition for a
connection in tension, the design plastic resistance of the net cross-section at bolt holes Ny ra, (s€€ 6.2
of EN 1993-1-1), should be checked, at the ultimate limit state.

The design checks for these connections are summarized in Table 3.2.

3.4.2 Tension connections

(D

Bolted connection loaded in tension should be designed as one of the following:

a) Category D: non-preloaded

In this category bolts from class 4.6 up to and including class 10.9 should be used. No preloading is
required. This category should not be used where the connections are frequently subjected to
variations of tensile loading. However, they may be used in connections designed to resist normal
wind loads.

b) Category E: preloaded
In this category preloaded 8.8 and 10.9 bolts with controlled tightening in conformity with 1.2.7
Reference Standards: Group 7 should be used.

The design checks for these connections are summarized in Table 3.2.
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Table 3.2: Categories of bolted connections

Category Criteria Remarks
Shear connections

A Fupa < Fira No preloading required.

bearing type Fopa < Fora Bolt classes from 4.6 to 10.9 may be used.
<
B ?’Ed'“: ?’Rd’“r Preloaded 8.8 or 10.9 bolts should be used.
slip-resistant at serviceability vEd = vRd For slip resistance at serviceability see 3.9.
Fypa < Fora

Preloaded 8.8 or 10.9 bolts should be used.
For slip resistance at ultimate see 3.9.
Nietra see 3.4.1(1) c).

C Fipa < Fipa
. . . F. < F
slip-resistant at ultimate vEd bRd

Fv,Ed < Nnet,Rd

Tension connections

© BSI

No preloading required.

<
on rle?loa ded ?’Ed - ?’Rd Bolt classes from 4.6 to 10.9 may be used.
P tBd = p-Rd B, ra see Table 3.4.
E Figg < Firg Preloaded 8.8 or 10.9 bolts should be used.
preloaded Fipg < By ra By ra see Table 3.4.

The design tensile force F g4 should include any force due to prying action, see 3.11. Bolts subjected to
both shear force and tensile force should also satisfy the criteria given in Table 3.4.

NOTE: If preload is not explicitly used in the design calculations for slip resistances but is required
for execution purposes or as a quality measure (e.g. for durability) then the level of preload can be
specified in the National Annex.
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Positioning of holes for bolts and rivets

Minimum and maximum spacing and end and edge distances for bolts and rivets are given in Table
3.3.

Minimum and maximum spacing, end and edge distances for structures subjected to fatigue, see EN
1993-1-9.

Table 3.3: Minimum and maximum spacing, end and edge distances

Distances and Minimum Maximum"??
spacings, -
see Figure 3.1 Structures made from steels conformlng to Structures made from
EN 10025 except steels conforming to .
EN 10025-5 steels conforming to
EN 10025-5
Steel exposed to the | Steel not exposed to
Steel used
weather or other the weather or other
. A unprotected
corrosive influences | corrosive influences
End distance ¢; 1,2d, 4t + 40 mm ;grthzrlirzgserngi
Edge distance e, 1,2d, 4t + 40 mm gthsrlaizg;;?ni
Distance e; 4
in slotted holes 1.5do
Distance e, 4
in slotted holes 1.5dy
Spacin 294 The smaller of The smaller of The smaller of
pacing pi eto 14¢ or 200 mm 14¢ or 200 mm 144, or 175 mm
. The smaller of
Spacing P 14¢ or 200 mm
Spacin _ The smaller of
PACINE P, 28¢ or 400 mm
Spacin 5) 2 4d The smaller of The smaller of The smaller of
p gp2 o 14¢ or 200 mm 14¢ or 200 mm 14t or 175 mm

D

2)

3)
4)

5)

Maximum values for spacings, edge and end distances are unlimited, except in the following cases:

~ for compression members in order to avoid local buckling and to prevent corrosion in exposed
members and;

- for exposed tension members to prevent corrosion.

The local buckling resistance of the plate in compression between the fasteners should be calculated
according to EN 1993-1-1 using 0,6 p; as buckling length. Local buckling between the fasteners
need not to be checked if p)/t is smaller than 9 ¢ . The edge distance should not exceed the local
buckling requirements for an outstand element in the compression members, see EN 1993-1-1. The
end distance is not affected by this requirement.

t is the thickness of the thinner outer connected part.
The dimensional limits for slotted holes are given in 1.2.7 Reference Standards: Group 7.

For staggered rows of fasteners a minimum line spacing of p, = 1,2d, may be used, provided that the
minimum distance, L, between any two fasteners is greater or equal than 2,4d,, see Figure 3.1b).
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b, e L pp =124y
f L 2244,
— - _$ _45_ 52 .

-
+—p L . . W, .
p2 —— Ca/u D0 --0--D P2 et
ot 3

_?_?_EP o

Staggered Rows of fasteners

a) Symbols for spacing of fasteners b) Symbols for staggered spacing

+ | 1—{ -4 -4 -4
Pas 2 - - — -

pi1<14tand<200 mm p,<14tand<200mm  p;p<14tand <200 mm  p;; <28 tand <400 mm

1 outer row 2 inner row

¢) Staggered spacing in compression members d) Staggered spacing in tension members

0y 1
|
1

A D
[__. e

e) End and edge distances for slotted holes

Figure 3.1: Symbols for end and edge distances and spacing of fasteners

3.6 Design resistance of individual fasteners

3.6.1 Bolts and rivets
(1)  The design resistance for an individual fastener subjected to shear and/or tension is given in Table 3.4.

(2) For preloaded bolts in accordance with 3.1.2(1) the design preload, F},cq ,to be used in design
calculations should be taken as:

Foca=0,7 fun As / ym ..(3.D

NOTE: Where the preload is not used in design calculations see note to Table 3.2.

(3) The design resistances for tension and for shear through the threaded portion of a bolt given in Table
3.4 should only be used for bolts manufactured in conformity with 1.2.4 Reference Standard: Group 4.
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For bolts with cut threads, such as anchor bolts or tie rods fabricated from round steel bars where the
threads comply with EN 1090, the relevant values from Table 3.4 should be used. For bolts with cut
threads where the threads do not comply with EN 1090 the relevant values from Table 3.4 should be
multiplied by a factor of 0,85.

The design shear resistance F, rq given in Table 3.4 should only be used where the bolts are used in
holes with nominal clearances not exceeding those for normal holes as specified in 1.2.7 Reference
Standards: Group 7.

M12 and M14 bolts may also be used in 2 mm clearance holes provided that the design resistance of
the bolt group based on bearing is greater or equal to the design resistance of the bolt group based on
bolt shear. In addition for class 4.8, 5.8, 6.8, 8.8 and 10.9 bolts the design shear resistance F, gq should
be taken as 0,85 times the value given in Table 3.4.

Fit bolts should be designed using the method for bolts in normal holes.

The thread of a fit bolt should not be included in the shear plane.

The length of the threaded portion of a fit bolt included in the bearing length should not exceed 1/3 of
the thickness of the plate, see Figure 3.2.

The hole tolerance used for fit bolts should be in accordance with 1.2.7 Reference Standards: Group 7.

In single lap joints with only one bolt row, see Figure 3.3, the bolts should be provided with washers
under both the head and the nut. The design bearing resistance Fy rq for each bolt should be limited to:

Fora< LS fudt/ yma ..(3.2)

NOTE: Single rivets should not be used in single lap joints.

In the case of class 8.8 or 10.9 bolts, hardened washers should be used for single lap joints with only
one bolt or one row of bolts.

Where bolts or rivets transmitting load in shear and bearing pass through packing of total thickness 7,

greater than one-third of the nominal diameter d, see Figure 3.4, the design shear resistance F,rq
calculated as specified in Table 3.4, should be multiplying by a reduction factor S, given by:

9d
= — but f,<1 ...(3.3
Bo 8d +3t,; ut £, (3.3)

For double shear connections with packing on both sides of the splice, #, should be taken as the
thickness of the thicker packing.

Riveted connections should be designed to transfer shear forces. If tension is present the design tensile
force F g4 should not exceed the design tension resistance Fyrq given in Table 3.4.

For grade S 235 steel the "as driven" value of f,, may be taken as 400 N/mm?.

As a general rule, the grip length of a rivet should not exceed 4,5d for hammer riveting and 6,5d for
press riveting.
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Figure 3.2: Threaded portion of the shank in the bearing length for fit bolts

1 |
H [T ] |
li T 1

L [T :
T 1
|

Figure 3.3: Single lap joint with one row of bolts

Packing plates
I I : I I.L/ 1 .,tp
I —— et ——
+ 1+
+ 3+
+ E +
+ ¢+
| | i! 4 t

Figure 3.4: Fasteners through packings
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Table 3.4: Design resistance for individual fasteners subjected to shear and/or

tension
Failure mode Bolts Rivets
; a A 0,6 f,. A
S{lear resistance per shear Fora= — ub Fura= Jur Ay
plane Y m2 Y m2
- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt A4):
- for classes 4.6, 5.6 and 8.8:
o, = 0,6
- for classes 4.8, 5.8, 6.8 and 10.9:
o, = 0,5
- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): a, = 0,6
Bearing resistance 2" o= kia, f,dt
bRA=™ ——
Y m2
where oy is the smallest of oy ; & or 1,0;
in the direction of load transfer: ’
e 1
- for end bolts: ag= — ; for inner bolts: a4 = P2
0 3d, 4
perpendicular to the direction of load transfer:
e
- for edge bolts: ky is the smallest of 2,8d—2 —1,7 or2,5
0
- for inner bolts: ky is the smallest of 1,4 % —1,7 or2,5
0
Tension resistance ” _ ky fu A _06 7. 4
Ft,Rd Ft,Rd
Y m2 Y m2
where k> = 0,63 for countersunk bolt,
otherwise %, =0,9.
Punching shear resistance Byra = 0,6 wdm ty fu/ ym2 No check needed
Combined shear and h i <10
tension F o LAF ’

D The bearing resistance Fy rq for bolts

- 1in oversized holes is 0,8 times the bearing resistance for bolts in normal holes.

- in slotted holes, where the longitudinal axis of the slotted hole is perpendicular to the direction of
the force transfer, is 0,6 times the bearing resistance for bolts in round, normal holes.

D For countersunk bolt:

- the bearing resistance Fyrq should be based on a plate thickness ¢ equal to the thickness of the

connected plate minus half the depth of the countersinking.

- for the determination of the tension resistance Frq the angle and depth of countersinking should
conform with 1.2.4 Reference Standards: Group 4, otherwise the tension resistance Firq should

be adjusted accordingly.
3)

for the bolt load components parallel and normal to the end.

When the load on a bolt is not parallel to the edge, the bearing resistance may be verified separately
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3.6.2

Injection bolts

3.6.2.1 General

()

2

Injection bolts may be used as an alternative to ordinary bolts and rivets for category A, B and C
connections specified in 3.4.

Fabrication and erection details for injection bolts are given in 1.2.7 Reference Standards: Group 7.

3.6.2.2  Design resistance

()

2

A3)

“

©)

(6)

28

The design method given in 3.6.2.2(2) to 3.6.2.2(6) should be used for connections with injection bolts
of class 8.8 or 10.9. Bolt assemblies should conform with the requirements given in 1.2.4 Reference
Standards: Group 4, but see 3.6.2.2(3) for when preloaded bolts are used.

The design ultimate shear load of any bolt in a Category A connection should not exceed the smaller
of the following: the design shear resistance of the bolt as obtained from 3.6 and 3.7; the design
bearing resistance of the resin as obtained from 3.6.2.2(5).

Preloaded injection bolts should be used for category B and C connections, for which preloaded bolt
assemblies in accordance with 3.1.2(1) should be used.

The design serviceability shear load of any bolt in a category B connection and the design ultimate
shear load of any bolt in a category C connection should not exceed the design slip resistance of the
bolt as obtained from 3.9 at the relevant limit state plus the design bearing resistance of the resin as
obtained from 3.6.2.2(5) at the relevant limit state. In addition the design ultimate shear load of a bolt
in a category B or C connection should not exceed either the design shear resistance of the bolt as
obtained from 3.6, nor the design bearing resistance of the bolt as obtained from 3.6 and 3.7.

The design bearing resistance of the resin, Fyraresin, may be determined according to the following
equation:

k k. dt, .. .
Fb,Rd,resin _ s b,resin ﬂfb,resm (34)
Y ma

where:
Foraresin 18 the bearing strength of an injection bolt

Vi is a coefficient depending of the thickness ratio of the connected plates as given in Table 3.5
and Figure 3.5

Jforesin 18 the bearing strength of the resin to be determined according to the 1.2.7 Reference
Standards: Group 7.

ty.resin 1S the effective bearing thickness of the resin, given in Table 3.5

ki is 1,0 for serviceability limit state (long duration)
is 1,2 for ultimate limit state

ks is taken as 1,0 for holes with normal clearances or (1,0 - 0,1 m), for oversized holes

m is the difference (in mm) between the normal and oversized hole dimensions. In the case of
short slotted holes as specified in 1.2.7 Reference Standards: Group 7, m = 0, 5 - (the difference
(in mm) between the hole length and width).

When calculating the bearing resistance of a bolt with a clamping length exceeding 3d, a value of not
more than 3d should be taken to determine the effective bearing thickness #, rsin (se€ Figure 3.6).
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Figure 3.5: Factor B as a function of the thickness ratio of the connected plates

3.7
(M

3.8
(M

Table 3.5: Values of 8 and t, csin

h / 15) ﬁ tb,resin

>2.0 1,0 26<15d
1,0<4/1t,<2,0 1,66 - 0,33 (t,/ 1) n<15d

<10 1,33 n<15d

o
<

Figure 3.6: Limiting effective length for long injection bolts

Group of fasteners

The design resistance of a group of fasteners may be taken as the sum of the design bearing resistances
Fypra of the individual fasteners provided that the design shear resistance F,gq of each individual
fastener is greater than or equal to the design bearing resistance Fyrq . Otherwise the design resistance
of a group of fasteners should be taken as the number of fasteners multiplied by the smallest design
resistance of any of the individual fasteners.

Long joints

Where the distance L; between the centres of the end fasteners in a joint, measured in the direction of
force transfer (see Figure 3.7), is more than 15 d, the design shear resistance Fy,gq of all the fasteners
calculated according to Table 3.4 should be reduced by multiplying it by a reduction factor Sy, given
by:

L, ~15d

=1-
Pus 200d

.. (3.5)
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but  Bir < 1,0 and fis > 0,75

(2)  The provision in 3.8(1) does not apply where there is a uniform distribution of force transfer over the
length of the joint, e.g. the transfer of shear force between the web and the flange of a section.

Figure 3.7: Long joints

3.9 Slip-resistant connections using 8.8 or 10.9 bolts
3.9.1 Design Slip resistance

(1)  The design slip resistance of a preloaded class 8.8 or 10.9 bolt should be taken as:

k, nu

Foc

Fs,Rd =
Y m3

ks 1s givenin Table 3.6

n 1s the number of the friction surfaces

.. (3.6)

4 is  the slip factor obtained either by specific tests for the friction surface in accordance with

1.2.7 Reference Standards: Group 7 or when relevant as given in Table 3.7.

(2) For class 8.8 and 10.9 bolts conforming with 1.2.4 Reference Standards: Group 4, with controlled
tightening in conformity with 1.2.7 Reference Standards: Group 7, the preloading force F}, ¢ to be used

in equation (3.6) should be taken as:

Fp,C = 0:7ﬁ1b As

Table 3.6: Values of ks

. (3.7)

Description ks
Bolts in normal holes. 1,0
Bolts in either oversized holes or short slotted holes with the axis of the slot 0.85
perpendicular to the direction of load transfer. ’
Bolts in long slotted holes with the axis of the slot perpendicular to the direction of load 0.7
transfer. ’
Bolts in short slotted holes with the axis of the slot parallel to the direction of load 0.76
transfer. i
Bolts in long slotted holes with the axis of the slot parallel to the direction of load 0.63

transfer.
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Table 3.7: Slip factor, y, for pre-loaded bolts

Class of friction surfaces (see 1.2.7 Reference Slip factor u
Standard: Group 7)
A 0,5
B 0,4
C 0,3
D 0,2

NOTE 1: The requirements for testing and inspection are given in 1.2.7 Reference Standards:
Group 7.

NOTE 2: The classification of any other surface treatment should be based on test specimens
representative of the surfaces used in the structure using the procedure set out in 1.2.7
Reference Standards: Group 7.

NOTE 3: The definitions of the class of friction surface are given in 1.2.7 Reference
Standards: Group 7.

NOTE 4: With painted surface treatments a loss of pre-load may occur over time.

3.9.2 Combined tension and shear

(M

2

If a slip-resistant connection is subjected to an applied tensile force, Fi g4 Or Figgser, in addition to the
shear force, Fygq Or F\ paser, tending to produce slip, the design slip resistance per bolt should be taken
as follows:

k,np (F . — 08F, ., ..
for a category B connection: Firaser = H p.C LEd, ) ... (3.82)

YM3,S(’V

k. n F . - 08F
for a category C connection: Fipa= — # (Fpe vea ) ... (3.8b)
Y m3

If, in a moment connection, a contact force on the compression side counterbalances the applied
tensile force no reduction in slip resistance is required.

3.9.3 Hybrid connections

(M

As an exception to 2.4(3) , preloaded class 8.8 and 10.9 bolts in connections designed as slip-resistant
at the ultimate limit state (Category C in 3.4) may be assumed to share load with welds, provided that
the final tightening of the bolts is carried out after the welding is complete.

3.10 Deductions for fastener holes

3.10.1 General

(1)

Deduction for holes in the member design should be made according to EN 1993-1-1.
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3.10.2 Design for block tearing

(1)

2

3)

© BSI

Uncontrol | ed Copy,

19/ 08/ 2008,

32

Li censed copy: UNI VERSI TY OF EDI NBURGH,

Block tearing consists of failure in shear at the row of bolts along the shear face of the hole group
accompanied by tensile rupture along the line of bolt holes on the tension face of the bolt group.
Figure 3.8 shows block tearing.

For a symmetric bolt group subject to concentric loading the design block tearing resistance, Vegr1rd 1S
given by:

Veff’]’Rd = fu Am /VMZ + (1 / \/3)j{y Anv /)/Mo (39)
where:

Ay 1S  net area subjected to tension;

A, 1S net area subjected to shear.

For a bolt group subject to eccentric loading the design block shear tearing resistance Vegrara 1S given
by:

Vestara = 0,5 fu At /yva + (1/N3) £ Any /a0 .. (3.10)

\\\ \&
N

[ A———
4
&
AN
-
-
-+
Py .

1 small tension force
2 large shear force
3 small shear force
4 large tension force

Figure 3.8: Block tearing
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3.10.3 Angles connected by one leg and other unsymmetrically connected members in tension

(1)

)

The eccentricity in joints, see 2.7(1), and the effects of the spacing and edge distances of the bolts,
should be taken into account in determining the design resistance of:

- unsymmetrical members;
- symmetrical members that are connected unsymmetrically, such as angles connected by one leg.
A single angle in tension connected by a single row of bolts in one leg, see Figure 3.9, may be treated

as concentrically loaded over an effective net section for which the design ultimate resistance should
be determined as follows:

_ 2,0(e, —0.5d,)1 £,

with 1 bolt: Nurd .. (3.1
Yave

A

with 2 bolts: Nera = Pr A S ..(3.12)
Y m2
A

with 3 or more bolts: Nurd = M .. (3.13)
7 m2

where:

[> and p; are reduction factors dependent on the pitch p; as given in Table 3.8. For intermediate values
of p; the value of f may be determined by linear interpolation;

A, 1s the net area of the angle. For an unequal-leg angle connected by its smaller leg, A, should
be taken as equal to the net section area of an equivalent equal-leg angle of leg size equal to that
of the smaller leg.

Table 3.8: Reduction factors f, and f;

Pitch P <2,5d, >5,0d,
2 bolts b 0,4 0,7
3 bolts or more b3 0,5 0,7
L e a) 1 bolt

b) 2 bolts

|}
2L —EP— WL c) 3 bolts

(a)

a8y By aq Py | Py
| |

9 9 5 & O O |

\—

(b) (e)

Figure 3.9: Angles connected by one leg
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3.10.4 Lug angles

(1)

2

(€)

4)

)

(6)

3.1
(D

The Lug angle shown in Figure 3.10 connects angle members and their fasteners to a gusset or other
supporting part and should be designed to transmit a force 1,2 times the force in the outstand of the
angle connected.

The fasteners connecting the lug angle to the outstand of the angle member should be designed to
transmit a force 1,4 times the force in the outstand of the angle member.

Lug angles connecting a channel or a similar member should be designed to transmit a force 1,1 times
the force in the channel flanges to which they are attached.

The fasteners connecting the lug angle to the channel or similar member should be designed to
transmit a force 1,2 times the force in the channel flange which they connect.

In no case should less than two bolts or rivets be used to attach a lug angle to a gusset or other
supporting part.

The connection of a lug angle to a gusset plate or other supporting part should terminate at the end of
the member connected. The connection of the lug angle to the member should run from the end of the
member to a point beyond the direct connection of the member to the gusset or other supporting part.

Figure 3.10: Lug angles

Prying forces

Where fasteners are required to carry an applied tensile force, they should be designed to resist the
additional force due to prying action, where this can occur.

NOTE: The rules given in 6.2.4 implicitly account for prying forces.

3.12 Distribution of forces between fasteners at the ultimate limit state

(M

2

(€)

34

When a moment is applied to a joint, the distribution of internal forces may be either linear (i.e.
proportional to the distance from the centre of rotation) or plastic, (i.e. any distribution that is in
equilibrium is acceptable provided that the resistances of the components are not exceeded and the
ductility of the components is sufficient).

The elastic linear distribution of internal forces should be used for the following:
- when bolts are used creating a category C slip-resistant connection,

- in shear connections where the design shear resistance F, rq Of a fastener is less than the design
bearing resistance Fy rg,

- where connections are subjected to impact, vibration or load reversal (except wind loads).

When a joint is loaded by a concentric shear only, the load may be assumed to be uniformly
distributed amongst the fasteners, provided that the size and the class of fasteners is the same.
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3.13 Connections made with pins
3.13.1 General
(1)  Wherever there is a risk of pins becoming loose, they should be secured.
(2) Pin connections in which no rotation is required may be designed as single bolted connections,
provided that the length of the pin is less than 3 times the diameter of the pin, see 3.6.1. For all other

cases the method given in 3.13.2 should be followed.

(3) In pin-connected members the geometry of the unstiffnened element that contains a hole for the pin
should satisfy the dimensional requirements given in Table 3.9.

Table 3.9: Geometrical requirements for pin ended members

Type A: Given thickness t

Type B: Given geometry

(4)  Pin connected members should be arranged such to avoid eccentricity and should be of sufficient size
to distribute the load from the area of the member with the pin hole into the member away from the
pin.

3.13.2 Design of pins

(1)  The design requirements for solid circular pins are given in Table 3.10.

(2) The moments in a pin should be calculated on the basis that the connected parts form simple supports.
It should be generally assumed that the reactions between the pin and the connected parts are

uniformly distributed along the length in contact on each part as indicated in Figure 3.11.

(3) If the pin is intended to be replaceable, in addition to the provisions given in 3.13.1 to 3.13.2, the
contact bearing stress should satisfy:

OhEd < fhrd ... (3.14)

where:
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EF,,. (d,-d
onga= 0,591 E"’“’z( o =) .. (3.15)
d-t
fhea = 2,51/ 7M6ser ... (3.16)
where:

d is the diameter of the pin;
do is the diameter of the pin hole;

Fraser 18 the design value of the force to be transferred in bearing, under the characteristic load
combination for serviceability limit states.

Table 3.10: Design criteria for pin connections

Failure mode Design requirements
Shear resistance of the pin Fira =0,6 4 fup/ym2 > Fyp
Bearing resistance of the plate and the pin .
grest p Pt Fyra =15tdfy/ymo = Fora
If the pin is intended to be replaceable this
‘ = o > :
requirement should also be satisfied. Foraser 0.6 dfy/pmeser 2 Forase
Bending resistance of the pin
& P Mrq =15 Wefp/ymo =2 Mg
If the pin is intended to be replaceable this _ -
requirement should also be satisfied. My ser 0.8 Wet fyp/mm6ser 2 Miaser
2 2
. . . . MEd Fv,Ed
Combined shear and bending resistance of the pin —= | +| = <1
MRd Fv,Rd

d is  the diameter of the pin;

Iy is  the lower of the design strengths of the pin and the connected part;
Jup 1s  the ultimate tensile strength of the pin;

fiw is  the yield strength of the pin;

t is  the thickness of the connected part;

A is the cross-sectional area of a pin.
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Mgy = . (b+dc+2a)

Figure 3.11: Bending moment in a pin
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4 Welded connections

41
(M

General

The provisions in this section apply to weldable structural steels conforming to EN 1993-1-1 and to
material thicknesses of 4 mm and over. The provisions also apply to joints in which the mechanical
properties of the weld metal are compatible with those of the parent metal, see 4.2.

For welds in thinner material reference should be made to EN 1993 part 1.3 and for welds in structural

hollow sections in material thicknesses of 2,5 mm and over guidance is given section 7 of this
Standard.

For stud welding reference should be made to EN 1994-1-1.

NOTE: Further guidance on stud welding can be found in EN ISO 14555 and EN ISO 13918.

(2)P Welds subject to fatigue shall also satisfy the principles given in EN 1993-1-9.

3)

4)
6))
4.2

(M

)

4.3
431

(M

@)

Quality level C according to EN ISO 25817 is usually required, if not otherwise specified. The
frequency of inspection of welds should be specified in accordance with the rules in 1.2.7 Reference
Standards: Group 7. The quality level of welds should be chosen according to EN ISO 25817. For the
quality level of welds used in fatigue loaded structures, see EN 1993-1-9.

Lamellar tearing should be avoided.
Guidance on lamellar tearing is given in EN 1993-1-10.
Welding consumables

All welding consumables should conform to the relevant standards specified in 1.2.5 Reference
Standards; Group 5.

The specified yield strength, ultimate tensile strength, elongation at failure and minimum Charpy
V-notch energy value of the filler metal, should be equivalent to, or better than that specified for the

parent material.

NOTE: Generally it is safe to use electrodes that are overmatched with regard to the steel grades
being used.

Geometry and dimensions

Type of weld
This Standard covers the design of fillet welds, fillet welds all round, butt welds, plug welds and flare
groove welds. Butt welds may be either full penetration butt welds or partial penetration butt welds.

Both fillet welds all round and plug welds may be either in circular holes or in elongated holes.

The most common types of joints and welds are illustrated in EN 12345.

4.3.2 Fillet welds

4.3.2.1 General

M

38

Fillet welds may be used for connecting parts where the fusion faces form an angle of between 60° and
120°.
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Angles smaller than 60° are also permitted. However, in such cases the weld should be considered to
be a partial penetration butt weld.

For angles greater than 120° the resistance of fillet welds should be determined by testing in
accordance with EN 1990 Annex D: Design by testing.

Fillet welds finishing at the ends or sides of parts should be returned continuously, full size, around the
corner for a distance of at least twice the leg length of the weld, unless access or the configuration of

the joint renders this impracticable.

NOTE: In the case of intermittent welds this rule applies only to the last intermittent fillet weld at
corners.

End returns should be indicated on the drawings.

For eccentricity of single-sided fillet welds, see 4.12.

4.3.2.2 Intermittent fillet welds

(M
2

3)

4)

©)

Intermittent fillet welds should not be used in corrosive conditions.

In an intermittent fillet weld, the gaps (L, or L, ) between the ends of each length of weld L., should
fulfil the requirement given in Figure 4.1.

In an intermittent fillet weld, the gap (L, or L,) should be taken as the smaller of the distances between
the ends of the welds on opposite sides and the distance between the ends of the welds on the same
side.

In any run of intermittent fillet weld there should always be a length of weld at each end of the part
connected.

In a built-up member in which plates are connected by means of intermittent fillet welds, a continuous

fillet weld should be provided on each side of the plate for a length at each end equal to at least
three-quarters of the width of the narrower plate concerned (see Figure 4.1).
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o e |
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L2 v I—we
The smallerof Lw.>0,75b and 0,75 b4
For build-up members in tension:
The smallestof L;<16t and 16 4 and 200 mm
For build-up members in compression or shear:
The smallestof L,<12t and 12 4 and 0,25b and 200 mm

Figure 4.1: Intermittent fillet welds

4.3.3 Fillet welds all round

()

2

3)

4)

Fillet welds all round, comprising fillet welds in circular or elongated holes, may be used only to
transmit shear or to prevent the buckling or separation of lapped parts.

The diameter of a circular hole, or width of an elongated hole, for a fillet weld all round should not be
less than four times the thickness of the part containing it.

The ends of elongated holes should be semi-circular, except for those ends which extend to the edge of
the part concerned.

The centre to centre spacing of fillet welds all round should not exceed the value necessary to prevent
local buckling, see Table 3.3.

4.3.4 Buttwelds

(1)

40

A full penetration butt weld is defined as a weld that has complete penetration and fusion of weld and
parent metal throughout the thickness of the joint.
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A partial penetration butt weld is defined as a weld that has joint penetration which is less than the full
thickness of the parent material.

Intermittent butt welds should not be used.

For eccentricity in single-sided partial penetration butt welds, see 4.12.

4.3.5 Plug welds

()

2

3)

4)

©)

Plug welds may be used:
- to transmit shear,
- to prevent the buckling or separation of lapped parts, and

- to inter-connect the components of built-up members
but should not be used to resist externally applied tension.

The diameter of a circular hole, or width of an elongated hole, for a plug weld should be at least 8 mm
more than the thickness of the part containing it.

The ends of elongated holes should either be semi-circular or else should have corners which are
rounded to a radius of not less than the thickness of the part containing the slot, except for those ends
which extend to the edge of the part concerned.

The thickness of a plug weld in parent material up to 16 mm thick should be equal to the thickness of
the parent material. The thickness of a plug weld in parent material over 16 mm thick should be at
least half the thickness of the parent material and not less than 16 mm.

The centre to centre spacing of plug welds should not exceed the value necessary to prevent local
buckling, see Table 3.3.

4.3.6 Flare groove welds

(M

4.4
(1)

2

For solid bars the design effective throat thickness of flare groove welds, when fitted flush to the
surface of the solid section of the bars, is defined in Figure 4.2. The definition of the design throat
thickness of flare groove welds in rectangular hollow sections is given in 7.3.1(7).

Figure 4.2: Effective throat thickness of flare groove welds in solid sections

Welds with packings

In the case of welds with packing, the packing should be trimmed flush with the edge of the part that is
to be welded.

Where two parts connected by welding are separated by packing having a thickness less than the leg

length of weld necessary to transmit the force, the required leg length should be increased by the
thickness of the packing.

41
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3)

4.5

4.51

()

)

Where two parts connected by welding are separated by packing having a thickness equal to, or
greater than, the leg length of weld necessary to transmit the force, each of the parts should be
connected to the packing by a weld capable of transmitting the design force.

Design resistance of a fillet weld
Length of welds

The effective length of a fillet weld / should be taken as the length over which the fillet is full-size.
This maybe taken as the overall length of the weld reduced by twice the effective throat thickness a.
Provided that the weld is full size throughout its length including starts and terminations, no reduction
in effective length need be made for either the start or the termination of the weld.

A fillet weld with an effective length less than 30 mm or less than 6 times its throat thickness,
whichever is larger, should not be designed to carry load.

4.5.2 Effective throat thickness

()

@)
3)

The effective throat thickness, a, of a fillet weld should be taken as the height of the largest triangle
(with equal or unequal legs) that can be inscribed within the fusion faces and the weld surface,
measured perpendicular to the outer side of this triangle, see Figure 4.3.

The effective throat thickness of a fillet weld should not be less than 3 mm.
In determining the design resistance of a deep penetration fillet weld, account may be taken of its

additional throat thickness, see Figure 4.4, provided that preliminary tests show that the required
penetration can consistently be achieved.

N NG

Figure 4.3: Throat thickness of a fillet weld

/

! ~

Figure 4.4: Throat thickness of a deep penetration fillet weld

4.5.3 Design Resistance of fillet welds

45.3.1

(M

42

General

The design resistance of a fillet weld should be determined using either the Directional method given
in 4.5.3.2 or the Simplified method given in 4.5.3.3.
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4.5.3.2 Directional method
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In this method, the forces transmitted by a unit length of weld are resolved into components parallel
and transverse to the longitudinal axis of the weld and normal and transverse to the plane of its throat.

The design throat area 4, should be taken as Ay, = > a Lo .
The location of the design throat area should be assumed to be concentrated in the root.

A uniform distribution of stress is assumed on the throat section of the weld, leading to the normal
stresses and shear stresses shown in Figure 4.5, as follows:

- oL is the normal stress perpendicular to the throat
- o) is the normal stress parallel to the axis of the weld
- o is the shear stress (in the plane of the throat) perpendicular to the axis of the weld

- 1| is the shear stress (in the plane of the throat) parallel to the axis of the weld.

Figure 4.5: Stresses on the throat section of a fillet weld

The normal stress | parallel to the axis is not considered when verifying the design resistance of the
weld.

The design resistance of the fillet weld will be sufficient if the following are both satisfied:
oL +3 @+ )] < fi/ Buywe) and oL < 0.9/ ymo .. (4.
where:

fu is  the nominal ultimate tensile strength of the weaker part joined,

pw 1s the appropriate correlation factor taken from Table 4.1.

Welds between parts with different material strength grades should be designed using the properties of
the material with the lower strength grade.
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Table 4.1: Correlation factor p, for fillet welds

Standard and steel grade
Correlation factor £,
EN 10025 EN 10210 EN 10219
S 235
3235 W S235H S235H 0,8
S 275 S275H
S 275 N/NL S 27552;;}—11\&1_[ S 275 NH/NLH 0,85
S 275 M/ML S 275 MH/MLH
S 355
S355H
S 355 N/NL S355H
S 355 NH/NLH 0,9
S 355 M/ML S 355 NH/NLH ’
$355 W S 355 MH/MLH
S 420 N/NL
S 420 M/ML S 420 MH/MLH 1,0
7] S 460 N/NL
@ S 460 M/ML S 460 NH/NLH S L 1,0
© S 460 Q/QL/QL1
2
8 4.5.3.3 Simplified method for design resistance of fillet weld
8 (1)  Alternatively to 4.5.3.2 the design resistance of a fillet weld may be assumed to be adequate if, at
_ every point along its length, the resultant of all the forces per unit length transmitted by the weld
o satisfy the following criterion:
E Fw,Ed < Fw,Rd (42)
o
%)
5 where:
- Fypa 1s the design value of the weld force per unit length;
(o]
8 Fyra is the design weld resistance per unit length.
(qV
3 (2) Independent of the orientation of the weld throat plane to the applied force, the design resistance per
o unit length F, g4 should be determined from:
I
— Fw,Rd :][vad a (43)
é where:
8 fuwa 18 the design shear strength of the weld.
bz
s (3)  The design shear strength f,,, 4 of the weld should be determined from:
L
& £, /3
wd = (44)
>— ﬂw}/MZ
|_
(é where:
> fuand B, are defined in 4.5.3.2(6).
Z
- 4.6 Design resistance of fillet welds all round
>
8‘ (1)  The design resistance of a fillet weld all round should be determined using one of the methods given in
o 4.5.
©
5 44
c
(]
(&)
=
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Design resistance of butt welds
Full penetration butt welds
The design resistance of a full penetration butt weld should be taken as equal to the design resistance
of the weaker of the parts connected, provided that the weld is made with a suitable consumable which

will produce all-weld tensile specimens having both a minimum yield strength and a minimum tensile
strength not less than those specified for the parent metal.

4.7.2 Partial penetration butt welds

(1)

2

The design resistance of a partial penetration butt weld should be determined using the method for a
deep penetration fillet weld given in 4.5.2(3).

The throat thickness of a partial penetration butt weld should not be greater than the depth of
penetration that can be consistently achieved, see 4.5.2(3).

4.7.3 T-butt joints

(M

2

4.8
(D

The design resistance of a T-butt joint, consisting of a pair of partial penetration butt welds reinforced
by superimposed fillet welds, may be determined as for a full penetration butt weld (see 4.7.1) if the
total nominal throat thickness, exclusive of the unwelded gap, is not less than the thickness t of the
part forming the stem of the tee joint, provided that the unwelded gap is not more than (¢ / 5) or 3 mm,
whichever is less, see Figure 4.6(a).

The design resistance of a T-butt joint which does not meet the requirements given in 4.7.3(1) should
be determined using the method for a fillet weld or a deep penetration fillet weld given in 4.5
depending on the amount of penetration. The throat thickness should be determined in conformity with
the provisions for fillet welds (see 4.5.2) or partial penetration butt welds (see 4.7.2) as relevant.

T T anum,l + anum,Z Z t
Cnom Should be the smaller of #/5 and 3 mm

Figure 4.6: Effective full penetration of T-butt welds

Design resistance of plug welds
The design resistance F, rq Of a plug weld (see 4.3.3) should be taken as:

Fw,Rd = fvw,d Aw: (45)

where
fiwa 1S the design shear strength of a weld given in 4.5.3.3(3);

A, is the design throat area and should be taken as the area of the hole.

45
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4.9
(M

2
3

“

®)

(6)

(7

Distribution of forces

The distribution of forces in a welded connection may be calculated on the assumption of either elastic
or plastic behaviour in conformity with 2.4 and 2.5.

It is acceptable to assume a simplified load distribution within the welds.

Residual stresses and stresses not subjected to transfer of load need not be included when checking the
resistance of a weld. This applies specifically to the normal stress parallel to the axis of a weld.

Welded joints should be designed to have adequate deformation capacity. However, ductility of the
welds should not be relied upon.

In joints where plastic hinges may form, the welds should be designed to provide at least the same
design resistance as the weakest of the connected parts.

In other joints where deformation capacity for joint rotation is required due to the possibility of
excessive straining, the welds require sufficient strength not to rupture before general yielding in the
adjacent parent material.

If the design resistance of an intermittent weld is determined by using the total length £y, the weld
shear force per unit length F,, g4 should be multiplied by the factor (e+0)/L, see Figure 4.7.

[Leee 000K [ng

1

2l e | Bl e

‘f(’b{:

-

Figure 4.7: Calculation of weld forces for intermittent welds

4.10 Connections to unstiffened flanges

(M

46

Where a transverse plate (or beam flange) is welded to a supporting unstiffened flange of an I, H or
other section, see Figure 4.8, and provided that the condition given in 4.10(3) is met, the applied force
perpendicular to the unstiffened flange should not exceed any of the relevant design resistances as
follows:

- that of the web of the supporting member of I or H sections as given in 6.2.6.2 or 6.2.6.3 as
appropriate;

- those for a transverse plate on a RHS member as given in Table 7.13;

- that of the supporting flange as given by formula (6.20) in 6.2.6.4.3(1) calculated assuming the

applied force is concentrated over an effective width, b, of the flange as given in 4.10(2) or
4.10(4) as relevant.
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Figure 4.8: Effective width of an unstiffened T-joint

For an unstiffened I or H section the effective width b.; should be obtained from:

besr= tw +2S+7ktf (463)
where:
k= (tf /tp)(fyyf /fy’p) but k< 1 ... (4.6b)

fye 1s  the yield strength of the flange of the I or H section;
fyp 1s  theyield strength of the plate welded to the I or H section.

The dimension s should be obtained from:

- forarolled I or H section: s = r ... (4.6¢)

- forawelded I or H section: s = \/5 a ... (4.6d)
For an unstiffened flange of an I or H section , the following criterion should be satisfied:

bett > (fyqp/fu,p)bp .. (4.7

where:
fup 1s  the ultimate strength of the plate welded to the I or H section;
b, is the width of the plate welded to the I or H section.

Otherwise the joint should be stiffened.

For other sections such as box sections or channel sections where the width of the connected plate is
similar to the width of the flange, the effective width b.g should be obtained from:

bt =2ty + 5t but b <2t,+5kt (48)

NOTE: For hollow sections, see Table 7.13.

Even if by < b,, the welds connecting the plate to the flange need to be designed to transmit the
design resistance of the plate bp#pfyp/ymo assuming a uniform stress distribution.
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4.11 Long joints

(1) In lap joints the design resistance of a fillet weld should be reduced by multiplying it by a reduction
factor S to allow for the effects of non-uniform distribution of stress along its length.

(2)  The provisions given in 4.11 do not apply when the stress distribution along the weld corresponds to
the stress distribution in the adjacent base metal, as, for example, in the case of a weld connecting the
flange and the web of a plate girder.

(3) Inlap joints longer than 150a the reduction factor f,, should be taken as S 1 given by:

Prwi=12-02L; /(150a) but pr,<1,0 ...(4.9)
where:

L; is the overall length of the lap in the direction of the force transfer.

(4) For fillet welds longer than 1,7 metres connecting transverse stiffeners in plated members, the
reduction factor f,, may be taken as S, given by:

ﬂLw.Z = 1,1 - LW /17 but ﬂLwAZ < 1,0 and ﬂLWQ > 0,6 (410)
where:

Ly, 1is the length of the weld (in metres).
4.12 Eccentrically loaded single fillet or single-sided partial penetration butt welds
(1)  Local eccentricity should be avoided whenever it is possible.

(2)  Local eccentricity (relative to the line of action of the force to be resisted) should be taken into account
in the following cases:

- Where a bending moment transmitted about the longitudinal axis of the weld produces tension at
the root of the weld, see Figure 4.9(a);

- Where a tensile force transmitted perpendicular to the longitudinal axis of the weld produces a
bending moment, resulting in a tension force at the root of the weld, see Figure 4.9(b).
(3) Local eccentricity need not be taken into account if a weld is used as part of a weld group around the
perimeter of a structural hollow section.

K KN
(a) Bending moment produces tension at the (b)  Tensile force produces tension at the root of
root of the weld the weld

Figure 4.9: Single fillet welds and single-sided partial penetration butt welds

4.13 Angles connected by one leg
(1) In angles connected by one leg, the eccentricity of welded lap joint end connections may be allowed
for by adopting an effective cross-sectional area and then treating the member as concentrically

loaded.

(2) For an equal-leg angle, or an unequal-leg angle connected by its larger leg, the effective area may be
taken as equal to the gross area.
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(3) For an unequal-leg angle connected by its smaller leg, the effective area should be taken as equal to
the gross cross-sectional area of an equivalent equal-leg angle of leg size equal to that of the smaller
leg, when determining the design resistance of the cross-section, see EN 1993-1-1. However when
determining the design buckling resistance of a compression member, see EN 1993-1-1, the actual
gross cross-sectional area should be used.

4.14 Welding in cold-formed zones

(1) Welding may be carried out within a length 5t either side of a cold-formed zone, see Table 4.2,
provided that one of the following conditions is fulfilled:

- the cold-formed zones are normalized after cold-forming but before welding;

- the r/t-ratio satisfy the relevant value obtained from Table 4.2.

Table 4.2: Conditions for welding cold-formed zones and adjacent material
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Maximum thickness (mm)
Strain due to cold Generally Fully killed
it forming (%) Aluminium-killed
& Predominantly Where fatigue steel
static loading predominates (Al>0,02 %)
>25 <2 any any any
>10 <5 any 16 any
>3,0 <14 24 12 24
>2,0 <20 12 10 12
>1,5 <25 8 8 10
>1,0 <33 4 4 6
5t
e
5t
|
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NA to BS EN 1990:2002+A1:2005

NA.2.2 Nationally determined parameters for buildings
NA.2.2.1 Clause A.1.2.1 (1)

a) All effects of actions that can exist simultaneously should be considered together in combination of
actions.

b) With regard to Note 2 of Clause A.1.2.1 (1) of EN 1990 no modifications are allowed through the
National Annex for A1.2.1 (2) and (3).
NA.2.2.2 Clause A.1.2.2
Table NA.A1.1 provides values for the symbols of Table Al.1 of EN 1990.
Table NA.A1.1 - Values of ¥ factors for buildings

Action Y, v, v,
Imposed loads in buildings, category (see EN 1991-1.1)
Category A: domestic, residential areas 0,7 0,5 0,3
Category B: office areas 0,7 0,5 0,3
Category C: congregation areas 0,7 0,7 0,6
Category D: shopping areas 0,7 0,7 0,6
Category E: storage areas 1,0 0,9 0,8
Category F': traffic area,
vehicle weight < 30 kN 0,7 0,7 0,6
Category G: traffic area,
30 kN < vehicle weight < 160 kN 0,7 0,5 0,3
Category H: roofsa 0,7 0 0
Snow loads on buildings (see EN 1991-3)
— for sites located at altitude H> 1 000 m a.s.l. 0,70 0,50 0,20
— for sites located at altitude H <1 000 m a.s.L. 0,50 0,20 0
Wind loads on buildings (see EN 1991-1-4) 0,5 0,2 0
Temperature (non-fire) in buildings (see EN 1991-1-5) 0,6 0,5 0
a See also EN 1991-1-1: Clause 3.3.2 (1)

NA.2.2.3 Clause A.1.3
NA.2.2.3.1 Values for the symbols y of Table A1.2 (A)

Table NA.A1.2 (A) provides the values for the symbols y of Table A1.2 (A). The values chosen are:
Yajsup = 1,10
YGj,int = 0,90
Yq1 = 1,50 where unfavourable (0 where favourable)
Yq.i = 1,50 where unfavourable (0 where favourable)
NOTE For ¥ values see Table A1.1 (BS).

© BSI 2009 3
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Table NA.A1.2 (A) - Design values of actions (EQU) (Set A)

Persistent and Permanent actions Leading variable Accompanying variable actions |
transient design action?
situations
Unfavourable Favourable Main (if any) Others
(Eq. 6.10) 1,10 Gy sup 0,90 Gyjnt 1,5 @k 1,5%,i@x i
(0 when (0 when
favourable) favourable)

Yaisup = 1,35
Yaiint = 1,15

2 Variable actions are those considered in Table NA.A1.1.

Yaq. = 1,60 where unfavourable (0 where favourable)

Yq.i= 1,50 where unfavourable (0 where favourable)

In cases where the verification of static equilibrium also involves the resistance of structural members, as an alternative to two
separate verifications based on Tables NA.A1.2 (A) and Al1.2 (B), a combined verification, based on Table NA.A1.2 (A), should be
adopted, with the following set of values.

provided that applying yg;i.s = 1,00 both to the favourable part and to the unfavourable part of permanent actions does not give a
more unfavourable effect.

NA.2.2.8.2 Values for the symbols y and & of Table A1.2 (B)

Table NA.A1.2 (B) provides the values for the symbols y and & of Table A1.2 (B). The values chosen are:

ij,sup = 135
YGjint = 1,00

Yq1 = 1,50 where unfavourable (0 where favourable)

Yqi = 1,50 where unfavourable (0 where favourable)

£=0,925
NOTE

For ¥ values see Table NA.A1.1.

© BSI 2009
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Table NA.A1.2 (B) - Design values of actions (STR/GEO) (Set B)

Persistent Permanent actions Leading | Accompanying variable Persistent Permanent actions Leading |Accompanyingvariable
and transient variable actions? and variable actions?
design action transient action®
situations Unfavourable | Favourable Main (if Others ,deSIfo’“ Unfavourable Favourable Action Main Others
any) situations
(Eq. 6.10)  |1,35Gyjeup |1,00Gyjint |1,5@k 1,5p0,1@Qx; J(Eq. 6.10a) |1,35Gy; sup 1,00Gyj int 1,590,161 | 1,5v0,1 Qx i
(Eq 610b) Oa925*1’35G]{j,sup ]-aOOij,inf 175Qk,1 135V/0,1Qk,i

NOTE 1 Either expression 6.10, or expression 6.10a together with and 6.10b may be made, as desired.

NOTE 2 The characteristic values of all permanent actions from one source are multiplied by yg .« if the total resulting action effect is unfavourable and y ;. if the total resulting action
effect is favourable. For example, all actions originating from the self weight of the structure may be considered as coming from one source; this also applies if different materials are

involved.

NOTE 3 For particular verifications, the values for yg and yq may be subdivided into y, and y, and the model uncertainty factor y.. A value of y,qin the range 1,05 to 1,15 can be used in

most common cases and can be modified in the National Annex.

NOTE 4 When variable actions are favourable @y should be taken as 0.

a Variable actions are those considered in Table NA.A1.1.
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3.4 Section properties

3.4.1 Gross cross-section

Gross cross-section properties should be determined from the specified shape and nominal dimensions of
the member or element. Holes for bolts should not be deducted, but due allowance should be made for larger
openings. Material used solely in splices or as battens should not be included.

3.4.2 Net area

The net area of a cross-section or an element of a cross-section should be taken as its gross area, less the
deductions for bolt holes given in 3.4.4.

3.4.3 Effective net area
The effective net area a, of each element of a cross-section with bolt holes should be determined from:
ae = Kea, but a, < a,

in which the effective net area coefficient K, is given by:

— for grade S 275: K. =12

— for grade S 355: K, =11

— for grade S 460: K, =10

— for other steel grades: K, = (Uy/1.2)/py
where

ag is the gross area of the element;

ay is the net area of the element;
Dy is the design strength;

U, is the specified minimum tensile strength.

3.4.4 Deductions for bolt holes
3.4.4.1 Hole area

In deducting for bolt holes (including countersunk holes), the sectional area of the hole in the plane of its
own axis should be deducted, not that of the bolt.

3.4.4.2 Holes not staggered

Provided that the bolt holes are not staggered, the area to be deducted should be the sum of the sectional
areas of the bolt holes in a cross-section perpendicular to the member axis or direction of direct stress.

3.4.4.3 Staggered holes
Where the bolt holes are staggered, the area to be deducted should be the greater of:
a) the deduction for non-staggered holes given in 3.4.4.2;

b) the sum of the sectional areas of a chain of holes lying on any diagonal or zig-zag line extending
progressively across the member or element, see Figure 3, less an allowance of 0.25s2t/g for each gauge
space g that it traverses diagonally, where:

g 1is the gauge spacing perpendicular to the member axis or direction of direct stress, between the
centres of two consecutive holes in the chain, see Figure 3;

s 1is the staggered pitch, i.e. the spacing parallel to the member axis or direction of direct stress,
between the centres of the same two holes, see Figure 3;
t 1is the thickness of the holed material.

For sections such as angles with holes in both legs, the gauge spacing g should be taken as the sum of the
back marks to each hole, less the leg thickness, see Figure 4.
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4.5.9 Connection of web stiffeners to flanges

4.5.9.1 Stiffeners in compression

Web stiffeners required to resist compression should either be fitted against the loaded flange or connected
to it by continuous welds, fitted bolts or preloaded bolts designed to be non-slip under factored loads,
see 6.4.2.

The stiffener should be fitted against, or connected to, both flanges where any of the following apply:
a) a load 1s applied directly over a support;
b) the stiffener forms the end stiffener of a stiffened web;

c¢) the stiffener acts as a torsion stiffener.

4.5.9.2 Stiffeners in tension

Web stiffeners required to resist tension should be connected to the flange transmitting the load or reaction
by continuous welds, fitted bolts or preloaded bolts designed to be non-slip under factored loads, see 6.4.2.
This connection should be designed to resist the lesser of the applied load or reaction or the capacity of the
stiffener, see 4.5.2.2.

4.5.10 Length of web stiffeners

Bearing stiffeners or tension stiffeners that do not also have other functions, see 4.5.1.1, may be curtailed
where the capacity P, of the unstiffened web beyond the end of the stiffener is not less than the proportion
of the applied load or reaction carried by the stiffener. The capacity P, of the unstiffened web at this point
should be obtained from:

Py = (b1 + w)ipyy

where
by 1s the stiff bearing length, see 4.5.1.3;
w is the length obtained by dispersion at 45° to the level at which the stiffener terminates.

The length of a stiffener that does not extend right across the web should also be such that the local shear
stress in the web due to the force transmitted by the stiffener does not exceed 0.6py,,.

4.6 Tension members

4.6.1 Tension capacity
The tension capacity P; of a member should generally be obtained from:
P t= pyAe
in which A, is the sum of the effective net areas a, of all the elements of the cross-section, determined
from 3.4.3, but not more than 1.2 times the total net area A,,.
4.6.2 Members with eccentric connections

If members are connected eccentric to their axes, the resulting moments should generally be allowed for in
accordance with 4.8.2. However, angles, channels or T-sections with eccentric end connections may be
treated as axially loaded by using the reduced tension capacity given in 4.6.3.

4.6.3 Simple tension members

4.6.3.1 Single angle, channel or T-section members

For a simple tie, designed as axially loaded, consisting of a single angle connected through one leg only, a
single channel connected only through the web or a T-section connected only through the flange, the tension
capacity should be obtained as follows:

— for bolted connections: Py = py(A. - 0.5a9)
— for welded connections: Py = py(Ag—0.3ag)
in which:

a2=Ag—a1
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where

Ag 1s the gross cross-sectional area, see 3.4.1;

a; is the gross area of the connected element, taken as the product of its thickness and the overall

leg width for an angle, the overall depth for a channel or the flange width for a T-section.

4.6.3.2 Double angle, channel or T-section members

For a simple tie, designed as axially loaded, consisting of two angles connected through one leg only, two
channels connected only through the web or two T-sections connected only through the flange, the tension
capacity should be obtained as follows:

a) if the tie is connected to both sides of a gusset or section and the components are interconnected by
bolts or welds and held apart and longitudinally parallel by battens or solid packing pieces in at least two
locations within their length, the tension capacity per component should be obtained from:

— for bolted connections: Py = py(A. — 0.25ay)
— for welded connections: P, =py(A; - 0.15ay)

b) if the components are both connected to the same side of a gusset or member, or not interconnected as
given in a), the tension capacity per component should be taken as given in 4.6.3.1.

In case a) the outermost interconnection should be within a distance from each end of ten times the smaller
leg length for angle components, or ten times the smaller overall dimension for channels or T-sections.

4.6.3.3 Other simple ties

A simple tie consisting of a single angle connected through both legs by lug angles or otherwise, a single
channel connected by both flanges or a T-section connected only through the stem (or both the flange and
the stem), should be designed as axially loaded. The tension capacity should be based on the effective net
area from 3.4.3.

4.6.3.4 Continuous ties

The internal bays of continuous ties should be designed as axially loaded. The tension capacity should be
based on the effective net area from 3.4.3.

4.6.4 Laced or battened ties
For laced or battened ties, the lacing or battening systems should be designed to resist the greater of:

a) the axial forces, moments and shear forces induced by eccentric loads, applied moments or transverse
forces, including self-weight and wind resistance;

b) the axial forces, moments and shear forces induced by a transverse shear on the complete member at
any point in its length equal to 1 % of the axial force in the member, taken as shared equally between all
transverse lacing or battening systems in parallel planes.

4.7 Compression members

4.7.1 General
4.7.1.1 Segment length

The segment length L of a compression member in any plane should be taken as the length between the
points at which it is restrained against buckling in that plane.

4.7.1.2 Restraints

A restraint should have sufficient strength and stiffness to inhibit movement of the restrained point in
position or direction as appropriate. Positional restraints should be connected to an appropriate shear
diaphragm or system of triangulated bracing.

Positional restraints to compression members forming the flanges of lattice girders should satisfy the
recommendations for lateral restraint of beams specified in 4.3.2. All other positional restraints to
compression members should be capable of resisting a force of not less than 1.0 % of the axial force in the
member and transferring it to the adjacent points of positional restraint.
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3.6.4 Equal-leg angle sections

For class 4 slender hot rolled equal-leg angle sections, the method given in 3.6.3 may be used. Alternatively,
the effective cross-sectional area Agg and effective section modulus Z ¢ about a given axis may
conservatively be obtained using:

Aot _ 126

b/t

Zetr _ 15¢

Z b/t
where

b is the leg length;

t 1s the thickness.

3.6.5 Alternative method

As an alternative to the methods detailed in 3.6.2, 3.6.3 and 3.6.4, a reduced design strength Dyy may be
calculated at which the cross-section would be class 3 semi-compact. The reduced design strength py,
should then be used in place of py in the checks on section capacity and member buckling resistance given
in 4.2, 4.3, 4.4, 4.7 and 4.8. The value of this reduced design strength p,, may be obtained from:

Py = (B3/B)?py

in which fis the value of b/T, b/t, D/t or d/t that exceeds the limiting value i3 given in Table 11 or Table 12
for a class 3 semi-compact section.

NOTE Unless the class 3 semi-compact limit is exceeded by only a small margin, the use of this alternative method can be rather
conservative.

3.6.6 Circular hollow sections

Provided that the overall diameter D does not exceed 240t&2 the effective cross-sectional area A, and
effective section modulus Z g of a class 4 slender circular hollow section of thickness ¢ may be determined
from:

- ()

-1
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Bracing systems that supply positional restraint to more than one member should be designed to resist the
sum of the restraint forces from each member that they restrain, reduced by the factor &, obtained from:

k.=(0.2 + 1/N,)05
in which NV, is the number of parallel members restrained.
4.7.2 Slenderness

The slenderness A of a compression member should generally be taken as its effective length Ly divided by
its radius of gyration r about the relevant axis, except as given in 4.7.9, 4.7.10 or 4.7.13.

In the case of a single-angle strut with lateral restraints to its two legs alternately, the slenderness for
buckling about every axis should be increased by 20 %.

4.7.3 Effective lengths

Except for angles, channels or T-sections designed in accordance with 4.7.10 the effective length Ly of a
compression member should be determined from the segment length L centre-to-centre of restraints or
intersections with restraining members in the relevant plane as follows.

a) Generally, in accordance with Table 22, depending on the conditions of restraint in the relevant plane,
members carrying more than 90 % of their reduced plastic moment capacity M, in the presence of axial
force (see 1.2) being taken as incapable of providing directional restraint.

b) For continuous columns in multistorey buildings of simple design, in accordance with Table 22,
depending on the conditions of restraint in the relevant plane, directional restraint being based on
connection stiffness as well as member stiffness.

¢) For compression members in trusses, lattice girders or bracing systems, in accordance with Table 22,
depending on the conditions of restraint in the relevant plane.

d) For columns in single storey buildings of simple design, see D.1.
e) For columns supporting internal platform floors of simple design, see D.2.
f) For columns forming part of a continuous structure, see Annex E.

Table 22 — Nominal effective length Ly for a compression member?

a) non-sway mode

Restraint (in the plane under consideration) by other parts of the structure Lg
Effectively held in position at |Effectively restrained in direction at both ends 0.7L
both ends Partially restrained in direction at both ends 0.85L
Restrained in direction at one end 0.85L
Not restrained in direction at either end 1.0L
b) sway mode
One end Other end Lg
Effectively held in position Not held in position |Effectively restrained in direction |1.2L
and restrained in direction Partially restrained in direction 1.5L
Not restrained in direction 2.0L

a Excluding angle, channel or T-section struts designed in accordance with 4.7.10.

4.7.4 Compression resistance
The compression resistance P, of a member should be obtained from the following:
a) for class 1 plastic, class 2 compact or class 3 semi-compact cross-sections:
P, = Agpc
b) for class 4 slender cross-sections:

Pc = Aeffpcs
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Annex D (normative)
Effective lengths of columns in simple structures

D.1 Columns for single storey buildings

D.1.1 Typical cases

The effective lengths of columns for single storey buildings of simple design, see 2.1.2.2, should be
determined by reference to the typical cases illustrated in Figure D.1 to Figure D.5, provided that the
following conditions apply.

a) In the plane of the diagram the columns act as cantilevers tied together by the roof trusses, but in this
plane the tops of the columns are not otherwise held in position or restrained in direction.

b) Perpendicular to the plane of the diagram, the tops of the columns are effectively held in position by
members connecting them to a braced bay, or by other suitable means. In the case of Figure D.3 to
Figure D.5 the braced bay also holds the columns in position at crane girder level.

¢) The bases of the columns are effectively held in position and restrained in direction in both planes.

d) The foundations are capable of providing restraint commensurate with that provided by the base.

D.1.2 Variations

Where the conditions differ from those detailed in D.1.1, the following modifications should be made to the
effective lengths shown in Figure D.1 to Figure D.5.

a) If, in the plane of the diagram, the tops of the columns are effectively held in position by horizontal
bracing or other suitable means, the effective lengths in this plane should be obtained from Table 22a).

b) If, in the plane of the diagram, the roof truss or other roof member is connected to the columns by a
connection capable of transmitting appreciable moment, the effective length of the stanchion in this
plane should be determined in accordance with Annex E.

¢) If, perpendicular to the plane of the diagram, one flange only of the stanchion is restrained at intervals
by sheeting rails, then for buckling out-of-plane the method given in Annex G should be used.

d) If, perpendicular to the plane of the diagram, the base of the column is not effectively restrained in
direction, the effective lengths 0.85L or 0.85L4 in Figure D.1 to Figure D.5 should be increased to 1.0L or
1.0Lq respectively.
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See D.1.1. (b) i

Effective length of column:
Axis X - X=1.5L
Axis Y -Y =0.85L

Figure D.1 — Side column without intermediate lateral restraint
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Effective length of column:

Axis X - X=1.5L

Axis Y -Y =0.85L4,1.0L, 0r 1.0L3
whichever is the greatest

Figure D.2 — Side column with intermediate lateral restraint to both flanges
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Effective length of column:
Axis X - X=15L
Axis Y - Y =0.85L,

Figure D.3 — Simple side column with crane gantry beams
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Effective lengfhs of columns:
Upper roof column

Axis X - X=1.5L4
AxisY -Y =Y,-Y,=1L,

Lower roof column

Axis B - B=10.85L
AxisY-Y = Lz, L3, La or LS
whichever is the greatest

Crane column

Axis B-B=0.85L

Axis Y] - Y1 = L(,, L7, LB or Lg
whichever is the greatest

Combined roof and crane column
AxisA-A=15L
Axis B-B=0.85L

M
X Upper roof column )
1 L1
Y, -4+ -—-Y
| L ] ﬁ”
X Crane column
il Y
A | |
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9
= 0 Ly
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L Ny
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Lower roof column

Figure D.4 — Compound side column with crane gantry beams
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Roof column ——— =

I

el ——

Crane column —e

Effective lengths of columns:
Roof column

Axis B, - B, =L,

Axis A-A=15L,

Crane column

Axis B- B =0.85L
AxisY-Y =L, L5 L, orLs
whichever is the greatest

Combined crane column
AxisA-A=15L
Axis B- B =0.85L

Figure D.5 — Compound valley column with crane gantry beams
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D.2 Columns supporting internal platform floors

The effective lengths of columns supporting internal platform floors of simple design, see 2.1.2.2, should be
determined from Table D.1, depending on the conditions of directional restraint at the head and the base
of the column in the relevant plane, and on whether the platform is braced against sway in that plane by
some appropriate means other than the strength and stiffness of the columns themselves.

For columns that are unbraced in the relevant plane, where at least five columns act together to resist
sway, the reduced effective lengths given in case c) of Table D.1 may be used, except for columns supporting
storage loads.

In assessing the conditions of fixity, no greater directional restraint should be assumed than can reliably
be provided at the head of a column by the cap-plate, the beams and the connection details, or at the base
of a column by the baseplate, the base slab and the connection between them.

Table D.1 — Effective lengths of columns for internal platform floors

Case Directional restraint at Directional restraint at head of column
base of column
Effectively Partially Nominally Truly
restrained restrained pinned pinned
a) Braced column Effectively restrained |0.70L 0.80L 0.85L 0.90L
Partially restrained 0.80L 0.85L 0.90L 0.95L
Nominally pinned 0.85L 0.90L 0.95L 1.00L
Truly pinned 0.90L 0.95L 1.00L Avoid
b) Unbraced column Effectively restrained |1.50L 2.00L 2.50L 3.00L
Except asincasec)  [Partially restrained 2.00L 2.50L 3.00L 4.00La
Nominally pinned 2.50L 3.00L Avoid Avoid
Truly pinned 3.00L Avoid Avoid Avoid
¢) Unbraced column Effectively restrained 1.20L 1.50L 2.00L 2.50L
Five or more columns |Partially restrained 1.50L 2.00L 2.50L 3.00L2
tied together Nominally pinned 2.00L 2.50L Avoid Avoid
No storage loads Truly pinned 2.50L Avoid Avoid Avoid
a For buckling about major axis only. To be avoided for buckling about minor axis.

Annex E (normative)
Effective lengths of compression members in continuous structures

E.1 General

The effective length Ly for in-plane buckling of a column or other compression member in a continuous
structure with moment-resisting joints, should be determined using the methods given in this annex.

Generally, the effective length ratio Ly/L should be obtained from Figure E.1 for the non-sway mode or
Figure E.2 for the sway mode, as appropriate.

Distribution factors for columns in multi-storey buildings may be determined using the limited frame
method given in E.2. The stiffening effect of infill wall panels may be taken into account as given in E.3.

Distribution factors for other compression members should be determined by reference to E.4.

In structures in which frames with moment-resisting joints provide sway resistance to simple columns (or
other columns that do not contribute to the sway resistance in that plane), the in-plane effective lengths of
the columns contributing to the sway resistance should be increased as detailed in E.5.

Alternatively, the effective length may be derived from the elastic critical load factor, taking account of the
vertical loads supported by the whole structure, see E.6.

NOTE Recommendations for the necessary stiffness of the moment-resisting joints are given in 6.1.5.
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E.2 Columns in multi-storey buildings

E.2.1 Limited frame method

For columns in multi-storey beam-and-column framed buildings with full continuity at moment-resisting
joints and concrete or composite floor and roof slabs, the effective length Ly, for in-plane buckling of a
column-length may be determined on the basis of the limited frame shown in Figure E.3. The distribution
factors k1 and k5 for the ends of the column-length should be obtained from:

Total stiffness of the columns at the joint
Total stiffness of all the members at the joint

If any member shown in Figure E.3 is not present in the actual structure, or is not rigidly connected to the
column-length being designed, its stiffness should be taken as zero in determining distribution factors.

If the moment at one end of the column-length being designed exceeds 90 % of its reduced plastic moment
capacity M, in the presence of axial force, the distribution factor k for that end of the column-length should
be taken as unity.

E.2.2 Beam stiffness

The stiffness coefficient Ky, for a beam directly supporting a concrete or composite floor slab should
normally be taken as I/L for both the sway mode and the non-sway mode, provided that the beam does not
carry axial force, other than that due to sharing wind loads or notional horizontal loads between columns.

The stiffness coefficient Kj, for any other beam should be obtained:
— from Table E.1 for other beams in buildings with concrete or composite floor slabs;

— by reference to E.4.1 for beams in other rectilinear frames.

For beams with axial forces, reference should be made to E.4.2. If a beam has semi-rigid connections, its
effective stiffness coefficient should be reduced accordingly.
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1-Ak,
17 A-Bk,
in which:

ir o
A = 1——[ +0(cot0(}

4|1 -acota
2 1 0(2 2
B=A —E[l_acota—acota}
_ /2 .
a = LE/L[radlans]

A conservative value of Lg/L for given values of £, and %k, may be obtained from:

Ly/L~0.5+0.14(ky + k) +0.055(k, + ky)>

Figure E.1 — Effective length ratio Ly/L for the non-sway buckling mode
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in which:

A = 1-0.25a(cota — tana)
B = A%—[0.25a(cota + tana)]

_ /2 .
a= L—E/L[radlans]

A conservative value of Ly/L for given values of k; and k, may be obtained from:

1-0.2(k, +ky) - 0.12k, k,1%5

Ly/L~
B/ 1-0.8(k; +ky) + 0.6k ks

Figure E.2 — Effective length ratio Li/L for the sway buckling mode
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Column-length being designed ——m=] 1

K K
21 2

Distribution factors:

b = K. +K,
VK K tK tK,
b = K. +K,
27 K +Ky+ Ky + Ky
where

K, and K, are the values of K, for the adjacent column-lengths;

Ky, Ky9, K91 and Ky, are the values of K, for the adjacent beams.

Figure E.3 — Distribution factors for continuous columns

Table E.1 — Stiffness coefficients K; of beams in buildings with floor slabs

Loading conditions for the beam Non-sway mode Sway mode
Beams directly supporting concrete or 1.0I/L 1.0I/L
composite floor or roof slabs
Other beams with direct loads 0.751/L 1.0I/L
Beams with end moments only 0.51/L 1.51/L

Wherever a peak moment in a beam exceeds 90 % of its reduced plastic moment capacity M, in the presence
of axial force, it should be treated as pinned at that point. If such a point occurs only at the far end of the
beam the value of K}, should be taken as 0.75I/L (or the value from Table E.1, if less), otherwise K}, should

be taken as zero.

In a structure designed using plastic analysis, a beam should be taken as having a stiffness coefficient K},
of zero unless it has been designed to remain elastic.

E.2.3 Base stiffness

The base stiffness should be determined by reference to 5.1.3. In determining the distribution factor % at
the foot of a column, the base stiffness should be treated as a beam stiffness, not a column stiffness.
E.2.4 Column stiffness

The stiffness coefficient K, of an adjacent column-length above or below the column-length being designed
should be taken as I/L. Text deleted
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2.3 Simplified determination of slenderness

The basic definition of non-dimensional beam slenderness /TLT (Equation (2.18)) requires
the explicit calculation of M_, given, for the most general case, by Equation (2.14). Use
of this equation will generally lead to the most accurate assessment of lateral torsional
buckling resistance and hence the most economic design. There are, however, a number
of simplifications that can be made in the determination of ILT that will greatly expedite
the calculation process, often with little loss of economy. These simplifications are
described in NCCI SNOO2 [ and are summarised below. A number of the simplifications

relate specifically to doubly-symmetric I sections.

As an alternative to Equation (2.18), the non-dimensional beam slenderness /TLT may

be taken as:

_ 1 _

Ay = EUVDAZ\/[?W (2.21)
C, is a factor that allows for the shape of the bending moment diagram and is

discussed in Section 2.4. It may be conservatively taken as equal to 1.0.

U is a parameter that depends on section geometry, given by:
w.g |1
U — ply z
1 7 (2.22)

w

where all symbols are as previously defined.

For UKB and UKC sections, values of U range between about 0.84 and 0.90;
U = 0.9 is therefore a suitable conservative upper bound for such sections.
The parameter g is defined in Section 2.2.1.

14 is a parameter related to slenderness, and is given in full by:
1
V= = (2.23)
k A2 , 1
— | * £ +(C =
4[ij WE Al Gz 7
G I, I,

the symbols for which are defined in Section 2.2.1.
For doubly-symmetric hot-rolled UKB and UKC sections, and for cases where
the loading is not destabilizing, ¥ may be conservatively simplified to:

I S (2.24)

2
41+L 22
20\ h/t,

For all sections symmetric about the major axis and not subjected to

destabilizing loading, " may be conservatively taken as equal to 1.0.
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Table 2.3
T for different
steel grades

e

D is a destabilizing parameter to allow for destabilizing loads (i.e. loads

applied above the shear centre of the beam, where the load can move with

the beam as it buckles), given by:

pe__ 1 (2.25)

1
2 z
1-V szg /

w

Destabilizing loads are discussed in Section 2.5. For non-destabilizing
loads, D =1.0.

A, is the minor axis non-dimensional slenderness of the member, given by
I[ =),/ 2, inwhich A, =kL/i,, where k is an effective length parameter,
values of which are given in Section 3 of this guide.

B, is a parameter that allows for the classification of the cross-section; for

Class 1 and 2 sections, =1 while for Class 3 sections B, =W, /W, .

For a hot-rolled doubly-symmetric I or H section with lateral restraints to the compression
flange at both ends of the segment under consideration and with no destabilizing

loads, the non-dimensional beam slenderness /TLT may be conservatively obtained

from Table 2.3. Table 2.3 has been derived on the basis of Equation (2.21) with the
conservative assumptions of C, = 1.0, U= 0.9, V'=1.0, D= 1.0 and \/E =1.0.

S235 S275 S355
—- _L/i - _Lli — Lli
104 96 g

Note that the simplified method described in this Section can lead to more favourable
results if in-plane curvature prior to buckling is accounted for in the calculation of the
parameter U (through the parameter g described in Section 2.2.1). The slenderness
would be less than that derived from Equation (2.18) using a simplified value of M_

that neglects this beneficial effect.

2.4 Equivalent uniform moment factors C,

The distribution of bending moments along the length of a beam influences the value
of the elastic critical moment. Allowance for the variation of bending moments on the
elastic buckling moment M_ or slenderness /TLT of a beam may be made by means of
the equivalent uniform moment factor C| (see Equations (2.14) and (2.21)). Uniform
bending moment is the most severe scenario, for which C, = 1. Taking C, = 1 is also
conservative for other patterns of moment, but may become overly conservative when

the bending moment distribution varies significantly from uniform.

Recommended values of C, and 1//C, are given in Table 2.4 and Table 2.5. These

values are taken from P362 2, Similar values are also available elsewhere including

15
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NCCI: Elastic critical moment for lateral torsional buckling

This NCCI gives the expression of the elastic critical moment for doubly symmetric cross-
sections. Values of the factors involved in the calculation are given for common cases. For
a beam under a uniformly distributed load with end moments or a concentrated load at
mid-span with end moments, the values for the factors are given in graphs.

Contents
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1. General

For doubly symmetric cross-sections, the elastic critical moment M, may be calculated by the
method given in paragraph 2.

For cases not covered by the method given in paragraph 2, the elastic critical moment may be
determined by a buckling analysis of the beam provided that the calculation accounts for all
the parameters liable to affect the value of M, :

U geometry of the cross-section

O warping rigidity

U position of the transverse loading with regard to the shear centre

O restraint conditions

The LTBeam software is specific software for the calculation of the critical moment M. It
may be downloaded free of charge from the following web site:

http://www.cticm.com

2. Method for doubly symmetric sections

The method given hereafter only applies to uniform straight members for which the cross-
section is symmetric about the bending plane.

The conditions of restraint at each end are at least :

Q restrained against lateral movement
O restrained against rotation about the longitudinal axis

The elastic critical moment may be calculated from the following formula derived from the
buckling theory :

kY, kYo, )
W J(k—]f*nz—a*(cﬂg)z s .

E isthe Young modulus (E = 210000 N/mm?)
G s the shear modulus (G = 80770 N/mm?)
I, is the second moment of area about the weak axis

It is the torsion constant

lw isthe warping constant
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L is the beam length between points which have lateral restraint
k and k,, are effective length factors
zy isthe distance between the point of load application and the shear centre.
Note : for doubly symmetric sections, the shear centre coincides with the centroid.
C: and C; are coefficients depending on the loading and end restraint conditions (see §3).

The factor k refers to end rotation on plan. It is analogous to the ratio of the buckling length to
the system length for a compression member. k should be taken as not less than 1,0 unless less
than 1,0 can be justified.

The factor ki, refers to end warping. Unless special provision for warping fixity is made, ky
should be taken as 1,0.

In the general case zq is positive for loads acting towards the shear centre from their point of
application (Figure 2.1).

|

S 4+ S
F
| | I l |
23>0 23<0

Figure 2.1 Point of application of the transverse load
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In the common case of normal support conditions at the ends (fork supports), k and k, are
taken equal to 1.

2°EL, | 1, LG
M, =Gt [ L4+(Cyz,f -Cuz )

2
, 7°El,

When the bending moment diagram is linear along a segment of a member delimited by
lateral restraints, or when the transverse load is applied in the shear centre, C; z; = 0. The
latter expression should be simplified as follows :

72El, [1, L2GI
=C ="
> \I, 7°El,

3)

For doubly symmetric I-profiles, the warping constant I, may be calculated as follows :

_ Iz(h_tf)2
l, = 1 (4)

where
h is the total depth of the cross-section

ts is the flange thickness

3. C;and C, factors

3.1 General
The C; and C, factors depend on various parameters :
e section properties,
e support conditions,
e moment diagram
It can be demonstrated that the C; and C, factors depend on the ratio :

El
K= G,tvﬁz (5)

The values given in this document have been calculated with the assumption that x = 0. This
assumption leads to conservative values of C;.

Page 4

This material is copyright - all rights reserved. Use of this document is subject to the terms and conditions of the Access Steel Licence Agreement

Created on Wednesday, January 23, 2008



NCCI: Elastic critical moment for lateral torsional buckling
Yo

access NCCI: Elastic critical moment for lateral torsional buckling

Steel SNO003a-EN-EU

Eurocodes made easy

3.2 Member with end moments only
The factor C; may be determined from Table 3.1 for a member with end moment loading.

l<y<+l ‘
Figure 3.1 Member with end moments
Table 3.1 Values of C, for end moment loading (for k = 1)
v C1
+1,00 1,00
+0,75 1,14
+0,50 1,31
+0,25 1,52
0,00 1,77
-0,25 2,05
-0,50 2,33
-0,75 2,57
-1,00 2,55
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3.3 Member with transverse loading
Table 3.2 gives values of C; and C, for some cases of a member with transverse loading,

Table 3.2 Values of factors C; and C, for cases with transverse loading (for k = 1)
Loading and support , :
conditions Bending moment diagram C: C.
A b v b brbvey 1127 | o4se
A A\
i¢uwuuwmui¢ D A | 257 | 15m
¢ 1,348 | 0,630
A AN
i v i = = 1,683 | 1,645

Note : the critical moment M, is calculated for the section with the maximal moment along the member

3.4 Member with end moments and transverse loading

For combined loading of end moments and transverse loads as shown in Figure 3.2, values of
C: and C, may be obtained from the curves given hereafter. Two cases are considered:

Case a) end moments with a uniformly distributed load
Case b) end moments with a concentrated load at mid-span
The moment distribution may be defined using two parameters :
w is the ratio of end moments. By definition, M is the maximum end moment, and so :
-1<w<1 (w=1 forauniform moment)

4 isthe ratio of the moment due to transverse load to the maximum end moment M

qL®
Case a =—
) wu Y
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FL
Case b =—
) AM

Sign convention for x:

>0 if M and the transverse load (q or F), each supposed acting alone, bend the
beam in the same direction (e.g. as shown in the figure below)

u<0  otherwise

The values of C; and C, have been determined for k = 1 and ky, = 1.

M T TN F[ yM
C - D (. L B
@ (b)

Figure 3.2 End moments with a transverse load
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35
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25
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Figure 3.3 End moments and uniformly distributed load — Factor C,
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Table 13 — Effective length Ly for beams without intermediate restraint

Conditions of restraint at supports Loading condition
Normal Destabilizing

Compression flange |Both flanges fully restrained against rotation |0.7Lyp 0.85L1 1
laterally restrained. |on plan.
Nominal torsional Compression flange fully restrained against  |0.75Lyp 0.9L; 1
restraint against rotation on plan.
rotation about Both flanges partially restrained against 0.8Ly1 0.95L11
longitudinal axis, as |rotation on plan.
givenin 4.2.2. Compression flange partially restrained 0.85L1p 1.0Ly

against rotation on plan.

Both flanges free to rotate on plan. 1.0Lyp 1.2L1 7
Compression flange |Partial torsional restraint against rotation 1.0L; 1+ 2D 1.2L;p+ 2D
laterally about longitudinal axis provided by connection
unrestrained. of bottom flange to supports.
Both flanges free to |Partial torsional restraint against rotation 1.2Lp+ 2D 1.4Ly+ 2D
rotate on plan. about longitudinal axis provided only by

pressure of bottom flange onto supports.
D is the overall depth of the beam.

4.3.5.4 Cantilevers without intermediate restraints

The effective length Ly for lateral-torsional buckling of a cantilever with no intermediate lateral restraint
should be obtained from Table 14, taking L as the length of the cantilever. If a bending moment is applied
at its tip, the effective length Ly from Table 14 should be increased by the greater of 30 % or 0.3L.

4.3.5.5 Cantilevers with intermediate restraints

Provided that the end restraint conditions correspond with cases c)4) or d)4) in Table 14, the effective
length Ly for lateral-torsional buckling of a cantilever with intermediate lateral restraints to its
compression flange should be taken as 1.0L for normal loading conditions, taking L as the length of the
relevant segment between adjacent lateral restraints. However, for the destabilizing loading condition
(see 4.3.4) Lg should be obtained from Table 14, taking L as the length of the cantilever, unless the top
flange also has intermediate lateral restraints.
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Table 14 — Effective length Ly for cantilevers without intermediate restraint

Restraint conditions

Loading conditions

restraint

At support At tip Normal Destabilizing
a) Continuous, with lateral |[1) Free 3.0L 7.5L
restraint to top flange 2) Lateral restraint to top 2.7L 7.5L
flange
3) Torsional restraint 2.4L 4.5L
4) Lateral and torsional 2.1L 3.6L
restraint
b) Continuous, with partial |1) Free 2.0L 5.0L
torsional restraint 2) Lateral restraint to top 1.8L 5.0L
flange
3) Torsional restraint 1.6L 3.0L
4) Lateral and torsional 1.4L 2.4L
restraint
L
¢) Continuous, with lateral [1) Free 1.0L 2.5L
and torsional restraint 2) Lateral restraint to top 0.9L 2.5L
flange
3) Torsional restraint 0.8L 1.5L
4) Lateral and torsional 0.7L 1.2L
restraint
d) Restrained laterally, 1) Free 0.8L 1.4L
torsionally and against 2) Lateral restraint to top 0.7L 1.4L
rotation on plan flange
3) Torsional restraint 0.6L 0.6L
4) Lateral and torsional 0.5L 0.5L

Tip restraint conditions

(not braced on plan)

2) Lateral restraint to top
flange

S

(braced on plan in at least
one bay)

7

3) Torsional restraint

(not braced on plan)

4) Lateral and torsional restraint

(braced on plan in at least one bay)
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4.3.6 Resistance to lateral-torsional buckling

4.3.6.1 General
Resistance to lateral-torsional buckling need not be checked separately (and the buckling resistance
moment M may be taken as equal to the relevant moment capacity M,) in the following cases:
— bending about the minor axis;
— CHS, square RHS or circular or square solid bars;
— RHS, unless Lg/ry exceeds the limiting value given in Table 15 for the relevant value of D/B;
— I-, H-, channel or box sections, if A;p does not exceed Ajy, see 4.3.6.5.
Otherwise, for members subject to bending about their major axis, reference should be made as follows:
— for I-, H-, channel or box section members with equal flanges and a uniform cross-section throughout
the length of the relevant segment L between adjacent lateral restraints, see 4.3.6.2;

— for I-sections or box sections with unequal flanges but with a uniform cross-section throughout the
length of the relevant segment L between adjacent lateral restraints, see 4.3.6.3;

— for I-, H-, channel or box section members with a cross-section that varies within the length of the
relevant segment L between adjacent lateral restraints, see B.2.5;
— for hot rolled angles, see 4.3.8;
— for plates, flats or solid rectangular bars, see B.2.7,;
— for T-sections see, B.2.8.
Table 15 — Limiting value of Ly/ry for RHS

Ratio Limiting value of Ratio Limiting value of Ratio Limiting value of
DIB Lyg/ry DIB Lyglry DIB Lg/ry

1.25 770 X (275/py) 15 515 X (275/py) 2.0 340 x (275/py)
1.33 670 X (275/py) 1.67 435 % (275/py) 25 275 % (275/py)
14 580 X (275/py) 1.75 410 X (275/py) 3.0 225 X (275/py)
1.44 550 X (275/py) 1.8 395 X (275/py) 4.0 170 X (275/py)
Key:
B is the width of the section;
D 1is the depth of the section;
Ly 1is the effective length for lateral-torsional buckling from 4.3.5;
py is the design strength;
ry is the radius of gyration of the section about its minor axis.

4.3.6.2 I-, H-, channel and box sections with equal flanges
In each segment of length L between adjacent lateral restraints, members of I-, H-, channel or box sections

with equal flanges should satisfy:

M, < My/mypy and M, < M.,
where
M, 1s the buckling resistance moment, see 4.3.6.4;
M., isthe major axis moment capacity of the cross-section, see 4.2.5;
M. 1s the maximum major axis moment in the segment;

X

mpr

1s the equivalent uniform moment factor for lateral-torsional buckling, see 4.3.6.6.
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4.3.7 Equal flanged rolled sections

As a simple (but more conservative) alternative to 4.3.6.5, 4.3.6.6, 4.3.6.7, 4.3.6.8 and 4.3.6.9, the buckling
resistance moment My, of a plain rolled I, H or channel section with equal flanges may be determined using
the bending strength py, obtained from Table 20 for the relevant values of (fy)%°Ly/ry and D/T as follows:

— for a class 1 plastic or class 2 compact cross-section:

My, = py,Sx
— for a class 3 semi-compact cross-section:
M, = pyZy
where

D is the depth of the section;

Li  1isthe effective length from 4.3.5;

1s the radius of gyration of the section about its y-y axis;
1s the plastic modulus about the major axis;

1s the flange thickness;
1s the section modulus about the major axis;

NS o

Pw  1is the ratio specified in 4.3.6.9.

4.3.8 Buckling resistance moment for single angles

4.3.8.1 General

The design of unrestrained single angle members to resist bending should take account of the fact that the
rectangular axes of the cross-section (x-x and y-y) are not the principal axes, either by using the basic
method given in 4.3.8.2 or the simplified method given in 4.3.8.3.

4.3.8.2 Basic method

For this method the applied moments should be resolved into moments about the principal axes u-u
and v-v. The buckling resistance moment M, for bending about the u-u axis should be based on the value
of A;p obtained from B.2.9. The effects of biaxial bending should then be combined in accordance with 4.9.

4.3.8.3 Simplified method

Alternatively to 4.3.8.2, for equal angles the buckling resistance moment of a single angle with
b/t < 15¢ subject to bending about the x-x axis, may be determined as follows:

— heel of angle in compression:
My, =0.8pyZy
— heel of angle in tension:
13506~ Ly/r,
M, = 22 ~ogse )

where

but M, < 0.8pyZX

Lg is the effective length from 4.3.5, based on the length L, between restraints against buckling
about the v-v axis;

Iy 1s the radius of gyration about the v-v axis;

1s the smaller section modulus about the x-x axis.

If the member is bent with the heel of the angle in tension anywhere within the length L, between
restraints against buckling about the v-v axis, the relevant value of M, should be applied throughout that
segment.

For unequal angles the basic method given in 4.3.8.2 should be used.
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The monosymmetry index ¢ should be taken as positive when the flange of the T-section is in compression
and negative when the flange is in tension. It may be evaluated using:

3 3.t 4 4
y,B T/12+ BTy, +4_1[(C_T) —-(D-0)7]

_ 1
Yy = -
2o I, (D-T/2)
in which:
Yo = ¢—=1T172

where c is the distance from the outside of the flange to the centroid of the section.

When the flange is in tension the monosymmetry index  may conservatively be taken as —1.0.
B.2.8.3 Warping constant

For a T-section the warping constant H should be obtained from:

_ BT (»-1/2)’
144 36

B.2.9 Angle sections
B.2.9.1 Axes

Except when using the approximate method given in 4.3.8, moments applied to unrestrained angles should
be related to their principal axes u-u and v-v, not their geometric axes x-x and y-y.

B.2.9.2 Equal angles

For a single equal leg angle, subject to moments about its major axis u-u, the equivalent slenderness Ap
should be taken as:

AT = 2.25(P,A,)00

in which:
2 0.5
d)a = Z—u Ya
Ad
Yo = @Q-LJ/1)
Ay = Lylr,
where
A is the cross-sectional area;
I, is the second moment of area about the major axis;
I, is the second moment of area about the minor axis;
J is the torsion constant;
L, is the length between points where the member is restrained in both the x-x and y-y

directions;
is the radius of gyration about the minor axis v-v;

~
cN <

is the section modulus about the major axis u-u.
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B.2.9.3 Unequal angles

For a single unequal leg angle, subject to moments about its major axis u-u, the equivalent slenderness Ayp
should be taken as:

AL = 2.25V,(d,A,)05
in which:

1

v, = Kl . (4.51,03)2)0.5 . 4.21/)3}0.5

v v

The monosymmetry index ¥, for an unequal angle should be taken as positive when the short leg is in
compression and negative when the long leg is in compression. If the long leg is in compression anywhere
within the segment length L, then ¢, should be taken as negative. It may be evaluated from:

J'vi(ui2+vi2)dA 1
Y, = |:2VO_ i :|_

t

u

in which u; and v; are the coordinates of an element of the cross-section and v, is the coordinate of the shear
centre along the v-v axis, relative to the centroid of the cross-section.

B.3 Internal moments

B.3.1 General

The additional internal “second-order” minor-axis moment (equivalent to the strut action moment in a
compression member) in a member subject to external applied major axis moment, should be taken as
having a maximum value M, ,,,, midway between points of inflexion of the buckled shape (the points

between which the effective Tength Ly is measured) given by:

My,rnax = (py/pb_l)(Mcy/Mcx)mLTMX

where
M., is the major axis moment capacity of the cross-section, assuming zero shear, see 4.2.5;
Mcy 1s the minor axis moment capacity of the cross-section, assuming zero shear, see 4.2.5;
M, is the maximum major axis moment in the length L of the segment;

myyr 1s the equivalent uniform moment factor for lateral-torsional buckling, see 4.3.6.6;

Dy is the bending strength for resistance to lateral-torsional buckling, see 4.3.6.5 (or B.2.1).
The additional internal minor axis moment M, at a distance L, along the member from a point of inflexion
should be obtained from:

My, = My o sin(180L,/Ly)

B.3.2 T-sections

In applying B.3.1 to a T-section, the subscripts x and y should always be taken as referring to the major
axis and the minor axis respectively, even where the opposite subscript is used in B.2.8.2b).

B.3.3 Angles

In applying B.3.1 to an angle, the subscripts x and y should be taken as referring to the major axis u—u and
minor axis v—v respectively.
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SECTION PROPERTIES = f
R |—
U K ; L 1 T
EUROCODES UNIVERSAL BEAMS . N e =
Advance® UKB h == |d -
8.2 DIMENSIONS | itf ] | ==
7 I
Section Mass Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web Clelezl?;nce Notch MP;:e TE:rr\e
h b ty t r d clt | cy,lty, C N n
kg/m mm mm mm | mm mm mm mm mm | mm [ m? m?

1016 x 305 x 487 + 486.7 | 1036.3 | 308.5 30.0 54.1 30.0 868.1 2.02 28.9 17 150 86 3.20 6.58
1016 x 305 x 437 + 437.0 | 1026.1 | 305.4 26.9 49.0 30.0 868.1 2.23 32.3 15 150 80 3.17 7.25
1016 x 305 x 393 + 392.7 | 1015.9 | 303.0 24.4 43.9 30.0 868.1 2.49 35.6 14 150 74 3.14 8.00
1016 x 305 x 349 + 349.4 | 1008.1 | 302.0 211 40.0 30.0 868.1 2.76 41.1 13 152 70 3.13 8.96
1016 x 305 x 314 + 314.3 999.9 300.0 19.1 35.9 30.0 868.1 3.08 45.5 12 152 66 3.11 9.89
1016 x 305 x 272 + 272.3 990.1 300.0 16.5 31.0 30.0 868.1 3.60 52.6 10 152 62 3.10 11.4
1016 x 305 x 249 + 248.7 980.1 300.0 16.5 26.0 30.0 868.1 4.30 52.6 10 152 56 3.08 12.4
1016 x 305 x 222 + 222.0 970.3 300.0 16.0 21.1 30.0 868.1 531 54.3 10 152 52 3.06 13.8
914 x 419 x 388 388.0 921.0 420.5 214 36.6 24.1 799.6 4.79 374 13 210 62 3.44 8.87
914 x 419 x 343 343.3 911.8 418.5 19.4 32.0 24.1 799.6 5.48 41.2 12 210 58 3.42 9.96
914 x 305 x 289 289.1 926.6 307.7 19.5 32.0 19.1 824.4 3.91 42.3 12 156 52 3.01 10.4
914 x 305 x 253 253.4 918.4 305.5 17.3 27.9 19.1 824.4 4.48 47.7 11 156 48 2.99 11.8
914 x 305 x 224 224.2 910.4 304.1 15.9 23.9 19.1 824.4 5.23 51.8 10 156 44 2.97 13.2
914 x 305 x 201 200.9 903.0 303.3 15.1 20.2 19.1 824.4 6.19 54.6 10 156 40 2.96 14.7
838 x 292 x 226 226.5 850.9 293.8 16.1 26.8 17.8 761.7 4.52 47.3 10 150 46 2.81 12.4
838 x 292 x 194 193.8 840.7 292.4 14.7 21.7 17.8 761.7 5.58 51.8 9 150 40 2.79 14.4
838 x292x 176 175.9 834.9 291.7 14.0 18.8 17.8 761.7 6.44 54.4 9 150 38 2.78 15.8
762 x 267 x 197 196.8 769.8 268.0 15.6 25.4 16.5 686.0 4.32 44.0 10 138 42 2.55 13.0
762 x 267 x 173 173.0 762.2 266.7 14.3 21.6 16.5 686.0 5.08 48.0 9 138 40 2.53 14.6
762 x 267 x 147 146.9 754.0 265.2 12.8 17.5 16.5 686.0 6.27 53.6 8 138 34 2.51 17.1
762 x 267 x 134 133.9 750.0 264.4 12.0 15.5 16.5 686.0 7.08 57.2 8 138 32 2.51 18.7
686 x 254 x 170 170.2 692.9 255.8 14.5 23.7 15.2 615.1 4.45 42.4 9 132 40 2.35 13.8
686 x 254 x 152 152.4 687.5 254.5 13.2 21.0 15.2 615.1 5.02 46.6 9 132 38 2.34 15.4
686 x 254 x 140 140.1 683.5 253.7 12.4 19.0 15.2 615.1 5.55 49.6 8 132 36 2.33 16.6
686 x 254 x 125 125.2 677.9 253.0 11.7 16.2 15.2 615.1 6.51 52.6 8 132 32 2.32 18.5
610 x 305 x 238 238.1 635.8 311.4 18.4 314 16.5 540.0 4.14 29.3 11 158 48 2.45 10.3
610 x 305 x 179 179.0 620.2 307.1 14.1 23.6 16.5 540.0 5.51 38.3 9 158 42 241 135
610 x 305 x 149 149.2 612.4 304.8 11.8 19.7 16.5 540.0 6.60 45.8 8 158 38 2.39 16.0
610 x 229 x 140 139.9 617.2 230.2 13.1 221 12.7 547.6 4.34 41.8 9 120 36 2.11 15.1
610 x 229 x 125 125.1 612.2 229.0 11.9 19.6 12.7 547.6 4.89 46.0 8 120 34 2.09 16.7
610 x 229 x 113 113.0 607.6 228.2 111 17.3 12.7 547.6 5.54 49.3 8 120 30 2.08 18.4
610 x 229 x 101 101.2 602.6 227.6 10.5 14.8 12.7 547.6 6.48 52.2 7 120 28 2.07 20.5
610 x 178 x 100 + 100.3 607.4 179.2 11.3 17.2 12.7 547.6 4.14 48.5 8 94 30 1.89 18.8
610 x 178 x 92 + 92.2 603.0 178.8 10.9 15.0 12.7 547.6 4.75 50.2 7 94 28 1.88 20.4
610 x 178 x 82 + 81.8 598.6 177.9 10.0 12.8 12.7 547.6 5.57 54.8 7 94 26 1.87 22.9
533 x 312 x 272 + 273.3 577.1 320.2 211 37.6 12.7 476.5 3.64 22.6 13 160 52 2.37 8.67
533 x312x 219 + 218.8 560.3 317.4 18.3 29.2 12.7 476.5 4.69 26.0 11 160 42 2.33 10.7
533 x312x 182 + 181.5 550.7 314.5 15.2 24.4 12.7 476.5 5.61 31.3 10 160 38 2.31 12.7
533 x 312 x 150 + 150.6 542.5 312.0 12.7 20.3 12.7 476.5 6.75 37.5 8 160 34 2.29 15.2

Table 2.1.1.1. Advance® UKB. Dimensions
© 2006-2011, Tata Steel Europe Limited
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UK SECTION PROPERTIES T
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Advance® UKB ¥- ¥
B-3 PROPERTIES
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis | Axis | Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
U X Iy I A
cm* cm? cm | em | cm® [ cm® | emd | cmd dm® cm? cm?
1016 x 305 x 487 + 1020000 | 26700 40.6 | 6.57 | 19700 | 1730 | 23200 | 2800 0.867 21.1 64.4 4300 620
1016 x 305 x 437 + 910000 23400 40.4 | 6.49 | 17700 | 1540 | 20800 | 2470 0.868 23.1 56.0 3190 557
1016 x 305 x 393 + 808000 20500 40.2 | 6.40 | 15900 | 1350 | 18500 | 2170 0.868 255 48.4 2330 500
1016 x 305 x 349 + 723000 18500 40.3 | 6.44 | 14300 | 1220 | 16600 | 1940 0.872 27.9 43.3 1720 445
1016 x 305 x 314 + 644000 16200 40.1 | 6.37 | 12900 | 1080 | 14800 | 1710 0.872 30.7 37.7 1260 400
1016 x 305 x 272 + 554000 14000 40.0 | 6.35 | 11200 | 934 | 12800 | 1470 0.872 35.0 322 835 347
1016 x 305 x 249 + 481000 11800 39.0 | 6.09 | 9820 784 | 11300 | 1240 0.861 39.9 26.8 582 317
1016 x 305 x 222 + 408000 9550 38.0 | 5.81 | 8410 636 9810 | 1020 0.850 45.7 21.5 390 283
914 x 419 x 388 720000 45400 38.2 | 9.59 | 15600 [ 2160 | 17700 | 3340 0.885 26.7 88.9 1730 494
914 x 419 x 343 626000 39200 37.8 | 9.46 | 13700 | 1870 | 15500 | 2890 0.883 30.1 75.8 1190 437
914 x 305 x 289 504000 15600 37.0 | 6.51 | 10900 | 1010 | 12600 | 1600 0.867 31.9 31.2 926 368
914 x 305 x 253 436000 13300 36.8 | 6.42 | 9500 871 | 10900 | 1370 0.865 36.2 26.4 626 323
914 x 305 x 224 376000 11200 36.3 | 6.27 | 8270 739 9530 | 1160 0.860 41.3 22.1 422 286
914 x 305 x 201 325000 9420 35.7 | 6.07 | 7200 621 8350 982 0.853 46.9 18.4 291 256
838 x 292 x 226 340000 11400 34.3 | 6.27 | 7980 773 9160 1210 0.869 35.0 19.3 514 289
838 x 292 x 194 279000 9070 33.6 | 6.06 | 6640 620 7640 974 0.862 41.6 15.2 306 247
838 x 292 x 176 246000 7800 33.1 | 5.90 | 5890 535 6810 842 0.856 46.5 13.0 221 224
762 x 267 x 197 240000 8170 30.9 | 571 | 6230 610 7170 958 0.869 33.1 11.3 404 251
762 x 267 x 173 205000 6850 30.5 | 5.58 | 5390 514 6200 807 0.865 38.0 9.39 267 220
762 x 267 x 147 169000 5460 30.0 | 5.40 | 4470 411 5160 647 0.858 45.2 7.40 159 187
762 x 267 x 134 151000 4790 29.7 | 5.30 | 4020 362 4640 570 0.853 49.8 6.46 119 171
686 x 254 x 170 170000 6630 28.0 | 5.53 | 4920 518 5630 811 0.872 31.8 7.42 308 217
686 x 254 x 152 150000 5780 27.8 | 5.46 | 4370 455 5000 710 0.871 35.4 6.42 220 194
686 x 254 x 140 136000 5180 27.6 | 5.39 | 3990 409 4560 638 0.870 38.6 5.72 169 178
686 x 254 x 125 118000 4380 27.2 | 5.24 | 3480 346 3990 542 0.863 43.8 4.80 116 159
610 x 305 x 238 209000 15800 26.3 | 7.23 | 6590 1020 7490 1570 0.886 21.3 14.5 785 303
610 x 305 x 179 153000 11400 259 | 7.07 | 4930 743 5550 | 1140 0.885 27.7 10.2 340 228
610 x 305 x 149 126000 9310 25.7 | 7.00 | 4110 611 4590 937 0.886 32.7 8.17 200 190
610 x 229 x 140 112000 4510 25.0 | 5.03 | 3620 391 4140 611 0.875 30.6 3.99 216 178
610 x 229 x 125 98600 3930 249 | 497 | 3220 343 3680 535 0.875 34.0 3.45 154 159
610 x 229 x 113 87300 3430 24.6 | 4.88 | 2870 301 3280 469 0.870 38.0 2.99 111 144
610 x 229 x 101 75800 2910 242 | 475 | 2520 256 2880 400 0.863 43.0 2.52 77.0 129
610 x 178 x 100 + 72500 1660 23.8 | 3.60 | 2390 185 2790 296 0.854 38.7 1.44 95.0 128
610 x 178 x 92 + 64600 1440 23.4 | 3.50 | 2140 161 2510 258 0.850 42.7 1.24 71.0 117
610 x 178 x 82 + 55900 1210 23.2 | 3.40 | 1870 136 2190 218 0.843 48.5 1.04 48.8 104
533 x312x272 + 199000 20600 239 | 7.69 | 6890 1290 7870 1990 0.891 15.9 15.0 1290 348
533 x 312 x 219 + 151000 15600 23.3 | 7.48 | 5400 982 6120 | 1510 0.884 19.8 11.0 642 279
533 x312x182 + 123000 12700 23.1 | 7.40 | 4480 806 5040 1240 0.886 234 8.77 373 231
533 x 312 x 150 + 101000 10300 229 | 7.32 | 3710 659 4150 1010 0.885 27.8 7.01 216 192

Table 2.1.1.2. Advance® UKB. Properties
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BS EN 1993-1-1: 2005 Table 2.1.1.3
BS 4-1: 2005 b n
SECTION PROPERTIES = {
U K v A1 — T
EUROCODES UNIVERSAL BEAMS r t N e ES
Advance® UKB h —>{|+—"d -
o DIMENSIONS | itf B L
; |
Section Mass Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web CIeIZ?adnce Notch MF:i:e Tg’r?rr\e
h b ty t r d il | ey /ty C N n
kg/m mm mm mm | mm mm mm mm mm | mm [ m? m?
533 x 210 x 138 + 138.3 549.1 213.9 14.7 23.6 12.7 476.5 3.68 324 9 110 38 1.90 13.7
533 x210 x 122 122.0 544.5 211.9 12.7 21.3 12.7 476.5 4.08 37.5 8 110 34 1.89 155
533 x 210 x 109 109.0 539.5 210.8 11.6 18.8 12.7 476.5 4.62 41.1 8 110 32 1.88 17.2
533 x210 x 101 101.0 536.7 210.0 10.8 17.4 12.7 476.5 4.99 44.1 7 110 32 1.87 18.5
533 x 210 x 92 92.1 533.1 209.3 10.1 15.6 12.7 476.5 5.57 47.2 7 110 30 1.86 20.2
533 x 210 x 82 82.2 528.3 208.8 9.6 13.2 12.7 476.5 6.58 49.6 7 110 26 1.85 22.5
533 x165x 85 + 84.8 534.9 166.5 10.3 16.5 12.7 476.5 3.96 46.3 7 90 30 1.69 19.9
533 x165x 74 + 4.7 529.1 165.9 9.7 13.6 12.7 476.5 4.81 49.1 7 90 28 1.68 22.5
533 x 165 x 66 + 65.7 524.7 165.1 8.9 11.4 12.7 476.5 5.74 53.5 6 90 26 1.67 254
457 x 191 x 161 + 161.4 492.0 199.4 18.0 32.0 10.2 407.6 2.52 22.6 11 102 44 1.73 10.7
457 x 191 x 133 + 133.3 480.6 196.7 15.3 26.3 10.2 407.6 3.06 26.6 10 102 38 1.70 12.8
457 x 191 x 106 + 105.8 469.2 194.0 12.6 20.6 10.2 407.6 3.91 32.3 8 102 32 1.67 15.8
457 x 191 x 98 98.3 467.2 192.8 114 19.6 10.2 407.6 411 35.8 8 102 30 1.67 17.0
457 x 191 x 89 89.3 463.4 191.9 10.5 17.7 10.2 407.6 4.55 38.8 7 102 28 1.66 18.6
457 x 191 x 82 82.0 460.0 191.3 9.9 16.0 10.2 407.6 5.03 41.2 7 102 28 1.65 20.1
457 x 191 x 74 74.3 457.0 190.4 9.0 14.5 10.2 407.6 5.55 45.3 7 102 26 1.64 22.1
457 x 191 x 67 67.1 453.4 189.9 8.5 12.7 10.2 407.6 6.34 48.0 6 102 24 1.63 24.3
457 x 152 x 82 82.1 465.8 155.3 10.5 18.9 10.2 407.6 3.29 38.8 7 84 30 1.51 18.4
457 x 152 x 74 74.2 462.0 154.4 9.6 17.0 10.2 407.6 3.66 425 7 84 28 1.50 20.2
457 x 152 x 67 67.2 458.0 153.8 9.0 15.0 10.2 407.6 4.15 45.3 7 84 26 1.50 22.3
457 x 152 x 60 59.8 454.6 152.9 8.1 13.3 10.2 407.6 4.68 50.3 6 84 24 1.49 24.9
457 x 152 x 52 52.3 449.8 152.4 7.6 10.9 10.2 407.6 571 53.6 6 84 22 1.48 28.3
406 x 178 x 85 + 85.3 417.2 181.9 10.9 18.2 10.2 360.4 4.14 33.1 7 96 30 1.52 17.8
406 x 178 x 74 74.2 412.8 179.5 9.5 16.0 10.2 360.4 4.68 37.9 7 96 28 1.51 20.4
406 x 178 x 67 67.1 409.4 178.8 8.8 14.3 10.2 360.4 5.23 41.0 6 96 26 1.50 22.3
406 x 178 x 60 60.1 406.4 177.9 7.9 12.8 10.2 360.4 5.84 45.6 6 96 24 1.49 24.8
406 x 178 x 54 54.1 402.6 177.7 7.7 10.9 10.2 360.4 6.86 46.8 6 96 22 1.48 27.3
406 x 140 x 53 + 53.3 406.6 143.3 7.9 12.9 10.2 360.4 4.46 45.6 6 78 24 1.35 25.3
406 x 140 x 46 46.0 403.2 142.2 6.8 11.2 10.2 360.4 5.13 53.0 5 78 22 1.34 29.1
406 x 140 x 39 39.0 398.0 141.8 6.4 8.6 10.2 360.4 6.69 56.3 5 78 20 1.33 34.1
356 x 171 x 67 67.1 363.4 173.2 9.1 15.7 10.2 311.6 4.58 34.2 7 94 26 1.38 20.6
356 x 171 x 57 57.0 358.0 172.2 8.1 13.0 10.2 311.6 5.53 38.5 6 94 24 1.37 24.1
356 x 171 x 51 51.0 355.0 1715 7.4 115 10.2 311.6 6.25 42.1 6 94 22 1.36 26.7
356 x 171 x 45 45.0 351.4 171.1 7.0 9.7 10.2 311.6 7.41 445 6 94 20 1.36 30.2
356 x 127 x 39 39.1 353.4 126.0 6.6 10.7 10.2 311.6 4.63 47.2 5 70 22 1.18 30.2
356 x 127 x 33 33.1 349.0 125.4 6.0 8.5 10.2 311.6 5.82 51.9 5 70 20 1.17 35.4
305 x 165 x 54 54.0 310.4 166.9 7.9 13.7 8.9 265.2 5.15 33.6 6 90 24 1.26 23.3
305 x 165 x 46 46.1 306.6 165.7 6.7 11.8 8.9 265.2 5.98 39.6 5 90 22 1.25 27.1
305 x 165 x 40 40.3 303.4 165.0 6.0 10.2 8.9 265.2 6.92 44.2 5 90 20 1.24 30.8

Table 2.1.1.3. Advance® UKB. Dimensions
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BS EN 1993-1-1: 2005 Table2.1.14
BS 4-1: 2005
UK SECTION PROPERTIES T
EUROCODES UNIVERSAL BEAMS
Advance® UKB ¥- ¥
B-5 PROPERTIES
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis | Axis | Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
U X Iy I A
cm* cm? cm | em | cm® [ cm® | emd | cmd dm® cm? cm?
533 x 210 x 138 + 86100 3860 22.1 | 4.68 | 3140 361 3610 568 0.874 24.9 2.67 250 176
533 x 210 x 122 76000 3390 22.1 | 467 | 2790 320 3200 500 0.878 27.6 2.32 178 155
533 x 210 x 109 66800 2940 219 | 4.60 | 2480 279 2830 436 0.875 30.9 1.99 126 139
533 x 210 x 101 61500 2690 21.9 | 457 | 2290 256 2610 399 0.874 33.1 1.81 101 129
533 x 210 x 92 55200 2390 21.7 | 451 | 2070 228 2360 355 0.873 36.4 1.60 75.7 117
533 x 210 x 82 47500 2010 21.3 | 4.38 | 1800 192 2060 300 0.863 41.6 1.33 51.5 105
533 x165x 85 + 48500 1270 21.2 | 3.44 | 1820 153 2100 243 0.861 35.5 0.857 73.8 108
533 x 165 x 74 + 41100 1040 20.8 | 3.30 | 1550 125 1810 200 0.853 41.1 0.691 47.9 95.2
533 x 165 x 66 + 35000 859 20.5 | 3.20 | 1340 104 1560 166 0.847 47.0 0.566 32.0 83.7
457 x 191 x 161 + 79800 4250 19.7 | 4.55 | 3240 426 3780 672 0.881 16.5 2.25 515 206
457 x 191 x 133 + 63800 3350 19.4 | 4.44 | 2660 341 3070 535 0.879 19.6 1.73 292 170
457 x 191 x 106 + 48900 2510 19.0 | 4.32 | 2080 259 2390 405 0.876 24.4 1.27 146 135
457 x 191 x 98 45700 2350 19.1 | 4.33 | 1960 243 2230 379 0.881 25.8 1.18 121 125
457 x 191 x 89 41000 2090 19.0 | 4.29 | 1770 218 2010 338 0.878 28.3 1.04 90.7 114
457 x 191 x 82 37100 1870 18.8 | 4.23 | 1610 196 1830 304 0.879 30.8 0.922 69.2 104
457 x191x 74 33300 1670 18.8 | 4.20 | 1460 176 1650 272 0.877 33.8 0.818 51.8 94.6
457 x 191 x 67 29400 1450 18,5 | 4.12 | 1300 153 1470 237 0.873 37.8 0.705 37.1 85.5
457 x 152 x 82 36600 1180 18.7 | 3.37 | 1570 153 1810 240 0.872 27.4 0.591 89.2 105
457 x 152 x 74 32700 1050 18.6 | 3.33 | 1410 136 1630 213 0.872 30.1 0.518 65.9 94.5
457 x 152 x 67 28900 913 18.4 | 3.27 | 1260 119 1450 187 0.868 33.6 0.448 47.7 85.6
457 x 152 x 60 25500 795 18.3 | 3.23 | 1120 104 1290 163 0.868 37.5 0.387 33.8 76.2
457 x 152 x 52 21400 645 179 | 3.11 950 84.6 1100 133 0.859 43.8 0.311 214 66.6
406 x 178 x 85 + 31700 1830 17.1 | 411 | 1520 201 1730 313 0.880 24.4 0.728 93.0 109
406 x 178 x 74 27300 1550 17.0 | 4.04 | 1320 172 1500 267 0.882 275 0.608 62.8 94.5
406 x 178 x 67 24300 1360 16.9 | 3.99 | 1190 153 1350 237 0.880 30.4 0.533 46.1 85.5
406 x 178 x 60 21600 1200 16.8 | 3.97 | 1060 135 1200 209 0.880 33.7 0.466 33.3 76.5
406 x 178 x 54 18700 1020 16.5 | 3.85 | 930 115 1050 178 0.871 38.3 0.392 23.1 69.0
406 x 140 x 53 + 18300 635 16.4 | 3.06 899 88.6 1030 139 0.870 34.1 0.246 29.0 67.9
406 x 140 x 46 15700 538 16.4 | 3.03 | 778 75.7 888 118 0.871 39.0 0.207 19.0 58.6
406 x 140 x 39 12500 410 159 | 2.87 | 629 57.8 724 90.8 0.858 47.4 0.155 10.7 49.7
356 x 171 x 67 19500 1360 15.1 | 3.99 | 1070 157 1210 243 0.886 24.4 0.412 55.7 85.5
356 x 171 x 57 16000 1110 149 | 391 | 896 129 1010 199 0.882 28.8 0.330 334 72.6
356 x 171 x 51 14100 968 14.8 | 3.86 796 113 896 174 0.881 32.1 0.286 23.8 64.9
356 x 171 x 45 12100 811 145 | 3.76 687 94.8 775 147 0.874 36.8 0.237 15.8 57.3
356 x 127 x 39 10200 358 14.3 | 2.68 576 56.8 659 89.0 0.871 35.2 0.105 15.1 49.8
356 x 127 x 33 8250 280 14.0 | 2.58 | 473 44.7 543 70.2 0.863 42.1 0.081 8.79 42.1
305 x 165 x 54 11700 1060 13.0 | 3.93 754 127 846 196 0.889 23.6 0.234 34.8 68.8
305 x 165 x 46 9900 896 13.0 | 3.90 | 646 108 720 166 0.890 27.1 0.195 22.2 58.7
305 x 165 x 40 8500 764 12.9 | 3.86 560 92.6 623 142 0.889 31.0 0.164 14.7 51.3

Table 2.1.1.4. Advance® UKB. Properties
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BS EN 1993-1-1: 2005 Table 2.1.1.5
BS 4-1: 2005 b n
SECTION PROPERTIES = i
' _
UK UNIVERSAL BEAMS o[ f
—
EUROCODES b "
Advance® UKB h - d
t C
DIMENSIONS + ¥

B-6 Yy - - i

+ |
Section Mass Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area

Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
End Per Per
Web | Flange Flange | Web Clearance Notch Metre | Tonne

h b ty t r d il | ey /ty C N n
kg/m mm mm mm | mm mm mm mm mm | mm [ m? m?
305 x 127 x 48 48.1 311.0 125.3 9.0 14.0 8.9 265.2 3.52 29.5 7 70 24 1.09 22.7
305 x 127 x 42 41.9 307.2 124.3 8.0 12.1 8.9 265.2 4.07 33.2 6 70 22 1.08 25.8
305 x 127 x 37 37.0 304.4 123.4 7.1 10.7 8.9 265.2 4.60 37.4 6 70 20 1.07 28.9
305 x 102 x 33 32.8 312.7 102.4 6.6 10.8 7.6 275.9 3.73 41.8 5 58 20 1.01 30.8
305 x 102 x 28 28.2 308.7 101.8 6.0 8.8 7.6 275.9 4.58 46.0 5 58 18 1.00 35.5
305 x 102 x 25 24.8 305.1 101.6 5.8 7.0 7.6 275.9 5.76 47.6 5 58 16 0.992 | 40.0
254 x 146 x 43 43.0 259.6 147.3 7.2 12.7 7.6 219.0 4.92 30.4 6 82 22 1.08 25.1
254 x 146 x 37 37.0 256.0 146.4 6.3 10.9 7.6 219.0 5.73 34.8 5 82 20 1.07 28.9
254 x 146 x 31 31.1 251.4 146.1 6.0 8.6 7.6 219.0 7.26 36.5 5 82 18 1.06 34.0
254 x 102 x 28 28.3 260.4 102.2 6.3 10.0 7.6 225.2 4.04 35.7 5 58 18 0.904 | 31.9
254 x 102 x 25 25.2 257.2 101.9 6.0 8.4 7.6 225.2 4.80 37.5 5 58 16 0.897 | 35.7
254 x 102 x 22 22.0 254.0 101.6 5.7 6.8 7.6 225.2 5.93 39.5 5 58 16 0.890 | 405
203 x 133 x 30 30.0 206.8 133.9 6.4 9.6 7.6 172.4 5.85 26.9 5 74 18 0.923 | 30.8
203 x133x25 25.1 203.2 133.2 57 7.8 7.6 172.4 7.20 30.2 5 74 16 0.915 | 36.5
203 x 102 x 23 23.1 203.2 101.8 54 9.3 7.6 169.4 4.37 31.4 5 60 18 0.790 | 34.2
178 x 102 x 19 19.0 177.8 101.2 4.8 7.9 7.6 146.8 5.14 30.6 4 60 16 0.738 | 38.7
152 x 89 x 16 16.0 152.4 88.7 45 7.7 7.6 121.8 4.48 27.1 4 54 16 0.638 | 40.0
127 x 76 x 13 13.0 127.0 76.0 4.0 7.6 7.6 96.6 3.74 24.2 4 46 16 0.537 | 414

Table 2.1.1.5. Advance® UKB. Dimensions
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BS EN 1993-1-1: 2005 Table 2.1.1.6
BS 4-1: 2005
UK SECTION PROPERTIES T
EUROCODES UNIVERSAL BEAMS
Advance® UKB ¥- ¥
B-7 PROPERTIES
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis | Axis | Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
U X Iy I A
cm* cm? cm | em | cm® [ cm® | emd | cmd dm® cm? cm?
305 x 127 x 48 9570 461 125 | 274 | 616 73.6 711 116 0.873 23.3 0.102 31.8 61.2
305 x 127 x 42 8200 389 12.4 | 2.70 534 62.6 614 98.4 0.872 26.5 0.0846 211 53.4
305 x 127 x 37 7170 336 123 | 2.67 | 471 54.5 539 85.4 0.872 29.7 0.0725 14.8 47.2
305 x 102 x 33 6500 194 125 | 2.15 416 37.9 481 60.0 0.867 31.6 0.0442 12.2 41.8
305 x 102 x 28 5370 155 12.2 | 2.08 | 348 30.5 403 48.4 0.859 37.3 0.0349 7.40 35.9
305 x 102 x 25 4460 123 119 | 1.97 | 292 24.2 342 38.8 0.846 434 0.027 4.77 31.6
254 x 146 x 43 6540 677 10.9 | 3.52 504 92.0 566 141 0.891 21.1 0.103 23.9 54.8
254 x 146 x 37 5540 571 10.8 | 3.48 433 78.0 483 119 0.890 24.3 0.0857 15.3 47.2
254 x 146 x 31 4410 448 105 | 3.36 | 351 61.3 393 94.1 0.879 29.6 0.0660 8.55 39.7
254 x 102 x 28 4000 179 105 | 2.22 308 34.9 353 54.8 0.873 275 0.0280 9.57 36.1
254 x 102 x 25 3410 149 103 | 2.15 266 29.2 306 46.0 0.866 314 0.0230 6.42 32.0
254 x 102 x 22 2840 119 10.1 | 2.06 | 224 235 259 37.3 0.856 36.3 0.0182 4.15 28.0
203 x 133 x 30 2900 385 8.71 | 3.17 280 57.5 314 88.2 0.882 215 0.0374 10.3 38.2
203 x 133 x 25 2340 308 8.56 | 3.10 | 230 46.2 258 70.9 0.876 25.6 0.0294 5.96 32.0
203 x 102 x 23 2100 164 8.46 | 2.36 207 32.2 234 49.7 0.888 22.4 0.0154 7.02 29.4
178 x 102 x 19 1360 137 7.48 | 2.37 153 27.0 171 41.6 0.886 22.6 0.0099 4.41 24.3
152 x 89 x 16 834 89.8 6.41 | 210 | 109 20.2 123 31.2 0.890 19.5 0.00470 3.56 20.3
127 x 76 x 13 473 55.7 535 | 1.84 | 74.6 14.7 84.2 22.6 0.894 16.3 0.00200 2.85 16.5

Table 2.1.1.6. Advance® UKB. Properties
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BS EN 1993-1-1: 2005 Table2.1.2.1

BS 4-1: 2005 b

SECTION PROPERTIES = "
U K b —= 5
EUROCODES UNIVERSAL COLUMNS r .
Advance® UKC h === d
i
B-8 DIMENSIONS | i \
+ [ ] [
Section Mass Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web Clelezl?;nce Notch MP;:e TE:rr\e
h b ty t r d clt | cy,lty, C N n
kg/m mm mm mm | mm mm mm mm mm | mm [ m? m?

356 x 406 x 634 633.9 474.6 424.0 47.6 77.0 15.2 290.2 2.25 6.10 26 200 94 2.52 3.98
356 x 406 x 551 551.0 | 455.6 4185 | 421 | 675 15.2 290.2 2.56 6.89 23 200 84 247 | 4.48
356 x 406 x 467 467.0 | 436.6 412.2 | 35.8 | 58.0 15.2 290.2 2.98 8.11 20 200 74 242 | 5.18
356 x 406 x 393 393.0 | 419.0 407.0 | 30.6 | 49.2 15.2 290.2 3.52 9.48 17 200 66 2.38 | 6.06
356 x 406 x 340 339.9 | 406.4 | 403.0 | 26.6 | 42.9 15.2 290.2 4.03 10.9 15 200 60 235 | 6.91
356 x 406 x 287 287.1 | 393.6 399.0 | 226 | 36.5 15.2 290.2 4.74 12.8 13 200 52 231 | 8.05
356 x 406 x 235 235.1 381.0 394.8 18.4 30.2 15.2 290.2 5.73 15.8 11 200 46 2.28 9.70
356 x 368 x 202 201.9 | 374.6 374.7 | 165 | 27.0 15.2 290.2 6.07 17.6 10 190 44 2.19 | 10.8
356 x 368 x 177 177.0 | 368.2 3726 | 144 | 2338 15.2 290.2 6.89 20.2 190 40 217 | 123
356 x 368 x 153 1529 | 362.0 3705 | 12.3 | 20.7 15.2 290.2 7.92 23.6 190 36 216 | 141
356 x 368 x 129 129.0 355.6 368.6 10.4 17.5 15.2 290.2 9.4 27.9 190 34 2.14 16.6
305 x 305 x 283 2829 | 365.3 3222 | 268 | 441 15.2 246.7 3.00 9.21 15 158 60 194 | 6.86
305 x 305 x 240 240.0 352.5 318.4 23.0 37.7 15.2 246.7 3.51 10.7 14 158 54 1.91 7.96
305 x 305 x 198 198.1 339.9 314.5 19.1 31.4 15.2 246.7 4.22 12.9 12 158 48 1.87 9.44
305 x 305 x 158 158.1 327.1 311.2 15.8 25.0 15.2 246.7 5.30 15.6 10 158 42 1.84 11.6
305 x 305 x 137 136.9 320.5 309.2 13.8 21.7 15.2 246.7 6.11 17.90 158 38 1.82 13.3
305 x 305 x 118 117.9 3145 307.4 12.0 18.7 15.2 246.7 7.09 20.6 158 34 1.81 15.4
305 x 305 x 97 96.9 307.9 305.3 9.9 15.4 15.2 246.7 8.60 24.9 7 158 32 1.79 18.5
254 x 254 x 167 167.1 | 289.1 265.2 | 19.2 | 317 12.7 200.3 3.48 10.4 12 134 46 158 | 9.46
254 x 254 x 132 132.0 276.3 261.3 15.3 25.3 12.7 200.3 4.36 13.1 10 134 38 1.55 11.7
254 x 254 x 107 107.1 266.7 258.8 12.8 20.5 12.7 200.3 5.38 15.6 8 134 34 1.52 14.2
254 x 254 x 89 88.9 260.3 256.3 10.3 17.3 12.7 200.3 6.38 19.4 7 134 30 1.50 16.9
254 x 254 x 73 73.1 254.1 254.6 8.6 14.2 12.7 200.3 7.77 23.3 6 134 28 1.49 20.4
203 x 203 x 127 + 1275 | 2414 2139 | 18.1 | 30.1 10.2 160.8 291 8.88 11 108 42 1.28 | 10.0
203 x 203 x 113 + 113.5 235.0 212.1 16.3 26.9 10.2 160.8 3.26 9.87 10 108 38 1.27 11.2
203 x 203 x 100 + 99.6 228.6 210.3 14.5 23.7 10.2 160.8 3.70 111 9 108 34 1.25 12.6
203 x 203 x 86 86.1 222.2 209.1 12.7 20.5 10.2 160.8 4.29 12.7 8 110 32 1.24 14.4
203 x203x71 71.0 215.8 206.4 10.0 17.3 10.2 160.8 5.09 16.1 7 110 28 1.22 17.2
203 x 203 x 60 60.0 209.6 205.8 9.4 14.2 10.2 160.8 6.20 17.1 7 110 26 1.21 20.2
203 x 203 x 52 52.0 206.2 204.3 7.9 12.5 10.2 160.8 7.04 20.4 6 110 24 1.20 23.1
203 x 203 x 46 46.1 203.2 203.6 7.2 11.0 10.2 160.8 8.00 22.3 6 110 22 1.19 25.8
152 x 152 x 51 + 51.2 170.2 157.4 11.0 15.7 7.6 123.6 4.18 11.2 8 84 24 0.935 | 18.3
152 x 152 x 44 + 44.0 166.0 155.9 9.5 13.6 7.6 123.6 4.82 13.0 7 84 22 0.924 | 21.0
152 x 152 x 37 37.0 161.8 154.4 8.0 11.5 7.6 123.6 5.70 155 6 84 20 0.912 | 24.7
152 x 152 x 30 30.0 157.6 152.9 6.5 9.4 7.6 123.6 6.98 19.0 5 84 18 0.901 | 30.0
152 x 152 x 23 23.0 152.4 152.2 5.8 6.8 7.6 123.6 9.65 21.3 5 84 16 0.889 | 38.7

Table 2.1.2.1. Advance® UKC. Dimensions
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BS EN 1993-1-1: 2005 Table 2.1.2.2
BS 4-1: 2005
UK SECTION PROPERTIES T
EUROCODES UNIVERSAL COLUMNS '
Advance® UKC Y= —Y
- PROPERTIES '
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis | Axis | Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
U X Iy I A
cm* cm? cm | em | cm® [ cm® | emd | cmd dm® cm? cm?
356 x 406 x 634 275000 98100 18.4 | 11.0 | 11600 | 4630 | 14200 | 7110 0.843 5.46 38.8 13700 808
356 x 406 x 551 227000 82700 18.0 | 10.9 | 9960 | 3950 | 12100 | 6060 0.841 6.05 31.1 9240 702
356 x 406 x 467 183000 67800 17.5 | 10.7 | 8380 | 3290 | 10000 | 5030 0.839 6.85 24.3 5810 595
356 x 406 x 393 147000 55400 17.1 | 10.5 | 7000 | 2720 | 8220 | 4150 0.837 7.86 18.9 3550 501
356 x 406 x 340 123000 46900 16.8 | 10.4 | 6030 | 2330 | 7000 | 3540 0.836 8.84 15.5 2340 433
356 x 406 x 287 99900 38700 16.5 | 10.3 | 5070 | 1940 | 5810 | 2950 0.835 10.17 12.3 1440 366
356 x 406 x 235 79100 31000 16.3 | 10.2 | 4150 | 1570 | 4690 | 2380 0.834 12.04 9.54 812 299
356 x 368 x 202 66300 23700 16.1 | 9.60 | 3540 1260 3970 1920 0.844 13.35 7.16 558 257
356 x 368 x 177 57100 20500 159 | 9.54 | 3100 | 1100 | 3460 | 1670 0.844 15.00 6.09 381 226
356 x 368 x 153 48600 17600 15.8 | 9.49 | 2680 948 2960 | 1430 0.844 17.01 5.11 251 195
356 x 368 x 129 40200 14600 156 | 9.43 | 2260 793 2480 | 1200 0.844 19.81 4.18 153 164
305 x 305 x 283 78900 24600 14.8 | 8.27 | 4320 1530 5110 2340 0.855 7.64 6.35 2030 360
305 x 305 x 240 64200 20300 145 | 8.15 | 3640 | 1280 | 4250 | 1950 0.854 8.73 5.03 1270 306
305 x 305 x 198 50900 16300 14.2 | 8.04 | 3000 | 1040 | 3440 | 1580 0.854 10.23 3.88 734 252
305 x 305 x 158 38700 12600 139 | 7.90 | 2370 808 2680 | 1230 0.851 12.46 2.87 378 201
305 x 305 x 137 32800 10700 13.7 | 7.83 | 2050 692 2300 | 1050 0.851 14.13 2.39 249 174
305 x 305 x 118 27700 9060 13.6 | 7.77 | 1760 589 1960 895 0.850 16.14 1.98 161 150
305 x 305 x 97 22200 7310 13.4 | 7.69 | 1450 479 1590 726 0.850 19.19 1.56 91.2 123
254 x 254 x 167 30000 9870 11.9 | 6.81 | 2080 744 2420 1140 0.851 8.48 1.63 626 213
254 x 254 x 132 22500 7530 11.6 | 6.69 | 1630 576 1870 878 0.850 10.32 1.19 319 168
254 x 254 x 107 17500 5930 11.3 | 6.59 | 1310 458 1480 697 0.848 12.38 0.898 172 136
254 x 254 x 89 14300 4860 11.2 | 6.55 | 1100 379 1220 575 0.850 14.46 0.717 102 113
254 x 254 x 73 11400 3910 11.1 | 6.48 898 307 992 465 0.849 17.24 0.562 57.6 93.1
203 x 203 x 127 + 15400 4920 9.75 | 5.50 | 1280 460 1520 704 0.854 7.38 0.549 427 162
203 x 203 x 113 + 13300 4290 9.59 | 5.45 | 1130 404 1330 618 0.853 8.11 0.464 305 145
203 x 203 x 100 + 11300 3680 9.44 | 5.39 | 988 350 1150 534 0.852 9.02 0.386 210 127
203 x 203 x 86 9450 3130 9.28 | 5.34 | 850 299 977 456 0.850 10.20 0.318 137 110
203 x 203 x 71 7620 2540 9.18 | 5.30 | 706 246 799 374 0.853 11.90 0.250 80.2 90.4
203 x 203 x 60 6120 2060 8.96 | 5.20 | 584 201 656 305 0.846 14.10 0.197 47.2 76.4
203 x 203 x 52 5260 1780 891 | 5.18 | 510 174 567 264 0.848 15.80 0.167 31.8 66.3
203 x 203 x 46 4570 1550 8.82 | 5.13 | 450 152 497 231 0.847 17.70 0.143 22.2 58.7
152 x 152 x 51 + 3230 1020 7.04 | 3.96 379 130 438 199 0.848 10.10 0.061 48.8 65.2
152 x 152 x 44 + 2700 860 6.94 | 3.92 326 110 372 169 0.848 11.50 0.050 317 56.1
152 x 152 x 37 2210 706 6.85 | 3.87 273 915 309 140 0.848 13.30 0.040 19.2 47.1
152 x 152 x 30 1750 560 6.76 | 3.83 | 222 73.3 248 112 0.849 16.00 0.031 10.5 38.3
152 x 152 x 23 1250 400 6.54 | 3.70 164 52.6 182 80.1 0.840 20.70 0.021 4.63 29.2

Table 2.1.2.2. Advance® UKC. Properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.4.1
BS 4-1: 2005 b n
SECTION PROPERTIES i t
' pr——
UK PARALLEL FLANGE CHANNELS N T
EUROCODES b N 7
Advance® UKPFC hi—="|d
524 DIMENSIONS | __ff |-
t
Section Mass | Depth Width Thickness Root Depth Ratios for Distance Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web CIeE?:nce Notch MPe(i:e Ts:rrme
h b ty t; r d clt | ¢/t € C N n

kg/m | mm mm mm | mm mm mm cm mm mm|mm| m? m?
430 x 100 x 64 64.4 430 100 11.0 19.0 15 362 3.89 32.9 3.27 13 96 | 36 | 1.23 19.0
380 x 100 x 54 54.0 380 100 9.5 17.5 15 315 4.31 33.2 3.48 12 98 | 34 | 1.13 20.9
300 x 100 x 46 455 300 100 9.0 16.5 15 237 4.61 26.3 3.68 11 98 | 32| 0969 | 21.3
300 x 90 x 41 41.4 300 90 9.0 155 12 245 4.45 27.2 3.18 11 88 | 28 | 0.932 22.5
260 x 90 x 35 34.8 260 90 8.0 14.0 12 208 5.00 26.0 3.32 10 88 | 28 | 0.854 | 245
260 x 75 x 28 27.6 260 75 7.0 12.0 12 212 4.67 30.3 2.62 9 74 | 26 | 0.796 28.8
230 x 90 X 32 322 | 230 90 75 | 14.0 12 178 504 | 23.7 3.46 10 90 | 28 | 0.795 | 24.7
230 x 75 x 26 25.7 230 75 6.5 12.5 12 181 4.52 27.8 2.78 9 76 | 26 | 0.737 28.7
200 x 90 x 30 29.7 200 90 7.0 14.0 12 148 5.07 211 3.60 9 90 | 28 | 0.736 | 24.8
200 x 75 x 23 23.4 200 75 6.0 12.5 12 151 4.56 25.2 291 8 76 | 26 | 0.678 28.9
180 x 90 x 26 26.1 180 90 6.5 12.5 12 131 5.72 20.2 3.64 9 90 | 26 | 0.697 | 26.7
180 x 75 x 20 20.3 180 75 6.0 10.5 12 135 5.43 22.5 2.87 8 76 | 24 | 0.638 31.4
150 x 90 x 24 23.9 150 90 6.5 12.0 12 102 5.96 15.7 3.71 9 90 | 26 | 0.637 | 26.7
150 x 75 x 18 17.9 150 75 5.5 10.0 12 106 5.75 19.3 2.99 8 76 | 24 | 0.579 32.4
125 x 65 x 15 14.8 125 65 5.5 9.5 12 82.0 5.00 14.9 2.56 8 66 | 22 | 0.489 33.1
100 x 50 x 10 10.2 100 50 5.0 8.5 9 65.0 4.24 13.0 1.94 7 52 | 18 | 0.382 37.5

Table 2.1.4.1. Advance® UKPFC. Dimensions
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.4.2
BS 4-1: 2005
SECTION PROPERTIES 7
UK B
EUROCODES PARALLEL FLANGE CHANNELS .
Advance® UKPFC ¥ - ¥
B-35 PROPERTIES
—
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis Axis Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
u X Iy It A
cm? cm* cm cm cm3 cm3 cm3 cmd dmb cm* cm?
430 x 100 x 64 21900 722 16.3 | 2.97 | 1020 97.9 1220 176 0.917 225 0.219 63.0 82.1
380 x 100 x 54 15000 643 14.8 | 3.06 791 89.2 933 161 0.933 21.2 0.150 45.7 68.7
300 x 100 x 46 8230 568 11.9 3.13 549 81.7 641 148 0.944 17.0 0.0813 36.8 58.0
300 x 90 x 41 7220 404 11.7 | 2.77 481 63.1 568 114 0.934 18.3 0.0581 28.8 52.7
260 x 90 x 35 4730 353 10.3 2.82 364 56.3 425 102 0.943 17.2 0.0379 20.6 44.4
260 x 75 x 28 3620 185 10.1 | 2.30 278 344 328 62.0 0.932 20.5 0.0203 11.7 35.1
230 x 90 x 32 3520 334 9.27 2.86 306 55.0 355 98.9 0.949 15.1 0.0279 19.3 41.0
230 x 75 x 26 2750 181 9.17 | 2.35 239 34.8 278 63.2 0.945 17.3 0.0153 11.8 32.7
200 x 90 x 30 2520 314 8.16 2.88 252 53.4 291 94.5 0.952 12.9 0.0197 18.3 37.9
200 x 75 x 23 1960 170 8.11 | 2.39 196 33.8 227 60.6 0.956 14.7 0.0107 1.1 29.9
180 x 90 x 26 1820 277 7.40 2.89 202 47.4 232 83.5 0.950 12.8 0.0141 13.3 33.2
180 x 75 x 20 1370 146 7.27 | 2.38 152 28.8 176 51.8 0.945 15.3 0.00754 7.34 259
150 x 90 x 24 1160 253 6.18 2.89 155 44.4 179 76.9 0.937 10.8 0.00890 11.8 30.4
150 x 75 x 18 861 131 6.15 2.40 115 26.6 132 47.2 0.945 13.1 0.00467 6.10 22.8
125 x 65 x 15 483 80.0 5.07 2.06 77.3 18.8 89.9 33.2 0.942 111 0.00194 4.72 18.8
100 x 50 x 10 208 32.3 4.00 1.58 415 9.89 48.9 17.5 0.942 10.0 0.000491 2.53 13.0

Table 2.1.4.2. Advance® UKPFC. Properties
© 2006-2011, Tata Steel Europe Limited
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BS 5950-1: 2000

Y
TWO PARALLEL FLA

Y4

NGE CHANNELS LACED

BS 4-1: 2005
TWO Advance UKPFC LACED y
|
X- - —t - X
1
i
Dimensions and properties >
Composed Total Total Space Second Moment Radius Elastic Plastic
of Two Mass Area between of Area of Gyration Modulus Modulus
Channels per Webs Axis Axis Axis Axis Axis Axis Axis Axis
Metre X-X y-y X-X y-y X-X y-y X-X y-y
s
kg/m cm? mm cm* cm* cm cm cm® cm® cm? cm?
430x100x64 129 164 270 43900 44100 16.3 16.4 2040 1880 2440 2650
380x100x54 108 137 235 30100 30400 14.8 14.9 1580 1400 1870 2000
300x100x46 911 116 170 16500 16600 11.9 12.0 1100 898 1280 1340
300x90x41 82.8 105 175 14400 14400 11.7 11.7 962 811 1140 1200
260x90x35 69.7 88.8 145 9460 9560 10.3 10.4 727 588 849 886
260x75x28 55.2 70.3 155 7240 7190 10.1 10.1 557 472 656 692
230x90x32 64.3 81.9 120 7040 7190 9.27 9.37 612 479 709 731
230x75x26 51.3 65.4 135 5500 5720 9.17 9.35 478 401 557 592
200x90x30 59.4 75.7 90.0 5050 5030 8.16 8.15 505 372 583 577
200x75x23 46.9 59.7 105 3930 3910 8.11 8.09 393 306 454 462
180x90x26 52.1 66.4 75.0 3640 3730 7.40 7.49 404 292 464 459
180x75x20 40.7 51.8 90.0 2740 2770 7.27 7.31 304 231 352 358
150x90x24 47.7 60.8 45.0 2320 2380 6.18 6.26 310 212 357 338
150x75x18 35.7 45.5 65.0 1720 1810 6.15 6.30 230 168 264 265
125x65x15 29.5 37.6 50.0 966 1010 5.07 5.18 155 112 180 178
100x50x10 20.4 26.0 40.0 415 427 4.00 4.05 83.1 61.0 97.7 97.1

Advance and UKPFC are trademarks of Corus. A fuller description of the relationship between Parallel Flange Channels (PFC) and the
Advance range of sections manufactured by Corus is given on page A - 42.

FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3
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Li censed copy: uni vedi nbur gh,

BS 5950-1: 2000

YA
TWO PARALLEL FLANGE C.HANNELS BACK TO BACK

BS 4-1: 2005
TWO Advance UKPFC BACK TO BACK y B
|
1
X- - l —X
s>
|
Dimensions and properties VI(_
Composed Total Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
of Two Mass Area
Channels per
Metre Iy Iy Z, Sy Space between webs, s (mm)

kg/m cm? cm* cm cm® cm® 0 8 10 12 15
430x100x64 129 164 43900 16.3 2040 2440 3.96 4.23 4.31 4.38 4.49
380x100x54 108 137 30100 14.8 1580 1870 414 4.42 4.49 4.57 4.68
300x100x46 91.1 116 16500 11.9 1100 1280 4.37 4.66 4.73 4.81 4.92
300x90x41 82.8 105 14400 11.7 962 1140 3.80 4.08 4.16 4.23 4.35
260x90x35 69.7 88.8 9460 10.3 727 849 3.93 4.22 4.29 4.37 4.48
260x75x28 55.2 70.3 7240 10.1 557 656 3.1 3.40 3.47 3.55 3.66
230x90x32 64.3 81.9 7040 9.27 612 709 4.09 4.38 4.46 4.53 4.65
230x75x26 51.3 65.4 5500 9.17 478 557 3.29 3.58 3.66 3.73 3.85
200x90x30 59.4 75.7 5050 8.16 505 583 4.25 4.55 4.63 4.71 4.83
200x75x23 46.9 59.7 3930 8.11 393 454 3.44 3.74 3.82 3.89 4.01
180x90x26 52.1 66.4 3640 7.40 404 464 4.29 4.59 4.67 4.75 4.87
180x75x20 40.7 51.8 2740 7.27 304 352 3.39 3.68 3.76 3.84 3.95
150x90x24 47.7 60.8 2320 6.18 310 357 4.39 4.69 4.77 4.85 4.98
150x75x18 35.7 45.5 1720 6.15 230 264 3.52 3.82 3.90 3.98 4.10
125x65x15 29.5 37.6 966 5.07 155 180 3.05 3.36 3.44 3.52 3.64
100x50x10 204 26.0 415 4.00 83.1 97.7 2.34 2.65 2.73 2.82 2.94

Advance and UKPFC are trademarks of Corus. A fuller description of the relationship between Parallel Flange Channels (PFC) and the
Advance range of sections manufactured by Corus is given on page A - 42.

Properties about y axis:
I, = (Total Area).(r,)?
Z, = 1,/(B+0.5s)

where s is the space between webs.

FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3




BS EN 1993-1-1: 2005
BS EN 10056-1: 1999

YA

Table 2.1.5.1

Ful
SECTION PROPERTIES 2
UK ‘
EQUAL ANGLES "
EUROCODES h N
Advance® UKA - Equal ry ‘\t ry
DIMENSIONS AND PROPERTIES i
B-39 hoot
|-|—|-|
Section Mass Radius Area |Distance Second Moment Radius Elastic | Torsional | Equivalent
Designation per of to of Area of Gyration Modulus [ Constant | Slenderness
. . Metre Section | Centroid| Axis Axis Axis Axis Axis Axis Axis Coefficient
Size Thickness Root | Toe
y-y, z-z| u-u v-v |y-y, z-z| u-u v-v | y-y, z-z
hxh t r Iy c I 08
mm mm kg/m [ mm | mm cm? cm cm? cm? cm? cm cm cm cmd cm?
200 x 200 24 711 [ 18.0 | 9.00 | 90.6 5.84 3330 | 5280 | 1380 | 6.06 | 7.64 | 3.90 235 182 2.50
20 599 [18.09.00| 76.3 5.68 2850 | 4530 | 1170 | 6.11 7.70 | 3.92 199 107 3.05
18 543 [ 18.0|9.00 | 69.1 5.60 2600 | 4150 | 1050 | 6.13 | 7.75 | 3.90 181 78.9 3.43
16 48.5 | 18.0 | 9.00 | 61.8 5.52 2340 | 3720 | 960 6.16 | 7.76 | 3.94 162 56.1 3.85
150 x 150 18 + | 40.1 [16.0 | 8.00| 51.2 4.38 1060 | 1680 | 440 455 | 573 | 293 99.8 58.6 2.48
15 33.8 [ 16.0 | 8.00 | 43.0 4.25 898 1430 | 370 4.57 | 576 | 2.93 83.5 34.6 3.01
12 27.3 | 16.0 [ 8.00 | 34.8 4.12 737 1170 | 303 460 | 580 | 2.95 67.7 18.2 3.77
10 23.0 | 16.0 | 8.00 | 29.3 4.03 624 990 258 462 | 582 | 297 56.9 10.8 4.51
120 x 120 15 + | 26.6 [ 13.0|6.50| 34.0 3.52 448 710 186 3.63 | 457 | 2.34 52.8 27.0 2.37
12 216 | 13.0|6.50 | 275 3.40 368 584 152 3.65 | 460 | 2.35 427 14.2 2.99
10 18.2 | 13.0 [ 6.50 [ 23.2 3.31 313 497 129 3.67 | 463 | 2.36 36.0 8.41 3.61
8 + | 147 | 13.0 | 6.50 18.8 3.24 259 411 107 3.71 467 | 2.38 29.5 4.44 4.56
100 x 100 15 + | 219 (120 6.00 | 28.0 3.02 250 395 105 299 | 3.76 1.94 35.8 22.3 1.92
12 17.8 [ 12.0 | 6.00 | 22.7 2.90 207 328 85.7 | 3.02 | 3.80 1.94 29.1 11.8 2.44
10 15.0 | 12.0 | 6.00 19.2 2.82 177 280 73.0 | 3.04 | 3.83 1.95 24.6 6.97 2.94
8 12.2 | 12.0 | 6.00 15.5 2.74 145 230 599 | 3.06 | 3.85 1.96 19.9 3.68 3.70
90 x 90 12 + | 159 [11.0| 550 | 20.3 2.66 149 235 62.0 | 2.71 3.40 1.75 23.5 10.5 2.17
10 13.4 [ 11.0 | 5.50 171 2.58 127 201 526 | 272 | 3.42 1.75 19.8 6.20 2.64
8 10.9 | 11.0 | 5.50 13.9 2.50 104 166 431 2.74 | 3.45 1.76 16.1 3.28 3.33
7 9.61 | 11.0 | 5.50 12.2 2.45 92.6 147 38.3 | 275 | 3.46 1.77 141 2.24 3.80

Table 2.1.5.1. Advance® UKA - Equal. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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Li censed copy: uni vedi nbur gh,

BS 5950-1: 2000
BS EN 10056-1: 1999

YAY
EQUAL ANGLES

Advance UKA - Equal Angles

ra
A 90°
r1 ro
A Tt
le——— Dimensions and properties
Section Mass Radius Area |Dimension| Second Moment Radius Elastic | Torsional| Equivalent
Designation per of of Area of Gyration Modulus| Constant|Slenderness
Size Thickness| Metre | Root| Toe | Section Axis | Axis | Axis | Axis | Axis | Axis | Axis Coefficient
X-X, y-y| u-u | v-v [ x-x,y-y| u-u | v-v | x-x, y-y
AxA t ry ry c J 04
mm mm kg/m | mm | mm cm? cm cm* | em* | cm? cm cm | cm cm® cm?

200x200 24 711 118.0| 9.00| 90.6 5.84 3330 |5280|1380| 6.06 |7.64]3.90| 235 182 2.50

20 59.9 | 18.0]19.00( 76.3 5.68 2850 |4530]|1170| 6.11 | 7.70| 3.92| 199 107 3.05

18 54.3 1 18.0] 9.00| 69.1 5.60 2600 [4150]1050( 6.13 | 7.75|3.90]| 181 78.9 3.43

16 48.5 1 18.0/9.00| 61.8 5.52 2340 |3720] 960 | 6.16 | 7.76 | 3.94| 162 56.1 3.85

150x150 18 + 40.1 | 16.018.00| 51.2 4.38 1060 |[1680| 440 | 4.55 | 5.73|2.93| 99.8 58.6 2.48

15 33.8 116.0| 8.00| 43.0 4.25 898 |1430| 370 | 4.57 | 576|293 83.5 34.6 3.01

12 27.3 1 16.0] 8.00( 34.8 412 737 |1170] 303 | 4.60 | 580|295 67.7 18.2 3.77

10 23.0 | 16.0] 8.00| 29.3 4.03 624 | 990 | 258 | 4.62 | 582|297| 56.9 10.8 4.51

120x120 15+ 26.6 | 13.0] 6.50 | 34.0 3.52 448 | 710 | 186 | 3.63 | 4.57|2.34| 52.8 27.0 2.37

12 216 | 13.0(6.50| 275 3.40 368 | 584 | 152 | 3.65 | 4.60|2.35| 427 14.2 2.99

10 18.2 | 13.0] 6.50 | 23.2 3.31 313 | 497 | 129 | 3.67 | 4.63|2.36| 36.0 8.41 3.61

8 + 14.7 1 13.0| 6.50| 18.8 3.24 259 | 411 | 107 | 3.71 | 4.67|2.38| 29.5 4.44 4.56

100x100 15+ 2191 12.0]| 6.00( 28.0 3.02 250 | 395 105 299 |3.76|1.94| 35.8 22.3 1.92

12 17.8 1 12.0] 6.00 | 22.7 2.90 207 | 328 (85.7| 3.02 |3.80|1.94| 29.1 11.8 244

10 15.0 | 12.0] 6.00 | 19.2 2.82 177 | 280 | 73.0| 3.04 |3.83|1.95| 246 6.97 2.94

8 12.2 112.0]|6.00| 15.5 2.74 145 | 230 |59.9| 3.06 |3.85]|1.96]| 19.9 3.68 3.70

90x90 12 + 15.9 [ 11.0] 5,50 20.3 2.66 149 | 235|62.0| 2.71 |3.40|1.75| 235 10.5 217

10 134 111.0[ 550 17.1 2.58 127 | 201 | 526 2.72 | 3.42]|1.75] 19.8 6.20 2.64

8 10.9 [ 11.0] 550 13.9 2.50 104 | 166 | 43.1| 2.74 | 345(1.76| 161 3.28 3.33

7 9.61 | 11.0[ 550 12.2 2.45 92.6 | 147 | 38.3| 2.75 | 346 |1.77| 141 2.24 3.80

80x80 10 11.9 [ 10.0| 5.00| 15.1 2.34 875 | 139 (364 | 241 [3.03|155| 154 5.45 2.33

8 9.63 | 10.0| 5.00| 12.3 2.26 722 | 115129.9| 243 | 3.06| 156 12.6 2.88 2.94

75x75 8 8.99 | 9.00| 450 114 2.14 59.1 1938|245 227 (286]|146| 11.0 2.65 2.76

6 6.85 19.00|4.50| 8.73 2.05 458 (7271189 229 [2.89|1.47| 8.41 1.17 3.70

70x70 7 7.38 19.00| 450 9.40 1.97 423 | 671|175 212 |2671.36] 8.41 1.69 2.92

6 6.38 | 9.00|4.50| 8.13 1.93 36.9 | 58.5]15.3| 2.13 | 2.68|1.37| 7.27 1.09 3.41

65x65 7 6.83 | 9.00| 450 8.73 2.05 334 |53.0(138| 196 |247]|1.26| 7.18 1.58 2.67

60x60 8 7.09 | 8.00 4.00| 9.03 1.77 29.2 |[46.1]1122] 1.80 |2.26[1.16]| 6.89 2.09 2.14

6 5.42 |1 8.00| 4.00| 6.91 1.69 228 |136.1(9.44| 182 [229]|1.17| 5.29 0.922 2.90

5 457 |1 8.00]| 4.00| 5.82 1.64 194 |30.7|8.03| 1.82 |230]1.17| 4.45 0.550 3.48

50x50 6 447 | 7.00| 3.50| 5.69 1.45 12.8 [ 20.3]15.34| 1.50 | 1.89(0.968| 3.61 0.755 2.38

5 3.77 | 7.00| 3.50| 4.80 1.40 11.0 | 17.4|14.55| 1.51 |1.90(0.973] 3.05 0.450 2.88

4 3.06 | 7.00| 3.50| 3.89 1.36 8.97 | 14.2|3.73| 152 |1.91]0.979| 2.46 0.240 3.57

45x45 5 3.06 | 7.00| 3.50| 3.90 1.25 714 | 1141294 1.35 | 1.71]0.870] 2.20 0.304 2.84

40x40 5 297 | 6.00] 3.00( 3.79 1.16 543 1860|226 1.20 |1.51]0.773| 1.91 0.352 2.26

4 242 16.00] 3.00( 3.08 1.12 447 [7.09]1.86| 1.21 | 1.520.777] 1.55 0.188 2.83

35x35 4 2.09 | 5.00| 250 2.67 1.00 295 |1468|1.23| 1.05 |1.32]0.678] 1.18 0.158 2.50

30x30 4 1.78 [ 5.00]| 2.50 | 2.27 0.878 1.80 | 2.85|0.754| 0.892 | 1.120.577] 0.850 | 0.137 2.07

3 1.36 | 5.00| 2.50 | 1.74 0.835 1.40 | 2.22(0.585| 0.899 | 1.13]0.581] 0.649 | 0.0613 2.75

25x25 4 145 (3.50| 1.75( 1.85 0.762 1.02 | 1.61|0.430| 0.741 [0.931/0.482] 0.586 | 0.1070 1.75

3 112 | 3.50| 1.75| 1.42 0.723 0.803 | 1.27 [0.334| 0.751 [0.945|0.484| 0.452 | 0.0472 2.38

20x20 3 0.882]3.50| 1.75| 1.12 0.598 0.392 |0.618/0.165| 0.590 [0.742]|0.383| 0.279 | 0.0382 1.81

Advance and UKA are trademarks of Corus. A fuller description of the relationship between Angles and the Advance range of sections

manufactured by Corus is given on page A - 42.
+ These sections are in addition to the range of BS EN 10056-1 sections.
c is the distance from the back of the leg to the centre of gravity.
FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3
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Advance UKA - Equal Angles BACK TO BACK

EQUAL ANGLES BACK TO BACK

YAY

(A—O)I y
<—>| \
Ne—— [— X
I I I
s |
> < v
Dimensions and properties
Composed Total Distance Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
of Two Mass Area
Angles per
Metre ny Iy ry Z, Space between angles, s, (mm)
AxA t
mm mm kg/m cm cm? cm* cm cm® 0 8 10 12 15
200x200 24 142 14.2 181 6660 6.06 470 8.42 8.70 8.77 8.84 8.95
20 120 14.3 153 5700 6.11 398 8.34 8.62 8.69 8.76 8.87
18 109 14.4 138 5200 6.13 362 8.31 8.58 8.65 8.72 8.83
16 97.0 14.5 124 4680 6.16 324 8.27 8.54 8.61 8.68 8.79
150x150 18 + 80.2 10.6 102 2120 4.55 200 6.32 6.60 6.67 6.75 6.86
15 67.6 10.8 86.0 1800 4.57 167 6.24 6.52 6.59 6.66 6.77
12 54.6 10.9 69.6 1470 4.60 135 6.18 6.45 6.52 6.59 6.70
10 46.0 11.0 58.6 1250 4.62 114 6.13 6.40 6.47 6.54 6.64
120x120 15+ 53.2 8.48 68.0 896 3.63 106 5.06 5.34 5.42 5.49 5.60
12 43.2 8.60 55.0 736 3.65 85.4 4.99 5.27 5.35 5.42 5.53
10 36.4 8.69 46.4 626 3.67 72.0 4.94 5.22 5.29 5.36 5.47
8 + 29.4 8.76 37.6 518 3.71 59.0 4.93 5.20 5.27 5.34 5.45
100x100 15+ 43.8 6.98 56.0 500 2.99 71.6 4.25 4.54 4.62 4.69 4.81
12 35.6 7.10 454 414 3.02 58.2 4.19 4.47 4.55 4.62 4.74
10 30.0 7.18 38.4 354 3.04 49.2 4.14 4.43 4.50 4.57 4.69
8 24 .4 7.26 31.0 290 3.06 39.8 4.11 4.38 4.46 4.53 4.64
90x90 12+ 31.8 6.34 40.6 298 2.71 47.0 3.80 4.09 4.16 4.24 4.36
10 26.8 6.42 34.2 254 2.72 39.6 3.75 4.04 4.11 4.19 4.30
8 21.8 6.50 27.8 208 2.74 32.2 3.71 3.99 4.06 4.13 4.25
7 19.2 6.55 24 .4 185 2.75 28.2 3.69 3.96 4.04 4.11 4.22
80x80 10 23.8 5.66 30.2 175 2.4 30.8 3.36 3.65 3.72 3.80 3.92
8 19.3 5.74 24.6 144 2.43 25.2 3.31 3.60 3.67 3.75 3.86
75x75 8 18.0 5.36 22.8 118 2.27 22.0 3.12 3.41 3.49 3.56 3.68
6 13.7 5.45 17.5 91.6 2.29 16.8 3.07 3.35 3.43 3.50 3.62
70x70 7 14.8 5.03 18.8 84.6 212 16.8 2.89 3.18 3.26 3.33 3.45
6 12.8 5.07 16.3 73.8 2.13 14.5 2.87 3.16 3.23 3.31 3.42
65x65 7 13.7 4.45 17.5 66.8 1.96 14.4 2.83 3.14 3.21 3.29 3.42
60x60 8 14.2 4.23 18.1 58.4 1.80 13.8 2.52 2.82 2.90 297 3.10
6 10.8 4.31 13.8 45.6 1.82 10.6 2.48 2.77 2.85 2.92 3.04
5 9.14 4.36 11.6 38.8 1.82 8.90 2.45 2.74 2.81 2.89 3.01
50x50 6 8.94 3.55 11.4 25.6 1.50 7.22 2.09 2.38 2.46 2.54 2.66
5 7.54 3.60 9.60 22.0 1.51 6.10 2.06 2.35 2.43 2.51 2.63
4 6.12 3.64 7.78 17.9 1.52 4.92 2.04 2.32 2.40 2.48 2.60

Advance and UKA are trademarks of Corus. A fuller description of the relationship between Angles and the Advance range of sections
manufactured by Corus is given on page A - 42.
+ These sections are in addition to the range of BS EN 10056-1 sections.

Properties about y-y axis:
I, = (Total Area).(r,)?
Z,=1,/(0.5B,)

FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3
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BS EN 1993-1-1: 2005 Table 2.1.6.1
BS EN 10056-1: 1999 f2 z
U K SECTION PROPERTIES o ’
-
EUROCODES UNEQUAL ANGLES ) o “Ra
Advance® UKA - Unqual ?“iﬂ y— ?ff—- ¥
1 Ma - N C
B-40 DIMENSIONS AND PROPERTIES : U_-l - 3\ ¥
-— "
ot ) i
Section Mass Radius Dimension Second Moment Radius
Designation per of Area of Gyration
Metre
Size Thickness Root | Toe @)f;/s /;)flzs /'L\j)f:]s /'\\I)_(\'/S '?,)_(;,s AZ)-(IZS Au)_(LS AV)_(\'IS
hxb t r Iy ¢y c,
mm mm kg/m mm [ mm | cm cm [ cm* [ em* | cm* | cm? cm cm cm cm
200 x 150 18 + 471 15.0 | 7.50 | 6.33 | 3.85 | 2380 | 1150 | 2920 | 623 6.29 4.37 6.97 3.22
15 39.6 15.0 | 7.50 | 6.21 | 3.73 | 2020 | 979 | 2480 | 526 6.33 4.40 7.00 3.23
12 32.0 15.0 | 7.50 | 6.08 | 3.61 | 1650 | 803 | 2030 | 430 6.36 4.44 7.04 3.25
200 x 100 15 33.8 15.0 | 750 | 7.16 | 2.22 | 1760 | 299 | 1860 [ 193 6.40 2.64 6.59 212
12 27.3 15.0 | 7.50 | 7.03 | 2.10 | 1440 | 247 | 1530 | 159 6.43 2.67 6.63 2.14
10 23.0 15.0 | 7.50 | 6.93 | 2.01 | 1220 | 210 | 1290 | 135 6.46 2.68 6.65 2.15
150 x 90 15 33.9 12.0 | 6.00 | 5.21 | 2.23 | 761 205 841 126 4.74 2.46 4.98 1.93
12 21.6 12.0 | 6.00 | 5.08 | 2.12 | 627 171 694 104 4.77 2.49 5.02 1.94
10 18.2 12.0 | 6.00 | 5.00 | 2.04 | 533 146 591 88.3 4.80 2.51 5.05 1.95
150 x 75 15 24.8 12.0 | 6.00 | 5.52 | 1.81 | 713 119 753 78.6 4.75 1.94 4.88 1.58
12 20.2 12.0 [ 6.00 | 540 | 1.69 | 588 | 99.6 | 623 | 64.7 4.78 1.97 4.92 1.59
10 17.0 12.0 | 6.00 | 5.31 | 1.61 501 85.6 531 55.1 4.81 1.99 4.95 1.60
125x 75 12 17.8 11.0 | 550 | 4.31 | 1.84 | 354 | 955 | 391 58.5 3.95 2.05 4.15 1.61
10 15.0 11.0 | 550 | 423 | 1.76 | 302 | 82.1 334 | 499 3.97 2.07 4.18 1.61
8 12.2 11.0 | 550 | 414 | 1.68 | 247 | 67.6 | 274 | 40.9 4.00 2.09 4.21 1.63
100 x 75 12 15.4 10.0 | 5.00 | 3.27 | 2.03 189 90.2 230 49.5 3.10 2.14 3.42 1.59
10 13.0 10.0 [ 5.00 | 3.19 | 195 | 162 | 77.6 197 | 42.2 3.12 2.16 3.45 1.59
8 10.6 10.0 | 5.00 | 3.10 | 1.87 | 133 | 64.1 162 34.6 3.14 2.18 3.47 1.60
100 x 65 10 + 12.3 10.0 | 5.00 | 3.36 | 1.63 | 154 51.0 175 | 30.1 3.14 1.81 3.35 1.39
8 + 9.94 10.0 | 5.00 | 3.27 | 1.55 | 127 | 42.2 144 | 24.8 3.16 1.83 3.37 1.40
7 + 8.77 10.0 | 5.00 | 3.23 | 1.51 113 | 37.6 128 | 22.0 3.17 1.83 3.39 1.40

Table 2.1.6.1. Advance® UKA - Unequal. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.6.2
BS EN 10056-1: 1999 f2 z
U K SECTION PROPERTIES o ’
-
EURODCODES UNEQUAL ANGLES . o "N
Advance® UKA - Unqual ?“iﬂ y— f’— ¥
1 F - ", c
B-41 DIMENSIONS AND PROPERTIES ¥ u ‘ ¥
| b +t | —=] C, [=— “;.r
-— = z
Section Elastic Angle Torsional Equivalent Slenderness Mono- Area
Designation Modulus Axis y-y Constant Coefficient symmetry of
to Index Section
Size Thickness Axis Axis A%(;snu(;u
vy zz Min Max
hxb t I o8 VR W,
mm mm cm® cm?® cm* cm?
200 x 150 18 + 174 103 0.549 67.9 2.93 3.72 4.60 60.0
15 147 86.9 0.551 39.9 3.53 4.50 5.55 50.5
12 119 70.5 0.552 20.9 443 5.70 6.97 40.8
200 x 100 15 137 385 0.260 34.3 3.54 5.17 9.19 43.0
12 111 31.3 0.262 18.0 4.42 6.57 11.5 34.8
10 93.2 26.3 0.263 10.66 5.26 7.92 13.9 29.2
150 x 90 15 7.7 30.4 0.354 26.8 2.58 3.59 5.96 33.9
12 63.3 24.8 0.358 14.1 3.24 4.58 7.50 27.5
10 53.3 21.0 0.360 8.30 3.89 5.56 9.03 23.2
150 x 75 15 75.2 21.0 0.253 251 2.62 3.74 6.84 31.7
12 61.3 17.1 0.258 13.2 3.30 4.79 8.60 25.7
10 51.6 14.5 0.261 7.80 3.95 5.83 10.4 21.7
125x 75 12 43.2 16.9 0.354 11.6 2.66 3.73 6.23 22.7
10 36.5 14.3 0.357 6.87 3.21 4.55 7.50 19.1
8 29.6 11.6 0.360 3.62 4.00 5.75 9.43 15.5
100 x 75 12 28.0 16.5 0.540 10.05 2.10 2.64 3.46 19.7
10 23.8 14.0 0.544 5.95 2.54 3.22 4.17 16.6
8 19.3 11.4 0.547 3.13 3.18 4.08 5.24 13.5
100 x 65 10 + 23.2 10.5 0.410 5.61 2.52 3.43 5.45 15.6
8 + 18.9 8.54 0.413 2.96 3.14 4.35 6.86 12.7
7+ 16.6 7.53 0.415 2.02 3.58 5.00 7.85 11.2

Table 2.1.6.2. Advance® UKA - Unequal. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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YAT

UNEQUAL ANGLES

Advance UKA - Unequal Angles

Yy
r2 v, | _u
A 90° \Jé/ga
X - X
r rAL ' Cx
u C. a
B T" Dimensions and properties "—‘y v
Section Mass Radius Dimension Second Moment Radius
Designation per of Area of Gyration
Size Thickness| Metre | Root | Toe Axis Axis Axis Axis Axis Axis Axis Axis
X-X y-y u-u V-V X-X y-y u-u V-V
AxB t r ry Cy cy
mm mm kg/m mm mm cm cm cm* cm? cm? cm* cm cm cm cm
200x150 | 18 + 471 15.0 | 7.50 6.33 3.85 2380 1150 2920 623 6.29 4.37 6.97 3.22
15 39.6 15.0 | 7.50 6.21 3.73 2020 979 2480 526 6.33 4.40 7.00 3.23
12 32.0 15.0 | 7.50 6.08 3.61 1650 803 2030 430 6.36 4.44 7.04 3.25
200x100 | 15 33.8 15.0 | 7.50 7.16 2.22 1760 299 1860 193 6.40 2.64 6.59 212
12 27.3 15.0 | 7.50 7.03 2.10 1440 247 1530 159 6.43 2.67 6.63 2.14
10 23.0 15.0 | 7.50 6.93 2.01 1220 210 1290 135 6.46 2.68 6.65 2.15
150x90 15 33.9 12.0 | 6.00 5.21 2.23 761 205 841 126 4.74 2.46 4.98 1.93
12 21.6 12.0 | 6.00 5.08 212 627 171 694 104 4.77 2.49 5.02 1.94
10 18.2 12.0 | 6.00 5.00 2.04 533 146 591 88.3 4.80 2.51 5.05 1.95
150x75 15 24.8 12.0 | 6.00 5.52 1.81 713 119 753 78.6 4.75 1.94 4.88 1.58
12 20.2 12.0 | 6.00 5.40 1.69 588 99.6 623 64.7 4.78 1.97 4.92 1.59
10 17.0 12.0 | 6.00 5.31 1.61 501 85.6 531 55.1 4.81 1.99 4.95 1.60
125x75 12 17.8 11.0 | 550 | 4.31 1.84 354 95.5 391 58.5 3.95 2.05 4.15 1.61
10 15.0 11.0 | 550 | 4.23 1.76 302 82.1 334 49.9 3.97 2.07 4.18 1.61
8 12.2 11.0 | 550 | 4.14 1.68 247 67.6 274 40.9 4.00 2.09 4.21 1.63
100x75 12 15.4 10.0 | 5.00 3.27 2.03 189 90.2 230 49.5 3.10 2.14 3.42 1.59
10 13.0 10.0 | 5.00 3.19 1.95 162 77.6 197 42.2 3.12 2.16 3.45 1.59
8 10.6 10.0 | 5.00 3.10 1.87 133 64.1 162 34.6 3.14 2.18 3.47 1.60
100x65 10 + 12.3 10.0 | 5.00 3.36 1.63 154 51.0 175 30.1 3.14 1.81 3.35 1.39
8+ 9.94 10.0 | 5.00 3.27 1.55 127 42.2 144 24.8 3.16 1.83 3.37 1.40
7+ 8.77 10.0 | 5.00 3.23 1.51 113 37.6 128 22.0 3.17 1.83 3.39 1.40
100x50 8 8.97 8.00 | 4.00 3.60 1.13 116 19.7 123 12.8 3.19 1.31 3.28 1.06
6 6.84 8.00 | 4.00 3.51 1.05 89.9 15.4 954 9.92 3.21 1.33 3.31 1.07
80x60 7 7.36 8.00 | 4.00 | 2.51 1.52 59.0 28.4 72.0 15.4 2.51 1.74 2.77 1.28
80x40 8 7.07 7.00 | 3.50 294 | 0963 | 57.6 9.61 60.9 6.34 2.53 1.03 2.60 0.838
6 5.41 7.00 | 350 | 2.85 | 0.884 | 44.9 7.59 47.6 4.93 2.55 1.05 2.63 0.845
75x50 8 7.39 7.00 | 3.50 2.52 1.29 52.0 18.4 59.6 10.8 2.35 1.40 2.52 1.07
6 5.65 7.00 | 3.50 | 2.44 1.21 40.5 14.4 46.6 8.36 2.37 1.42 2.55 1.08
70x50 6 5.41 7.00 | 3.50 2.23 1.25 334 14.2 39.7 7.92 2.20 1.43 2.40 1.07
65x50 5 4.35 6.00 | 3.00 1.99 1.25 23.2 11.9 28.8 6.32 2.05 1.47 2.28 1.07
60x40 6 4.46 6.00 | 3.00 2.00 1.01 20.1 712 23.1 4.16 1.88 1.12 2.02 0.855
5 3.76 6.00 | 3.00 1.96 | 0.972 17.2 6.11 19.7 3.54 1.89 1.13 2.03 0.860
60x30 5 3.36 5.00 | 2.50 217 | 0.684 | 15.6 2.63 16.5 1.71 1.91 0.784 1.97 0.633
50x30 5 2.96 5.00 | 2.50 1.73 | 0.741 9.36 2.51 10.3 1.54 1.57 0.816 1.65 0.639
45x30 4 2.25 450 | 2.25 148 | 0.740 | 5.78 2.05 6.65 1.18 1.42 0.850 1.52 0.640
40x25 4 1.93 4.00 | 2.00 1.36 | 0.623 | 3.89 1.16 4.35 0.700 1.26 0.687 1.33 0.534
40x20 4 1.77 4.00 | 2.00 147 | 0.480 | 3.59 0.600 3.80 0.393 1.26 0.514 1.30 0.417
30x20 4 1.46 4.00 | 2.00 1.03 | 0.541 1.59 0.553 1.81 0.330 | 0.925 | 0.546 | 0.988 | 0.421
3 1.12 4.00 | 2.00 | 0.990 | 0.502 1.25 0.437 1.43 0.256 | 0.935 | 0.553 1.00 0.424

Advance and UKA are trademarks of Corus. A fuller description of the relationship between Angles and the Advance range of sections
manufactured by Corus is given on page A - 42.

+ These sections are in addition to the range of BS EN 10056-1 sections.
¢, is the distance from the back of the short leg to the centre of gravity.

¢, is the distance from the back of the long leg to the centre of gravity.
FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3
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B Ft Dimensions and properties (continued) v v
Section Elastic Angle Torsional Equivalent Slenderness Mono- Area
Designation Modulus Axis x-x Constant Coefficient symmetry of
Size Thickness Axis Axis to Min Max Index Section
X-X y-y Axis u-u

AxB t Tan o J ba ba Va
mm mm cm’® cm’® cm* cm?
200x150 | 18 + 174 103 0.549 67.9 2.93 3.72 4.60 60.0
15 147 86.9 0.551 39.9 3.53 4.50 5.55 50.5
12 119 70.5 0.552 20.9 4.43 5.70 6.97 40.8
200x100 | 15 137 38.5 0.260 343 3.54 5.17 9.19 43.0
12 111 31.3 0.262 18.0 4.42 6.57 11.5 348
10 93.2 26.3 0.263 10.66 5.26 7.92 13.9 29.2
150x90 15 77.7 30.4 0.354 26.8 2.58 3.59 5.96 33.9
12 63.3 24.8 0.358 14.1 3.24 4.58 7.50 27.5
10 53.3 21.0 0.360 8.30 3.89 5.56 9.03 23.2
150x75 15 75.2 21.0 0.253 251 2.62 3.74 6.84 317
12 61.3 171 0.258 13.2 3.30 4.79 8.60 25.7
10 51.6 14.5 0.261 7.80 3.95 5.83 10.4 21.7
125x75 12 43.2 16.9 0.354 11.6 2.66 3.73 6.23 22.7
10 36.5 14.3 0.357 6.87 3.21 4.55 7.50 19.1
8 29.6 11.6 0.360 3.62 4.00 5.75 9.43 15.5
100x75 12 28.0 16.5 0.540 10.05 2.10 2.64 3.46 19.7
10 23.8 14.0 0.544 5.95 2.54 3.22 4.17 16.6
8 19.3 11.4 0.547 3.13 3.18 4.08 5.24 13.5
100x65 10 + 23.2 10.5 0.410 5.61 2.52 343 5.45 15.6
8+ 18.9 8.54 0.413 2.96 3.14 4.35 6.86 12.7
7+ 16.6 7.53 0.415 2.02 3.58 5.00 7.85 11.2
100x50 8 18.2 5.08 0.258 2.61 3.30 4.80 8.61 11.4
6 13.8 3.89 0.262 1.14 4.38 6.52 11.6 8.71
80x60 7 10.7 6.34 0.546 1.66 2.92 3.72 4.78 9.38
80x40 8 11.4 3.16 0.253 2.05 2.61 3.73 6.85 9.01
6 8.73 244 0.258 0.899 3.48 5.12 9.22 6.89
75x50 8 10.4 4.95 0.430 2.14 2.36 3.18 4.92 9.41
6 8.01 3.81 0.435 0.935 3.18 4.34 6.60 7.19
70x50 6 7.01 3.78 0.500 0.899 2.96 3.89 5.44 6.89
65x50 5 5.14 3.19 0.577 0.498 3.38 4.26 5.08 5.54
60x40 6 5.03 2.38 0.431 0.735 2.51 3.39 5.26 5.68
5 4.25 2.02 0.434 0.435 3.02 4.11 6.34 4.79
60x30 5 4.07 1.14 0.257 0.382 3.15 4.56 8.26 4.28
50x30 5 2.86 1.11 0.352 0.340 2.51 3.52 5.99 3.78
45x30 4 1.91 0.910 0.436 0.166 2.85 3.87 5.92 2.87
40x25 4 1.47 0.619 0.380 0.142 2.51 3.48 5.75 2.46
40x20 4 1.42 0.393 0.252 0.131 2.57 3.68 6.86 2.26
30x20 4 0.807 0.379 0.421 0.1096 1.79 2.39 3.95 1.86
3 0.621 0.292 0.427 0.0486 2.40 3.28 5.31 1.43

Advance and UKA are trademarks of Corus. A fuller description of the relationship between Angles and the Advance range of sections

manufactured by Corus is given on page A - 42.
+ These sections are in addition to the range of BS EN 10056-1 sections.
FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3
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Advance UKA - Unequal Angles BACK TO BACK

Dimensions and properties

Composed Total Distance Total Properties about Axis x-x Radius of Gyration r, about Axis y-y (cm)
of Two Mass Area
Angles per
Metre ny Iy ry Z, Space between angles, s, (mm)

AxB t
mm mm kg/m cm cm? cm* cm cm® 0 8 10 12 15
200x150 18 + 94.2 13.7 120 4750 6.29 348 5.84 6.11 6.18 6.25 6.36
15 79.2 13.8 101 4040 6.33 294 5.77 6.04 6.11 6.18 6.28
12 64.0 13.9 81.6 3300 6.36 238 5.72 5.98 6.05 6.12 6.22
200x100 15 67.5 12.8 86.0 3520 6.40 274 3.45 3.72 3.79 3.86 3.97
12 54.6 13.0 69.6 2880 6.43 222 3.39 3.65 3.72 3.79 3.90
10 46.0 13.1 58.4 2440 6.46 186 3.35 3.61 3.67 3.74 3.85
150x90 15 53.2 9.79 67.8 1522 4.74 155 3.32 3.60 3.67 3.75 3.86
12 43.2 9.92 55.0 1250 4.77 127 3.27 3.55 3.62 3.69 3.80
10 36.4 10.0 46.4 1070 4.80 107 3.23 3.50 3.57 3.64 3.75
150x75 15 49.6 9.48 63.4 1430 4.75 150 2.65 2.94 3.01 3.09 3.21
12 40.4 9.60 51.4 1180 4.78 123 2.59 2.87 2.94 3.02 3.14
10 34.0 9.69 43.4 1000 4.81 103 2.56 2.83 2.90 2.97 3.08
125x75 12 35.6 8.19 454 708 3.95 86.4 2.76 3.04 3.1 3.19 3.30
10 30.0 8.27 38.2 604 3.97 73.0 2.72 2.99 3.07 3.14 3.26
8 24.4 8.36 31.0 494 4.00 59.2 2.68 2.95 3.02 3.09 3.20
100x75 12 30.8 6.73 394 378 3.10 56.0 2.95 3.24 3.31 3.39 3.51
10 26.0 6.81 33.2 324 3.12 47.6 2.9 3.19 3.27 3.34 3.46
8 21.2 6.90 27.0 266 3.14 38.6 2.87 3.15 3.22 3.29 3.41
100x65 10 + 246 6.64 31.2 308 3.14 46.4 2.43 2.72 2.79 2.87 2.99
8+ 19.9 6.73 254 254 3.16 37.8 2.39 2.67 2.74 2.82 2.93
7+ 17.5 6.77 22.4 226 3.17 33.2 2.37 2.65 2.72 2.79 2.91
100x50 8 17.9 6.40 22.8 232 3.19 36.4 1.73 2.02 2.09 217 2.29
6 13.7 6.49 17.4 180 3.21 27.6 1.69 1.97 2.04 2.12 2.24
80x60 7 14.7 5.49 18.8 118 2.51 21.4 2.31 2.59 2.67 2.74 2.86
80x40 8 141 5.06 18.0 115 2.53 22.8 1.41 1.71 1.79 1.87 2.00
6 10.8 5.15 13.8 89.8 2.55 17.5 1.37 1.66 1.74 1.82 1.94
75x50 8 14.8 4.98 18.8 104 2.35 20.8 1.90 2.19 2.27 2.35 2.47
6 11.3 5.06 14.4 81.0 2.37 16.0 1.86 2.14 2.22 2.30 2.42
70x50 6 10.8 4.77 13.8 66.8 2.20 14.0 1.90 2.19 2.26 2.34 2.46
65x50 5 8.70 4.51 11.1 46.4 2.05 10.3 1.93 2.21 2.28 2.36 2.48
60x40 6 8.92 4.00 11.4 40.2 1.88 10.1 1.51 1.80 1.88 1.96 2.09
5 7.52 4.04 9.58 34.4 1.89 8.50 1.49 1.78 1.86 1.94 2.06

Advance and UKA are trademarks of Corus. A fuller description of the relationship between Angles and the Advance range of sections
manufactured by Corus is given on page A - 42.

+ These sections are in addition to the range of BS EN 10056-1 sections.

Properties about y-y axis:
I, = (Total Area).(r,)?
Z,=1,/(0.5B,)

FOR EXPLANATION OF TABLES SEE NOTES 2 AND 3




BS EN 1993-1-1: 2005

SECTION PROPERTIES

YAQ

Table 2.1.7.1

BS 4-1: 2005 b tf
[=—=] * z *
U K STRUCTURAL TEES CUT FROM - :11 -
EUROCODES UNIVERSAL BEAMS " r b ’ t !
UKT Split from Advance® UKB ™I~ S
DIMENSIONS AND PROPERTIES - bi2
B-44 S I 2
Section Cut from Mass Width Depth Thickness Root Ratios for Dimension Second Moment
Designation Universal Beam per of of Radius | Local Buckling of Area
Section Metre | Section | Section Web Flange Flange | Web /-;I>_<)|/s P;-(IZS
Designation b h t, t r ¢ / t | c, / t, o
kg/m mm mm mm mm mm cm cm* cm*
254 x 343 x 63 686 x 254 x 125 62.6 253.0 338.9 11.7 16.2 15.2 6.51 29.0 8.85 8980 2190
305 x 305 x 119 610 x 305 x 238 119.0 311.4 317.9 18.4 314 16.5 4.14 17.3 7.1 12400 7920
305 x 305 x 90 610 x 305 x 179 89.5 307.1 310.0 14.1 23.6 16.5 5.51 22.0 6.69 9040 5700
305 x 305 x 75 610 x 305 x 149 74.6 304.8 306.1 11.8 19.7 16.5 6.60 259 6.45 7410 4650
229 x 305 x 70 610 x 229 x 140 69.9 230.2 308.5 13.1 221 12.7 4.34 235 7.61 7740 2250
229 x 305 x 63 610 x 229 x 125 62.5 229.0 306.0 11.9 19.6 12.7 4.89 257 7.54 6900 1970
229 x 305 x 57 610 x 229 x 113 56.5 228.2 303.7 11.1 17.3 12.7 5.54 27.4 7.58 6270 1720
229 x 305 x 51 610 x 229 x 101 50.6 227.6 301.2 10.5 14.8 12.7 6.48 28.7 7.78 5690 1460
178 x 305 x 50 + 610 x 178 x 100 50.1 179.2 303.7 1.3 17.2 12.7 4.14 26.9 8.57 5890 829
178 x 305 x 46 + 610 x 178 x 92 46.1 178.8 301.5 10.9 15.0 12.7 4.75 27.7 8.78 5450 718
178 x 305 x 41 + 610 x 178 x 82 40.9 177.9 299.3 10.0 12.8 12.7 5.57 29.9 8.88 4840 603
312 x 267 x 136 + 533 x 312 x 272 136.6 320.2 288.8 211 37.6 12.7 3.64 13.7 6.28 10600 10300
312x 267 x 110 + 533 x312x 219 109.4 317.4 280.4 18.3 29.2 12.7 4.69 15.3 6.09 8530 7790
312x 267 x 91 + 533 x 312 x 182 90.7 314.5 275.6 15.2 244 12.7 5.61 18.1 578 6890 6330
312x 267 x 75 + 533 x 312 x 151 75.3 312.0 2715 12.7 20.3 12.7 6.75 214 5.54 5620 5140
210 x 267 x 69 + 533 x210 x 138 69.1 213.9 274.5 14.7 23.6 12.7 3.68 18.7 6.94 5990 1930
210 x 267 x 61 533 x210x 122 61.0 211.9 272.2 12.7 21.3 12.7 4.08 214 6.66 5160 1690
210 x 267 x 55 533 x 210 x 109 54.5 210.8 269.7 11.6 18.8 12.7 4.62 23.3 6.61 4600 1470
210 x 267 x 51 533 x 210 x 101 50.5 210.0 268.3 10.8 17.4 12.7 4.99 24.8 6.53 4250 1350
210 x 267 x 46 533 x 210 x 92 46.0 209.3 266.5 101 15.6 12.7 5.57 26.4 6.55 3880 1190
210 x 267 x 41 533 x 210 x 82 411 208.8 264.1 9.6 13.2 12.7 6.58 27.5 6.75 3530 1000
165 x 267 x 43 + 533 x 165 x 85 423 166.5 267.1 10.3 16.5 12.7 3.96 259 7.23 3750 637
165 x 267 x 37 + 533 x 165 x 75 37.3 165.9 264.5 9.7 13.6 12.7 4.81 27.3 7.46 3350 520
165 x 267 x 33 + 533 x 165 x 66 32.8 165.1 262.4 8.9 11.4 12.7 5.74 29.5 7.59 2960 429
191 x229 x 81 + 457 x 191 x 161 80.7 199.4 246.0 18.0 32.0 10.2 2.52 13.7 6.22 5160 2130
191 x 229 x 67 + 457 x 191 x 133 66.6 196.7 240.3 15.3 26.3 10.2 3.06 15.7 5.96 4180 1670
191 x 229 x 53 + 457 x 191 x 106 52.9 194.0 234.6 12.6 20.6 10.2 3.91 18.6 5.73 3260 1260
191 x 229 x 49 457 x 191 x 98 491 192.8 2335 11.4 19.6 10.2 4.11 20.5 5.53 2970 1170
191 x 229 x 45 457 x 191 x 89 446 191.9 231.6 10.5 17.7 10.2 4.55 221 5.47 2680 1040
191 x 229 x 41 457 x 191 x 82 41.0 191.3 229.9 9.9 16.0 10.2 5.03 23.2 5.47 2470 935
191 x 229 x 37 457 x 191 x 74 371 190.4 228.4 9.0 14.5 10.2 5.55 254 5.38 2220 836
191 x 229 x 34 457 x 191 x 67 335 189.9 226.6 8.5 12.7 10.2 6.34 26.7 5.46 2030 726
152 x 229 x 41 457 x 152 x 82 41.0 155.3 232.8 10.5 18.9 10.2 3.29 222 5.96 2600 592
152 x 229 x 37 457 x 152 x 74 371 154.4 230.9 9.6 17.0 10.2 3.66 241 5.88 2330 523
152 x 229 x 34 457 x 152 x 67 33.6 153.8 228.9 9.0 15.0 10.2 4.15 254 5.91 2120 456
152 x 229 x 30 457 x 152 x 60 29.9 152.9 227.2 8.1 13.3 10.2 4.68 28.0 5.84 1880 397
152 x 229 x 26 457 x 152 x 52 26.1 152.4 224.8 7.6 10.9 10.2 5.71 29.6 6.04 1670 322

Table 2.1.7.1. UKT Split from Advance® UKC. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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. Table 2.1.7.2
o s 2005 SECTION PROPERTIES
Z
U K STRUCTURAL TEES CUT FROM
¥- =¥
EUROCODES UNIVERSAL BEAMS
UKT Split from Advance® UKB
B-45 PROPERTIES !
Section Radius Elastic Plastic Buckling | Torsional Mono- Warping | Torsional Area
Designation of Gyration Modulus Modulus Parameter Index symmetry | Constant | Constant of

Axis | Axis Axis y-y Axis | Axis | Axis Index ) Section

y-y z-z (Flange| Toe z-z yy | zz U X Y Iy It A

cm cm cm® | cm® | cm® [ cm® | omd cmb cm* cm?
254 x 343 x 63 10.6 | 524 [ 1010 | 358 173 643 | 271 0.651 21.9 0.740 2090 57.9 79.7
305 x 305 x 119 9.03 | 7.23 | 1740 | 501 509 894 | 787 0.483 10.6 0.662 11300 391 152
305 x 305 x 90 8.91 7.07 | 1350 | 372 371 656 | 572 0.484 13.8 0.664 4710 170 114
305 x 305 x 75 8.83 | 7.00 | 1150 | 307 305 538 | 469 0.483 16.4 0.666 2690 99.8 95.0
229 x 305 x 70 9.32 | 5.03 | 1020 | 333 196 592 [ 306 0.613 15.3 0.727 2560 108 89.1
229 x 305 x 63 9.31 4.97 915 299 172 531 | 268 0.617 171 0.728 1840 76.9 79.7
229 x 305 x 57 9.33 | 4.88 826 275 150 | 489 | 235 0.626 19.0 0.731 1400 55.5 72.0
229 x 305 x 51 9.40 | 4.76 732 255 128 | 456 | 200 0.644 21.6 0.736 1080 38.3 64.4
178 x 305 x 50 + 9.60 | 3.60 688 270 92.5 | 490 | 148 0.694 19.4 0.768 1230 47.3 63.9
178 x 305 x 46 + 9.64 | 3.50 621 255 80.3 | 468 | 129 0.710 215 0.774 1050 35.3 58.7
178 x 305 x 41 + 9.64 | 3.40 545 230 67.8 | 425 [ 109 0.722 24.3 0.778 780 24.3 52.1
312 x 267 x 136 + 7.81 7.69 | 1690 | 469 644 857 [ 993 0.247 7.96 0.613 17300 642 174
312 x 267 x 110 + 7.82 | 7.48 | 1400 | 389 491 696 | 757 0.332 9.93 0.617 8730 320 139
312x 267 x 91 + 772 | 740 | 1190 | 317 403 562 | 619 0.324 1.7 0.618 4920 186 116
312x 267 x 75 + 7.65 | 7.32 | 1010 | 260 330 458 | 505 0.326 14.0 0.619 2780 108 95.9
210 x 267 x 69 + 824 | 4.68 862 292 181 520 | 284 0.609 12.5 0.719 2490 125 88.1
210 x 267 x 61 8.15 4.67 775 251 160 446 250 0.600 13.8 0.719 1660 88.9 77.7
210 x 267 x 55 8.14 4.60 697 226 140 401 218 0.605 156.5 0.721 1200 63.0 69.4
210 x 267 x 51 8.12 4.57 650 209 128 371 200 0.606 16.6 0.722 951 50.3 64.3
210 x 267 x 46 8.14 4.51 593 193 114 343 178 0.613 18.3 0.724 737 37.7 58.7
210 x 267 x 41 8.21 4.38 523 179 96.1 320 | 150 0.634 20.8 0.730 565 25.7 52.3
165 x 267 x 43 + 8.34 | 3.44 519 192 76.6 | 346 | 122 0.672 17.7 0.758 670 36.8 54.0
165 x 267 x 37 + 8.39 3.30 449 176 62.7 321 100 0.693 20.6 0.765 514 23.9 47.6
165 x 267 x 33 + 8.41 3.20 390 159 52.0 | 291 | 83.1 0.708 23.6 0.771 378 15.9 41.9
191 x229 x 81 + 7.09 | 455 830 281 213 507 | 336 0.573 8.24 0.699 3780 256 103
191 x 229 x 67 + 7.01 4.44 702 231 170 414 267 0.576 9.82 0.702 2130 146 84.9
191 x229x 53 + 6.96 | 4.32 569 184 130 328 | 203 0.583 12.2 0.706 1070 72.6 67.4
191 x 229 x 49 6.88 | 4.33 536 167 122 296 | 189 0.573 12.9 0.705 835 60.5 62.6
191 x 229 x 45 6.87 | 4.29 491 152 109 269 | 169 0.576 14.1 0.706 628 45.2 56.9
191 x 229 x 41 6.88 4.23 452 141 97.8 250 152 0.583 15.5 0.709 494 34.5 52.2
191 x 229 x 37 6.86 | 4.20 413 127 87.8 | 225 | 136 0.583 16.9 0.709 365 25.8 47.3
191 x 229 x 34 6.90 | 4.12 372 118 76.5 | 209 | 119 0.597 18.9 0.713 280 18.5 42.7
152 x 229 x 41 7.05 | 3.37 436 150 76.3 | 267 | 120 0.634 13.7 0.740 534 44.5 52.3
152 x 229 x 37 7.03 | 3.33 397 135 67.8 | 242 | 107 0.636 15.1 0.742 396 32.9 47.2
152 x 229 x 34 7.04 | 3.27 359 125 59.3 | 223 | 93.3 0.646 16.8 0.745 305 23.8 42.8
152 x 229 x 30 7.02 | 3.23 322 111 52.0 | 199 | 81.5 0.648 18.8 0.746 217 16.9 38.1
152 x 229 x 26 7.08 | 3.11 276 102 423 | 183 | 66.6 0.671 22.0 0.753 161 10.7 33.3

Table 2.1.7.2. UKT Split from Advance® UKC. Properties
© 2006-2011, Tata Steel Europe Limited
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. Table 2.1.7.3
o s et 2005 SECTION PROPERTIES o
[=—] * f z *
U K STRUCTURAL TEES CUT FROM r :11 -
EUROCODES UNIVERSAL BEAMS " r tw ’ t ’
UKT Split from Advance® UKB —l~ %
DIMENSIONS AND PROPERTIES - Bi2
B-46 ——{-— z
Section Cut from Mass Width Depth Thickness Root Ratios for Dimension Second Moment
Designation Universal Beam per of of Radius | Local Buckling of Area
Section Metre | Section | Section Web Flange Flange | Web Ay)_(;s AZ)-(IZS
Designation b h t, t r e/t | ey /t, o

kg/m mm mm mm mm mm cm cm* cm*

178 x 203 x 43 + 406 x 178 x 85 42.6 181.9 208.6 10.9 18.2 10.2 4.14 19.1 4.91 2030 915
178 x 203 x 37 406 x 178 x 74 371 179.5 206.3 9.5 16.0 10.2 4.68 21.7 4.76 1740 773
178 x 203 x 34 406 x 178 x 67 33.5 178.8 204.6 8.8 14.3 10.2 5.23 23.3 4.73 1570 682
178 x 203 x 30 406 x 178 x 60 30.0 177.9 2031 7.9 12.8 10.2 5.84 25.7 4.64 1400 602
178 x 203 x 27 406 x 178 x 54 27.0 177.7 201.2 7.7 10.9 10.2 6.86 26.1 4.83 1290 511
140 x 203 x 27 + 406 x 140 x 53 26.6 143.3 203.3 7.9 12.9 10.2 4.46 25.7 5.16 1320 317
140 x 203 x 23 406 x 140 x 46 23.0 142.2 201.5 6.8 11.2 10.2 5.13 29.6 5.02 1120 269
140 x 203 x 20 406 x 140 x 39 19.5 141.8 198.9 6.4 8.6 10.2 6.69 31.1 5.32 979 205
171 x 178 x 34 356 x 171 x 67 33.5 173.2 181.6 9.1 156.7 10.2 4.58 20.0 4.00 1150 681
171 x 178 x 29 356 x 171 x 57 28.5 172.2 178.9 8.1 13.0 10.2 5.53 221 3.97 986 554
171 x 178 x 26 356 x 171 x 51 25.5 171.5 177.4 7.4 11.5 10.2 6.25 24.0 3.94 882 484
171 x 178 x 23 356 x 171 x 45 22.5 1711 175.6 7.0 9.7 10.2 7.41 251 4.05 798 406
127 x 178 x 20 356 x 127 x 39 19.5 126.0 176.6 6.6 10.7 10.2 4.63 26.8 4.43 728 179
127 x 178 x 17 356 x 127 x 33 16.5 125.4 174.4 6.0 8.5 10.2 5.82 291 4.56 626 140
165 x 152 x 27 305 x 165 x 54 27.0 166.9 1565.1 7.9 13.7 8.9 5.15 19.6 3.21 642 531
165 x 152 x 23 305 x 165 x 46 23.0 165.7 153.2 6.7 11.8 8.9 5.98 22.9 3.07 536 448
165 x 152 x 20 305 x 165 x 40 20.1 165.0 151.6 6.0 10.2 8.9 6.92 25.3 3.03 468 382
127 x 152 x 24 305 x 127 x 48 24.0 125.3 155.4 9.0 14.0 8.9 3.52 17.3 3.94 662 231
127 x 162 x 21 305 x 127 x 42 20.9 124.3 153.5 8.0 121 8.9 4.07 19.2 3.87 573 194
127 x 152 x 19 305 x 127 x 37 18.5 123.4 152.1 71 10.7 8.9 4.60 21.4 3.78 501 168
102 x 152 x 17 305 x 102 x 33 16.4 102.4 156.3 6.6 10.8 7.6 3.73 23.7 4.14 487 97.1
102 x 152 x 14 305 x 102 x 28 14.1 101.8 154.3 6.0 8.8 7.6 4.58 25.7 4.20 420 7.7
102 x 152 x 13 305 x 102 x 25 124 101.6 152.5 5.8 7.0 7.6 5.76 26.3 4.43 377 61.5
146 x 127 x 22 254 x 146 x 43 21.5 147.3 129.7 7.2 12.7 7.6 4.92 18.0 2.64 343 339
146 x 127 x 19 254 x 146 x 37 18.5 146.4 127.9 6.3 10.9 7.6 5.73 20.3 2.55 292 285
146 x 127 x 16 254 x 146 x 31 15.5 146.1 125.6 6.0 8.6 7.6 7.26 20.9 2.66 259 224
102 x 127 x 14 254 x 102 x 28 14.1 102.2 130.1 6.3 10.0 7.6 4.04 20.7 3.24 277 89.3
102 x 127 x 13 254 x 102 x 25 12.6 101.9 128.5 6.0 8.4 7.6 4.80 214 3.32 250 74.3
102 x 127 x 11 254 x 102 x 22 11.0 101.6 126.9 5.7 6.8 7.6 5.93 22.3 3.45 223 59.7
133x 102 x 15 203 x 133 x 30 15.0 133.9 103.3 6.4 9.6 7.6 5.85 16.1 2.1 154 192
133 x 102 x 13 203 x 133 x 25 125 133.2 101.5 5.7 7.8 7.6 7.20 17.8 2.10 131 154

Table 2.1.7.3. UKT Split from Advance® UKC. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited



YAy

. Table 2.1.7.4
o s 2005 SECTION PROPERTIES
Z
U K STRUCTURAL TEES CUT FROM
¥- =¥
EUROCODES UNIVERSAL BEAMS
UKT Split from Advance® UKB
B.47 PROPERTIES !
Section Radius Elastic Plastic Buckling | Torsional Mono- Warping | Torsional Area
Designation of Gyration Modulus Modulus Parameter Index symmetry | Constant | Constant of

Axis | Axis Axis y-y Axis | Axis | Axis Index ) Section

y-y z-z (Flange| Toe z-z yy | zz U X Y Iy It A

cm cm cm® | cm® | cm® [ cm® | omd cmb cm* cm?
178 x 203 x 43 + 6.11 4.1 413 127 101 226 | 157 0.556 12.2 0.694 538 46.3 54.3
178 x 203 x 37 6.06 | 4.04 365 109 86.1 194 | 133 0.555 13.8 0.696 350 31.3 47.2
178 x 203 x 34 6.07 | 3.99 332 100 76.3 | 177 | 118 0.561 15.2 0.698 262 23.0 42.8
178 x 203 x 30 6.04 | 3.97 301 89.0 | 67.6 | 157 | 104 0.561 16.9 0.699 186 16.6 38.3
178 x 203 x 27 6.13 | 3.85 268 846 | 575 | 150 | 89.1 0.588 19.2 0.705 146 11.5 345
140 x 203 x 27 + 6.23 | 3.06 256 87.0 | 443 | 155 | 69.5 0.636 171 0.739 148 14.4 34.0
140 x 203 x 23 6.19 | 3.03 224 742 | 37.8 | 132 | 59.0 0.633 19.5 0.740 93.7 9.49 29.3
140 x 203 x 20 6.28 | 2.87 184 67.2 | 289 | 121 | 454 0.668 23.8 0.750 66.3 5.33 24.8
171x 178 x 34 520 | 3.99 288 815 | 786 | 145 | 121 0.500 12.2 0.672 249 27.8 42.7
171 x 178 x 29 5.21 3.91 248 709 | 644 | 125 | 99.4 0.514 14.4 0.676 154 16.6 36.3
171 x 178 x 26 5.21 3.86 224 639 | 56.5 | 113 | 87.1 0.521 16.1 0.677 110 11.9 324
171 x 178 x 23 528 | 3.76 197 59.1 474 | 104 | 73.3 0.546 18.4 0.683 79.2 7.90 28.7
127 x 178 x 20 5.41 2.68 164 55.0 | 28.4 | 98.0 | 44.5 0.632 17.6 0.739 571 7.53 24.9
127 x 178 x 17 545 | 2.58 137 48.6 | 223 | 87.2 | 351 0.655 211 0.746 38.0 4.38 211
165 x 152 x 27 432 | 393 200 522 | 63.7 | 92.8 | 97.8 0.389 11.8 0.636 128 17.3 344
165 x 152 x 23 427 | 3.91 174 437 | 541 | 771 | 8238 0.380 13.6 0.636 78.6 11.1 294
165 x 152 x 20 427 | 3.86 155 386 | 46.3 | 67.6 | 70.9 0.393 15.5 0.638 52.0 7.35 25.7
127 x 152 x 24 465 | 2.74 168 57.1 36.8 | 102 | 58.0 0.602 1.7 0.714 104 15.8 30.6
127 x 152 x 21 463 | 2.70 148 49.9 | 31.3 | 88.9 | 49.2 0.606 13.3 0.716 69.2 10.5 26.7
127 x 152 x 19 4.61 2.67 132 438 | 272 | 779 | 427 0.606 14.9 0.718 47.4 7.36 23.6
102 x 152 x 17 482 | 215 118 42.3 19.0 | 75.8 | 30.0 0.656 15.8 0.749 36.8 6.08 20.9
102 x 152 x 14 4.84 2.08 100.0 | 37.4 15.3 67.5 | 24.2 0.673 18.7 0.756 252 3.69 17.9
102x 152 x 13 4.88 1.97 | 850 | 34.8 121 | 639 [ 194 0.705 21.8 0.766 20.4 2.37 15.8
146 x 127 x 22 3.54 | 3.52 130 33.2 | 46.0 | 59.5 | 70.5 0.202 10.6 0.613 64.9 11.9 27.4
146 x 127 x 19 3.52 3.48 115 28.5 39.0 50.7 | 59.7 0.233 12.2 0.616 41.0 7.65 23.6
146 x 127 x 16 3.61 336 | 974 | 26.2 | 30.6 | 46.0 | 471 0.376 14.8 0.623 245 4.26 19.8
102 x 127 x 14 392 | 222 | 855 | 283 175 | 504 | 27.4 0.607 13.8 0.720 21.0 4.77 18.0
102 x 127 x 13 3.95 2.15 75.3 26.2 14.6 | 46.9 | 23.0 0.628 15.8 0.727 15.9 3.20 16.0
102 x 127 x 11 399 | 2.06 | 645 | 24.1 11.7 | 435 | 18.6 0.656 18.2 0.736 12.0 2.06 14.0
133x102x 15 2.84 | 317 | 731 18.8 | 28.7 | 33.5 | 441 - - 0.569 21.7 5.13 19.1
133x102x 13 286 | 3.10 | 624 16.2 | 231 | 28.7 | 355 - - 0.572 12.6 297 16.0

Table 2.1.7.4. UKT Split from Advance® UKC. Properties
© 2006-2011, Tata Steel Europe Limited
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. Table 2.1.8.1
BSEN199G-LL2005 | SECTION PROPERTIES
|"';"| ts z
U K STRUCTURAL TEES CUT FROM _J‘ i
UNIVERSAL COLUMNS " r A b _+ vy . — ¥y
EUROCODES UKT Split from Advance® UKC ™ ";,2 | *C,,,
DIMENSIONS AND PROPERTIES -
B-50
Section Cut from Mass Width Depth Thickness Root Ratios for Dimension
Designation Universal Column per of of Radius Local Buckling
Section Metre Section Section Web Flange Flange Web
Designation b h tw t r Gt / t Cy / t Sy
kg/m mm mm mm mm mm cm
305 x 152 x 79 305 x 305 x 158 79.0 311.2 163.5 15.8 25.0 15.2 5.30 10.3 3.04
305 x 152 x 69 305 x 305 x 137 68.4 309.2 160.2 13.8 217 15.2 6.11 11.6 2.86
305 x 152 x 59 305 x 305 x 118 58.9 307.4 157.2 12.0 18.7 15.2 7.09 13.1 2.69
305 x 152 x 49 305 x 305 x 97 48.4 305.3 153.9 9.9 15.4 15.2 8.60 15.5 2.50
254 x 127 x 84 254 x 254 x 167 83.5 265.2 144.5 19.2 31.7 12.7 3.48 7.53 3.07
254 x 127 x 66 254 x 254 x 132 66.0 261.3 138.1 15.3 25.3 12.7 4.36 9.03 2.70
254 x 127 x 54 254 x 254 x 107 53.5 258.8 133.3 12.8 20.5 12.7 5.38 10.4 245
254 x 127 x 45 254 x 254 x 89 44.4 256.3 130.1 10.3 17.3 12.7 6.38 12.6 2.21
254 x 127 x 37 254 x 254 x 73 36.5 254.6 127.0 8.6 14.2 12.7 7.77 14.8 2.05
203 x 102 x 64 + 203 x 203 x 127 63.7 213.9 120.7 18.1 30.1 10.2 2.91 6.67 2.73
203 x 102 x 57 + 203 x 203 x 113 56.7 2121 117.5 16.3 26.9 10.2 3.26 7.21 2.56
203 x 102 x 50 + 203 x 203 x 100 49.8 210.3 114.3 14.5 23.7 10.2 3.70 7.88 2.38
203 x 102 x 43 203 x 203 x 86 43.0 209.1 111.0 12.7 20.5 10.2 4.29 8.74 2.20
203 x 102 x 36 203 x 203 x 71 35.5 206.4 107.8 10.0 17.3 10.2 5.09 10.8 1.95
203 x 102 x 30 203 x 203 x 60 30.0 205.8 104.7 9.4 14.2 10.2 6.20 11.1 1.89
203 x 102 x 26 203 x 203 x 52 26.0 204.3 103.0 7.9 12.5 10.2 7.04 13.0 1.75
203 x 102 x 23 203 x 203 x 46 23.0 203.6 101.5 7.2 11.0 10.2 8.00 14.1 1.69
152 x 76 x 26 + 152 x 152 x 51 25.6 157.4 85.1 11.0 15.7 7.6 4.18 7.74 1.79
152 x 76 x 22 + 152 x 152 x 44 22.0 155.9 83.0 9.5 13.6 7.6 4.82 8.74 1.66
152 x 76 x 19 152 x 152 x 37 18.5 154.4 80.8 8.0 11.5 7.6 5.70 10.1 1.53
152 x 76 x 15 152 x 152 x 30 15.0 152.9 78.7 6.5 9.4 7.6 6.98 12.1 1.41
152 x 76 x 12 152 x 152 x 23 11.5 152.2 76.1 5.8 6.8 7.6 9.65 13.1 1.39

Table 2.1.8.1. UKT Split from Advance® UKC. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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. Table 2.1.8.2
BSEN199G-LL2005 | SECTION PROPERTIES
Z
U K STRUCTURAL TEES CUT FROM
UNIVERSAL COLUMNS v . —y
EUROGODES UKT Split from Advance® UKC |
PROPERTIES 2
B-51
Section Second Moment Radius Elastic Plastic Mono- Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus symmetry | Constant | Constant of
Axis Axis Axis Axis Axis y-y Axis Axis Axis Index *) Section
y-y z-z y-y z-z Flange Toe z-z y-y z-z W L I A
cm* cm* cm cm cm?® cm?® cm?® cm?® cm?® cm® cm* cm?
305 x 152 x 79 1530 6280 3.90 7.90 503 115 404 225 615 0.268 3650 188 101
305 x 152 x 69 1290 5350 3.84 7.83 450 97.7 346 188 526 0.263 2340 124 87.2
305 x 152 x 59 1080 4530 3.79 7.77 401 82.8 295 156 448 0.262 1470 80.3 75.1
305 x 152 x 49 858 3650 3.73 7.69 343 66.5 239 123 363 0.258 806 455 61.7
254 x 127 x 84 1200 4930 3.36 6.81 391 105 372 220 569 0.261 4540 312 106
254 x 127 x 66 871 3770 3.22 6.69 323 78.3 288 159 439 0.250 2200 159 84.1
254 x 127 x 54 676 2960 3.15 6.59 276 62.1 229 122 348 0.245 1150 85.9 68.2
254 x 127 x 45 524 2430 3.04 6.55 237 48.5 190 94.0 288 0.242 660 51.1 56.7
254 x 127 x 37 417 1950 2.99 6.48 204 39.2 153 74.0 233 0.236 359 28.8 46.5
203 x 102 x 64 + 637 2460 2.80 5.50 233 68.2 230 145 352 0.279 2050 212 81.2
203 x 102 x 57 + 540 2140 2.73 5.45 211 58.8 202 123 309 0.270 1430 152 72.3
203 x 102 x 50 + 453 1840 2.67 5.39 190 50.0 175 103 267 0.266 951 104 63.4
203 x 102 x 43 373 1560 2.61 5.34 169 41.9 150 84.6 228 0.257 605 68.1 54.8
203 x 102 x 36 280 1270 2.49 5.30 143 31.8 123 63.6 187 0.254 343 40.0 45.2
203 x 102 x 30 244 1030 2.53 5.20 129 28.4 100 54.3 153 0.245 195 23.5 38.2
203 x 102 x 26 200 889 2.46 5.18 115 234 87.0 445 132 0.243 128 15.8 33.1
203 x 102 x 23 177 774 245 5.13 105 20.9 76.0 39.0 115 0.242 87.2 11.0 29.4
152 x 76 x 26 + 141 511 2.08 3.96 79.0 21.0 64.9 414 99.5 0.281 122 24.3 32.6
152 x 76 x 22 + 116 430 2.04 3.92 70.0 17.5 55.2 34.0 84.4 0.281 76.7 15.8 28.0
152x 76 x 19 93.1 353 1.99 3.87 60.7 14.2 45.7 271 69.8 0.277 449 9.54 23.5
152x 76 x 15 72.2 280 1.94 3.83 51.4 11.2 36.7 20.9 55.8 0.269 23.7 5.24 19.1
152 x76 x 12 58.5 200 2.00 3.70 41.9 9.41 26.3 16.9 40.1 0.278 9.78 2.30 14.6

Table 2.1.8.2. UKT Split from Advance® UKC. Properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.3.1

BS 4-1: 2005 b

SECTION PROPERTIES = "
U K b —= 5
EUROCODES UNIVERSAL BEARING PILES r .
Advance® UKBP h === d
i
B-12 DIMENSIONS | i | | \ |
t
Section Mass Depth Width Thickness Root Depth Ratios for Dimensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
Web | Flange Flange | Web Clelezl?;nce Notch MPe?e TE:rr\e
h b ty t r d clt | cy,lty, C N n
kg/m mm mm mm | mm mm mm mm mm | mm [ m? m?

356 x 368 x 174 173.9 361.4 378.5 20.3 20.4 15.2 290.2 8.03 14.3 12 190 36 2.17 12.5
356 x 368 x 152 152.0 | 356.4 376.0 | 17.8 | 17.9 15.2 290.2 9.16 16.3 11 190 34 216 | 14.2
356 x 368 x 133 133.0 | 352.0 373.8 | 156 | 15.7 15.2 290.2 10.44 | 18.6 10 190 32 214 | 16.1
356 x 368 x 109 108.9 346.4 371.0 12.8 12.9 15.2 290.2 12.71 22.7 8 190 30 2.13 19.5
305 x 305 x 223 2229 | 337.9 325.7 | 30.3 | 304 15.2 246.7 4.36 8.14 17 158 46 1.89 | 8.49
305 x 305 x 186 186.0 | 328.3 3209 | 255 | 25.6 15.2 246.7 5.18 9.67 15 158 42 1.86 | 10.0
305 x 305 x 149 149.1 | 3185 316.0 | 20.6 | 20.7 15.2 246.7 6.40 12.0 12 158 36 1.83 | 12.3
305 x 305 x 126 126.1 312.3 312.9 17.5 17.6 15.2 246.7 7.53 14.1 11 158 34 1.82 14.4
305 x 305 x 110 110.0 | 307.9 310.7 | 153 | 154 15.2 246.7 8.60 16.1 10 158 32 1.80 | 164
305 x 305 x 95 94.9 303.7 308.7 | 13.3 | 13.3 15.2 246.7 9.96 18.5 9 158 30 1.79 | 189
305 x 305 x 88 88.0 301.7 307.8 12.4 12.3 15.2 246.7 10.77 19.9 8 158 28 1.78 20.3
305 x 305 x 79 78.9 299.3 306.4 11.0 11.1 15.2 246.7 11.94 22.4 8 158 28 1.78 22.5
254 x 254 x 85 85.1 254.3 260.4 14.4 14.3 12.7 200.3 7.71 13.9 9 134 28 1.50 17.6
254 x 254 x 71 71.0 249.7 258.0 12.0 12.0 12.7 200.3 9.19 16.7 8 134 26 1.49 20.9
254 x 254 x 63 63.0 247.1 256.6 10.6 10.7 12.7 200.3 10.31 18.9 7 134 24 1.48 23.5
203 x 203 x 54 53.9 204.0 207.7 | 11.3 | 114 10.2 160.8 7.72 14.2 8 110 22 1.20 | 222
203 x 203 x 45 44.9 200.2 205.9 9.5 9.5 10.2 160.8 9.26 16.9 7 110 20 1.19 26.4

Table 2.1.3.1. Advance® UKBP. Dimensions
© 2006-2011, Tata Steel Europe Limited



Yan

BS EN 1993-1-1: 2005 Table 2.1.3.2
BS 4-1: 2005
UK SECTION PROPERTIES T
EUROCODES UNIVERSAL BEARING PILES '
Advance® UKBP Y= —Y
B-13 PROPERTIES
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional Area
Designation of Area of Gyration Modulus Modulus Parameter Index Constant | Constant of
Section
Axis Axis Axis | Axis | Axis Axis Axis Axis
y-y z-z y-y z-z y-y z-z y-y z-z
U X Iy I A
cm* cm? cm | em | cm® [ cm® | emd | cmd dm® cm? cm?
356 x 368 x 174 51000 18500 15.2 | 9.13 | 2820 976 3190 | 1500 0.822 15.8 5.37 330 221
356 x 368 x 152 44000 15900 15.1 | 9.05 | 2470 845 2770 | 1290 0.821 17.9 4.55 223 194
356 x 368 x 133 38000 13700 15.0 | 8.99 | 2160 732 2410 | 1120 0.823 20.1 3.87 151 169
356 x 368 x 109 30600 11000 149 | 8.90 | 1770 592 1960 903 0.822 24.2 3.05 84.6 139
305 x 305 x 223 52700 17600 13.6 | 7.87 | 3120 1080 3650 1680 0.827 9.5 4.15 943 284
305 x 305 x 186 42600 14100 13.4 | 7.73 | 2600 881 3000 | 1370 0.827 1.1 3.24 560 237
305 x 305 x 149 33100 10900 13.2 | 7.58 | 2080 691 2370 | 1070 0.828 135 2.42 295 190
305 x 305 x 126 27400 9000 13.1 | 7.49 | 1760 575 1990 885 0.829 15.7 1.95 182 161
305 x 305 x 110 23600 7710 13.0 | 7.42 | 1530 496 1720 762 0.830 17.7 1.65 122 140
305 x 305 x 95 20000 6530 129 | 7.35 | 1320 423 1470 648 0.829 20.2 1.38 80.0 121
305 x 305 x 88 18400 5980 12.8 | 7.31 | 1220 389 1360 595 0.831 21.6 1.25 64.2 112
305 x 305 x 79 16400 5330 12.8 | 7.28 | 1100 348 1220 531 0.833 23.8 111 46.9 100
254 x 254 x 85 12300 4220 10.6 | 6.24 966 324 1090 498 0.826 15.6 0.607 81.8 108
254 x 254 x 71 10100 3440 10.6 | 6.17 807 267 904 409 0.826 18.4 0.486 48.4 90.4
254 x 254 x 63 8860 3020 105 | 6.13 | 717 235 799 360 0.828 20.4 0.421 34.3 80.2
203 x 203 x 54 5030 1710 8.55 | 4.98 493 164 557 252 0.827 15.8 0.158 32.7 68.7
203 x 203 x 45 4100 1380 8.46 | 4.92 | 410 134 459 206 0.827 18.6 0.126 19.2 57.2

Table 2.1.3.2. Advance® UKBP. Properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.9.1
Tata Steel ASB

SECTION PROPERTIES z
U K ASB
EUROCODES (ASYMMETRIC BEAMS) e,
B-32 DIMENSIONS AND PROPERTIES L ! 1
Z
Section Mass Depth Width of Thickness Root Depth Ratios for Second Moment Surface Area
Designation per of Flange Radius | between Local Buckling of Area
Metre | Section Top Bottom | Web | Flange Fillets Flanges Web Axis Axis Per Per
y-y z-z Metre | Tonne
h by by, ty t; r d Cq/ C /'t | Cp /by

kg/m mm mm mm mm mm mm mm cm? cm? m? m?

300 ASB 249 ~ 249 342 203 313 40.0 40.0 27.0 208 1.36 2.74 5.20 52900 | 13200 1.59 6.38
300 ASB 196 196 342 183 293 20.0 40.0 27.0 208 1.36 2.74 10.4 45900 | 10500 1.55 7.93
300 ASB 185~ 185 320 195 305 32.0 29.0 27.0 208 1.88 3.78 6.50 35700 | 8750 1.53 8.29
300 ASB 155 155 326 179 289 16.0 32.0 27.0 208 1.70 3.42 13.0 34500 7990 1.51 9.71
300 ASB 153~ 153 310 190 300 27.0 24.0 27.0 208 227 4.56 7.70 28400 | 6840 1.50 9.81
280 ASB 136 * 136 288 190 300 25.0 22.0 24.0 196 2.66 5.16 7.84 22200 | 6260 1.46 10.7
280 ASB 124 124 296 178 288 13.0 26.0 24.0 196 2.25 4.37 15.1 23500 | 6410 1.46 11.8
280 ASB 105 105 288 176 286 11.0 22.0 24.0 196 2.66 5.16 17.8 19200 5300 1.44 13.7
280 ASB 100 ~ 100 276 184 294 19.0 16.0 24.0 196 3.66 7.09 10.3 15500 | 4250 1.43 14.2
280 ASB 74 73.6 272 175 285 10.0 14.0 24.0 196 4.18 8.11 19.6 12200 3330 1.40 19.1

Table 2.1.9.1. ASB - Asymmetric Beams. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited
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Table 2.1.9.2
% Fata Steel ASE. SECTION PROPERTIES 2
—
U K ASB _
EUROCODES (ASYMMETRIC BEAMS) Ly |z,
Elastic N.A, —- -
Plastic N.A, —- -—
B-33 PROPERTIES —
Z
Section Radius Elastic Neutral Axis Plastic Buckling | Torsional Mono- Warping | Torsional | Area
Designation of Gyration Modulus Position Modulus Parameter Index symmet*ry Constant | Constant of
'?,)f;/s AZ)_('ZS '?,)f;/s Ay)_(;ls Az)f'zs Elastic | Plastic ,?/ﬂ/s AZ)-(IZS Index Section
Top |Bottom z, z, u X v Iy I+ A
cm cm cm?® cm?® cm?® cm cm cm?® cm? dmb cm* cm?
300 ASB 249 » 12.9 6.40 2760 | 3530 843 19.2 22.6 3760 1510 0.820 6.80 0.663 2.00 2000 318
300 ASB 196 13.6 6.48 2320 | 3180 714 19.8 28.1 3060 1230 0.840 7.86 0.895 1.50 1180 249
300 ASB 185 12.3 6.10 1980 | 2540 574 18.0 21.0 2660 1030 0.820 8.56 0.662 1.20 871 235
300 ASB 155 13.2 6.35 1830 | 2520 553 18.9 27.3 2360 950 0.840 9.40 0.868 1.07 620 198
300 ASB 153 » 121 5.93 1630 | 2090 456 17.4 20.4 2160 817 0.820 9.97 0.643 0.895 513 195
280 ASB 136 » 11.3 6.00 1370 | 1770 417 16.3 19.2 1810 741 0.810 10.2 0.628 0.710 379 174
280 ASB 124 12.2 6.37 1360 | 1900 445 17.3 25.7 1730 761 0.830 10.5 0.807 0.721 332 158
280 ASB 105 12.0 6.30 1150 | 1610 370 16.8 253 1440 633 0.830 121 0.777 0.574 207 133
280 ASB 100 * 11.0 5.76 995 1290 289 15.6 18.4 1290 511 0.810 13.2 0.616 0.451 160 128
280 ASB 74 1.4 5.96 776 1060 234 15.7 21.3 978 403 0.830 16.7 0.699 0.338 72.0 93.7

Table 2.1.9.0. ASB - Asymmetric Beams. Properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.1.10.1

BS 4-1: 2005 SECTION z

UK PROPERTIES |
EUROCODES Ny ¥—- y

Slimflor® Beams +—.-| B |- ,

DIMENSIONS [— ] L ]
! e % z
Designation Thickness Width Mass per Depth Width Area Second Moment Radius
Base SFB of of Metre of of of of of Area of Gyration
Section Plate Outstand | Compound | Compound [ Compound | Section Axis Axis Axis | Axis
Section Section Section comp y-y z-z y-y z-z
tp bp hp Bp A

mm mm kg/m mm mm cm? cm? cm? cm cm
356 x 406 x 634 356 SFB 707 15 100 707 490 624 901 325128 | 128496 | 19.0 | 11.9
356 x 406 x 551 356 SFB 624 15 100 624 471 619 795 272325 | 112246 | 185 | 11.9
356 x 406 x 467 356 SFB 539 15 100 539 452 612 687 223580 | 96514 | 18.0 | 11.9
356 x 406 x 393 356 SFB 464 15 100 464 434 607 592 182911 | 83323 | 17.6 | 11.9
356 x 406 x 340 356 SFB 411 15 100 411 421 603 523 155777 | 74260 | 17.3 | 11.9
356 x 406 x 287 356 SFB 358 15 100 358 409 599 456 129997 | 65543 | 16.9 | 12.0
356 x 406 x 235 356 SFB 305 15 100 305 396 595 389 106050 | 57297 | 16.5 | 12.1
356 x 368 x 202 356 SFB 270 15 100 270 390 575 343 90779 | 47415 | 16.3 | 11.8
356 x 368 x 177 356 SFB 244 15 100 244 383 573 311 79968 | 43997 | 16.0 | 11.9
356 x 368 x 153 356 SFB 220 15 100 220 377 571 280 69732 | 40763 | 15.8 | 12.1
356 x 368 x 129 356 SFB 196 15 100 196 371 569 250 59541 | 37590 | 154 | 12.3
305 x 305 x 283 305 SFB 344 15 100 344 380 522 439 102152 | 42435 | 15.3 | 9.83
305 x 305 x 240 305 SFB 301 15 100 301 368 518 384 85149 | 37729 | 149 | 9.92
305 x 305 x 198 305 SFB 259 15 100 259 355 515 330 69530 | 33323 | 145 | 10.1
305 x 305 x 158 305 SFB 218 15 100 218 342 511 278 55009 | 29268 | 14.1 | 10.3
305 x 305 x 137 305 SFB 197 15 100 197 336 509 251 47776 | 27203 | 13.8 | 10.4
305 x 305 x 118 305 SFB 178 15 100 178 330 507 226 41397 | 25388 | 13.5 | 10.6
305 x 305 x 97 305 SFB 156 15 100 156 323 505 199 34504 23435 13.2 | 10.8
254 x 254 x 167 254 SFB 222 15 100 222 304 465 283 42160 22454 12.2 | 891
254 x 254 x 132 254 SFB 186 15 100 186 291 461 237 32941 | 19802 | 11.8 | 9.13
254 x 254 x 107 254 SFB 161 15 100 161 282 459 205 26597 18000 11.4 | 9.37
254 x 254 x 89 254 SFB 143 15 100 143 275 456 182 22366 | 16733 | 11.1 | 9.60
254 x 254 x 73 254 SFB 127 15 100 127 269 455 161 18546 15651 10.7 | 9.85
203 x 203 x 127 + 203 SFB 176 15 100 176 256 414 225 22831 13783 10.1 | 7.83
203 x 203 x 113 + 203 SFB 162 15 100 162 250 412 206 20077 | 13034 | 9.86 | 7.95
203 x 203 x 100 + 203 SFB 148 15 100 148 244 410 188 17457 | 12313 | 9.63 | 8.08
203 x 203 x 86 203 SFB 134 15 100 134 237 409 171 14994 | 11686 | 9.36 | 8.27
203 x 203 x 71 203 SFB 119 15 100 119 231 406 151 12479 | 10927 | 9.08 | 8.50
203 x 203 x 60 203 SFB 108 15 100 108 225 406 137 10408 | 10418 | 8.71 | 8.71
203 x 203 x 52 203 SFB 100 15 100 99.6 221 404 127 9144 10038 | 8.49 | 8.89
203 x 203 x 46 203 SFB 94 15 100 93.6 218 404 119 8128 9766 8.25 | 9.05
152 x 152 x 51 + 152 SFB 93 15 100 93.3 185 357 119 5760 6729 6.96 | 7.53
152 x 152 x 44 + 152 SFB 86 15 100 85.9 181 356 109 4953 6495 6.73 | 7.70
152 x 152 x 37 152 SFB 79 15 100 78.7 177 354 100 4172 6270 6.45 | 7.91
152 x 152 x 30 152 SFB 72 15 100 71.6 173 353 91.2 3412 6054 6.12 | 8.15
152 x 152 x 23 152 SFB 64 15 100 64.4 167 352 82.1 2579 5861 5.61 | 845

Table 2.1.10.1. Section Properties. Slimflor® Beams. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-1: 2005 Table 2.1.10.2
BS 4-1: 2005 z
SECTION .
UK PROPERTIES | .
EUROCODES ¥—- -—Y Elastic M.A —11——- — F
Slimflor® Beams . PlasticNA —1L Y
PROPERTIES [ ] [ ]
Z
Designation Elastic Neutral Axis Plastic Buckling | Torsional | Warping | Torsional
Base SFB Modulus Position Modulus Parameter Index Constant | Constant
Section Elastic | Plastic
Wel,y,t Vvel,y,b Vvel,z Ze Zp Vvpl,y Wpl,z u X Iw IT

cm3 cm3 cmd cm cm cmd cm3 dmb cm*
356 x 406 x 634 356 SFB 707 12375 | 14331 | 4118 22.7 15.4 16065 | 8568 0.797 6.31 57.4 13790
356 x 406 x 551 356 SFB 624 10668 12647 | 3630 21.5 13.3 13747 7492 0.793 6.98 46.3 9310
356 x 406 x 467 356 SFB 539 8997 11008 | 3153 20.3 10.5 11486 6440 0.787 7.89 36.4 5878
356 x 406 x 393 356 SFB 464 7530 9571 2745 19.1 7.57 9520 5535 0.776 9.03 28.7 3613
356 x 406 x 340 356 SFB 411 6501 8569 2463 18.2 5.75 8139 4907 0.764 10.2 23.7 2411
356 x 406 x 287 356 SFB 358 5483 7580 2188 17.2 4.96 6788 4295 0.748 11.7 19.2 1508
356 x 406 x 235 356 SFB 305 4495 6626 1927 16.0 4.16 5491 3710 0.724 13.8 15.1 879
356 x 368 x 202 356 SFB 270 3843 5918 1650 15.3 3.78 4687 3158 0.723 15.2 11.6 623
356 x 368 x 177 356 SFB 244 3375 5468 1537 14.6 3.37 4085 2900 0.703 16.9 9.98 445
356 x 368 x 153 356 SFB 220 2923 5036 1429 13.8 2.97 3510 2655 0.677 18.8 8.51 315
356 x 368 x 129 356 SFB 196 2469 4598 1322 12.9 2.57 2943 2411 0.643 21.1 7.08 217
305 x 305 x 283 305 SFB 344 4716 6240 1625 16.4 5.88 6024 3365 0.782 8.90 10.3 2093
305 x 305 x 240 305 SFB 301 3988 5529 1456 15.4 5.08 5040 2958 0.767 10.1 8.25 1329
305 x 305 x 198 305 SFB 259 3287 4849 1295 14.3 4.29 4104 2573 0.744 11.8 6.46 792
305 x 305 x 158 305 SFB 218 2610 4187 1145 13.1 3.50 3226 2210 0.710 14.2 4.88 436
305 x 305 x 137 305 SFB 197 2261 3848 1068 12.4 3.09 2775 2025 0.685 15.9 4.12 306
305 x 305 x 118 305 SFB 178 1947 3543 1001 11.7 2.71 2374 1861 0.654 17.6 3.46 218
305 x 305 x 97 305 SFB 156 1602 3209 928 10.8 2.28 1939 1683 0.606 19.7 2.78 148
254 x 254 x 167 254 SFB 222 2315 3455 965 12.2 4.20 2936 1949 0.721 9.98 2.87 678
254 x 254 x 132 254 SFB 186 1824 2976 859 111 3.39 2281 1676 0.679 11.9 2.12 371
254 x 254 x 107 254 SFB 161 1473 2630 785 10.1 2.81 1826 1486 0.628 13.9 1.63 224
254 x 254 x 89 254 SFB 143 1229 2397 733 9.33 2.38 1506 1356 0.575 15.5 1.31 153
254 x 254 x 73 254 SFB 127 1008 2178 689 8.52 1.99 1228 1240 0.493 17.0 1.04 109
203 x 203 x 127 + 203 SFB 176 1462 2277 666 10.0 3.85 1890 1347 0.684 8.82 1.03 474
203 x 203 x 113 + 203 SFB 162 1296 2112 633 9.51 3.45 1664 1255 0.657 9.61 0.877 351
203 x 203 x 100 + 203 SFB 148 1133 1950 600 8.95 3.05 1445 1166 0.620 10.5 0.734 256
203 x 203 x 86 203 SFB 134 976 1795 571 8.35 2.65 1236 1084 0.566 11.6 0.608 183
203 x203x71 203 SFB 119 808 1633 538 7.64 2.21 1011 993 0.477 12.9 0.481 126
203 x 203 x 60 203 SFB 108 673 1487 513 7.00 1.88 843 923 0.000 13.9 0.381 92.9
203 x 203 x 52 203 SFB 100 586 1401 497 6.53 1.64 728 877 0.000 14.5 0.324 77.3
203 x 203 x 46 203 SFB 94 518 1328 484 6.12 1.48 642 842 0.000 14.9 0.278 67.6
152 x 152 x 51 + 152 SFB 93 454 988 377 5.83 1.87 593 678 0.000 10.6 0.124 89.0
152 x 152 x 44 + 152 SFB 86 390 920 365 5.39 1.59 505 644 0.000 111 0.102 71.7
152 x 152 x 37 152 SFB 79 327 851 354 4.90 1.41 421 611 0.000 115 0.081 59.1
152 x 152 x 30 152 SFB 72 265 781 343 4.37 1.29 340 579 0.000 11.7 0.062 50.2
152 x 152 x 23 152 SFB 64 198 691 333 3.73 1.17 259 545 0.000 115 0.043 44.3

Table 2.1.10.2. Section Properties. Slimflor® Beams. Dimensions and Properties
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-1: 2005
BS EN 10210-2: 2006

SECTION PROPERTIES

Table 2.8.1.1

UK HOT FINISHED
EUROCODES CIRCULAR HOLLOW SECTIONS /- \
Celsius® CHS Y K’/ Y
Dimensions and properties t
z
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A dit [ [ W, Wy I W,
mm mm kg/m cm? cm? cm cm? cm3 cm? cm3 m? m?
21.3 26 # 1.20 1.53 8.19 0.681 0.668 0.639 0.915 1.36 1.28 0.067 55.9
29 # 1.32 1.68 7.34 0.727 0.659 0.683 0.990 1.45 1.37 0.067 50.9
3.2 1.43 1.82 6.66 0.768 0.650 0.722 1.06 1.54 1.44 0.067 46.9
26.9 26 # 1.56 1.98 10.3 1.48 0.864 1.10 1.54 2.96 2.20 0.085 54.6
29 # 1.72 2.19 9.28 1.60 0.855 1.19 1.68 3.19 2.38 0.085 49.6
3.2 1.87 2.38 8.41 1.70 0.846 1.27 1.81 3.41 2.53 0.085 455
3.6 2.07 2.64 7.47 1.83 0.834 1.36 1.97 3.66 2.72 0.085 41.1
33.7 2.6 1.99 2.54 13.0 3.09 1.10 1.84 2.52 6.19 3.67 0.106 53.1
29 # 2.20 2.81 11.6 3.36 1.09 1.99 2.76 6.71 3.98 0.106 48.1
3.2 2.41 3.07 10.5 3.60 1.08 2.14 2.99 7.21 4.28 0.106 44.0
36 # 2.67 3.40 9.36 3.91 1.07 2.32 3.28 7.82 4.64 0.106 39.6
4.0 2.93 3.73 8.43 4.19 1.06 2.49 3.55 8.38 4.97 0.106 36.1
45 # 3.24 4.13 7.49 4.50 1.04 2.67 3.87 9.01 5.35 0.106 32.8
50 # 3.54 4.51 6.74 4.78 1.03 2.84 4.16 9.57 5.68 0.106 30.0
42.4 26 # 2.55 3.25 16.3 6.46 1.41 3.05 4.12 12.9 6.10 0.133 52.1
29 # 2.82 3.60 14.6 7.06 1.40 3.33 4.53 14.1 6.66 0.133 47.1
3.2 3.09 3.94 13.3 7.62 1.39 3.59 4.93 15.2 7.19 0.133 43.0
36 # 3.44 4.39 11.8 8.33 1.38 3.93 5.44 16.7 7.86 0.133 38.6
4.0 3.79 4.83 10.6 8.99 1.36 4.24 5.92 18.0 8.48 0.133 35.1
45 # 4.21 5.36 9.42 9.76 1.35 4.60 6.49 19.5 9.20 0.133 31.7
50 # 4.61 5.87 8.48 10.5 1.33 4.93 7.04 20.9 9.86 0.133 28.9
48.3 26 # 2.93 3.73 18.6 9.78 1.62 4.05 5.44 19.6 8.10 0.152 51.8
29 # 3.25 4.14 16.7 10.7 1.61 4.43 5.99 214 8.86 0.152 46.8
3.2 3.56 4.53 15.1 11.6 1.60 4.80 6.52 23.2 9.59 0.152 42.7
36 # 3.97 5.06 13.4 12.7 1.59 5.26 7.21 254 10.5 0.152 38.3
4.0 4.37 5.57 12.1 13.8 1.57 5.70 7.87 275 11.4 0.152 34.8
45 # 4.86 6.19 10.7 15.0 1.56 6.21 8.66 30.0 12.4 0.152 31.3
5.0 5.34 6.80 9.66 16.2 1.54 6.69 9.42 32.3 13.4 0.152 28.4
56 # 5.90 7.51 8.63 17.4 1.52 7.21 10.3 34.8 14.4 0.152 25.8
6.3 6.53 8.31 7.67 18.7 1.50 7.76 11.2 37.5 15.5 0.152 23.3
60.3 26 # 3.70 4.71 23.2 19.7 2.04 6.52 8.66 39.3 13.0 0.189 51.0
2.9 4.11 5.23 20.8 21.6 2.03 7.16 9.56 43.2 14.3 0.189 46.1
3.2 4.51 5.74 18.8 235 2.02 7.78 10.4 46.9 15.6 0.189 42.0
36 # 5.03 6.41 16.8 25.9 2.01 8.58 11.6 51.7 17.2 0.189 37.6
4.0 5.55 7.07 15.1 28.2 2.00 9.34 12.7 56.3 18.7 0.189 34.0
45 # 6.19 7.89 13.4 30.9 1.98 10.2 14.0 61.8 20.5 0.189 30.4
5.0 6.82 8.69 12.1 335 1.96 11.1 15.3 67.0 22.2 0.189 27.8
56 # 7.55 9.62 10.8 36.4 1.94 12.1 16.8 72.7 24.1 0.189 24.9
6.3 8.39 10.7 9.57 39.5 1.92 13.1 18.5 79.0 26.2 0.189 225
80 # 10.3 13.1 7.54 46.0 1.87 15.3 22.1 92.0 30.5 0.189 18.3

Table 2.8.1.1. Celsius® CHS. Dimensions and properties
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BS EN 1993-1-1: 2005

BS EN 10210-2: 2006 SECTION PROPERTIES
U K HOT FINISHED
EUROCODES CIRCULAR HOLLOW SECTIONS
Celsius® CHS

Dimensions and properties

Table 2.8.1.2

N ]
2,

o

il
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area

Outside Thickness Metre | Section Local of Area | Gyration Per Per

Diameter Buckling Metre Tonne
d t A drit [ [ Wy Wy It W,

mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?

76.1 29 5.24 6.67 26.2 44.7 2.59 11.8 15.5 89.5 235 0.239 45.6

3.2 5.75 7.33 23.8 48.8 2.58 12.8 17.0 97.6 25.6 0.239 41.6

36 # 6.44 8.20 21.1 54.0 2.57 14.2 18.9 108 28.4 0.239 37.0

4.0 7.11 9.06 19.0 59.1 2.55 15.5 20.8 118 31.0 0.239 33.7

45 # 7.95 10.1 16.9 65.1 2.54 17.1 23.1 130 34.2 0.239 30.1

5.0 8.77 11.2 15.2 70.9 2.52 18.6 25.3 142 37.3 0.239 27.2

56 # 9.74 12.4 13.6 77.5 2.50 20.4 27.9 155 40.8 0.239 24.6

6.3 10.8 13.8 12.1 84.8 2.48 22.3 30.8 170 44.6 0.239 22.0

8.0 13.4 17.1 9.51 101 2.42 26.4 37.3 201 52.9 0.239 17.8

88.9 29 # 6.15 7.84 30.7 72.5 3.04 16.3 21.5 145 32.6 0.279 455

32 # 6.76 8.62 27.8 79.2 3.03 17.8 23.5 158 35.6 0.279 41.3

36 # 7.57 9.65 24.7 87.9 3.02 19.8 26.2 176 39.5 0.279 36.8

4.0 8.38 10.7 22.2 96.3 3.00 21.7 28.9 193 43.3 0.279 33.2

45 # 9.37 11.9 19.8 107 2.99 24.0 32.1 213 47.9 0.279 29.9

5.0 10.3 13.2 17.8 116 2.97 26.2 35.2 233 52.4 0.279 27.0

56 # 115 14.7 15.9 128 2.95 28.7 38.9 255 57.5 0.279 24.2

6.3 12.8 16.3 14.1 140 2.93 31.5 43.1 280 63.1 0.279 21.7

8.0 16.0 20.3 111 168 2.87 37.8 52.5 336 75.6 0.279 17.5

10.0 # 19.5 24.8 8.89 196 2.81 44.1 62.6 392 88.2 0.279 14.3

101.6 32 # 7.77 9.89 31.8 120 3.48 23.6 31.0 240 47.2 0.319 41.2

36 # 8.70 111 28.2 133 3.47 26.2 34.6 266 52.5 0.319 36.7

4.0 # 9.63 12.3 25.4 146 3.45 28.8 38.1 293 57.6 0.319 33.2

45 # 10.8 13.7 22.6 162 3.44 31.9 42.5 324 63.8 0.319 29.6

50 # 11.9 15.2 20.3 177 3.42 34.9 46.7 355 69.9 0.319 26.8

56 # 13.3 16.9 18.1 195 3.40 38.4 51.7 390 76.9 0.319 24.1

6.3 # 14.8 18.9 16.1 215 3.38 42.3 57.3 430 84.7 0.319 21.5

80 # 18.5 23.5 12.7 260 3.32 51.1 70.3 519 102 0.319 17.3

10.0 # 22.6 28.8 10.2 305 3.26 60.1 84.2 611 120 0.319 14.1

114.3 32 # 8.77 11.2 35.7 172 3.93 30.2 395 345 60.4 0.359 40.9

3.6 9.83 12.5 31.8 192 3.92 33.6 44.1 384 67.2 0.359 36.6

4.0 10.9 13.9 28.6 211 3.90 36.9 48.7 422 73.9 0.359 33.0

45 # 12.2 15.5 25.4 234 3.89 41.0 54.3 469 82.0 0.359 29.5

5.0 13.5 17.2 22.9 257 3.87 45.0 59.8 514 89.9 0.359 26.6

56 # 15.0 19.1 20.4 283 3.85 49.6 66.2 566 99.1 0.359 23.9

6.3 16.8 21.4 18.1 313 3.82 54.7 73.6 625 109 0.359 21.4

8.0 21.0 26.7 14.3 379 3.77 66.4 90.6 759 133 0.359 17.1

10.0 # 25.7 32.8 11.4 450 3.70 78.7 109 899 157 0.359 14.0

Table 2.8.1.2. Celsius® CHS. Dimensions and properties
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Yoy

BS EN 1993-1-1: 2005
BS EN 10210-2: 2006

SECTION PROPERTIES

Table 2.8.1.3

d
z
UK HOT FINISHED
EUROCODES CIRCULAR HOLLOW SECTIONS /'\
Celsius® CHS ! \‘/ !
Dimensions and properties t
il
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A drt [ [ Wy, Wy It W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
139.7 32 # 10.8 13.7 43.7 320 4.83 45.8 59.6 640 91.6 0.439 40.7
36 # 12.1 15.4 38.8 357 4.81 51.1 66.7 713 102 0.439 36.3
4.0 # 13.4 17.1 34.9 393 4.80 56.2 73.7 786 112 0.439 32.8
45 # 15.0 19.1 31.0 437 4.78 62.6 82.3 874 125 0.439 29.2
5.0 16.6 21.2 27.9 481 4.77 68.8 90.8 961 138 0.439 26.4
56 # 18.5 23.6 24.9 531 4.75 76.1 101 1060 152 0.439 23.7
6.3 20.7 26.4 22.2 589 4.72 84.3 112 1180 169 0.439 21.2
8.0 26.0 33.1 17.5 720 4.66 103 139 1440 206 0.439 16.9
10.0 32.0 40.7 14.0 862 4.60 123 169 1720 247 0.439 13.7
125 # 39.2 50.0 11.2 1020 4.52 146 203 2040 292 0.439 11.2
168.3 5.0 20.1 25.7 33.7 856 5.78 102 133 1710 203 0.529 26.3
56 # 22.5 28.6 30.1 948 5.76 113 148 1900 225 0.529 23.5
6.3 25.2 32.1 26.7 1050 5.73 125 165 2110 250 0.529 21.0
8.0 31.6 40.3 21.0 1300 5.67 154 206 2600 308 0.529 16.7
10.0 39.0 49.7 16.8 1560 5.61 186 251 3130 372 0.529 13.5
12.5 48.0 61.2 13.5 1870 5.53 222 304 3740 444 0.529 11.0
193.7 5.0 23.3 29.6 38.7 1320 6.67 136 178 2640 273 0.609 26.2
56 # 26.0 33.1 34.6 1470 6.65 151 198 2930 303 0.609 23.4
6.3 29.1 37.1 30.7 1630 6.63 168 221 3260 337 0.609 20.9
8.0 36.6 46.7 24.2 2020 6.57 208 276 4030 416 0.609 16.6
10.0 45.3 57.7 19.4 2440 6.50 252 338 4880 504 0.609 13.5
12.5 55.9 71.2 155 2930 6.42 303 411 5870 606 0.609 10.9
16.0 # 70.1 89.3 12.1 3550 6.31 367 507 7110 734 0.609 8.71
219.1 45 # 23.8 30.3 48.7 1750 7.59 159 207 3490 319 0.688 28.9
50 # 26.4 33.6 43.8 1930 7.57 176 229 3860 352 0.688 26.1
56 # 29.5 37.6 39.1 2140 7.55 195 255 4280 391 0.688 23.3
6.3 33.1 42.1 34.8 2390 7.53 218 285 4770 436 0.688 20.8
8.0 41.6 53.1 27.4 2960 7.47 270 357 5920 540 0.688 16.5
10.0 51.6 65.7 21.9 3600 7.40 328 438 7200 657 0.688 13.3
12.5 63.7 81.1 17.5 4350 7.32 397 534 8690 793 0.688 10.8
142 # 71.8 91.4 15.4 4820 7.26 440 597 9640 880 0.688 9.56
16.0 80.1 102 13.7 5300 7.20 483 661 10600 967 0.688 8.60
244.5 50 # 29.5 37.6 48.9 2700 8.47 221 287 5400 441 0.768 26.0
56 # 33.0 42.0 43.7 3000 8.45 245 320 6000 491 0.768 23.3
6.3 # 37.0 47.1 38.8 3350 8.42 274 358 6690 547 0.768 20.7
80 # 46.7 59.4 30.6 4160 8.37 340 448 8320 681 0.768 16.4
10.0 # 57.8 73.7 24.5 5070 8.30 415 550 10100 830 0.768 13.3
12.5 71.5 91.1 19.6 6150 8.21 503 673 12300 1010 0.768 10.8
142 # 80.6 103 17.2 6840 8.16 559 754 13700 1120 0.768 9.52
16.0 90.2 115 15.3 7530 8.10 616 837 15100 1230 0.768 8.52

Table 2.8.1.3. Celsius® CHS. Dimensions and properties
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SECTION PROPERTIES

Table 2.8.1.4

d
z
UK HOT FINISHED
EUROCODES CIRCULAR HOLLOW SECTIONS /'\
Celsius® CHS ! \‘/ !

Dimensions and properties t

il
Hot Finished

Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A drt [ [ Wy, Wy It W,

mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
273.0 50 # 33.0 42.1 54.6 3780 9.48 277 359 7560 554 0.858 26.0
56 # 36.9 47.0 48.8 4210 9.46 308 400 8410 616 0.858 23.3
6.3 # 41.4 52.8 43.3 4700 9.43 344 448 9390 688 0.858 20.7
80 # 52.3 66.6 34.1 5850 9.37 429 562 11700 857 0.858 16.4
10.0 64.9 82.6 27.3 7150 9.31 524 692 14300 1050 0.858 13.2
12.5 80.3 102 21.8 8700 9.22 637 849 17400 1270 0.858 10.7
142 # 90.6 115 19.2 9700 9.16 710 952 19400 1420 0.858 9.44
16.0 101 129 17.1 10700 9.10 784 1060 21400 1570 0.858 8.46
323.9 50 # 39.3 50.1 64.8 6370 11.3 393 509 12700 787 1.02 25.9
56 # 44.0 56.0 57.8 7090 11.3 438 567 14200 876 1.02 23.2
6.3 # 49.3 62.9 51.4 7930 11.2 490 636 15900 979 1.02 20.7
80 # 62.3 79.4 40.5 9910 11.2 612 799 19800 1220 1.02 16.3
10.0 77.4 98.6 32.4 12200 11.1 751 986 24300 1500 1.02 13.2
12.5 96.0 122 25.9 14800 11.0 917 1210 29700 1830 1.02 10.6
142 # 108 138 22.8 16600 11.0 1030 1360 33200 2050 1.02 9.40
16.0 121 155 20.2 18400 10.9 1140 1520 36800 2270 1.02 8.39
355.6 6.3 # 54.3 69.1 56.4 10500 12.4 593 769 21100 1190 1.12 20.6
80 # 68.6 87.4 445 13200 12.3 742 967 26400 1490 1.12 16.4
10.0 # 85.2 109 35.6 16200 12.2 912 1200 32400 1830 1.12 13.1
125 # 106 135 28.4 19900 12.1 1120 1470 39700 2230 1.12 10.6
142 # 120 152 25.0 22200 12.1 1250 1660 44500 2500 1.12 9.36
16.0 134 171 22.2 24700 12.0 1390 1850 49300 2770 1.12 8.36
406.4 6.3 # 62.2 79.2 64.5 15800 14.1 780 1010 31700 1560 1.28 20.6
80 # 78.6 100 50.8 19900 14.1 978 1270 39700 1960 1.28 16.3
10.0 97.8 125 40.6 24500 14.0 1210 1570 49000 2410 1.28 13.1
125 # 121 155 32.5 30000 13.9 1480 1940 60100 2960 1.28 10.5
142 # 137 175 28.6 33700 13.9 1660 2190 67400 3320 1.28 9.32
16.0 154 196 25.4 37400 13.8 1840 2440 74900 3690 1.28 8.31
457.0 6.3 # 70.0 89.2 72.5 22700 15.9 991 1280 45300 1980 1.44 20.6
80 # 88.6 113 57.1 28400 15.9 1250 1610 56900 2490 1.44 16.3
10.0 110 140 45.7 35100 15.8 1540 2000 70200 3070 1.44 13.1
125 # 137 175 36.6 43100 15.7 1890 2470 86300 3780 1.44 10.5
142 # 155 198 32.2 48500 15.7 2120 2790 96900 4240 1.44 9.29
16.0 174 222 28.6 54000 15.6 2360 3110 108000 4720 1.44 8.28
508.0 6.3 # 77.9 99.3 80.6 31200 17.7 1230 1590 62500 2460 1.60 20.5
8.0 98.6 126 63.5 39300 17.7 1550 2000 78600 3090 1.60 16.2
10.0 # 123 156 50.8 48500 17.6 1910 2480 97000 3820 1.60 13.0
12.5 153 195 40.6 59800 17.5 2350 3070 120000 4710 1.60 10.5
142 # 173 220 35.8 67200 17.5 2650 3460 134000 5290 1.60 9.25
16.0 194 247 318 74900 17.4 2950 3870 150000 5900 1.60 8.24

Table 2.8.1.4. Celsius® CHS. Dimensions and properties
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BS EN 1993-1-1: 2005
BS EN 10210-2: 2006

SECTION PROPERTIES

Table 2.8.2.1

UK HOT FINISHED
EUROCODES SQUARE HOLLOW SECTIONS
Celsius® SHS
Dimensions and properties
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A ct @ [ [ Wy, W, It A
mm mm kg/m cm? cm? cm cm? cm3 cm? cm3 m? m?
40 x 40 30 # 3.41 4.34 10.3 9.78 1.50 4.89 5.97 15.7 7.10 0.152 44.5
3.2 3.61 4.60 9.50 10.2 1.49 5.11 6.28 16.5 7.42 0.152 42.1
36 # 4.01 5.10 8.11 111 1.47 5.54 6.88 18.1 8.01 0.151 37.8
4.0 4.39 5.59 7.00 11.8 1.45 5.91 7.44 19.5 8.54 0.150 34.2
5.0 5.28 6.73 5.00 13.4 1.41 6.68 8.66 22.5 9.60 0.147 27.8
50 x 50 30 # 4.35 5.54 13.7 20.2 1.91 8.08 9.70 32.1 11.8 0.192 44.2
3.2 4.62 5.88 12.6 21.2 1.90 8.49 10.2 33.8 12.4 0.192 41.7
36 # 5.14 6.54 10.9 23.2 1.88 9.27 11.3 37.2 13.5 0.191 37.2
4.0 5.64 7.19 9.50 25.0 1.86 9.99 12.3 40.4 14.5 0.190 33.6
5.0 6.85 8.73 7.00 28.9 1.82 11.6 14.5 47.6 16.7 0.187 27.3
6.3 8.31 10.6 4.94 32.8 1.76 13.1 17.0 55.2 18.8 0.184 22.1
71 # 9.14 11.6 4.04 34.5 1.72 13.8 18.3 58.9 19.8 0.182 19.8
8.0 10.0 12.8 3.25 36.0 1.68 14.4 19.5 62.3 20.6 0.179 17.9
60 x 60 3.0 5.29 6.74 17.0 36.2 2.32 12.1 14.3 56.9 17.7 0.232 43.8
3.2 5.62 7.16 15.8 38.2 231 12.7 15.2 60.2 18.6 0.232 41.3
36 # 6.27 7.98 13.7 41.9 2.29 14.0 16.8 66.5 20.4 0.231 37.0
4.0 6.90 8.79 12.0 45.4 2.27 15.1 18.3 72.5 22.0 0.230 33.4
5.0 8.42 10.7 9.00 53.3 2.23 17.8 21.9 86.4 25.7 0.227 27.0
6.3 10.3 13.1 6.52 61.6 2.17 20.5 26.0 102 29.6 0.224 21.8
71 # 11.4 14.5 5.45 65.8 2.13 219 28.2 110 31.6 0.222 19.5
8.0 12.5 16.0 4.50 69.7 2.09 23.2 30.4 118 33.4 0.219 17.5
70x 70 3.0 # 6.24 7.94 20.3 59.0 2.73 16.9 19.9 92.2 24.8 0.272 43.5
3.2 6.63 8.44 18.9 62.3 2.72 17.8 21.0 97.6 26.1 0.272 411
36 # 7.40 9.42 16.4 68.6 2.70 19.6 23.3 108 28.7 0.271 36.6
4.0 8.15 10.4 14.5 74.7 2.68 21.3 255 118 31.2 0.270 33.2
5.0 9.99 12.7 11.0 88.5 2.64 25.3 30.8 142 36.8 0.267 26.7
6.3 12.3 15.6 8.11 104 2.58 29.7 36.9 169 42.9 0.264 215
7.1 # 13.6 17.3 6.86 112 2.54 32.0 40.3 185 46.1 0.262 19.3
8.0 15.0 19.2 5.75 120 2.50 34.2 43.8 200 49.2 0.259 17.2
8.8 16.3 20.7 4.95 126 2.46 35.9 46.6 212 51.6 0.257 15.8
80 x 80 3.0 # 7.18 9.14 23.7 89.8 3.13 225 26.3 140 33.0 0.312 43.4
3.2 7.63 9.72 22.0 95.0 3.13 23.7 27.9 148 34.9 0.312 40.9
36 # 8.53 10.9 19.2 105 3.11 26.2 31.0 164 38.5 0.311 36.4
4.0 9.41 12.0 17.0 114 3.09 28.6 34.0 180 41.9 0.310 32.9
5.0 11.6 14.7 13.0 137 3.05 34.2 411 217 49.8 0.307 26.6
6.3 14.2 18.1 9.70 162 2.99 40.5 49.7 262 58.7 0.304 21.3
7.1 # 15.8 20.2 8.27 176 2.95 43.9 54.5 286 63.5 0.302 19.1
8.0 17.5 22.4 7.00 189 291 47.3 59.5 312 68.3 0.299 17.0
8.8 19.0 24.2 6.09 200 2.87 50.0 63.7 332 72.0 0.297 15.6
10.0 # 21.1 26.9 5.00 214 2.82 53.5 69.3 360 76.8 0.294 13.9
125 # 25.2 32.1 3.40 234 2.70 58.6 78.9 404 83.8 0.288 11.4

Table 2.8.2.1. Celsius® SHS. Dimensions and properties
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UK HOT FINISHED

SECTION PROPERTIES

EUROCODES SQUARE HOLLOW SECTIONS

Celsius® SHS

Dimensions and properties

Table 2.8.2.2

Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A cit @ | i Wy, Wy [ W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
90 x 90 36 # 9.66 12.3 22.0 152 3.52 33.8 39.7 237 49.7 0.351 36.5
4.0 10.7 13.6 19.5 166 3.50 37.0 43.6 260 54.2 0.350 32.8
5.0 13.1 16.7 15.0 200 3.45 44.4 53.0 316 64.8 0.347 26.4
6.3 16.2 20.7 11.3 238 3.40 53.0 64.3 382 77.0 0.344 21.2
71 # 18.1 23.0 9.68 260 3.36 57.7 70.8 419 83.7 0.342 18.9
8.0 20.1 25.6 8.25 281 3.32 62.6 77.6 459 90.5 0.339 16.9
88 # 21.8 27.8 7.23 299 3.28 66.5 83.4 492 96.0 0.337 15.5
10.0 # 24.3 30.9 6.00 322 3.23 71.6 91.3 536 103 0.334 13.8
125 # 29.1 37.1 4.20 359 3.11 79.8 105 612 114 0.328 11.3
100 x 100 3.6 10.8 13.7 24.8 212 3.92 42.3 495 328 62.3 0.391 36.2
4.0 11.9 15.2 22.0 232 3.91 46.4 54.4 361 68.2 0.390 32.7
5.0 14.7 18.7 17.0 279 3.86 55.9 66.4 439 81.8 0.387 26.3
6.3 18.2 23.2 12.9 336 3.80 67.1 80.9 534 97.8 0.384 21.1
71 # 20.3 25.8 111 367 3.77 73.4 89.2 589 107 0.382 18.8
8.0 22.6 28.8 9.50 400 3.73 79.9 98.2 646 116 0.379 16.8
88 # 24.5 31.3 8.36 426 3.69 85.2 106 694 123 0.377 15.3
10.0 27.4 34.9 7.00 462 3.64 92.4 116 761 133 0.374 13.7
125 # 33.0 42.1 5.00 522 3.52 104 135 879 150 0.368 11.2
120 x 120 40 # 14.4 18.4 27.0 410 4.72 68.4 79.7 635 101 0.470 32.6
5.0 17.8 22.7 21.0 498 4.68 83.0 97.6 77 122 0.467 26.2
6.3 22.2 28.2 16.0 603 4.62 100 120 950 147 0.464 20.9
71 # 24.7 31.5 13.9 663 4.59 110 133 1050 161 0.462 18.7
8.0 27.6 35.2 12.0 726 4.55 121 146 1160 176 0.459 16.6
88 # 30.1 38.3 10.6 779 451 130 158 1250 189 0.457 15.2
10.0 33.7 42.9 9.00 852 4.46 142 175 1380 206 0.454 13.5
12.5 40.9 52.1 6.60 982 4.34 164 207 1620 236 0.448 11.0
140 x 140 5.0 21.0 26.7 25.0 807 5.50 115 135 1250 170 0.547 26.1
6.3 26.1 33.3 19.2 984 5.44 141 166 1540 206 0.544 20.8
71 # 29.2 37.2 16.7 1090 5.40 155 184 1710 227 0.542 18.5
8.0 32.6 41.6 14.5 1200 5.36 171 204 1890 249 0.539 16.5
88 # 35.6 45.4 12.9 1290 5.33 184 221 2050 268 0.537 15.1
10.0 40.0 50.9 11.0 1420 5.27 202 246 2270 294 0.534 13.4
12.5 48.7 62.1 8.20 1650 5.16 236 293 2700 342 0.528 10.8

Table 2.8.2.2. Celsius® SHS. Dimensions and properties
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UK

SECTION PROPERTIES

HOT FINISHED

Table 2.8.2.3

ELUROCODES SQUARE HOLLOW SECTIONS
Celsius® SHS
Dimensions and properties
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A cit @ [ [ Wy, W, I W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
150 x 150 5.0 22.6 28.7 27.0 1000 5.90 134 156 1550 197 0.587 26.0
6.3 28.1 35.8 20.8 1220 5.85 163 192 1910 240 0.584 20.8
71 # 31.4 40.0 18.1 1350 5.81 180 213 2120 264 0.582 18.5
8.0 35.1 44.8 15.8 1490 5.77 199 237 2350 291 0.579 16.5
88 # 38.4 48.9 14.0 1610 5.74 214 257 2550 313 0.577 15.1
10.0 43.1 54.9 12.0 1770 5.68 236 286 2830 344 0.574 13.3
12.5 52.7 67.1 9.00 2080 5.57 277 342 3380 402 0.568 10.8
142 # 58.9 75.0 7.56 2260 5.49 302 377 3710 436 0.563 9.57
16.0 #r 65.2 83.0 6.38 2430 5.41 324 411 4030 467 0.559 8.55
160 x 160 50 # 24.1 30.7 29.0 1230 6.31 153 178 1890 226 0.627 26.0
6.3 30.1 38.3 22.4 1500 6.26 187 220 2330 275 0.624 20.8
71 # 33.7 42.9 19.5 1660 6.22 207 245 2600 304 0.622 18.5
8.0 37.6 48.0 17.0 1830 6.18 229 272 2880 335 0.619 16.5
88 # 41.1 52.4 15.2 1980 6.14 247 295 3130 361 0.617 15.0
10.0 46.3 58.9 13.0 2190 6.09 273 329 3480 398 0.614 13.3
12.5 56.6 72.1 9.80 2580 5.98 322 395 4160 467 0.608 10.8
142 # 63.3 80.7 8.27 2810 5.90 351 436 4580 508 0.603 9.53
16.0 # 70.2 89.4 7.00 3030 5.82 379 476 4990 546 0.599 8.51
180 x 180 5.0 27.3 34.7 33.0 1770 7.13 196 227 2720 290 0.707 25.9
6.3 34.0 43.3 25.6 2170 7.07 241 281 3360 355 0.704 20.7
71 # 38.1 48.6 22.4 2400 7.04 267 314 3740 393 0.702 18.4
8.0 42.7 54.4 19.5 2660 7.00 296 349 4160 434 0.699 16.4
88 # 46.7 59.4 17.5 2880 6.96 320 379 4520 469 0.697 14.9
10.0 52.5 66.9 15.0 3190 6.91 355 424 5050 518 0.694 13.2
12.5 64.4 82.1 11.4 3790 6.80 421 511 6070 613 0.688 10.7
142 # 72.2 92.0 9.68 4150 6.72 462 566 6710 670 0.683 9.43
16.0 80.2 102 8.25 4500 6.64 500 621 7340 724 0.679 8.49
200 x 200 5.0 30.4 38.7 37.0 2450 7.95 245 283 3760 362 0.787 25.9
6.3 38.0 48.4 28.7 3010 7.89 301 350 4650 444 0.784 20.6
7.1 # 42.6 54.2 25.2 3350 7.85 335 391 5190 493 0.782 18.4
8.0 47.7 60.8 22.0 3710 7.81 371 436 5780 545 0.779 16.4
88 # 52.2 66.5 19.7 4020 7.78 402 474 6290 590 0.777 14.9
10.0 58.8 74.9 17.0 4470 7.72 447 531 7030 655 0.774 13.2
12.5 72.3 92.1 13.0 5340 7.61 534 643 8490 778 0.768 10.6
142 # 81.1 103 111 5870 7.54 587 714 9420 854 0.763 9.38
16.0 90.3 115 9.50 6390 7.46 639 785 10300 927 0.759 8.42
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SECTION PROPERTIES

HOT FINISHED

Table 2.8.2.4

ELUROCODES SQUARE HOLLOW SECTIONS
Celsius® SHS
Dimensions and properties
Hot Finished
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A cit @ [ [ Wy, W, I W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
250 x 250 50 # 38.3 48.7 47.0 4860 9.99 389 447 7430 577 0.987 25.8
6.3 47.9 61.0 36.7 6010 9.93 481 556 9240 712 0.984 20.6
71 # 53.7 68.4 32.2 6700 9.90 536 622 10300 792 0.982 18.3
8.0 60.3 76.8 28.3 7460 9.86 596 694 11500 880 0.979 16.3
88 # 66.0 84.1 25.4 8110 9.82 649 758 12600 955 0.977 14.9
10.0 74.5 94.9 22.0 9060 9.77 724 851 14100 1070 0.974 13.1
12.5 91.9 117 17.0 10900 9.66 873 1040 17200 1280 0.968 10.6
142 # 103 132 14.6 12100 9.58 967 1160 19100 1410 0.963 9.31
16.0 115 147 12.6 13300 9.50 1060 1280 21100 1550 0.959 8.31
260 x 260 6.3 # 49.9 63.5 38.3 6790 10.3 522 603 10400 773 1.02 20.5
71 # 56.0 71.3 33.6 7570 10.3 582 674 11600 861 1.02 18.3
80 # 62.8 80.0 29.5 8420 10.3 648 753 13000 956 1.02 16.2
88 # 68.8 87.6 26.5 9160 10.2 705 822 14200 1040 1.02 14.8
10.0 # 7.7 98.9 23.0 10200 10.2 788 924 15900 1160 1.01 13.0
125 # 95.8 122 17.8 12400 10.1 951 1130 19400 1390 1.01 10.5
142 # 108 137 15.3 13700 9.99 1060 1260 21700 1540 1.00 9.27
16.0 # 120 153 13.3 15100 9.91 1160 1390 23900 1690 0.999 8.29
300 x 300 6.3 # 57.8 73.6 44.6 10500 12.0 703 809 16100 1040 1.18 20.4
71 # 64.9 82.6 39.3 11800 11.9 785 906 18100 1160 1.18 18.2
8.0 72.8 92.8 34.5 13100 11.9 875 1010 20200 1290 1.18 16.2
88 # 79.8 102 31.1 14300 11.9 954 1110 22100 1410 1.18 14.8
10.0 90.2 115 27.0 16000 11.8 1070 1250 24800 1580 1.17 13.0
12.5 112 142 21.0 19400 11.7 1300 1530 30300 1900 1.17 10.5
142 # 126 160 18.1 21600 11.6 1440 1710 33900 2110 1.16 9.22
16.0 141 179 15.8 23900 11.5 1590 1900 37600 2330 1.16 8.26
350 x 350 8.0 85.4 109 40.8 21100 13.9 1210 1390 32400 1790 1.38 16.1
88 # 93.6 119 36.8 23100 13.9 1320 1520 35400 1950 1.38 14.8
10.0 106 135 32.0 25900 13.9 1480 1720 39900 2190 1.37 12.9
12.5 131 167 25.0 31500 13.7 1800 2110 48900 2650 1.37 10.4
142 # 148 189 21.6 35200 13.7 2010 2360 54900 2960 1.36 9.19
16.0 166 211 18.9 38900 13.6 2230 2630 61000 3260 1.36 8.21
400 x 400 8.0 # 97.9 125 47.0 31900 16.0 1590 1830 48700 2360 1.58 16.1
88 # 107 137 42.5 34800 15.9 1740 2000 53300 2580 1.58 14.7
10.0 122 155 37.0 39100 15.9 1960 2260 60100 2900 1.57 12.9
12.5 151 192 29.0 47800 15.8 2390 2780 73900 3530 1.57 10.4
142 # 170 217 25.2 53500 15.7 2680 3130 83000 3940 1.56 9.16
16.0 191 243 22.0 59300 15.6 2970 3480 92400 4360 1.56 8.17
20.0 235 300 17.0 71500 15.4 3580 4250 112000 5240 1.55 6.59

Table 2.8.2.4. Celsius® SHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.1
BS EN 10210-2: 2006 b
UK SECTION PROPERTIES |‘T'*|
EUROCODES HOT FINISHED ’ i
RECTANGULAR HOLLOW SECTIONS [ |
Celsius® RHS "y -_._- !
Dimensions and properties ¥
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-z y-y z-z Metre | Tonne
hxb A ¢, ft 1) cft (1) It w,
mm mm kgim [ cm? cm? em* [em [ em | emd | emd | cmd [ cm3 | cm? cm3 m? m?
50 x 30 30 # 3.41 4.34 13.7 7.00 13.6 5.94 1.77 | 1.17 | 543 | 3.96 | 6.88 | 4.76 13.5 6.51 0.152 | 445
3.2 3.61 | 4.60 12.6 6.38 14.2 6.20 [1.76 | 1.16 | 5.68 | 413 | 7.25 | 5.00 | 14.2 6.80 [ 0.152| 42.1
36 # 401 | 5.10 10.9 5.33 15.4 6.67 |1.74| 114 |6.16 (445|794 546 | 154 7.31 [0.151| 37.8
4.0 439 | 559 9.50 4.50 16.5 7.08 (172|113 |6.60 472|859 (588 | 16.6 7.77 [0.150 | 34.2
5.0 528 | 6.73 7.00 3.00 18.7 7.89 |[1.67 | 108 | 7.49 (526|100 | 6.80 | 19.0 8.67 |[0.147| 27.8
60 x 40 3.0 # 4.35 5.54 17.0 10.3 26.5 13.9 218 | 1.58 | 8.82 | 6.95 | 10.9 | 8.19 29.2 11.2 0.192 | 44.2
3.2 462 | 5.88 15.8 9.50 27.8 146 (218|157 |9.27 (729|115 | 8.64 | 308 11.7 [0.192 | 41.7
36 # 514 | 6.54 13.7 8.11 30.4 159 (216|156 | 10.1 [ 7.93 | 12.7 [ 9.50 | 33.8 12.8 [0.191 | 37.2
4.0 564 | 7.19 12.0 7.00 32.8 17.0 (214 | 154|109 (852|138 (103 | 36.7 13.7 [ 0.190 | 33.6
5.0 6.85 | 8.73 9.00 5.00 38.1 195 (2.09 | 150|127 [ 9.77 | 16.4 | 122 | 43.0 157 |[0.187 | 27.3
6.3 8.31 | 10.6 6.52 3.35 43.4 219 (202 | 144|145 (11.0| 192 | 142 | 495 176 |[0.184 | 22.1
80 x 40 3.0 # 529 | 6.74 23.7 10.3 54.2 18.0 (284|163 |13.6 9.00 | 17.1 (104 | 438 153 |[0.232 | 438
3.2 562 | 7.16 22.0 9.50 57.2 189 (283|163 |14.3 (946|180 | 11.0| 46.2 16.1 | 0.232 | 41.3
36 # 6.27 | 7.98 19.2 8.11 62.8 206 (281|161 157 (103|200 (121 | 50.8 175 |[0.231| 37.0
4.0 6.90 | 8.79 17.0 7.00 68.2 222 (279|159 |171 (111|218 13.2| 552 189 |[0.230 | 33.4
5.0 8.42 10.7 13.0 5.00 80.3 257 (274 ]|155|201 (129|261 (157 | 651 219 |[0.227| 27.0
6.3 10.3 | 131 9.70 3.35 93.3 29.2 (267 | 149|233 (146|311 (184 | 756 248 [0.224| 218
71 # 114 | 145 8.27 2.63 99.8 30.7 | 2.63 146|250 | 154 | 33.8 | 19.8 | 80.9 26.2 [0.222| 195
8.0 125 | 16.0 7.00 2.00 106 321 | 258 (142|265 |16.1 365|212 858 274 (0.219| 175
90 x 50 3.0 # 6.24 | 7.94 27.0 13.7 84.4 335 |3.26 (205|188 |13.4 232|153 76.5 224 [0.272| 435
3.2 6.63 | 8.44 25.1 12.6 89.1 353 | 325204198 | 141|246 | 16.2 | 80.9 236 |[0.272] 411
36 # 7.40 | 9.42 22.0 10.9 98.3 38.7 | 323 (203|218 155 |27.2]|18.0( 89.4 259 [0.271| 36.6
4.0 8.15 | 104 19.5 9.50 107 41,9 |3.21(201|238|16.8 (298] 19.6 | 975 28.0 [0.270| 33.2
5.0 9.99 | 127 15.0 7.00 127 49.2 |3.16 | 1.97 | 28.3 [ 19.7 | 36.0 | 23.5 116 329 |[0.267| 26.7
6.3 12.3 | 15.6 11.3 4.94 150 57.0 |3.10 [ 1.91 | 33.3 | 22.8 | 43.2 | 28.0 138 38.1 [0.264| 215
71 # 136 | 17.3 9.68 4.04 162 60.9 | 3.06 | 1.88 | 36.0 | 24.4 | 47.2 | 30.5 149 40.7 ]10.262 | 19.3
8.0 15.0 19.2 8.25 3.25 174 64.6 3.01 184|386 | 258|514 329 160 43.2 0.259 | 17.2
100 x 50 30 # 6.71 8.54 30.3 13.7 110 36.8 358 | 208|219 | 147 | 273 | 16.8 88.4 25.0 0.292 | 435
3.2 7.13 | 9.08 28.3 12.6 116 38.8 | 357 (207 |232|155 (289|177 | 93.4 26.4 |0.292 | 40.9
36 # 7.96 | 10.1 24.8 10.9 128 426 | 355 (205|256 (17.0 | 32.1| 19.6 103 29.0 [0.291| 36.7
4.0 8.78 | 11.2 22.0 9.50 140 46.2 | 353 203|279 (185|352 | 215 113 314 (0.290 | 33.1
5.0 10.8 | 13.7 17.0 7.00 167 543 |3.48 | 1.99 | 333 (217|426 | 258 135 36.9 [0.287 | 26.6
6.3 13.3 | 16.9 12.9 4.94 197 63.0 [342]193(39.4|252]|513|308 160 42,9 10284 214
71 # 14.7 18.7 111 4.04 214 67.5 3.38 | 1.90 | 42.7 | 27.0 | 56.3 | 33.5 173 46.0 0.282 | 19.2
8.0 16.3 | 20.8 9.50 3.25 230 717 |[3.33|1.86|46.0| 28.7 | 614 | 36.3 186 48.9 10279 | 17.1
8.8 # 176 | 225 8.36 2.68 243 748 |[3.29 | 182|485 |29.9|656 (385 197 51.1 |0.277 | 15.7
10.0 # 19.6 24.9 7.00 2.00 259 78.4 322|177 |518|314| 712|414 209 53.6 0.274 | 14.0

Table 2.8.3.1. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.2
BS EN 10210-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES HOT FINISHED } i
RECTANGULAR HOLLOW SECTIONS Lo
Celsius® RHS "y T
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
100 x 60 30 # 7.18 9.14 30.3 17.0 124 55.7 3.68 | 247 | 24.7 | 18.6 | 30.2 | 21.2 121 30.7 0.312 | 434
3.2 7.63 | 9.72 28.3 15.8 131 58.8 | 3.67 [ 246 | 26.2 | 19.6 | 32.0 | 22.4 129 32.4 [0.312| 40.9
36 # 8.53 | 10.9 24.8 13.7 145 64.8 |[3.65| 244|289 | 216|356 |24.9 142 356 [0.311| 36.4
4.0 9.41 12.0 22.0 12.0 158 705 |[3.63 243 (316 |235]|39.1 (273 156 38.7 [0.310| 329
5.0 116 | 147 17.0 9.00 189 83.6 |3.58 238378279474 329 188 45.9 |0.307 | 26.6
6.3 14.2 18.1 12.9 6.52 225 98.1 | 352 (233|450 (327573395 224 53.8 [0.304 | 21.3
71 # 15.8 | 20.2 11.1 5.45 244 106 3.48 | 2.29 | 48.8 | 35.3 | 62.9 | 43.2 245 58.0 [0.302| 19.1
8.0 175 | 224 9.50 4.50 264 113 344 | 225|528 | 378 |68.7 | 47.1 265 62.2 [0.299| 17.0
8.8 # 19.0 | 24.2 8.36 3.82 279 119 3.40 | 2.22 | 55.9 | 39.7 | 73.6 | 50.2 282 65.4 |[0.297 | 15.6
10.0 # 21.1 26.9 7.00 3.00 299 126 333|216 | 599|421 | 80.2 | 544 304 69.3 0.294 | 13.9
120 x 60 30 # 8.12 | 10.3 37.0 17.0 194 65.5 | 4.33 | 252 (323 |21.8|40.0 (246 156 37.2 [0.352| 433
32 # 8.64 | 11.0 34.5 15.8 205 69.2 |[4.32|251 (342231424261 165 39.2 [0.352| 40.8
36 # 9.66 | 12.3 30.3 13.7 227 76.3 |4.30| 249 (379|254 |47.2 | 289 183 433 ]0.351 | 36.5
4.0 10.7 13.6 27.0 12.0 249 83.1 |4.28 (247|415 (27.7 519|317 201 47.1 ]10.350 | 32.8
5.0 13.1 16.7 21.0 9.00 299 98.8 | 4.23 243|499 (329631384 242 56.0 [0.347 | 26.4
6.3 16.2 | 20.7 16.0 6.52 358 116 | 4.16 | 2.37 [ 59.7 | 38.8 | 76.7 | 46.3 290 659 [0.344| 21.2
71 # 18.1 | 23.0 13.9 5.45 391 126 | 4.12 | 2.34 [ 65.2 | 41.9 | 84.4 | 50.8 317 713 [0.342| 18.9
8.0 20.1 | 25.6 12.0 4.50 425 135 | 4.08 | 230 | 70.8 | 450|927 | 55.4 | 344 76.6 [0.339| 16.9
88 # 21.8 27.8 10.6 3.82 452 142 4.04 | 227 | 75.3 | 47.5 | 99.6 | 59.2 366 80.8 0.337 | 15.5
10.0 # 24.3 30.9 9.00 3.00 488 152 397 | 221|814 |505 | 109 | 64.4 396 86.1 0.334 | 13.8
125 # 29.1 37.1 6.60 1.80 546 165 384 | 211|911 |549 | 126 | 73.1 442 93.8 0.328 | 11.3
120 x 80 3.6 # 10.8 | 13.7 30.3 19.2 276 147 | 4.48 | 3.27 | 46.0 | 36.7 | 55.6 | 42.0 | 301 59.5 [0.391| 36.2
4.0 11.9 15.2 27.0 17.0 303 161 446 | 3.25 | 50.4 | 40.2 | 61.2 | 46.1 330 65.0 0.390 | 32.7
5.0 14.7 18.7 21.0 13.0 365 193 442 |1 321|609 | 48.2 | 746 | 56.1 401 77.9 0.387 | 26.3
6.3 18.2 23.2 16.0 9.70 440 230 436 | 3.15 | 73.3 | 57.6 | 91.0 | 68.2 487 92.9 0.384 | 21.1
71 # 20.3 25.8 13.9 8.27 482 251 432|312 | 803|628 | 100 | 75.2 535 101 0.382 | 18.8
8.0 22.6 28.8 12.0 7.00 525 273 427 |1 3.08 | 87.5 | 68.1 | 111 | 82.6 587 110 0.379 | 16.8
88 # 245 31.3 10.6 6.09 561 290 424 1 3.04 | 935 | 724 | 119 | 88.7 629 117 0.377 | 15.3
10.0 27.4 34.9 9.00 5.00 609 313 418 |1 299 | 102 | 78.1 | 131 | 97.3 688 126 0.374 | 13.7
125 # 33.0 42.1 6.60 3.40 692 349 405|288 | 115 | 87.4 | 153 | 113 789 141 0.368 | 11.2
150 x 100 40 # 15.1 19.2 345 22.0 607 324 |5.63| 411|810 (648|974 | 73.6 660 105 | 0.490 | 325
5.0 18.6 23.7 27.0 17.0 739 392 558 | 4.07 [ 98.5 | 78.5 | 119 | 90.1 807 127 0.487 | 26.2
6.3 23.1 29.5 20.8 12.9 898 474 552 | 401 | 120 | 94.8 | 147 | 110 986 153 0.484 | 20.9
71 # 25.9 32.9 18.1 11.1 990 520 548 | 3.97 | 132 | 104 | 163 | 122 1090 168 0.482 | 18.7
8.0 28.9 36.8 15.8 9.50 1090 569 544 | 3.94 | 145 | 114 | 180 | 135 1200 183 0.479 | 16.6
88 # 31.5 40.1 14.0 8.36 1170 610 540 | 3.90 | 156 | 122 | 195 | 146 1300 196 0.477 | 15.2
10.0 35.3 44.9 12.0 7.00 1280 665 534 385 | 171 | 133 | 216 | 161 1430 214 0.474 | 13.5
12.5 428 | 54.6 9.00 5.00 1490 763 522 | 3.74 | 198 | 153 | 256 | 190 | 1680 246 | 0.468 | 10.9

Table 2.8.3.2. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.3
BS EN 10210-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES HOT FINISHED } i
RECTANGULAR HOLLOW SECTIONS Lo
Celsius® RHS "y T
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
160 x 80 40 # 14.4 18.4 37.0 17.0 612 207 577 | 3.35 | 76.5 | 51.7 | 94.7 | 58.3 493 88.1 0.470 | 32.6
5.0 17.8 | 22.7 29.0 13.0 744 249 572 (331930623 116 | 71.1 600 106 | 0.467 | 26.2
6.3 222 | 28.2 22.4 9.70 903 299 5.66 | 3.26 | 113 | 74.8 | 142 | 86.8 730 127 | 0.464 | 20.9
71 # 247 | 315 19.5 8.27 994 327 562 | 3.22 | 124 | 81.7 | 158 | 95.9 804 139 | 0.462 | 18.7
8.0 276 | 35.2 17.0 7.00 1090 356 557 | 3.18 | 136 | 89.0 | 175 | 106 883 151 | 0.459 | 16.6
8.8 # 30.1 38.3 15.2 6.09 1170 379 5,53 | 3.15 | 147 | 949 | 189 | 114 949 161 0.457 | 15.2
10.0 33.7 42.9 13.0 5.00 1280 411 5.47 | 3.10 | 161 | 103 | 209 | 125 1040 175 0.454 | 135
12.5 40.9 52.1 9.80 3.40 1490 465 534 | 299 | 186 | 116 | 247 | 146 1200 198 0.448 | 11.0
180 x 60 40 # 144 | 18.4 42.0 12.0 697 121 6.16 | 2.56 | 77.4 | 40.3 | 99.8 | 45.2 341 72.2 [ 0.470| 32.6
50 # 17.8 | 22.7 33.0 9.00 846 144 | 6.10 | 252 [ 94.0 | 48.1 | 122 | 549 | 411 86.3 | 0.467 | 26.2
6.3 # 222 | 28.2 25.6 6.52 1030 171 6.03 | 246 | 114 | 57.0 | 150 | 66.6 | 495 102 | 0.464 | 20.9
71 # 24.7 315 224 5.45 1130 186 599 | 243 | 126 | 61.9 | 166 | 73.3 542 111 0.462 | 18.7
8.0 # 276 | 35.2 19.5 4.50 1240 201 594 | 239 | 138 | 66.9 | 184 | 80.4 | 590 120 | 0.459 | 16.6
8.8 # 30.1 | 383 17.5 3.82 1330 212 589 | 235 | 148 | 70.8 | 199 | 86.2 630 127 | 0.457 | 15.2
10.0 # 33.7 | 429 15.0 3.00 1460 228 583|230 162 | 75.8 | 220 | 944 | 683 137 | 0.454 | 135
125 # 40.9 52.1 11.4 1.80 1680 251 5.68 | 2.20 | 187 | 83.7 | 260 | 109 770 151 0.448 | 11.0
180 x 100 40 # 169 | 21.6 42.0 22.0 945 379 6.61 | 419 | 105 | 75.9 | 128 | 85.2 852 127 | 0.550 | 32.5
50 # 21.0 26.7 33.0 17.0 1150 460 6.57 | 4.15 | 128 | 92.0 | 157 | 104 1040 154 0.547 | 26.1
6.3 # 26.1 33.3 25.6 12.9 1410 557 6.50 | 4.09 | 156 | 111 | 194 | 128 1280 186 0.544 | 20.8
71 # 29.2 37.2 22.4 11.1 1560 613 6.47 | 4.06 | 173 | 123 | 215 | 142 1410 205 0.542 | 18.5
80 # 32.6 41.6 19.5 9.50 1710 671 6.42 | 4.02 | 190 | 134 | 239 | 157 1560 224 0.539 | 16.5
88 # 35.6 45.4 17.5 8.36 1850 720 6.38 | 3.98 | 205 | 144 | 259 | 170 1690 240 0.537 | 15.1
10.0 # 40.0 50.9 15.0 7.00 2040 787 6.32 | 3.93 | 226 | 157 | 288 | 188 1860 263 0.534 | 13.4
125 # 48.7 62.1 11.4 5.00 2390 908 6.20 | 3.82 | 265 | 182 | 344 | 223 2190 303 0.528 | 10.8
200 x 100 40 # 18.2 | 23.2 47.0 22.0 1220 416 7.26 | 424 | 122 | 83.2 | 150 | 92.8 | 983 142 | 0.590 | 32.4
5.0 22.6 28.7 37.0 17.0 1500 505 7.21 | 419 | 149 | 101 | 185 | 114 1200 172 0.587 | 26.0
6.3 28.1 35.8 28.7 12.9 1830 613 7.15 | 4.14 | 183 | 123 | 228 | 140 1480 208 0.584 | 20.8
71 # 31.4 40.0 25.2 11.1 2020 674 7.11 | 410 | 202 | 135 | 254 | 155 1630 229 0.582 | 18.5
8.0 35.1 44.8 22.0 9.50 2230 739 7.06 | 4.06 | 223 | 148 | 282 | 172 1800 251 0.579 | 16.5
88 # 38.4 48.9 19.7 8.36 2410 793 7.02 | 403 | 241 | 159 | 306 | 186 1950 270 0.577 | 15.1
10.0 43.1 54.9 17.0 7.00 2660 869 6.96 | 3.98 | 266 | 174 | 341 | 206 2160 295 0.574 | 13.3
12.5 52.7 67.1 13.0 5.00 3140 1000 | 6.84 | 3.87 | 314 | 201 | 408 | 245 2540 341 0.568 | 10.8
142 # 58.9 75.0 11.1 4.04 3420 1080 | 6.75 | 3.80 | 342 | 216 | 450 | 268 2770 368 0.563 | 9.57
16.0 #r 65.2 | 83.0 9.50 3.25 3680 1150 | 6.66 | 3.72 | 368 | 229 | 491 | 290 | 2980 391 | 0.559 | 8.55

Table 2.8.3.3. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.4
BS EN 10210-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES HOT FINISHED } i
RECTANGULAR HOLLOW SECTIONS Lo
Celsius® RHS "y T
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
200 x 120 50 # 24.1 30.7 37.0 21.0 1690 762 7.40 | 498 | 168 | 127 | 205 | 144 1650 210 0.627 | 26.0
6.3 30.1 | 38.3 28.7 16.0 2070 929 7.34 1492 | 207 | 155 | 253 | 177 | 2030 255 | 0.624 | 20.8
71 # 33.7 | 429 25.2 13.9 2290 1030 | 7.30 | 489 | 229 | 171 | 281 | 197 | 2250 282 | 0.622 | 18.5
8.0 37.6 | 48.0 22.0 12.0 2530 1130 | 7.26 | 4.85 | 253 | 188 | 313 | 218 | 2500 310 |[0.619 | 16.5
8.8 # 41.1 | 524 19.7 10.6 2730 1220 | 7.22 | 482 | 273 | 203 | 340 | 237 | 2700 334 | 0.617 | 15.0
10.0 46.3 | 58.9 17.0 9.00 3030 1340 | 7.17 | 476 | 303 | 223 | 379 | 263 | 3000 367 |0.614 | 13.3
125 # 56.6 | 72.1 13.0 6.60 3580 1560 | 7.04 | 4.66 | 358 | 260 | 455 | 314 | 3570 428 | 0.608 | 10.8
142 # 63.3 | 80.7 11.1 5.45 3910 1690 | 6.96 | 458 | 391 | 282 | 503 | 346 | 3920 464 | 0.603 | 9.53
16.0 # 70.2 89.4 9.50 4.50 4220 1810 | 6.87 | 4.50 | 422 | 302 | 550 | 377 4250 497 0.599 | 8.51
200 x 150 50 # 26.5 | 337 37.0 27.0 1970 1270 | 7.64 | 6.12 | 197 | 169 | 234 | 192 | 2390 267 | 0.687 | 26.0
6.3 # 33.0 | 421 28.7 20.8 2420 1550 | 7.58 | 6.07 | 242 | 207 | 289 | 237 | 2950 326 | 0.684 | 20.7
71 # 37.0 | 471 25.2 18.1 2690 1720 | 7.55 | 6.03 | 268 | 229 | 322 | 264 | 3280 361 |[0.682 | 18.4
8.0 414 | 528 22.0 15.8 2970 1890 | 7.50 | 5.99 | 297 | 253 | 359 | 294 | 3640 398 | 0.679 | 16.4
8.8 # 453 | 57.7 19.7 14.0 3220 2050 | 7.47 | 5.96 | 322 | 273 | 390 | 319 | 3960 430 |0.677 | 15.0
10.0 51.0 | 64.9 17.0 12.0 3570 2260 | 7.41 | 591 | 357 | 302 | 436 | 356 | 4410 475 | 0.674 | 13.2
125 # 625 | 79.6 13.0 9.00 4240 2670 | 7.30 | 5.80 | 424 | 356 | 525 | 428 | 5290 559 | 0.668 | 10.7
142 # 70.0 | 89.2 11.1 7.56 4640 2920 | 7.22 | 5.72 | 464 | 389 | 582 | 473 | 5830 610 | 0.663 | 9.48
16.0 # 77.7 99.0 9.50 6.38 5040 3150 | 7.13 | 5.64 | 504 | 420 | 638 | 518 6370 658 0.659 | 8.50
220 x 120 50 # 257 | 327 41.0 21.0 2130 829 8.06 | 5.03 | 193 | 138 | 236 | 155 | 1880 232 | 0.667 | 25.9
6.3 # 32.0 40.8 31.9 16.0 2610 1010 | 8.00 | 4.98 | 237 | 168 | 292 | 191 2320 283 0.664 | 20.7
71 # 35.9 45.7 28.0 13.9 2900 1120 | 7.96 | 4.94 | 263 | 186 | 326 | 213 2570 312 0.662 | 18.5
80 # 40.2 51.2 24.5 12.0 3200 1230 | 7.91 | 490 | 291 | 205 | 362 | 236 2850 343 0.659 | 16.4
88 # 43.9 55.9 22.0 10.6 3470 1320 | 7.87 | 4.87 | 315 | 221 | 394 | 256 3090 370 0.657 | 15.0
10.0 # 49.4 62.9 19.0 9.00 3840 1460 | 7.82 | 4.81 | 349 | 243 | 440 | 285 3430 407 0.654 | 13.2
125 # 60.5 77.1 14.6 6.60 4560 1710 | 7.69 | 4.71 | 415 | 285 | 530 | 341 4090 476 0.648 | 10.7
142 # 67.8 86.3 12.5 5.45 5000 1850 | 7.61 | 4.63 | 454 | 309 | 586 | 376 4490 517 0.643 | 9.52
16.0 # 75.2 95.8 10.8 4.50 5410 1990 | 7.52 | 455 | 492 | 331 | 643 | 410 4870 555 0.639 | 8.50
250 x 100 50 # 26.5 | 337 47.0 17.0 2610 618 8.80 | 4.28 | 209 | 124 | 263 | 138 | 1620 217 | 0.687 | 26.0
6.3 # 33.0 42.1 36.7 12.9 3210 751 8.73 | 422 | 257 | 150 | 326 | 169 1980 264 0.684 | 20.7
71 # 37.0 47.1 32.2 11.1 3560 827 8.69 | 419 | 285 | 165 | 363 | 188 2200 291 0.682 | 18.4
80 # 41.4 52.8 28.3 9.50 3940 909 8.64 | 415 | 315 | 182 | 404 | 209 2430 319 0.679 | 16.4
88 # 45.3 57.7 25.4 8.36 4270 977 8.60 | 4.12 | 341 | 195 | 439 | 226 2630 343 0.677 | 15.0
10.0 # 51.0 64.9 22.0 7.00 4730 1070 | 8.54 | 4.06 | 379 | 214 | 491 | 251 2910 376 0.674 | 13.2
125 # 62.5 79.6 17.0 5.00 5620 1250 | 8.41 | 3.96 | 450 | 249 | 592 | 299 3440 438 0.668 | 10.7
142 # 70.0 89.2 14.6 4.04 6170 1340 | 8.31 | 3.88 | 493 | 269 | 655 | 329 3750 473 0.663 | 9.48
16.0 # 77.7 | 99.0 12.6 3.25 6690 1430 | 8.22 | 3.80 | 535 | 287 | 719 | 358 | 4050 505 | 0.659 | 8.50

Table 2.8.3.4. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.5
BS EN 10210-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES HOT FINISHED } i
RECTANGULAR HOLLOW SECTIONS Lo
Celsius® RHS "y T
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
250 x 150 50 # 30.4 38.7 47.0 27.0 3360 1530 | 9.31 | 6.28 | 269 | 204 | 324 | 228 3280 337 0.787 | 25.9
6.3 38.0 | 484 36.7 20.8 4140 1870 | 9.25 | 6.22 | 331 | 250 | 402 | 283 | 4050 413 | 0.784 | 20.6
71 # 42,6 | 54.2 32.2 18.1 4610 2080 | 9.22 | 6.19 | 368 | 277 | 449 | 315 | 4520 457 | 0.782 | 18.4
8.0 47.7 | 60.8 28.3 15.8 5110 2300 | 9.17 | 6.15 | 409 | 306 | 501 | 350 | 5020 506 |[0.779 | 16.4
8.8 # 52.2 66.5 254 14.0 5550 2490 | 9.13 | 6.12 | 444 | 331 | 545 | 381 5460 547 0.777 | 14.9
10.0 58.8 | 74.9 22.0 12.0 6170 2760 | 9.08 | 6.06 | 494 | 367 | 611 | 426 | 6090 605 |[0.774 | 13.2
12.5 723 | 921 17.0 9.00 7390 3270 | 8.96 | 5.96 | 591 | 435 | 740 | 514 | 7330 717 | 0.768 | 10.6
142 # 81.1 103 14.6 7.56 8140 3580 | 8.87 | 5.88 | 651 | 477 | 823 | 570 | 8100 784 | 0.763 | 9.38
16.0 90.3 115 12.6 6.38 8880 3870 | 879|580 | 710 | 516 | 906 | 625 8870 849 0.759 | 8.42
260 x 140 50 # 304 | 38.7 49.0 25.0 3530 1350 | 9.55 | 591 | 272 | 193 | 331 | 216 | 3080 326 |[0.787 | 25.9
6.3 # 38.0 | 48.4 38.3 19.2 4360 1660 | 9.49 | 5.86 | 335 | 237 | 411 | 267 | 3800 399 |[0.784 | 20.6
71 # 42,6 | 54.2 33.6 16.7 4840 1840 | 9.45 | 5.82 | 372 | 263 | 459 | 298 | 4230 442 | 0.782 | 18.4
8.0 # 47.7 | 60.8 29.5 14.5 5370 2030 | 9.40 | 5.78 | 413 | 290 | 511 | 331 | 4700 488 | 0.779 | 16.4
8.8 # 52.2 | 66.5 26.5 12.9 5830 2200 | 9.37 | 5.75 | 449 | 314 | 557 | 360 | 5110 527 | 0.777 | 14.9
10.0 # 58.8 | 74.9 23.0 11.0 6490 2430 | 9.31 | 5.70 | 499 | 347 | 624 | 402 | 5700 584 | 0.774 | 13.2
125 # 723 | 921 17.8 8.20 7770 2880 | 9.18 | 5.59 | 597 | 411 | 756 | 485 | 6840 690 | 0.768 | 10.6
142 # 81.1 103 15.3 6.86 8560 3140 | 9.10 | 5.52 | 658 | 449 | 840 | 537 | 7560 754 | 0.763 | 9.38
16.0 # 90.3 115 13.3 5.75 9340 3400 | 9.01 | 544 | 718 | 486 | 925 | 588 8260 815 0.759 | 8.42
300 x 100 50 # 304 | 38.7 57.0 17.0 4150 731 103 | 434 | 276 | 146 | 354 | 161 | 2040 262 |0.787 | 25.9
6.3 # 38.0 48.4 44.6 12.9 5110 890 10.3 | 429 | 341 | 178 | 439 | 199 2500 319 0.784 | 20.6
71 # 42.6 54.2 39.3 11.1 5680 981 10.2 | 425 | 379 | 196 | 490 | 221 2780 352 0.782 | 18.4
8.0 47.7 60.8 34.5 9.50 6310 1080 10.2 | 4.21 | 420 | 216 | 546 | 245 3070 387 0.779 | 16.4
88 # 52.2 66.5 31.1 8.36 6840 1160 10.1 | 4.18 | 456 | 232 | 594 | 266 3320 416 0.777 | 14.9
10.0 58.8 74.9 27.0 7.00 7610 1280 | 10.1 | 4.13 | 508 | 255 | 666 | 296 3680 458 0.774 | 13.2

125 # 72.3 92.1 21.0 5.00 9100 1490 | 9.94 | 4.02 | 607 | 297 | 806 | 354 | 4350 534 0.768 | 10.6
142 # 81.1 103 18.1 4.04 10000 1610 | 9.85 [ 3.94 | 669 | 321 | 896 | 390 | 4760 578 0.763 | 9.38
16.0 # 90.3 115 15.8 3.25 10900 1720 | 9.75 | 3.87 | 729 | 344 | 986 | 425 5140 619 0.759 | 8.42

300 x 150 8.0 #rm | 54.0 68.8 34.5 15.8 8010 2700 | 10.8 | 6.27 | 534 | 360 | 663 | 407 6450 613 0.879 | 16.3
8.8 #rmr | 59.1 75.3 311 14.0 8710 2930 | 10.8 | 6.23 | 580 | 390 | 723 | 443 7020 664 0.877 | 14.8
10.0 #rr | 66.7 84.9 27.0 12.0 9720 3250 | 10.7 | 6.18 | 648 | 433 | 811 | 496 7840 736 0.874 | 131
125 #m | 82.1 105 21.0 9.00 11700 | 3860 | 10.6 | 6.07 | 779 | 514 | 986 | 600 9450 874 0.868 | 10.6
14.2 #rmr | 92.3 118 18.1 7.56 12900 | 4230 | 10.5| 6.00 | 862 | 564 | 1100 | 666 | 10500 959 0.863 | 9.32
16.0 #rr 103 131 15.8 6.38 14200 | 4600 | 10.4 | 592 | 944 | 613 | 1210 | 732 | 11500 1040 | 0.859 | 8.35

Table 2.8.3.5. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.6
BS EN 10210-2: 2006 b
-—
UK SECTION PROPERTIES | - |
EUROCODES HOT FINISHED 4 i
RECTANGULAR HOLLOW SECTIONS Lo -
. h| v i e ¥
Celsius® RHS
1
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m | cm? cm? em? | em | em [emd [ cmd | cmd | em3 | cm* cm3 m? m?
300 x 200 50 # 38.3 48.7 57.0 37.0 6320 3400 11.4 | 8.35 | 421 | 340 | 501 | 380 6820 552 0.987 | 25.8
6.3 47.9 61.0 44.6 28.7 7830 4190 | 11.3 |1 829 | 522 | 419 | 624 | 472 | 8480 681 0.984 | 20.6
71 # 53.7 68.4 39.3 25.2 8730 4670 | 11.3 | 8.26 | 582 | 467 | 698 | 528 | 9470 757 0.982 | 18.3
8.0 60.3 76.8 34.5 22.0 9720 5180 | 11.3 | 8.22 | 648 | 518 | 779 | 589 | 10600 840 0.979 | 16.3
8.8 # 66.0 84.1 31.1 19.7 10600 | 5630 | 11.2 | 8.18 | 705 | 563 | 851 | 643 | 11500 912 0.977 | 14.9
10.0 74.5 94.9 27.0 17.0 | 11800 | 6280 | 11.2 | 8.13 | 788 | 628 | 956 | 721 | 12900 | 1020 | 0.974 | 13.1
125 91.9 117 21.0 13.0 | 14300 | 7540 | 11.0 | 8.02 | 952 | 754 [1170| 877 | 15700 | 1220 | 0.968 | 10.6
142 # 103 132 18.1 11.1 15800 | 8330 | 11.0 | 7.95 | 1060 | 833 | 1300 | 978 | 17500 | 1340 | 0.963 | 9.31
16.0 115 147 15.8 9.50 17400 9110 10.9 | 7.87 | 1160 | 911 | 1440 | 1080 | 19300 1470 | 0.959 | 8.31

300 x 250 50 # 42.2 53.7 57.0 47.0 7410 5610 | 11.7 | 10.2 | 494 | 449 | 575 | 508 [ 9770 697 1.09 | 25.8
6.3 # 52.8 67.3 44.6 36.7 9190 6950 | 11.7 | 10.2 | 613 | 556 | 716 | 633 | 12200 862 1.08 | 20.4
71 # 59.3 75.5 39.3 32.2 10300 | 7750 | 11.6 | 10.1 | 683 | 620 | 802 | 708 | 13600 960 1.08 | 183
8.0 66.5 84.8 345 28.3 | 11400 | 8630 [ 11.6 | 10.1 | 761 | 690 | 896 | 791 | 15200 | 1070 1.08 | 16.2

88 # 72.9 92.9 31.1 25.4 12400 | 9390 | 11.6 | 10.1 | 829 | 751 | 979 | 864 | 16600 1160 1.08 | 14.8
10.0 # 82.4 105 27.0 22.0 13900 | 10500 | 11.5 | 10.0 | 928 | 840 | 1100 | 971 | 18600 1300 1.07 | 12.9
125 # 102 130 21.0 17.0 16900 | 12700 | 11.4 | 9.89 | 1120 | 1010 | 1350 | 1190 | 22700 1560 1.07 | 105
142 # 115 146 18.1 14.6 18700 | 14100 | 11.3 | 9.82 | 1250 | 1130 | 1510 | 1330 | 25400 1730 1.06 | 9.25
16.0 # 128 163 15.8 12.6 20600 | 15500 | 11.2 | 9.74 | 1380 | 1240 | 1670 | 1470 | 28100 1900 1.06 | 8.28

340 x 100 10.0 65.1 82.9 31.0 7.00 10600 1440 | 11.3 | 4.16 | 623 | 288 | 823 | 332 4300 523 0.854 | 13.2

350 x 150 50 # 38.3 48.7 67.0 27.0 7660 2050 | 125 | 6.49 | 437 | 274 | 543 | 301 5160 477 0.987 | 25.8
6.3 # 47.9 61.0 52.6 20.8 9480 2530 | 12.5 | 6.43 | 542 | 337 | 676 | 373 6390 586 0.984 | 20.6
7.1 # 53.7 68.4 46.3 18.1 10600 | 2800 | 12.4 | 6.40 | 604 | 374 | 756 | 416 7120 651 0.982 | 18.3
8.0 # 60.3 76.8 40.8 15.8 11800 | 3110 | 12.4 | 6.36 | 673 | 414 | 844 | 464 7930 721 0.979 | 16.3
8.8 # 66.0 84.1 36.8 14.0 12800 | 3360 | 12.3 | 6.33 | 732 | 449 | 922 | 506 8620 781 0.977 | 14.9
10.0 # 74.5 94.9 32.0 12.0 14300 | 3740 | 12.3 | 6.27 | 818 | 498 | 1040 | 566 9630 867 0.974 ] 131
125 # 91.9 117 25.0 9.00 17300 | 4450 | 12.2 | 6.17 | 988 | 593 | 1260 | 686 | 11600 1030 | 0.968 | 10.6
142 # 103 132 21.6 7.56 19200 | 4890 | 12.1 | 6.09 | 1100 | 652 | 1410 | 763 | 12900 1130 | 0.963 | 9.31
16.0 # 115 147 18.9 6.38 21100 | 5320 | 12.0 | 6.01 | 1210 | 709 | 1560 | 840 | 14100 1230 | 0.959 | 8.31
350 x 250 6.3 # 57.8 73.6 52.6 36.7 13200 7890 | 13.4 | 10.4 | 754 | 631 | 892 | 709 | 15200 1010 1.18 | 20.4
7.1 # 64.9 82.6 46.3 32.2 14700 | 8800 | 13.4 | 10.3 | 843 | 704 | 999 | 794 | 17000 1130 1.18 | 18.2
8.0 # 72.8 92.8 40.8 28.3 16400 | 9800 | 13.3 | 10.3 | 940 | 784 | 1120 | 888 | 19000 1250 1.18 | 16.2
8.8 # 79.8 102 36.8 254 17900 | 10700 | 13.3 | 10.2 | 1030 | 853 | 1220 | 970 | 20800 1370 1.18 | 14.8
10.0 # 90.2 115 32.0 22.0 20100 | 11900 | 13.2 | 10.2 | 1150 | 955 | 1380 | 1090 | 23400 1530 1.17 | 13.0
125 # 112 142 25.0 17.0 24400 | 14400 | 13.1 | 10.1 | 1400 | 1160 | 1690 | 1330 | 28500 1840 1.17 | 105
142 # 126 160 21.6 14.6 27200 | 16000 | 13.0 | 10.0 | 1550 | 1280 | 1890 | 1490 | 31900 2040 1.16 | 9.22
16.0 # 141 179 18.9 12.6 30000 | 17700 | 12.9 | 9.93 | 1720 | 1410 | 2100 | 1660 | 35300 2250 1.16 | 8.26

Table 2.8.3.6. Celsius® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.3.7
BS EN 10210-2: 2006 b
-—
UK SECTION PROPERTIES | - |
EUROCODES HOT FINISHED 4 i
RECTANGULAR HOLLOW SECTIONS Lo -
. h| v i e ¥
Celsius® RHS
1
Dimensions and properties )
Z
Hot Finished
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m | cm? cm? em? | em | em [emd [ cmd | cmd | em3 | cm* cm?3 m? m?
400 x 150 6.3 # 52.8 67.3 60.5 20.8 13300 2850 14.0 | 6.51 | 663 | 380 | 836 | 418 7600 673 1.08 20.4
71 # 59.3 75.5 53.3 18.1 14800 3170 14.0 | 6.47 | 740 | 422 | 936 | 467 8470 748 1.08 18.3
8.0 # 66.5 84.8 47.0 15.8 | 16500 | 3510 | 13.9 | 6.43 | 824 | 468 [ 1050 | 521 | 9420 828 1.08 | 16.2
8.8 # 72.9 92.9 42.5 14.0 | 18000 | 3800 | 13.9 | 6.40 | 898 | 507 | 1140 | 568 | 10300 898 1.08 | 14.8
10.0 # 82.4 105 37.0 12.0 | 20100 | 4230 | 13.8 | 6.35 | 1010 | 564 |1290| 636 | 11500 998 1.07 | 129
125 # 102 130 29.0 9.00 | 24400 | 5040 | 13.7 | 6.24 | 1220 | 672 | 1570 | 772 | 13800 | 1190 1.07 | 105
142 # 115 146 25.2 7.56 | 27100 | 5550 | 13.6 | 6.16 | 1360 | 740 [ 1760 | 859 | 15300 | 1310 1.06 | 9.25

16.0 128 163 22.0 6.38 29800 6040 | 13.5 | 6.09 | 1490 | 805 | 1950 | 947 | 16800 1430 1.06 | 8.28

400 x 200 6.3 57.8 73.6 60.5 28.7 15700 | 5380 | 14.6 | 855 | 785 | 538 | 960 | 594 | 12600 917 1.18 | 20.4
71 # 64.9 82.6 53.3 25.2 17500 | 5990 | 14.6 | 851 | 877 | 599 (1080 | 665 | 14100 | 1020 1.18 | 18.2

I+

8.0 72.8 92.8 47.0 22.0 19600 | 6660 | 14.5 | 8.47 | 978 | 666 | 1200 | 743 | 15700 1140 1.18 | 16.2
88 # 79.8 102 42.5 19.7 21300 | 7240 | 14.5 | 8.44 [ 1070 | 724 | 1320 | 811 | 17200 1230 1.18 | 14.8
10.0 90.2 115 37.0 17.0 | 23900 | 8080 | 14.4 | 8.39 | 1200 | 808 (1480 | 911 | 19300 1380 1.17 | 13.0
125 112 142 29.0 13.0 | 29100 | 9740 | 14.3 | 8.28 | 1450 | 974 (1810 | 1110 | 23400 1660 1.17 | 105
142 # 126 160 25.2 111 32400 | 10800 | 14.2 | 8.21 | 1620 | 1080 | 2030 | 1240 | 26100 1830 1.16 | 9.22
16.0 141 179 22.0 9.50 | 35700 | 11800 | 14.1 | 8.13 | 1790 | 1180 | 2260 | 1370 | 28900 | 2010 1.16 | 8.26
400 x 300 8.0 # 85.4 109 47.0 345 | 25700 | 16500 | 15.4 | 12.3 | 1290 | 1100 | 1520 | 1250 | 31000 1750 1.38 | 16.1
88 # 93.6 119 42.5 31.1 28100 | 18000 | 15.3 | 12.3 | 1400 | 1200 | 1660 | 1360 | 33900 1910 1.38 | 14.8
10.0 # 106 135 37.0 27.0 | 31500 | 20200 | 15.3 | 12.2 | 1580 | 1350 | 1870 | 1540 | 38200 | 2140 1.37 | 129
125 # 131 167 29.0 21.0 | 38500 | 24600 | 15.2 | 12.1 | 1920 | 1640 | 2300 | 1880 | 46800 | 2590 1.37 | 10.4
142 # 148 189 25.2 18.1 | 43000 | 27400 | 15.1 | 12.1 | 2150 | 1830 | 2580 | 2110 | 52500 | 2890 1.36 | 9.19
16.0 # 166 211 22.0 15.8 | 47500 | 30300 | 15.0 | 12.0 | 2380 | 2020 | 2870 | 2350 | 58300 | 3180 136 | 8.21
450 x 250 8.0 85.4 109 53.3 28.3 | 30100 | 12100 | 16.6 | 10.6 | 1340 | 971 | 1620 | 1080 | 27100 1630 1.38 | 16.1
8.8 # 93.6 119 48.1 25.4 | 32800 | 13200 | 16.6 | 10.5 | 1460 | 1060 | 1770 | 1180 [ 29600 1770 1.38 | 14.8
10.0 106 135 42.0 22.0 | 36900 | 14800 | 16.5 | 10.5 | 1640 | 1190 | 2000 | 1330 | 33300 1990 1.37 | 129
12.5 131 167 33.0 17.0 | 45000 | 18000 | 16.4 | 10.4 | 2000 | 1440 | 2460 | 1630 | 40700 | 2410 1.37 | 10.4
142 # 148 189 28.7 14.6 50300 | 20000 | 16.3 | 10.3 | 2240 | 1600 | 2760 | 1830 | 45600 | 2680 1.36 | 9.19
16.0 166 211 25.1 12.6 55700 | 22000 | 16.2 | 10.2 | 2480 | 1760 | 3070 | 2030 | 50500 | 2950 1.36 | 8.21
500 x 200 8.0 # 85.4 109 59.5 22.0 | 34000 | 8140 | 17.7 | 8.65 | 1360 | 814 (1710 | 896 | 21100 1430 1.38 | 16.1
8.8 # 93.6 119 53.8 19.7 37200 | 8850 | 17.7 | 8.61 | 1490 | 885 | 1870 | 979 | 23000 1560 1.38 | 14.8
10.0 # 106 135 47.0 17.0 | 41800 | 9890 | 17.6 | 8.56 | 1670 | 989 | 2110 | 1100 [ 25900 1740 1.37 | 129
125 # 131 167 37.0 13.0 | 51000 | 11900 | 17.5 | 8.45 | 2040 | 1190 | 2590 | 1350 | 31500 | 2100 1.37 | 10.4
142 # 148 189 32.2 11.1 56900 | 13200 | 17.4 | 8.38 | 2280 | 1320 | 2900 | 1510 | 35200 | 2320 1.36 | 9.19
16.0 # 166 211 28.3 9.50 | 63000 | 14500 | 17.3 | 8.30 | 2520 | 1450 | 3230 | 1670 | 38900 | 2550 1.36 | 8.21
500 x 300 8.0 # 97.9 125 59.5 34.5 | 43700 | 20000 | 18.7 | 12.6 | 1750 | 1330 | 2100 | 1480 | 42600 | 2200 158 | 16.1
8.8 # 107 137 53.8 31.1 | 47800 | 21800 | 18.7 | 12.6 | 1910 | 1450 | 2300 | 1620 | 46600 | 2400 1.58 | 14.7

10.0 122 155 47.0 27.0 53800 | 24400 | 18.6 | 12.6 | 2150 | 1630 | 2600 | 1830 | 52500 2700 157 | 129
125 # 151 192 37.0 21.0 65800 | 29800 | 18.5 | 12.5 | 2630 | 1990 | 3200 | 2240 | 64400 3280 1.57 | 10.4
142 # 170 217 32.2 18.1 73700 | 33200 | 18.4 | 12.4 | 2950 | 2220 | 3590 | 2520 | 72200 3660 156 | 9.16
16.0 191 243 28.3 15.8 81800 | 36800 | 18.3 | 12.3 | 3270 | 2450 | 4010 | 2800 | 80300 | 4040 156 | 8.17
20.0 7 235 300 22.0 12.0 98800 | 44100 | 18.2 | 12.1 | 3950 | 2940 | 4890 | 3410 [ 97400 | 4840 155 | 6.59

Table 2.8.3.7. Celsius® RHS. Dimensions and properties
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Table 2.8.4.1

EUROCODES HOT FINISHED ’
ELLIPTICAL HOLLOW SECTIONS '
Celsius® OHS Y -_._ !
Dimensions and properties ¥ || ;
e —| |-—
Z
Hot Finished
Section Mass Area Second Moment Radius of Elastic Plastic Torsional Surface
Designation per of of Area Gyration Modulus Modulus Constants Area
Size Thickness Metre | Section [ Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-z y-y z-z Metre Tonne
hxb t A [ W,
mm mm kg/m cm? cm? cm? cm cm emd [ em3 | em® [ em3 | om?* | cmd m? m?
150 x 75 40 # 10.7 13.6 301 101 470 | 272 | 40.1 | 269 | 56.1 | 34.4 | 303 | 60.1 0.363 33.9
50 # 13.3 16.9 367 122 466 | 2.69 | 489 | 325 | 68.9 | 420 | 367 | 722 0.363 27.4
6.3 # 16.5 21.0 448 147 462 | 264 | 59.7 | 39.1 | 84.9 | 515 | 443 | 86.3 0.363 22.0
200 x 100 50 # 17.9 22.8 897 302 6.27 3.64 89.7 60.4 125 76.8 905 135 0.484 271
6.3 # 22.3 28.4 1100 368 6.23 | 3.60 110 | 735 155 94.7 | 1110 | 163 0.484 21.7
8.0 # 28.0 35.7 1360 446 6.17 | 3.54 | 136 89.3 193 117 | 1350 | 197 0.484 17.3
10.0 # 345 44.0 1640 529 6.10 | 3.47 164 106 235 141 | 1610 | 232 0.484 14.0
125 # 42.4 54.0 1950 619 6.02 | 3.39 195 124 284 169 | 1890 [ 269 0.484 11.4
250 x 125 6.3 # 28.2 35.9 2210 742 7.84 4.55 176 119 246 151 2220 265 0.605 215
8.0 # 354 45.1 2730 909 7.78 | 4.49 219 145 307 188 | 2730 | 323 0.605 17.1
10.0 # 43.8 55.8 3320 1090 771 | 4.42 265 174 376 228 | 3290 | 385 0.605 13.8
125 # 53.9 68.7 4000 1290 7.63 | 434 | 320 207 458 276 | 3920 | 453 0.605 11.2
300 x 150 8.0 # 42.8 54.5 4810 1620 9.39 5.44 321 215 449 275 4850 481 0.726 17.0
10.0 # 53.0 67.5 5870 1950 9.32 | 5.37 391 260 551 336 | 5870 [ 577 0.726 13.7
12,5 65.5 83.4 7120 2330 9.24 | 5.29 | 475 311 674 409 | 7050 | 686 0.726 11.1
16.0 # 82.5 105 8730 2810 9.12 | 5.17 582 374 837 503 | 8530 [ 818 0.726 8.78
400 x 200 8.0 57.6 734 11700 3970 126 | 7.35 584 397 811 500 |11900 890 0.969 16.9
10.0 # 71.5 91.1 14300 4830 125 | 7.28 717 483 | 1000 | 615 | 14500 | 1080 | 0.969 13.6
12,5 88.6 113 17500 5840 125 | 7.19 877 584 | 1230 [ 753 | 17600 1300 | 0.969 10.9
16.0 112 143 21700 7140 12.3 | 7.07 | 1090 | 714 | 1540 | 936 |21600| 1580 | 0.969 8.64
500 x 250 10.0 # 90.0 115 28500 9680 158 | 9.19 | 1140 | 775 | 1590 | 976 29000 | 1740 1.21 13.4
125 # 112 142 35000 | 11800 | 15.7 | 9.10 | 1400 | 943 | 1960 | 1200 | 35300 | 2110 1.21 10.8
16.0 # 142 180 43700 14500 15.6 8.98 1750 | 1160 | 2460 | 1500 [ 43700 | 2590 1.21 8.54

Table 2.8.4.1. Celsius® OHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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Table 2.8.5.1

EUROCODES CIRCULAR HOLLOW SECTIONS /- \
Hybox® CHS Y \ / Y
Dimensions and properties t
z
Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A dit [ [ W, Wy I W,
mm mm kg/m cm? cm? cm cm? cm3 cm? cm3 m? m?
33.7 3.0 2.27 2.89 11.2 3.44 1.09 2.04 2.84 6.88 4.08 0.106 46.6
42.4 3.0 291 3.71 14.1 7.25 1.40 3.42 4.67 14.5 6.84 0.133 45.6
48.3 3.0 3.35 4.27 16.1 11.0 1.61 4.55 6.17 22.0 9.11 0.152 45.3
4.0 4.37 5.57 12.1 13.8 1.57 5.70 7.87 27.5 11.4 0.152 34.8
60.3 3.0 4.24 5.40 20.1 22.2 2.03 7.37 9.86 44.4 14.7 0.189 44.6
4.0 5.55 7.07 15.1 28.2 2.00 9.34 12.7 56.3 18.7 0.189 34.0
76.1 3.0 5.41 6.89 254 46.1 2.59 12.1 16.0 92.2 24.2 0.239 44.2
4.0 7.11 9.06 19.0 59.1 2.55 15.5 20.8 118 31.0 0.239 33.7
88.9 3.0 6.36 8.10 29.6 74.8 3.04 16.8 221 150 33.6 0.279 43.8
35 # 7.37 9.39 254 85.7 3.02 19.3 255 171 38.6 0.279 37.9
4.0 8.38 10.7 22.2 96.3 3.00 21.7 28.9 193 43.3 0.279 33.2
5.0 10.3 13.2 17.8 116 2.97 26.2 35.2 233 52.4 0.279 27.0
6.3 12.8 16.3 14.1 140 2.93 31.5 43.1 280 63.1 0.279 21.7
114.3 30 # 8.23 10.5 38.1 163 3.94 28.4 37.2 325 56.9 0.359 43.4
35 9.56 12.2 32.7 187 3.92 32.7 43.0 374 65.5 0.359 37.7
40 # 10.9 13.9 28.6 211 3.90 36.9 48.7 422 73.9 0.359 33.0
5.0 13.5 17.2 22.9 257 3.87 45.0 59.8 514 89.9 0.359 26.6
6.0 16.0 20.4 19.1 300 3.83 52.5 70.4 600 105 0.359 22.4
6.3 16.8 21.4 18.1 313 3.82 54.7 73.6 625 109 0.359 21.4
139.7 3.0 10.1 12.9 46.6 301 4.83 43.1 56.1 602 86.2 0.439 43.4
40 # 13.4 17.1 34.9 393 4.80 56.2 73.7 786 112 0.439 32.8
5.0 16.6 21.2 27.9 481 4.77 68.8 90.8 961 138 0.439 26.4
6.0 19.8 25.2 23.3 564 4.73 80.8 107 1130 162 0.439 22.2
6.3 20.7 26.4 22.2 589 4.72 84.3 112 1180 169 0.439 21.2
8.0 26.0 33.1 17.5 720 4.66 103 139 1440 206 0.439 16.9
10.0 32.0 40.7 14.0 862 4.60 123 169 1720 247 0.439 13.7
168.3 4.0 16.2 20.6 42.1 697 5.81 82.8 108 1390 166 0.529 32.6
45 # 18.2 23.2 374 77 5.79 92.4 121 1550 185 0.529 29.1
5.0 20.1 25.7 33.7 856 5.78 102 133 1710 203 0.529 26.3
6.0 24.0 30.6 28.1 1010 5.74 120 158 2020 240 0.529 22.0
6.3 25.2 321 26.7 1050 5.73 125 165 2110 250 0.529 21.0
8.0 31.6 40.3 21.0 1300 5.67 154 206 2600 308 0.529 16.7
10.0 39.0 49.7 16.8 1560 5.61 186 251 3130 372 0.529 13.5
12.5 48.0 61.2 13.5 1870 5.53 222 304 3740 444 0.529 11.0
193.7 40 # 18.7 23.8 48.4 1070 6.71 111 144 2150 222 0.609 325
45 # 21.0 26.7 43.0 1200 6.69 124 161 2400 247 0.609 29.0
5.0 23.3 29.6 38.7 1320 6.67 136 178 2640 273 0.609 26.2
6.0 27.8 354 32.3 1560 6.64 161 211 3120 322 0.609 219
6.3 29.1 37.1 30.7 1630 6.63 168 221 3260 337 0.609 20.9
8.0 36.6 46.7 24.2 2020 6.57 208 276 4030 416 0.609 16.6
10.0 45.3 57.7 19.4 2440 6.50 252 338 4880 504 0.609 13.5
12.5 55.9 71.2 155 2930 6.42 303 411 5870 606 0.609 10.9

Table 2.8.5.1. Hybox® CHS. Dimensions and properties
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Table 2.8.5.2

EUROCODES CIRCULAR HOLLOW SECTIONS
Hybox® CHS Y \ ‘/ Y
Dimensions and properties t
il
Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A drt [ [ Wy, Wy It W,

mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
219.1 45 # 23.8 30.3 48.7 1750 7.59 159 207 3490 319 0.688 28.9
5.0 26.4 33.6 43.8 1930 7.57 176 229 3860 352 0.688 26.1

6.0 31.5 40.2 36.5 2280 7.54 208 273 4560 417 0.688 21.8

6.3 33.1 42.1 34.8 2390 7.53 218 285 4770 436 0.688 20.8

8.0 41.6 53.1 27.4 2960 7.47 270 357 5920 540 0.688 16.5

10.0 51.6 65.7 21.9 3600 7.40 328 438 7200 657 0.688 13.3

12.0 # 61.3 78.1 18.3 4200 7.33 383 515 8400 767 0.688 11.2

12.5 63.7 81.1 17.5 4350 7.32 397 534 8690 793 0.688 10.8

16.0 80.1 102 13.7 5300 7.20 483 661 10600 967 0.688 8.60

244.5 50 # 29.5 37.6 48.9 2700 8.47 221 287 5400 441 0.768 26.0
6.0 35.3 45.0 40.8 3200 8.43 262 341 6400 523 0.768 21.7

6.3 37.0 47.1 38.8 3350 8.42 274 358 6690 547 0.768 20.7

8.0 46.7 59.4 30.6 4160 8.37 340 448 8320 681 0.768 16.4

10.0 57.8 73.7 245 5070 8.30 415 550 10100 830 0.768 13.3

12.0 # 68.8 87.7 20.4 5940 8.23 486 649 11900 972 0.768 11.1

12.5 71.5 91.1 19.6 6150 8.21 503 673 12300 1010 0.768 10.8

16.0 90.2 115 15.3 7530 8.10 616 837 15100 1230 0.768 8.52

273.0 40 # 26.5 33.8 68.3 3060 9.51 224 289 6120 448 0.858 32.3
45 # 29.8 38.0 60.7 3420 9.49 251 324 6840 501 0.858 28.8

50 # 33.0 42.1 54.6 3780 9.48 277 359 7560 554 0.858 26.0

6.0 39.5 50.3 455 4490 9.44 329 428 8970 657 0.858 21.7

6.3 41.4 52.8 43.3 4700 9.43 344 448 9390 688 0.858 20.7

8.0 52.3 66.6 34.1 5850 9.37 429 562 11700 857 0.858 16.4

10.0 64.9 82.6 27.3 7150 9.31 524 692 14300 1050 0.858 13.2

12.0 # 77.2 98.4 22.8 8400 9.24 615 818 16800 1230 0.858 11.1

125 80.3 102 21.8 8700 9.22 637 849 17400 1270 0.858 10.7

16.0 101 129 17.1 10700 9.10 784 1060 21400 1570 0.858 8.46

323.9 50 # 39.3 50.1 64.8 6370 11.3 393 509 12700 787 1.02 25.9
6.0 47.0 59.9 54.0 7570 11.2 468 606 15100 935 1.02 21.7

6.3 # 49.3 62.9 51.4 7930 11.2 490 636 15900 979 1.02 20.7

8.0 62.3 79.4 40.5 9910 11.2 612 799 19800 1220 1.02 16.3

10.0 77.4 98.6 32.4 12200 11.1 751 986 24300 1500 1.02 13.2

12.0 # 92.3 118 27.0 14300 11.0 884 1170 28600 1770 1.02 11.0

12.5 96.0 122 25.9 14800 11.0 917 1210 29700 1830 1.02 10.6

16.0 121 155 20.2 18400 10.9 1140 1520 36800 2270 1.02 8.39

355.6 50 # 43.2 55.1 71.1 8460 12.4 476 615 16900 952 1.12 25.9
6.0 51.7 65.9 59.3 10100 12.4 566 733 20100 1130 1.12 21.6

6.3 # 54.3 69.1 56.4 10500 12.4 593 769 21100 1190 1.12 20.6

8.0 68.6 87.4 44.5 13200 12.3 742 967 26400 1490 1.12 16.4

10.0 85.2 109 35.6 16200 12.2 912 1200 32400 1830 1.12 13.1

12.0 # 102 130 29.6 19100 12.2 1080 1420 38300 2150 1.12 11.0

12.5 106 135 28.4 19900 12.1 1120 1470 39700 2230 1.12 10.6

16.0 134 171 22.2 24700 12.0 1390 1850 49300 2770 1.12 8.36

Table 2.8.5.2. Hybox® CHS. Dimensions and properties
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Table 2.8.5.3

EUROCODES CIRCULAR HOLLOW SECTIONS
Hybox® CHS Y \ ‘/ Y
Dimensions and properties t
il
Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Outside Thickness Metre | Section Local of Area | Gyration Per Per
Diameter Buckling Metre Tonne
d t A drt [ [ Wy, Wy It W,

mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
406.4 6.0 # 59.2 75.5 67.7 15100 14.2 745 962 30300 1490 1.28 21.6
6.3 # 62.2 79.2 64.5 15800 14.1 780 1010 31700 1560 1.28 20.6

8.0 78.6 100 50.8 19900 14.1 978 1270 39700 1960 1.28 16.3

10.0 97.8 125 40.6 24500 14.0 1210 1570 49000 2410 1.28 13.1

12.0 # 117 149 33.9 28900 14.0 1420 1870 57900 2850 1.28 11.0

12.5 121 155 325 30000 13.9 1480 1940 60100 2960 1.28 10.5

16.0 154 196 254 37400 13.8 1840 2440 74900 3690 1.28 8.31

457.0 6.0 # 66.7 85.0 76.2 21600 15.9 946 1220 43200 1890 1.44 21.6
6.3 # 70.0 89.2 72.5 22700 15.9 991 1280 45300 1980 1.44 20.6

8.0 88.6 113 57.1 28400 15.9 1250 1610 56900 2490 1.44 16.3

10.0 110 140 45.7 35100 15.8 1540 2000 70200 3070 1.44 13.1

12.0 # 132 168 38.1 41600 15.7 1820 2380 83100 3640 1.44 10.9

12.5 137 175 36.6 43100 15.7 1890 2470 86300 3780 1.44 10.5

16.0 174 222 28.6 54000 15.6 2360 3110 108000 4720 1.44 8.28

508.0 6.0 # 74.3 94.6 84.7 29800 17.7 1170 1510 59600 2350 1.60 21.6
6.3 # 77.9 99.3 80.6 31200 17.7 1230 1590 62500 2460 1.60 20.5

80 # 98.6 126 63.5 39300 17.7 1550 2000 78600 3090 1.60 16.2

10.0 123 156 50.8 48500 17.6 1910 2480 97000 3820 1.60 13.0

12.0 # 147 187 42.3 57500 17.5 2270 2950 115000 4530 1.60 10.9

12.5 153 195 40.6 59800 175 2350 3070 120000 4710 1.60 10.5

16.0 # 194 247 318 74900 17.4 2950 3870 150000 5900 1.60 8.24

Table 2.8.5.3. Hybox® CHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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Table 2.8.6.1

EUROCODES SQUARE HOLLOW SECTIONS
Hybox® SHS
Dimensions and properties
Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A ct @ [ [ Wy, W, It A

mm mm kg/m cm? cm? cm cm? cm3 cm? cm3 m? m?
25x 25 20 # 1.36 1.74 9.50 1.48 0.924 1.19 1.47 2.53 1.80 0.093 68.2
2.5 1.64 2.09 7.00 1.69 0.899 1.35 1.71 2.97 2.07 0.091 55.5

30 x 30 20 # 1.68 2.14 12.0 2.72 1.13 1.81 2.21 4.54 2.75 0.113 67.3
25 # 2.03 2.59 9.00 3.16 1.10 2.10 2.61 5.40 3.20 0.111 54.6

3.0 2.36 3.01 7.00 3.50 1.08 2.34 2.96 6.15 3.58 0.110 46.5

40 x 40 20 # 231 2.94 17.0 6.94 1.54 3.47 4.13 11.3 5.23 0.153 66.4
25 2.82 3.59 13.0 8.22 151 4.11 4.97 13.6 6.21 0.151 53.6

3.0 3.30 4.21 10.3 9.32 1.49 4.66 5.72 15.8 7.07 0.150 455

4.0 4.20 5.35 7.00 111 1.44 5.54 7.01 19.4 8.48 0.146 34.7

50 x 50 25 3.60 4.59 17.0 16.9 1.92 6.78 8.07 275 10.2 0.191 53.1
3.0 4.25 5.41 13.7 19.5 1.90 7.79 9.39 32.1 11.8 0.190 44.8

4.0 5.45 6.95 9.50 23.7 1.85 9.49 11.7 40.4 14.4 0.186 34.0

5.0 6.56 8.36 7.00 27.0 1.80 10.8 13.7 47.5 16.6 0.183 27.8

60 x 60 3.0 5.19 6.61 17.0 35.1 231 11.7 14.0 57.1 17.7 0.230 44.4
4.0 6.71 8.55 12.0 43.6 2.26 14.5 17.6 72.6 22.0 0.226 33.7

5.0 8.13 10.4 9.00 50.5 221 16.8 20.9 86.4 25.6 0.223 274

6.0 # 9.45 12.0 7.00 56.1 2.16 18.7 23.7 98.4 28.6 0.219 23.2

70x 70 3.0 6.13 7.81 20.3 57.5 2.71 16.4 19.4 92.4 24.7 0.270 44.0
35 7.06 8.99 17.0 65.1 2.69 18.6 22.2 106 28.0 0.268 38.1

4.0 7.97 10.1 14.5 72.1 2.67 20.6 24.8 119 311 0.266 335

5.0 9.70 12.4 11.0 84.6 2.62 24.2 29.6 142 36.7 0.263 27.1

6.0 # 11.3 14.4 8.67 95.2 2.57 27.2 33.8 163 41.4 0.259 229

80 x 80 3.0 7.07 9.01 23.7 87.8 3.12 22.0 25.8 140 33.0 0.310 43.7
35 8.16 10.4 19.9 99.8 3.10 25.0 29.5 161 37.6 0.308 37.9

4.0 9.22 11.7 17.0 111 3.07 27.8 33.1 180 41.8 0.306 33.0

5.0 11.3 14.4 13.0 131 3.03 32.9 39.7 218 49.7 0.303 26.9

6.0 13.2 16.8 10.3 149 2.98 37.3 45.8 252 56.6 0.299 22.6

90 x 90 3.0 8.01 10.2 27.0 127 3.53 28.3 33.0 201 42.5 0.350 43.8
35 9.26 11.8 22.7 145 3.51 32.2 37.9 232 48.5 0.348 37.6

4.0 10.5 13.3 19.5 162 3.48 36.0 42.6 261 54.2 0.346 33.0

5.0 12.8 16.4 15.0 193 3.43 42.9 51.4 316 64.7 0.343 26.7

6.0 # 15.1 19.2 12.0 220 3.39 49.0 59.5 368 74.2 0.339 22.4

100 x 100 3.0 8.96 11.4 30.3 177 3.94 354 41.2 279 53.2 0.390 43.7
4.0 11.7 14.9 22.0 226 3.89 45.3 53.3 362 68.1 0.386 32.9

5.0 14.4 18.4 17.0 271 3.84 54.2 64.6 441 81.7 0.383 26.6

6.0 17.0 21.6 13.7 311 3.79 62.3 75.1 514 94.1 0.379 22.3

8.0 21.4 27.2 9.50 366 3.67 73.2 91.1 645 114 0.366 17.1

120 x 120 30 # 10.8 13.8 37.0 312 4.76 52.1 60.2 488 78.2 0.470 43.4
4.0 14.2 18.1 27.0 402 4.71 67.0 78.3 637 101 0.466 32.7

5.0 17.5 22.4 21.0 485 4.66 80.9 95.4 778 122 0.463 26.4

6.0 20.7 26.4 17.0 562 4.61 93.7 112 913 141 0.459 22.1

8.0 26.4 33.6 12.0 677 4.49 113 138 1160 175 0.446 16.9

10.0 31.8 40.6 9.00 777 4.38 129 162 1380 203 0.437 13.7

Table 2.8.6.1. Hybox® SHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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Dimensions and properties

Table 2.8.6.2

Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne
hxh t A cit @ | i Wy, Wy [ W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
140 x 140 4.0 16.8 21.3 32.0 652 5.52 93.1 108 1020 140 0.546 32.6
5.0 20.7 26.4 25.0 791 5.48 113 132 1260 170 0.543 26.2
6.0 24.5 31.2 20.3 920 5.43 131 155 1480 198 0.539 22.0
8.0 31.4 40.0 14.5 1130 5.30 161 194 1900 248 0.526 16.7
10.0 38.1 48.6 11.0 1310 5.20 187 230 2270 291 0.517 13.5
150 x 150 40 # 18.0 229 34.5 808 5.93 108 125 1270 162 0.586 325
5.0 22.3 28.4 27.0 982 5.89 131 153 1550 197 0.583 26.2
6.0 26.4 33.6 22.0 1150 5.84 153 180 1830 230 0.579 21.9
8.0 33.9 43.2 15.8 1410 571 188 226 2360 289 0.566 16.7
10.0 41.3 52.6 12.0 1650 5.61 220 269 2840 341 0.557 13.5
160 x 160 40 # 19.3 24.5 37.0 987 6.34 123 143 1540 185 0.626 325
5.0 23.8 30.4 29.0 1200 6.29 150 175 1900 226 0.623 26.2
6.0 28.3 36.0 23.7 1410 6.25 176 206 2240 264 0.619 21.9
8.0 36.5 46.4 17.0 1740 6.12 218 260 2900 334 0.606 16.6
10.0 44.4 56.6 13.0 2050 6.02 256 311 3490 395 0.597 13.4
180 x 180 5.0 27.0 344 33.0 1740 7.11 193 224 2720 290 0.703 26.1
6.0 32.1 40.8 27.0 2040 7.06 226 264 3220 340 0.699 21.8
6.3 # 33.3 42.4 25.6 2100 7.03 233 273 3380 354 0.693 20.8
8.0 41.5 52.8 19.5 2550 6.94 283 336 4190 432 0.686 16.5
10.0 50.7 64.6 15.0 3020 6.84 335 404 5070 515 0.677 13.3
12.0 # 58.5 74.5 12.0 3320 6.68 369 454 5870 584 0.658 11.3
12.5 60.5 77.0 11.4 3410 6.65 378 467 6050 600 0.656 10.8
200 x 200 5.0 30.1 38.4 37.0 2410 7.93 241 279 3760 362 0.783 26.0
6.0 35.8 45.6 30.3 2830 7.88 283 330 4460 426 0.779 21.7
6.3 # 37.2 47.4 28.7 2920 7.85 292 341 4680 444 0.773 20.7
8.0 46.5 59.2 22.0 3570 7.76 357 421 5820 544 0.766 16.5
10.0 57.0 72.6 17.0 4250 7.65 425 508 7070 651 0.757 13.3
12.0 # 66.0 84.1 13.7 4730 7.50 473 576 8230 743 0.738 11.2
12.5 68.3 87.0 13.0 4860 7.47 486 594 8500 765 0.736 10.7
250 x 250 6.0 45.2 57.6 38.7 5670 9.92 454 524 8840 681 0.979 21.6
6.3 # 47.1 60.0 36.7 5870 9.89 470 544 9290 711 0.973 20.6
8.0 59.1 75.2 28.3 7230 9.80 578 676 11600 878 0.966 16.3
10.0 72.7 92.6 22.0 8710 9.70 697 822 14200 1060 0.957 13.2
12.0 # 84.8 108 17.8 9860 9.55 789 944 16700 1230 0.938 11.1
12.5 88.0 112 17.0 10200 9.52 813 975 17300 1270 0.936 10.7
300 x 300 6.0 54.7 69.6 47.0 9960 12.0 664 764 15400 997 1.18 21.6
6.3 # 57.0 72.6 44.6 10300 11.9 689 795 16200 1040 1.17 20.5
8.0 71.6 91.2 34.5 12800 11.8 853 991 20300 1290 1.17 16.4
10.0 88.4 113 27.0 15500 11.7 1040 1210 25000 1570 1.16 13.1
12.0 # 104 132 22.0 17800 11.6 1180 1400 29500 1830 1.14 11.0
12.5 108 137 21.0 18300 11.6 1220 1450 30600 1890 1.14 10.6

Table 2.8.6.2. Hybox® SHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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SECTION PROPERTIES

COLD FORMED

Table 2.8.6.3

ELUROCODES SQUARE HOLLOW SECTIONS
Hybox® SHS
Dimensions and properties
Cold Formed
Section Mass Area Ratio Second Radius Elastic Plastic Torsional Surface
Designation per of for Moment of Modulus | Modulus Constants Area
Size Thickness Metre | Section Local of Area | Gyration Per Per
Buckling Metre Tonne

hxh t A cit @ [ [ Wy, W, I W,
mm mm kg/m cm? cm? cm cm3 cm3 cm? cm3 m? m?
350 x 350 6.0 # 64.1 81.6 55.3 16000 14.0 915 1050 24700 1370 1.38 215
6.3 # 66.9 85.2 52.6 16600 14.0 951 1090 25900 1440 1.37 20.4
8.0 84.2 107 40.8 20700 13.9 1180 1370 32600 1790 1.37 16.3
10.0 104 133 32.0 25200 13.8 1440 1680 40100 2180 1.36 13.1
12.0 # 123 156 26.2 29100 13.6 1660 1950 47600 2550 1.34 10.9
12.5 127 162 25.0 30000 13.6 1720 2020 49400 2640 1.34 10.5
400 x 400 6.0 # 73.5 93.6 63.7 24100 16.0 1210 1380 37000 1810 1.58 215
6.3 # 76.8 97.8 60.5 25100 16.0 1260 1440 38900 1890 1.57 20.4
8.0 96.7 123 47.0 31300 15.9 1560 1800 48900 2360 1.57 16.2
10.0 120 153 37.0 38200 15.8 1910 2210 60400 2890 1.56 13.0
12.0 # 141 180 30.3 44300 15.7 2220 2590 71800 3400 1.54 10.9
12.5 147 187 29.0 45900 15.7 2290 2680 74600 3520 1.54 10.5

Table 2.8.6.3. Hybox® SHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.7.1
BS EN 10219-2: 2006 b
UK SECTION PROPERTIES |‘T'*|
EUROCODES COLD FORMED 4 ¢
RECTANGULAR HOLLOW SECTIONS [ |
Hybox® RHS "|Y T !
Dimensions and properties ¥
Z
Cold Formed
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis | Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-z y-y z-z Metre | Tonne
hxb A ¢, ft 1) cft (1) It w,
mm mm kgim [ cm? cm? em* [em [ em | emd | emd | cmd [ cm3 | cm? cm3 m? m?
50 x 25 20 # 215 | 2.74 22.0 9.50 8.38 281 | 175(1.01|335|225 (426|262 7.06 3.92 [0.143| 66.5
2.5 262 | 334 17.0 7.00 9.89 328 | 172 (0991|395 | 2.62 | 511|312 | 8.43 4.60 |0.141 | 53.9
3.0 3.07 | 391 13.7 5.33 11.2 3.67 | 1.69 [0.969] 4.47 | 2.93 | 5.86 | 3.56 | 9.64 5.18 |[0.140 | 45.6
50 x 30 20 # 2.31 2.94 22.0 12.0 9.54 4.29 1.80 | 1.21 | 3.81 | 2.86 | 4.74 | 3.33 9.77 4.84 0.153 | 66.4
2.5 2.82 | 3.59 17.0 9.00 11.3 505 | 177 [ 1.19 | 452 | 3.37 | 5,70 | 3.98 | 11.7 572 |[0.151| 53.6
3.0 330 | 421 13.7 7.00 12.8 570 | 175 1.16 | 5.13 | 3.80 | 6.57 | 458 | 13.5 6.49 | 0.150 | 45.5
4.0 4.20 5.35 9.50 4.50 15.3 6.69 1.69 | 1.12 | 6.10 | 4.46 | 8.05 | 5.58 16.5 7.71 0.146 | 34.7
60 x 40 25 # 3.60 4.59 21.0 13.0 221 11.7 219|160 | 7.36 | 5.87 | 9.06 | 6.84 25.1 9.72 0.191 | 53.1
3.0 425 | 541 17.0 10.3 254 134 (217 | 158 | 8.46 | 6.72 | 105 | 7.94 | 29.3 11.2 [ 0.190 | 44.8
4.0 545 | 6.95 12.0 7.00 31.0 16.3 (211|153 | 103 (814|132 (989 | 36.7 13.7 | 0.186 | 34.0
5.0 6.56 | 8.36 9.00 5.00 35.3 184 |(2.06 | 148|118 (9.21 | 154 | 115 | 428 156 |[0.183| 27.8
70 x 40 3.0 472 | 6.01 20.3 10.3 37.3 155 (249 | 161|107 [ 7.75| 134 [ 9.05 | 36.5 13.2 | 0.210 | 445
4.0 6.08 | 7.75 14.5 7.00 46.0 189 (244 | 156|131 (944|168 | 11.3 | 458 16.2 | 0.206 | 33.8
5.0 7.34 | 9.36 11.0 5.00 52.9 215 (238|152 | 151 (10.8 | 19.8 | 13.3 | 53.8 18.7 | 0.203 | 27.6
70 x 50 3.0 # 519 | 6.61 20.3 13.7 441 26.1 | 258 (199|126 | 104 | 154 | 122 | 53.6 17.1 | 0.230 | 44.4
4.0 6.71 | 8.55 14.5 9.50 54.7 322 | 253 (194|156 (129|195 | 154 | 68.1 21.2 [0.226 | 33.7
5.0 8.13 | 104 11.0 7.00 63.5 37.2 | 248 (190 | 181|149 | 231|182 80.8 246 (0223 274
80 x 40 3.0 5.19 6.61 23.7 10.3 52.3 17.6 281|163 ]131|878 | 16.5| 10.2 43.9 15.3 0.230 | 44.4
4.0 6.71 | 8.55 17.0 7.00 64.8 215 (275|159 | 16.2 | 10.7 | 209 | 12.8 | 55.2 18.8 | 0.226 | 33.7
5.0 8.13 | 104 13.0 5.00 75.1 246 (269 | 154|188 (123|247 (150 | 650 21.7 (0223 | 274
80 x 50 3.0 5.66 7.21 23.7 13.7 61.1 29.4 2911202 ]153|11.8 | 18.8 | 13.6 65.0 19.7 0.250 | 44.3
4.0 7.34 | 9.35 17.0 9.50 76.4 36,5 | 286 (1.98|19.1|14.6 | 240 | 17.2 | 827 246 |[0.246 | 335
5.0 8.91 11.4 13.0 7.00 89.2 42.3 2.80 | 1.93 | 22.3 | 16.9 | 28.5 | 20.5 98.4 28.7 0.243 | 27.2
80 x 60 3.0 6.13 7.81 23.7 17.0 70.0 44.9 3.00 | 240 | 175|150 | 21.2 | 174 88.3 24.1 0.270 | 44.0
3.5 7.06 | 8.99 19.9 14.1 79.3 50.7 | 297 [ 237198 |16.9 | 24.1 | 19.8 101 27.3 [0.268| 38.1
4.0 7.97 10.1 17.0 12.0 87.9 56.1 | 294 |235]|220(18.7|27.0| 221 113 30.3 [ 0.266 | 335
5.0 9.70 12.4 13.0 9.00 103 65.7 289 (231258219322 264 136 35.7 0.263 | 27.1
90 x 50 30 # 6.13 7.81 27.0 13.7 81.9 32.7 3.24 | 205 18.2 | 13.1 | 22.6 | 15.0 76.7 22.4 0.270 | 44.0
40 # 7.97 10.1 19.5 9.50 103 40.7 |3.18 [ 2.00 | 22.8 | 16.3 | 28.8 | 19.1 | 97.7 28.0 [0.266 | 335
5.0 9.70 12.4 15.0 7.00 121 47.4 312|196 | 26.8 | 189 | 344 | 22.7 116 32.7 0.263 | 27.1

Table 2.8.7.1. Hybox® RHS. Dimensions and properties
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BS EN 1993-1-1: 2005 Table 2.8.7.2
BS EN 10219-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES COLD FORMED 4 i
RECTANGULAR HOLLOW SECTIONS Lo
Hybox® RHS "y __.__ 4
Dimensions and properties )
Z
Cold Formed
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t ) ¢/t ) [ W,
mm mm kg/m | cm? cm? em? | em | em [emd [ cmd | cmd | em3 | cm* cm?3 m? m?
100 x 40 3.0 6.13 7.81 30.3 10.3 92.3 21.7 344 | 1.67 | 185 | 10.8 | 23.7 | 12.4 59.0 19.4 0.270 | 44.0
4.0 7.97 10.1 22.0 7.00 116 26.7 (338 162|231 (133|303 (157 | 745 240 [0.266 | 335
50 # 9.70 12.4 17.0 5.00 136 30.8 331|158 (271|154 | 36.1| 185 87.9 27.9 0.263 | 27.1
100 x 50 3.0 6.60 | 8.41 30.3 13.7 106 36.1 | 356 (207|213 |14.4|26.7|16.4| 88.6 250 [0.290| 44.1
4.0 8.59 | 10.9 22.0 9.50 134 449 | 350 (203 ] 26.8(18.0 [ 34.120.9 113 31.3 [0.286| 33.2
5.0 105 | 134 17.0 7.00 158 525 | 3.44 | 1.98 | 31.6 | 21.0 | 40.8 | 25.0 135 36.8 [0.283| 27.0
6.0 12.3 15.6 13.7 5.33 179 58.7 3.38 | 194 | 35.8 | 23.5 | 46.9 | 28.5 154 41.4 0.279 | 22.7
100 x 60 3.0 7.07 | 9.01 30.3 17.0 121 546 | 3.66 [ 246 | 24.1 | 18.2 | 29.6 | 20.8 122 30.6 |0.310 | 43.7
3.5 8.16 | 10.4 25.6 14.1 137 619 |[3.63|244|27.4| 206|338 238 139 34.8 [0.308 | 37.9
4.0 9.22 11.7 22.0 12.0 153 68.7 | 3.60 | 2.42 | 30.5 | 22.9 | 37.9 | 26.6 156 38.7 [0.306 | 33.0
5.0 11.3 | 144 17.0 9.00 181 80.8 | 3.55 237|362 (269|456 | 319 188 458 |0.303 | 26.9
6.0 13.2 16.8 13.7 7.00 205 91.2 349 | 233 | 41.1 | 30.4 | 52.5 | 36.6 216 51.9 0.299 | 22.6
100 x 80 3.0 # 8.01 10.2 30.3 23.7 149 106 3.82 322|298 |26.4 (354|304 196 41.9 |0.350 | 43.8
4.0 105 | 133 22.0 17.0 189 134 | 3.77 | 3.17 [ 37.9 | 33.5 | 45.6 | 39.2 254 53.4 [0.346 | 33.0
5.0 12.8 | 16.4 17.0 13.0 226 160 372|312 | 452 | 39.9 | 55.1 | 47.2 308 63.7 [0.343| 26.7
6.0 15.1 19.2 13.7 10.3 258 182 3.67 | 3.08 | 51.7 | 45.5 | 63.8 | 54.7 357 73.0 0.339 | 22.4
120 x 40 30 # 7.07 | 9.01 37.0 10.3 148 258 |[4.05| 169|247 (129|322 | 146 | 746 235 |[0.310| 43.7

40 # 9.22 11.7 27.0 7.00 187 31.9 399 | 165|311 (159|412 | 185 | 94.2 29.2 |0.306 | 33.0
50 # 11.3 14.4 21.0 5.00 221 36.9 3.92 | 1.60 | 36.8 | 18,5 | 49.4 | 22.0 111 34.1 | 0.303 | 26.9

120 x 60 3.0 8.01 10.2 37.0 17.0 189 644 | 430|251 |315]215|39.2|242 156 37.1 |[0.350 | 43.8
35 9.26 11.8 313 14.1 216 73.1 428 | 249 | 35.9 | 24.4 | 449 | 27.7 179 42,2 (0.348 | 37.6
4.0 10.5 13.3 27.0 12.0 241 81.2 425|247 | 40.1 | 27.1 | 50.5 | 31.1 201 47.0 |[0.346 | 33.0
5.0 12.8 16.4 21.0 9.00 287 96.0 | 4.19 | 242 | 478 | 32.0 | 60.9 | 37.4 242 56.8 | 0.343 | 26.7
6.0 15.1 19.2 17.0 7.00 328 109 413 | 2.38 | 54.7 | 36.3 | 70.6 | 43.1 280 63.6 | 0.339 | 22.4
120 x 80 3.0 8.96 11.4 37.0 23.7 230 123 449 | 3.29 | 38.4 | 30.9 | 46.2 | 35.0 255 50.8 | 0.390 | 43.7
4.0 11.7 14.9 27.0 17.0 295 157 444 | 3.24 1 49.1 | 39.3 | 59.8 | 45.2 331 64.9 | 0.386 | 32.9
5.0 14.4 18.4 21.0 13.0 353 188 439 | 3.20 | 58.9 | 46.9 | 72.4 | 54.7 402 77.8 |0.383 | 26.6
6.0 17.0 21.6 17.0 10.3 406 215 433 | 3.15 | 67.7 | 53.8 | 84.3 | 63.5 469 89.4 | 0.379 | 22.3
8.0 214 27.2 12.0 7.00 476 252 4.18 | 3.04 | 79.3 | 62.9 | 102 | 76.9 584 108 0.366 | 17.1
140 x 80 3.0 # 9.90 12.6 43.7 23.7 334 141 515 3.35 | 47.8 [ 35.3 | 58.2 | 39.6 317 59.7 |[0.430 | 43.4
4.0 13.0 16.5 32.0 17.0 430 180 5.10 | 3.30 | 61.4 | 45.1 | 75.5 | 51.3 412 76.5 | 0.426 | 32.8
50 # 16.0 20.4 25.0 13.0 517 216 5.04 | 3.26 | 73.9 | 54.0 | 91.8 | 62.2 501 91.8 | 0.423 | 26.5
6.0 18.9 24.0 20.3 10.3 597 248 498 | 3.21 | 85.3 | 62.0 | 107 | 72.4 584 106 0.419 | 22.2
8.0 23.9 30.4 14.5 7.00 708 293 4821310 | 101 | 73.3 | 131 | 88.4 731 129 0.406 | 17.0
10.0 28.7 36.6 11.0 5.00 804 330 469 | 3.01 | 115 | 82.6 | 152 | 103 851 147 0.397 | 13.8

Table 2.8.7.2. Hybox® RHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.8.7.3
BS EN 10219-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES COLD FORMED 4 i
RECTANGULAR HOLLOW SECTIONS Lo -
Hybox® RHS "y __.__ 4
Dimensions and properties )
Z
Cold Formed
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
150 x 100 30 # 11.3 14.4 47.0 30.3 461 248 565 | 4.15 | 61.4 | 495 | 73.5 | 55.8 507 81.4 0.490 | 43.3
4.0 149 | 18.9 34.5 22.0 595 319 560 | 410 | 79.3 | 63.7 | 95.7 | 725 | 662 105 | 0.486 | 32.7
5.0 18.3 | 234 27.0 17.0 719 384 |555| 405|959 (76.8| 117 | 88.3 809 127 | 0.483 | 26.3
6.0 21.7 27.6 22.0 13.7 835 444 5.50 | 4.01 | 111 | 88.8 | 137 | 103 948 147 0.479 | 22.1
8.0 277 | 35.2 15.8 9.50 1010 536 535|390 | 134 | 107 | 169 | 128 | 1210 182 | 0.466 | 16.8
10.0 334 42.6 12.0 7.00 1160 614 5.22 | 3.80 | 155 | 123 | 199 | 150 1430 211 0.457 | 13.7
160 x 80 3.0 # 10.8 | 13.8 50.3 23.7 464 159 580 | 3.39 | 58.0 | 39.8 | 71.4 | 44.3 380 68.6 |0.470 | 43.4
4.0 14.2 18.1 37.0 17.0 598 204 | 574|335 (747|509 (929|574 | 494 88.0 | 0.466 | 32.7
5.0 175 | 224 29.0 13.0 722 244 | 568|330 [90.2|61.0| 113 | 69.7 601 106 | 0.463 | 26.4
6.0 20.7 | 26.4 23.7 10.3 836 281 562 | 3.26 | 105 | 70.2 | 132 | 81.3 702 122 | 0459 | 22.1
8.0 26.4 | 33.6 17.0 7.00 1000 335 5.46 | 3.16 | 125 | 83.7 | 163 | 100 882 150 | 0.446 | 16.9
10.0 # 31.8 40.6 13.0 5.00 1150 380 532 | 3.06 | 143 | 95.0 | 191 | 117 1030 172 0.437 | 13.7
180 x 80 3.0 11.8 | 15.0 57.0 23.7 621 177 6.43 | 3.43 | 69.0 | 44.2 | 85.8 | 48.9 | 445 775 [0.510| 433
4.0 155 | 19.7 42.0 17.0 802 227 6.37 | 3.39 | 89.1 | 56.7 | 112 | 63.5 | 578 99.6 | 0.506 | 32.6
5.0 19.1 | 244 33.0 13.0 971 272 6.31 | 3.34 | 108 | 68.1 | 137 | 77.2 704 120 | 0.503 | 26.3
6.0 # 226 | 288 27.0 10.3 1130 314 |6.25]3.30 | 125 | 78.5 | 160 | 90.2 823 139 | 0.499 | 22.1
8.0 289 | 36.8 19.5 7.00 1360 377 6.08 | 3.20 | 151 | 94.1 | 198 | 111 | 1040 170 | 0.486 | 16.8

10.0 # 35.0 44.6 15.0 5.00 1570 429 594 | 3.10 | 174 | 107 | 234 | 131 1210 196 0.477 | 13.6

180 x 100 4.0 # 16.8 21.3 42.0 22.0 926 374 6.59 | 4.18 | 103 | 74.8 | 126 | 84.0 854 127 0.546 | 32.6

5.0 20.7 26.4 33.0 17.0 1120 452 6.53 | 4.14 | 125 | 90.4 | 154 | 103 1050 154 0.543 | 26.2
6.0 245 31.2 27.0 13.7 1310 524 6.48 | 410 | 146 | 105 | 181 | 120 1230 179 0.539 | 22.0
8.0 31.4 40.0 19.5 9.50 1600 637 6.32 | 3.99 | 178 | 127 | 226 | 150 1570 222 0.526 | 16.7
10.0 38.1 48.6 15.0 7.00 1860 736 6.19 | 3.89 | 207 | 147 | 268 | 177 1860 260 0.517 | 135
200 x 100 4.0 18.0 22.9 47.0 22.0 1200 411 7.23 1423 | 120 | 82.2 | 148 | 91.7 985 142 0.586 | 32.5
5.0 22.3 28.4 37.0 17.0 1460 497 7.17 | 419 | 146 | 99.4 | 181 | 112 1210 172 0.583 | 26.2
6.0 26.4 33.6 30.3 13.7 1700 577 7.12 | 414 | 170 | 115 | 213 | 132 1420 200 0.579 | 21.9
8.0 33.9 43.2 22.0 9.50 2090 705 6.95 | 4.04 | 209 | 141 | 267 | 165 1810 250 0.566 | 16.7
10.0 41.3 52.6 17.0 7.00 2440 818 6.82 | 3.94 | 244 | 164 | 318 | 195 2150 292 0.557 | 135
200 x 120 4.0 19.3 24.5 47.0 27.0 1350 618 743 15.02 | 135 | 103 | 164 | 115 1350 172 0.626 | 32.5
5.0 23.8 30.4 37.0 21.0 1650 750 7.37 | 497 | 165 | 125 | 201 | 141 1650 210 0.623 | 26.2
6.0 28.3 36.0 30.3 17.0 1930 874 7.32 | 493 | 193 | 146 | 237 | 166 1950 245 0.619 | 21.9
8.0 36.5 46.4 22.0 12.0 2390 1080 | 7.17 | 4.82 | 239 | 180 | 298 | 209 2510 308 0.606 | 16.6
10.0 44.4 56.6 17.0 9.00 2810 1260 | 7.04 | 4.72 | 281 | 210 | 356 | 250 3010 364 0.597 | 134

200 x 150 40 # 21.2 26.9 47.0 34.5 1580 1020 | 7.67 | 6.16 | 158 | 136 | 187 | 154 1940 219 0.686 | 32.4
50 # 26.2 33.4 37.0 27.0 1940 1250 | 7.62 | 6.11 | 193 | 166 | 230 | 189 2390 267 0.683 | 26.1

6.0 311 39.6 30.3 22.0 2270 1460 | 7.56 | 6.06 | 227 | 194 | 271 | 223 2830 313 0.679 | 21.8
8.0 40.2 51.2 22.0 15.8 2830 1820 | 7.43 | 5.95 | 283 | 242 | 344 | 283 3670 396 0.666 | 16.6
10.0 49.1 62.6 17.0 12.0 3350 2140 | 7.31 | 585 | 335 | 286 | 413 | 339 4430 471 0.657 | 13.4

Table 2.8.7.3. Hybox® RHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-1: 2005 Table 2.8.7.4
BS EN 10219-2: 2006 b
UK SECTION PROPERTIES |"T"|
EUROCODES COLD FORMED 4 i
RECTANGULAR HOLLOW SECTIONS Lo -
Hybox® RHS "y __.__ 4
Dimensions and properties )
Z
Cold Formed
Section Mass | Area Ratios for Second Moment | Radius of Elastic Plastic Torsional Surface
Designation per of Local Buckling of Area Gyration Modulus Modulus Constants Area
Size Thickness | Metre | Section Axis Axis Axis | Axis | Axis | Axis | Axis | Axis Per Per
y-y z-z y-y z-z y-y z-Z y-y z-Z Metre | Tonne
hxb A ¢t 1) cft 1) It W,
mm mm kg/m [ cm? cm* cm* [em [ cm | emd | emd | ocmd [ cmd [ cm? cmd m?2 m?
250 x 150 5.0 30.1 38.4 47.0 27.0 3300 1510 | 9.28 | 6.27 | 264 | 201 | 320 | 225 3290 337 0.783 | 26.0
6.0 35.8 | 45.6 38.7 22.0 3890 1770 | 9.23 | 6.23 | 311 | 236 | 378 | 266 | 3890 396 |[0.779 | 21.7
6.3 # 37.2 | 474 36.7 20.8 4000 1830 | 9.18 | 6.20 | 320 | 243 | 391 | 276 | 4080 412 | 0.773 | 20.7
8.0 46.5 | 59.2 28.3 15.8 4890 2220 | 9.08 | 6.12 | 391 | 296 | 482 | 340 | 5050 504 | 0.766 | 16.5
10.0 57.0 | 72.6 22.0 12.0 5830 2630 | 8.96 | 6.02 | 466 | 351 | 582 | 409 | 6120 602 |[0.757 | 13.3
12.0 66.0 | 84.1 17.8 9.50 6460 2930 | 8.77 | 5.90 | 517 | 390 | 658 | 463 | 7090 684 |[0.738 | 11.2
12.5 68.3 87.0 17.0 9.00 6630 3000 | 873|587 | 531 | 400 | 678 | 477 7320 704 0.736 | 10.7
300 x 100 8.0 46.5 | 59.2 345 9.50 5980 1050 | 10.0 [ 4.20 | 399 | 209 | 523 | 238 | 3080 385 | 0.766 | 16.5
10.0 57.0 72.6 27.0 7.00 7110 1220 | 9.90 | 4.11 | 474 | 245 | 631 | 285 3680 455 0.757 | 13.3
300 x 200 6.0 452 | 57.6 47.0 30.3 7370 3960 | 11.3 | 8.29 | 491 | 396 | 588 | 446 | 8120 651 |[0.979 | 21.6
6.3 # 47.1 | 60.0 44.6 28.7 7620 4100 | 11.3 | 8.27 | 508 | 410 | 610 | 463 | 8520 680 [ 0.973 | 20.6
8.0 59.1 | 75.2 34.5 22.0 9390 5040 | 11.2 | 8.19 | 626 | 504 | 757 | 574 | 10600 838 | 0.966 | 16.3
10.0 727 | 92.6 27.0 17.0 | 11300 | 6060 | 11.1 | 8.09 | 754 | 606 | 921 | 698 | 13000 [ 1010 | 0.957 | 13.2
12.0 # 84.8 108 22.0 13.7 | 12800 | 6850 | 10.9 | 7.96 | 853 | 685 | 1060 [ 801 | 15200 [ 1170 | 0.938 | 11.1
12.5 88.0 112 21.0 13.0 13200 7060 10.8 | 7.94 | 879 | 706 | 1090 | 828 | 15800 1200 | 0.936 | 10.7

400 x 200 6.0 # 54.7 69.6 63.7 30.3 14800 | 5090 | 14.6 | 855 739 | 509 | 906 | 562 | 12100 877 1.18 | 21.6
6.3 # 57.0 72.6 60.5 28.7 15300 | 5290 | 14.5| 853 | 766 | 529 | 942 | 585 | 12700 916 1.17 | 205

8.0 71.6 91.2 47.0 22.0 19000 6520 | 14.4 | 8.45 | 949 | 652 [ 1170 | 728 | 15800 1130 117 | 16.4
10.0 88.4 113 37.0 17.0 23000 | 7860 | 14.3 | 8.36 | 1150 | 786 | 1430 | 888 | 19400 1370 1.16 | 131
12.0 # 104 132 30.3 13.7 26200 | 8980 | 14.1 | 8.24 | 1310 | 898 | 1660 | 1030 | 22800 1590 1.14 | 11.0
12.5 108 137 29.0 13.0 27100 | 9260 | 14.1 | 8.22 | 1360 | 926 | 1710 | 1060 | 23600 1640 1.14 | 10.6
450 x 250 6.0 # 64.1 81.6 72.0 38.7 22700 9250 | 16.7 | 10.6 | 1010 | 740 [ 1220 | 817 | 20700 1250 138 | 215
6.3 # 66.9 85.2 68.4 36.7 23600 | 9620 | 16.6 | 10.6 [ 1050 | 769 | 1270 | 851 | 21700 1310 1.37 | 204
8.0 # 84.2 107 53.3 28.3 29300 | 11900 | 16.5 | 10.5 | 1300 | 953 | 1590 | 1060 | 27200 1630 1.37 | 16.3
10.0 # 104 133 42.0 22.0 35700 | 14500 | 16.4 | 10.4 | 1590 | 1160 | 1950 | 1300 | 33500 1980 1.36 | 131
12.0 # 123 156 34.5 17.8 | 41100 | 16700 | 16.2 | 10.3 | 1830 | 1330 | 2260 | 1520 [ 39600 2310 1.34 | 10.9
125 # 127 162 33.0 17.0 | 42500 | 17200 | 16.2 | 10.3 | 1890 | 1380 | 2350 | 1570 | 41100 2390 134 | 105
500 x 300 6.0 # 73.5 93.6 80.3 47.0 33000 | 15200 | 18.8 | 12.7 | 1320 | 1010 | 1580 | 1120 | 32400 1690 158 | 215
6.3 # 76.8 97.8 76.4 44.6 34300 | 15800 | 18.7 | 12.7 | 1370 | 1050 | 1650 | 1170 | 34100 1770 157 | 204
8.0 # 96.7 123 59.5 345 | 42800 | 19600 | 18.6 | 12.6 | 1710 | 1310 | 2060 | 1460 | 42800 2200 1.57 | 16.2
10.0 # 120 153 47.0 27.0 52300 | 23900 | 18.5 | 12.5 | 2090 | 1600 | 2540 | 1790 | 52700 2690 1.56 | 13.0
12.0 # 141 180 38.7 22.0 60600 | 27700 | 18.3 | 12.4 | 2420 | 1850 | 2960 | 2090 | 62600 3160 1.54 | 10.9
125 # 147 187 37.0 21.0 62700 | 28700 | 18.3 | 12.4 | 2510 | 1910 | 3070 | 2170 | 65000 3270 154 | 105

Table 2.8.7.4. Hybox® RHS. Dimensions and properties
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005

BS EN ISO 4016
BS EN 150 4016 BOLT RESISTANCES
U K NON-PRELOADED BOLTS
Class 4.6 Countersunk Bolts
EUROCODES
S275
C-305
Table 2.14.4.1
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d A FiRd Furd 2xF,rd L
mm mm? kN kN kN mm
12 84.3 17.0 13.8 27.5 1.5
16 157 31.7 30.1 60.3 2.2
20 245 49.4 47.0 94.1 2.7
24 353 71.2 67.8 136 3.3
30 561 113 108 215 4.1

Table 2.14.4.1. Bolt Resistances.
Non-preloaded Class 4.6 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.4.2
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ]
Distance | Distance Pitch Gauge
d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 10.3 155 20.7 259 | 31.0 36.2 46.6 62.1 87.9 114 140
16 25 35 50 50 6.81 13.6 20.4 27.2 34.0 40.8 545 | 74.9 109 143 177
20 30 40 60 60 0 8.42 16.8 25.3 33.7 42.1 58.9 84.2 126 168 211
24 35 50 70 70 0 0 10.0 20.0 30.1 40.1 60.1 90.2 140 190 241
30 45 60 85 90 0 0 0 6.32 18.9 31.6 56.8 94.7 158 221 284

Table 2.14.4.1. Bolt Resistances.
Non-preloaded Class 4.6 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 8.8 Countersunk Bolts
EUROCODES
S275
C-306
Table 2.14.4.3
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 34.0 27.5 55.0 3.0
16 157 63.3 60.3 121 4.4
20 245 98.8 94.1 188 55
24 353 142 136 271 6.6
30 561 226 215 431 8.1

Table 2.14.4.5. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.4.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge
d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 10.3 15.5 20.7 25.9 31.0 36.2 46.6 | 62.1 87.9 114 140
16 25 35 50 50 6.81 13.6 20.4 27.2 34.0 40.8 54.5 74.9 109 143 177
20 30 40 60 60 0 8.42 16.8 25.3 33.7 42.1 58.9 84.2 126 168 211
24 35 50 70 70 0 0 10.0 20.0 30.1 40.1 60.1 90.2 140 190 241
30 45 60 85 90 0 0 0 6.32 18.9 31.6 56.8 94.7 158 221 284

Table 2.14.4.4. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.4.5
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 45 55 45 19.7 29.5 39.4 | 49.2 | 59.0 68.9 88.6 118 167 216 266
16 30 55 70 55 13.1 26.2 39.4 52.5 65.6 78.7 105 144 210 276 341
20 35 70 85 70 0 16.4 32.8 49.2 65.6 82.0 115 164 246 328 410
24 40 80 100 80 0 0 19.7 39.4 59.0 78.7 118 177 276 374 472
30 50 100 125 100 0 0 0 12.3 36.9 61.5 111 185 308 431 554

Table 2.14.4.4. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 10.9 Countersunk Bolts
EUROCODES
S275
C-307
Table 2.14.4.6
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 42.5 28.7 57.3 3.7
16 157 79.1 62.8 126 55
20 245 123 98.0 196 6.9
24 353 178 141 282 8.2
30 561 283 224 449 10.2

Table 2.14.4.8. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.4.7
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge

d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 10.3 15.5 20.7 25.9 31.0 36.2 46.6 | 62.1 87.9 114 140
16 25 35 50 50 6.81 13.6 20.4 27.2 34.0 40.8 54.5 74.9 109 143 177
20 30 40 60 60 0 8.42 16.8 25.3 33.7 42.1 58.9 84.2 126 168 211
24 35 50 70 70 0 0 10.0 20.0 30.1 40.1 60.1 90.2 140 190 241
30 45 60 85 90 0 0 0 6.32 18.9 31.6 56.8 94.7 158 221 284

Table 2.14.4.7. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.4.8
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 45 55 45 19.7 29.5 39.4 | 49.2 | 59.0 68.9 88.6 118 167 216 266
16 30 55 70 55 13.1 26.2 39.4 52.5 65.6 78.7 105 144 210 276 341
20 35 70 85 70 0 16.4 32.8 49.2 65.6 82.0 115 164 246 328 410
24 40 80 100 80 0 0 19.7 39.4 59.0 78.7 118 177 276 374 472
30 50 100 125 100 0 0 0 12.3 36.9 61.5 111 185 308 431 554

Table 2.14.4.7. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4016

BS EN 150 4016 BOLT RESISTANCES
U K NON-PRELOADED BOLTS
Class 4.6 Countersunk Bolts
EUROCODES
S355
D-305
Table 2.14.3.1
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d A FiRd Furd 2xF,rd L
mm mm? kN kN kN mm
12 84.3 17.0 13.8 27.5 1.3
16 157 31.7 30.1 60.3 19
20 245 49.4 47.0 94.1 2.4
24 353 71.2 67.8 136 2.9
30 561 113 108 215 3.6

Table 2.14.3.1. Bolt Resistances.
Non-preloaded Class 4.6 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.3.2
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ]
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 11.9 17.8 23.7 | 29.7 35.6 41.5 53.4 71.2 101 130 160
16 25 35 50 50 7.80 15.6 23.4 31.2 39.0 46.8 | 62.4 85.8 125 164 203
20 30 40 60 60 0 9.65 19.3 29.0 38.6 48.3 67.6 | 96.5 145 193 241
24 35 50 70 70 0 0 115 23.0 34.5 46.0 68.9 103 161 218 276
30 45 60 85 90 0 0 0 7.24 21.7 36.2 65.2 109 181 253 326

Table 2.14.3.1. Bolt Resistances.
Non-preloaded Class 4.6 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 8.8 Countersunk Bolts
EUROCODES
S355
D-306
Table 2.14.3.3
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 34.0 27.5 55.0 2.6
16 157 63.3 60.3 121 3.9
20 245 98.8 94.1 188 4.8
24 353 142 136 271 5.7
30 561 226 215 431 7.1

Table 2.14.3.5. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.3.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge

d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 11.9 17.8 23.7 29.7 35.6 41.5 53.4 | 71.2 101 130 160
16 25 35 50 50 7.80 15.6 23.4 31.2 39.0 46.8 62.4 85.8 125 164 203
20 30 40 60 60 0 9.65 19.3 29.0 38.6 48.3 67.6 96.5 145 193 241
24 35 50 70 70 0 0 115 23.0 34.5 46.0 68.9 103 161 218 276
30 45 60 85 90 0 0 0 7.24 21.7 36.2 65.2 109 181 253 326

Table 2.14.3.4. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.3.5
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 45 55 45 22.6 33.8 45.1 56.4 67.7 79.0 102 135 192 248 305
16 30 55 70 55 15.0 30.1 45.1 60.2 75.2 90.2 120 165 241 316 391
20 35 70 85 70 0 18.8 37.6 56.4 75.2 94.0 132 188 282 376 470
24 40 80 100 80 0 0 22.6 45.1 67.7 90.2 135 203 316 429 541
30 50 100 125 100 0 0 0 14.1 42.3 70.5 127 212 353 494 635

Table 2.14.3.4. Bolt Resistances.
Non-preloaded Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005

BS EN ISO 4014
U K NON-PRELOADED BOLTS
Class 10.9 Countersunk Bolts
EUROCODES
S355
D-307
Table 2.14.3.6
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 42.5 28.7 57.3 3.2
16 157 79.1 62.8 126 4.8
20 245 123 98.0 196 6.0
24 353 178 141 282 7.2
30 561 283 224 449 8.9

Table 2.14.3.8. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.3.7
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge
d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 11.9 17.8 23.7 29.7 35.6 41.5 53.4 | 71.2 101 130 160
16 25 35 50 50 7.80 15.6 23.4 31.2 39.0 46.8 62.4 85.8 125 164 203
20 30 40 60 60 0 9.65 19.3 29.0 38.6 48.3 67.6 96.5 145 193 241
24 35 50 70 70 0 0 115 23.0 34.5 46.0 68.9 103 161 218 276
30 45 60 85 90 0 0 0 7.24 21.7 36.2 65.2 109 181 253 326

Table 2.14.3.7. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.3.8
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 45 55 45 22.6 33.8 45.1 56.4 67.7 79.0 102 135 192 248 305
16 30 55 70 55 15.0 30.1 45.1 60.2 75.2 90.2 120 165 241 316 391
20 35 70 85 70 0 18.8 37.6 56.4 75.2 94.0 132 188 282 376 470
24 40 80 100 80 0 0 22.6 45.1 67.7 90.2 135 203 316 429 541
30 50 100 125 100 0 0 0 14.1 42.3 70.5 127 212 353 494 635

Table 2.14.3.7. Bolt Resistances.
Non-preloaded Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4016

BS EN 150 4016 BOLT RESISTANCES
U K NON-PRELOADED BOLTS
Class 4.6 Hexagon Head Bolts
EUROCODES g
S275
C-302
Table 2.14.2.1
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d A FiRd Furd 2xF,rd L
mm mm? kN kN kN mm
12 84.3 24.3 13.8 27.5 2.1
16 157 45.2 30.1 60.3 3.2
20 245 70.6 47.0 94.1 3.9
24 353 102 67.8 136 4.7
30 561 162 108 215 5.8

Table 2.14.2.1. Bolt Resistances.
Non-preloaded Class 4.6 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.2.2
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ]
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 259 | 31.0 36.2 41.4 46.6 51.7 62.1 77.6 103 129 155
16 25 35 50 50 34.0 40.8 47.7 545 | 61.3 68.1 81.7 102 136 170 204
20 30 40 60 60 42.1 50.5 58.9 67.4 75.8 84.2 101 126 168 211 253
24 35 50 70 70 50.1 60.1 70.2 80.2 90.2 100 120 150 200 251 301
30 45 60 85 90 63.2 75.8 88.4 101 114 126 152 189 253 316 379

Table 2.14.2.1. Bolt Resistances.
Non-preloaded Class 4.6 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 8.8 Hexagon Head Bolts
EUROCODES 9
S275
C-303
Table 2.14.2.3
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 48.6 27.5 55.0 4.3
16 157 90.4 60.3 121 6.3
20 245 141 94.1 188 7.8
24 353 203 136 271 9.4
30 561 323 215 431 11.6

Table 2.14.2.5. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.2.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge

d € € Py P2 Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 25.9 31.0 36.2 41.4 46.6 51.7 62.1 77.6 103 129 155
16 25 35 50 50 34.0 40.8 47.7 54.5 61.3 68.1 81.7 102 136 170 204
20 30 40 60 60 42.1 50.5 58.9 67.4 75.8 84.2 101 126 168 211 253
24 35 50 70 70 50.1 60.1 70.2 80.2 90.2 100 120 150 200 251 301
30 45 60 85 90 63.2 75.8 88.4 101 114 126 152 189 253 316 379

Table 2.14.2.4. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.2.5
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 40 50 45 42.2 50.6 59.0 67.5 75.9 84.3 101 127 169 211 253
16 30 50 65 55 58.3 70.0 81.6 93.3 105 117 140 175 233 292 350
20 35 60 80 70 74.5 89.5 104 119 134 149 179 224 298 373 447
24 40 75 95 80 90.8 109 127 145 163 182 218 272 363 454 545
30 50 90 115 100 112 134 157 179 201 224 268 335 447 559 671

Table 2.14.2.4. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005

BS EN ISO 4014
U K NON-PRELOADED BOLTS
Class 10.9 Hexagon Head Bolts
EUROCODES 9
S275
C-304
Table 2.14.2.6
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 60.7 28.7 57.3 5.3
16 157 113 62.8 126 7.9
20 245 176 98.0 196 9.8
24 353 254 141 282 11.7
30 561 404 224 449 14.5

Table 2.14.2.8. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.2.7
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge
d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 25.9 31.0 36.2 41.4 46.6 51.7 62.1 77.6 103 129 155
16 25 35 50 50 34.0 40.8 47.7 54.5 61.3 68.1 81.7 102 136 170 204
20 30 40 60 60 42.1 50.5 58.9 67.4 75.8 84.2 101 126 168 211 253
24 35 50 70 70 50.1 60.1 70.2 80.2 90.2 100 120 150 200 251 301
30 45 60 85 90 63.2 75.8 88.4 101 114 126 152 189 253 316 379

Table 2.14.2.7. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.2.8
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 40 50 45 42.2 50.6 59.0 67.5 75.9 84.3 101 127 169 211 253
16 30 50 65 55 58.3 70.0 81.6 93.3 105 117 140 175 233 292 350
20 35 60 80 70 74.5 89.5 104 119 134 149 179 224 298 373 447
24 40 75 95 80 90.8 109 127 145 163 182 218 272 363 454 545
30 50 90 115 100 112 134 157 179 201 224 268 335 447 559 671

Table 2.14.2.7. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN ISO 4016

BS EN 150 4016 BOLT RESISTANCES
U K NON-PRELOADED BOLTS
Class 4.6 Hexagon Head Bolts
EUROCODES g
S355
D-302
Table 2.14.1.1
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d A FiRd Furd 2xF,rd L
mm mm? kN kN kN mm
12 84.3 24.3 13.8 27.5 1.9
16 157 45.2 30.1 60.3 2.8
20 245 70.6 47.0 94.1 34
24 353 102 67.8 136 4.1
30 561 162 108 215 5.1

Table 2.14.1.1. Bolt Resistances.
Non-preloaded Class 4.6 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.1.2
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ]
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 29.7 35.6 41.5 47.4 53.4 59.3 71.2 89.0 119 148 178
16 25 35 50 50 39.0 46.8 546 | 624 70.2 78.0 93.6 117 156 195 234
20 30 40 60 60 48.3 57.9 67.6 77.2 86.9 | 96.5 116 145 193 241 290
24 35 50 70 70 57.5 68.9 80.4 91.9 103 115 138 172 230 287 345
30 45 60 85 90 72.4 86.9 101 116 130 145 174 217 290 362 434

Table 2.14.1.1. Bolt Resistances.
Non-preloaded Class 4.6 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited



Y'YV

BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 8.8 Hexagon Head Bolts
EUROCODES 9
S355
D-303
Table 2.14.1.3
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 48.6 27.5 55.0 3.7
16 157 90.4 60.3 121 5.5
20 245 141 94.1 188 6.8
24 353 203 136 271 8.2
30 561 323 215 431 10.1

Table 2.14.1.5. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.1.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge

d € € Py P2 Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 29.7 35.6 415 47.4 53.4 | 59.3 71.2 89.0 119 148 178
16 25 35 50 50 39.0 46.8 54.6 62.4 70.2 78.0 93.6 117 156 195 234
20 30 40 60 60 48.3 57.9 67.6 77.2 86.9 96.5 116 145 193 241 290
24 35 50 70 70 57.5 68.9 80.4 91.9 103 115 138 172 230 287 345
30 45 60 85 90 72.4 86.9 101 116 130 145 174 217 290 362 434

Table 2.14.1.4. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.1.5
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 40 50 45 48.3 | 58.0 67.7 77.3 87.0 96.7 116 145 193 242 290
16 30 50 65 55 66.8 80.2 93.6 107 120 134 160 201 267 334 401
20 35 60 80 70 85.5 103 120 137 154 171 205 256 342 427 513
24 40 75 95 80 104 125 146 167 187 208 250 312 416 521 625
30 50 90 115 100 128 154 179 205 231 256 308 385 513 641 769

Table 2.14.1.4. Bolt Resistances.
Non-preloaded Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited



YYA

BS EN 1993-1-8: 2005
BS EN ISO 4014

U K NON-PRELOADED BOLTS
Class 10.9 Hexagon Head Bolts
EUROCODES 9
S355
D-304
Table 2.14.1.6
Diameter Tensile Tension Shear Resistance Bolts in Tension
of Stress Resistance Single Double Min Thickness
Bolt Area Shear Shear for Punching
Shear
d As Ft,Rd Fv,Rd 2x Fv,Rd tmin
mm mm? kN kN kN mm
12 84.3 60.7 28.7 57.3 4.6
16 157 113 62.8 126 6.9
20 245 176 98.0 196 8.5
24 353 254 141 282 10.2
30 561 404 224 449 12.7

Table 2.14.1.8. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.1.7
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End ;
Distance | Distance Pitch Gauge

d €, € Py P, Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 25 35 40 29.7 35.6 415 47.4 53.4 | 59.3 71.2 89.0 119 148 178
16 25 35 50 50 39.0 46.8 54.6 62.4 70.2 78.0 93.6 117 156 195 234
20 30 40 60 60 48.3 57.9 67.6 77.2 86.9 96.5 116 145 193 241 290
24 35 50 70 70 57.5 68.9 80.4 91.9 103 115 138 172 230 287 345
30 45 60 85 90 72.4 86.9 101 116 130 145 174 217 290 362 434

Table 2.14.1.7. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.1.8
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 25 40 50 45 48.3 | 58.0 67.7 77.3 87.0 96.7 116 145 193 242 290
16 30 50 65 55 66.8 80.2 93.6 107 120 134 160 201 267 334 401
20 35 60 80 70 85.5 103 120 137 154 171 205 256 342 427 513
24 40 75 95 80 104 125 146 167 187 208 250 312 416 521 625
30 50 90 115 100 128 154 179 205 231 256 308 385 513 641 769

Table 2.14.1.7. Bolt Resistances.
Non-preloaded Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited



BS EN 1993-1-8: 2005
BS EN 14399: 2005

EN 1090: 2008

UK

AR

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 8.8 countersunk bolts

EUROCODES
S275
C-312
Table 2.14.12.1
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
Ag FiRrd FuRd 2xF, rg trin
mm mm? kN kN kN mm kN kN
12 84.3 34.0 275 55.0 2.60 215 42.9
16 157 63.3 60.3 121 3.91 40.0 79.9
20 245 98.8 94.1 188 5.15 62.4 125
24 353 142 136 271 5.76 89.9 180
30 561 226 215 431 7.47 143 286
Table 2.14.12.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited
Table 2.14.12.2
Diamfeter Minimum Bearing Resistance (kN)
o
ot Dilifagnie DisEtggce Pitch Gauge
d €y €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 155 23.3 31.0 38.8 | 46.6 543 | 69.8 93.1 132 171 210
16 25 50 65 50 10.2 20.4 30.6 40.8 51.1 61.3 81.7 112 163 214 265
20 30 60 80 60 0 12.6 25.3 37.9 50.5 63.2 88.4 126 189 253 316
24 35 75 95 70 0 0 15.0 30.1 45.1 60.1 90.2 135 211 286 361
30 45 90 115 90 0 0 0 9.47 28.4 | 47.4 85.3 142 237 332 426

Table 2.14.12.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK

Ve

BOLT RESISTANCES
PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 10.9 countersunk bolts

EUROCODES
S275
C-313
Table 2.14.12.3
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
As FiRd FvRd 2xFy Ry tin
mm mm? kN kN kN mm kN kN
16 157 79.1 62.8 126 4.89 50.0 99.9
20 245 123 98.0 196 6.44 78.0 156
24 353 178 141 282 7.19 112 225
30 561 283 224 449 9.33 179 357
Table 2.14.12.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited
Table 2.14.12.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d e, e, Py Py Thickness in mm of ply,t
mm mm mm mm mm 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 10.2 20.4 30.6 40.8 51.1 61.3 81.7 112 163 214 265
20 30 60 80 60 0 12.6 25.3 37.9 50.5 63.2 88.4 126 189 253 316
24 35 75 95 70 0 15.0 30.1 45.1 60.1 90.2 135 211 286 361
30 45 90 115 90 0 0 9.47 28.4 47.4 85.3 142 237 332 426

Table 2.14.12.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005

EN 1090: 2008

UK

AR

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 8.8 countersunk bolts

EUROCODES
S355
D-312
Table 2.14.11.1
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
Ag FiRrd FuRd 2xF, rg trin
mm mm? kN kN kN mm kN kN
12 84.3 34.0 275 55.0 227 215 42.9
16 157 63.3 60.3 121 3.41 40.0 79.9
20 245 98.8 94.1 188 4.50 62.4 125
24 353 142 136 271 5.02 89.9 180
30 561 226 215 431 6.51 143 286
Table 2.14.11.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.11.2
Diamfeter Minimum Bearing Resistance (kN)
o
ot Dilifagnie DisEtggce Pitch Gauge
d €y €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 17.8 26.7 35.6 445 534 | 62.3 80.1 107 151 196 240
16 25 50 65 50 11.7 23.4 35.1 46.8 58.5 70.2 93.6 129 187 246 304
20 30 60 80 60 0 14.5 29.0 43.4 57.9 72.4 101 145 217 290 362
24 35 75 95 70 0 0 17.2 345 51.7 68.9 103 155 241 327 414
30 45 90 115 90 0 0 0 10.9 32.6 54.3 97.7 163 272 380 489

Table 2.14.11.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005

EN 1090: 2008

UK

EUROCODES

D-313

Vey

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 10.9 countersunk bolts
S355

Table 2.14.11.3

Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
As FiRd FvRd 2xFy Ry tin
mm mm? kN kN kN mm kN kN
16 157 79.1 62.8 126 4.27 50.0 99.9
20 245 123 98.0 196 5.62 78.0 156
24 353 178 141 282 6.28 112 225
30 561 283 224 449 8.14 179 357
Table 2.14.11.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.11.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d e, e, Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 11.7 23.4 35.1 46.8 58.5 70.2 93.6 129 187 246 304
20 30 60 80 60 14.5 29.0 43.4 57.9 72.4 101 145 217 290 362
24 35 75 95 70 0 17.2 34.5 51.7 68.9 103 155 241 327 414
30 45 90 115 90 0 0 10.9 32.6 54.3 97.7 163 272 380 489

Table 2.14.11.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited




Vey

BS EN 1993-1-8: 2005

BS EN 14399: 2005
EN 1090 2008 BOLT RESISTANCES
l ' I( PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 8.8 countersunk bolts
EUROCODES
S275
C-314
Table 2.14.14.1
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness p=0.2 y=0.3 p=04 y=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
12 84.3 34.0 2.60 7.55 15.1 11.3 22.7 15.1 30.2 18.9 37.8
16 157 63.3 3.91 14.1 28.1 211 42.2 28.1 56.3 35.2 70.3
20 245 98.8 5.15 22.0 43.9 32.9 65.9 43.9 87.8 54.9 110
24 353 142 5.76 31.6 63.3 47.4 94.9 63.3 127 791 158
30 561 226 7.47 50.3 101 75.4 151 101 201 126 251

Table 2.14.14.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.14.2

Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 15.5 23.3 31.0 38.8 46.6 543 | 69.8 93.1 132 171 210
16 25 50 65 50 10.2 20.4 30.6 40.8 51.1 61.3 81.7 112 163 214 265
20 30 60 80 60 0 12.6 25.3 37.9 50.5 63.2 88.4 126 189 253 316
24 35 75 95 70 0 0 15.0 30.1 45.1 60.1 90.2 135 211 286 361
30 45 90 115 90 0 0 0 9.47 28.4 47.4 85.3 142 237 332 426

Table 2.14.14.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited




Vet

BS EN 1993-1-8: 2005

BS EN 14399: 2005
| EN 14399 20 BOLT RESISTANCES
U K PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 10.9 countersunk bolts
EUROCODES
S275
C-315
Table 2.14.14.3
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness u=0.2 u=0.3 u=0.4 u=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
16 157 791 4.89 17.6 35.2 26.4 52.8 35.2 70.3 44.0 87.9
20 245 123 6.44 27.4 54.9 41.2 82.3 54.9 110 68.6 137
24 353 178 7.19 39.5 791 59.3 119 791 158 98.8 198
30 561 283 9.33 62.8 126 94.2 188 126 251 157 314

Table 2.14.14.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.14.4

Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 10.2 20.4 30.6 40.8 51.1 61.3 81.7 112 163 214 265
20 30 60 80 60 0 12.6 25.3 37.9 50.5 63.2 88.4 126 189 253 316
24 35 75 95 70 0 0 15.0 30.1 45.1 60.1 90.2 135 211 286 361
30 45 90 115 90 0 0 0 9.47 28.4 47.4 85.3 142 237 332 426

Table 2.14.14.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 countersunk bolts in S275
© 2006-2011, Tata Steel Europe Limited




Yeo

BS EN 1993-1-8: 2005
BS EN 14399: 2005

BN 14399: 20 BOLT RESISTANCES
U K PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 8.8 countersunk bolts
EUROCODES
S355
D-314
Table 2.14.13.1
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness p=0.2 y=0.3 p=04 y=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
d As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
12 84.3 34.0 2.27 7.55 15.1 11.3 22.7 15.1 30.2 18.9 37.8
16 157 63.3 3.41 14.1 28.1 211 42.2 28.1 56.3 35.2 70.3
20 245 98.8 4.50 22.0 43.9 32.9 65.9 43.9 87.8 54.9 110
24 353 142 5.02 31.6 63.3 47.4 94.9 63.3 127 79.1 158
30 561 226 6.51 50.3 101 75.4 151 101 201 126 251

Table 2.14.13.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.13.2

Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 17.8 26.7 35.6 44.5 53.4 | 62.3 80.1 107 151 196 240
16 25 50 65 50 11.7 23.4 35.1 46.8 58.5 70.2 93.6 129 187 246 304
20 30 60 80 60 0 14.5 29.0 43.4 57.9 72.4 101 145 217 290 362
24 35 75 95 70 0 0 17.2 34.5 51.7 68.9 103 155 241 327 414
30 45 90 115 90 0 0 0 10.9 32.6 54.3 97.7 163 272 380 489

Table 2.14.13.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited




yer

BS EN 1993-1-8: 2005

BS EN 14399: 2005
 EN 14399: 20 BOLT RESISTANCES
U K PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 10.9 countersunk bolts
EUROCODES
S355
D-315
Table 2.14.13.3
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness u=0.2 u=0.3 u=0.4 u=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
d Ag Fird tin
mm mm? kN mm kN kN kN kN kN kN kN kN
16 157 79.1 4.27 17.6 35.2 26.4 52.8 35.2 70.3 44.0 87.9
20 245 123 5.62 27.4 54.9 41.2 82.3 54.9 110 68.6 137
24 353 178 6.28 39.5 79.1 59.3 119 79.1 158 98.8 198
30 561 283 8.14 62.8 126 94.2 188 126 251 157 314

Table 2.14.13.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited

Table 2.14.13.4

Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, € P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 11.7 23.4 35.1 46.8 58.5 70.2 93.6 129 187 246 304
20 30 60 80 60 0 145 29.0 43.4 57.9 724 101 145 217 290 362
24 35 75 95 70 0 0 17.2 345 51.7 68.9 103 155 241 327 414
30 45 90 115 90 0 0 0 10.9 32.6 54.3 97.7 163 272 380 489

Table 2.14.13.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 countersunk bolts in S355
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK

Yev

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE
Class 8.8 hexagon head bolts

EUROCODES
S275
C-308
Table 2.14.8.1
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
d Ag FiRrd FuRd 2xF, rg trin
mm mm? kN kN kN mm kN kN
12 84.3 48.6 275 55.0 3.71 215 42.9
16 157 90.4 60.3 121 5.59 40.0 79.9
20 245 141 94.1 188 7.36 62.4 125
24 353 203 136 271 8.22 89.9 180
30 561 323 215 431 10.7 143 286
Table 2.14.8.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
Table 2.14.8.2
Diamfeter Minimum Bearing Resistance (kN)
o
ot Dilifagnie DisEtggce Pitch Gauge
d €y €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 38.8 | 46.6 543 | 62.1 69.8 77.6 93.1 116 155 194 233
16 25 50 65 50 51.1 61.3 71.5 81.7 91.9 102 123 153 204 255 306
20 30 60 80 60 63.2 75.8 88.4 101 114 126 152 189 253 316 379
24 35 75 95 70 75.2 90.2 105 120 135 150 180 226 301 376 451
30 45 90 115 90 94.7 114 133 152 171 189 227 284 379 474 568

Table 2.14.8.1. Bolt Resistances. Preloaded bolts at serviceability limit state.

Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited



BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK

YEA

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 10.9 hexagon head bolts

EUROCODES
S275
C-309
Table 2.14.8.3
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
d As FiRd FvRd 2xFy Ry tin
mm mm? kN kN kN mm kN kN
16 157 113 62.8 126 6.99 50.0 99.9
20 245 176 98.0 196 9.20 78.0 156
24 353 254 141 282 10.3 112 225
30 561 404 224 449 13.3 179 357
Table 2.14.8.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
Table 2.14.8.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d e, e, Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 51.1 61.3 715 81.7 91.9 102 123 153 204 255 306
20 30 60 80 60 63.2 75.8 88.4 101 114 126 152 189 253 316 379
24 35 75 95 70 75.2 90.2 105 120 135 150 180 226 301 376 451
30 45 90 115 90 94.7 114 133 152 171 189 227 284 379 474 568

Table 2.14.8.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK

vea

BOLT RESISTANCES
PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

EUROCODES Class 8.8 hexagon head bolts
S355
D-308
Table 2.14.7.1
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
d Ag FiRrd FuRd 2xF, rg trin
mm mm? kN kN kN mm kN kN
12 84.3 48.6 275 55.0 3.24 215 42.9
16 157 90.4 60.3 121 4.88 40.0 79.9
20 245 141 94.1 188 6.42 62.4 125
24 353 203 136 271 717 89.9 180
30 561 323 215 431 9.30 143 286
Table 2.14.7.1. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.7.2
Diamfeter Minimum Bearing Resistance (kN)
o
ot Dilifagnie DisEtggce Pitch Gauge
d €y €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 445 | 534 | 623 | 71.2 80.1 | 89.0 107 133 178 222 267
16 25 50 65 50 58.5 70.2 81.9 | 93.6 105 117 140 176 234 293 351
20 30 60 80 60 72.4 86.9 101 116 130 145 174 217 290 362 434
24 35 75 95 70 86.2 103 121 138 155 172 207 259 345 431 517
30 45 90 115 90 109 130 152 174 195 217 261 326 434 543 652

Table 2.14.7.1. Bolt Resistances. Preloaded bolts at serviceability limit state.

Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited



BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK

Yo.

BOLT RESISTANCES

PRELOADED BOLTS AT SERVICEABILITY LIMIT STATE

Class 10.9 hexagon head bolts

EUROCODES
S355
D-309
Table 2.14.7.3
Diameter Tensile Tension Shear Resistance Bolts in Tension Slip Resistance
of Stress Resistance u=0.5
Bolt Area Single Double Min Thickness Single Double
Shear Shear for Punching Shear Shear
Shear
d As FiRd FvRd 2xFy Ry tin
mm mm? kN kN kN mm kN kN
16 157 113 62.8 126 6.10 50.0 99.9
20 245 176 98.0 196 8.03 78.0 156
24 353 254 141 282 8.97 112 225
30 561 404 224 449 11.6 179 357
Table 2.14.7.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.7.4
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d e, e, Py Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 58.5 70.2 81.9 93.6 105 117 140 176 234 293 351
20 30 60 80 60 72.4 86.9 101 116 130 145 174 217 290 362 434
24 35 75 95 70 86.2 103 121 138 155 172 207 259 345 431 517
30 45 90 115 90 109 130 152 174 195 217 261 326 434 543 652

Table 2.14.7.3. Bolt Resistances. Preloaded bolts at serviceability limit state.
Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN 14399: 2005

N 14399: 20 BOLT RESISTANCES
U K PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 8.8 hexagon head bolts
EUROCODES g
S275
C-310
Table 2.14.10.1
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness p=0.2 y=0.3 p=04 y=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
12 84.3 48.6 3.71 7.55 15.1 11.3 22.7 15.1 30.2 18.9 37.8
16 157 90.4 5.59 14.1 28.1 211 42.2 28.1 56.3 35.2 70.3
20 245 141 7.36 22.0 43.9 329 65.9 43.9 87.8 54.9 110
24 353 203 8.22 31.6 63.3 47.4 94.9 63.3 127 79.1 158
30 561 323 10.7 50.3 101 75.4 151 101 201 126 251

Table 2.14.10.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited

Table 2.14.10.2

Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge

d €, €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 38.8 46.6 543 | 62.1 69.8 77.6 93.1 116 155 194 233
16 25 50 65 50 51.1 61.3 71.5 81.7 91.9 102 123 153 204 255 306
20 30 60 80 60 63.2 75.8 88.4 101 114 126 152 189 253 316 379
24 35 75 95 70 75.2 90.2 105 120 135 150 180 226 301 376 451
30 45 90 115 90 94.7 114 133 152 171 189 227 284 379 474 568

Table 2.14.10.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008
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BOLT RESISTANCES

PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 10.9 hexagon head bolts

EUROCODES
S275
C-311
Table 2.14.10.3
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness u=0.2 u=0.3 u=0.4 u=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
16 157 113 6.99 17.6 35.2 26.4 52.8 35.2 70.3 44.0 87.9
20 245 176 9.20 27.4 54.9 41.2 82.3 54.9 110 68.6 137
24 353 254 10.3 39.5 791 59.3 119 79.1 158 98.8 198
30 561 404 13.3 62.8 126 94.2 188 126 251 157 314
Table 2.14.10.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
Table 2.14.10.4
Diamfeter Minimum Bearing Resistance (kN)
o
ot Diifagnece DisEtggce Pitch Gauge
d €, € P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 51.1 | 61.3 | 715 | 817 | 919 102 123 153 204 255 306
20 30 60 80 60 63.2 | 75.8 | 88.4 101 114 126 152 189 253 316 379
24 35 75 95 70 75.2 | 90.2 105 120 135 150 180 226 301 376 451
30 45 90 115 90 94.7 114 133 152 171 189 227 284 379 474 568

Table 2.14.10.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 hexagon head bolts in S275
© 2006-2011, Tata Steel Europe Limited
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BS EN 1993-1-8: 2005
BS EN 14399: 2005

N 14399: 20 BOLT RESISTANCES
U K PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 8.8 hexagon head bolts
EUROCODES g
S355
D-310
Table 2.14.9.1
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness p=0.2 y=0.3 p=04 y=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
12 84.3 48.6 3.24 7.55 15.1 11.3 22.7 15.1 30.2 18.9 37.8
16 157 90.4 4.88 14.1 28.1 211 42.2 28.1 56.3 35.2 70.3
20 245 141 6.42 22.0 43.9 329 65.9 43.9 87.8 54.9 110
24 353 203 717 31.6 63.3 47.4 94.9 63.3 127 79.1 158
30 561 323 9.30 50.3 101 75.4 151 101 201 126 251
Table 2.14.9.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.9.2
Diameter Minimum Bearing Resistance (kN)
of
Bolt Edge End .
Distance | Distance Pitch Gauge
d €, €4 P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
12 20 40 50 40 44.5 53.4 62.3 71.2 80.1 89.0 107 133 178 222 267
16 25 50 65 50 58.5 70.2 81.9 93.6 105 117 140 176 234 293 351
20 30 60 80 60 72.4 86.9 101 116 130 145 174 217 290 362 434
24 35 75 95 70 86.2 103 121 138 155 172 207 259 345 431 517
30 45 90 115 90 109 130 152 174 195 217 261 326 434 543 652

Table 2.14.9.1. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 8.8 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited




BS EN 1993-1-8: 2005
BS EN 14399: 2005
EN 1090: 2008

UK
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BOLT RESISTANCES

PRELOADED BOLTS AT ULTIMATE LIMIT STATE
Class 10.9 hexagon head bolts

EUROCODES
S355
D-311
Table 2.14.9.3
Diameter Tensile Bolts in Tension Slip Resistance
of Stress Tension Min Thickness u=0.2 u=0.3 u=0.4 u=0.5
Bolt Area Resistance for Punching Single Double Single Double Single Double Single Double
Shear Shear Shear Shear Shear Shear Shear Shear Shear
As Ft,Rd tmin
mm mm? kN mm kN kN kN kN kN kN kN kN
16 157 113 6.10 17.6 35.2 26.4 52.8 35.2 70.3 44.0 87.9
20 245 176 8.03 27.4 54.9 41.2 82.3 54.9 110 68.6 137
24 353 254 8.97 39.5 791 59.3 119 79.1 158 98.8 198
30 561 404 11.6 62.8 126 94.2 188 126 251 157 314
Table 2.14.9.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
Table 2.14.9.4
Diamfeter Minimum Bearing Resistance (kN)
o
ot Diifagnece DisEtggce Pitch Gauge
d €, € P4 Py Thickness in mm of ply,t
mm mm mm mm mm 5 6 7 8 9 10 12 15 20 25 30
16 25 50 65 50 585 | 70.2 | 81.9 | 93.6 105 117 140 176 234 293 351
20 30 60 80 60 72.4 | 86.9 101 116 130 145 174 217 290 362 434
24 35 75 95 70 86.2 103 121 138 155 172 207 259 345 431 517
30 45 90 115 90 109 130 152 174 195 217 261 326 434 543 652

Table 2.14.9.3. Bolt Resistances. Preloaded bolts at ultimate limit state.
Class 10.9 hexagon head bolts in S355
© 2006-2011, Tata Steel Europe Limited
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FILLET WELDS

EUROCODES DESIGN WELD RESISTANCES
S275
C-316
Table 2.14.16.1
Leg Length Throat Thickness Longitudinal Resistance Transverse Resistance

S a Fuw,.LRd Fuw,T.Rd
mm mm kN/mm kN/mm

3.0 2.1 0.47 0.57

4.0 2.8 0.62 0.76

5.0 35 0.78 0.96

6.0 4.2 0.94 1.15

8.0 5.6 1.25 1.53
10.0 7.0 1.56 1.91
12.0 8.4 1.87 2.29
15.0 10.5 2.34 2.87
18.0 12.6 2.81 3.44
20.0 14.0 3.12 3.82
22.0 15.4 3.43 4.20
25.0 17.5 3.90 4.78

Table 2.14.16.1. Fillet Welds. Design weld resistances. S275
© 2006-2011, Tata Steel Europe Limited
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FILLET WELDS

EUROCODES DESIGN WELD RESISTANCES
S355
D-316
Table 2.14.15.1
Leg Length Throat Thickness Longitudinal Resistance Transverse Resistance

S a Fuw,.LRd Fuw,T.Rd
mm mm kN/mm kN/mm

3.0 2.1 0.51 0.62

4.0 2.8 0.68 0.83

5.0 35 0.84 1.03

6.0 4.2 1.01 1.24

8.0 5.6 1.35 1.65
10.0 7.0 1.69 2.07
12.0 8.4 2.03 2.48
15.0 10.5 2.53 3.10
18.0 12.6 3.04 3.72
20.0 14.0 3.38 4.14
22.0 15.4 3.71 4.55
25.0 17.5 4.22 5.17

Table 2.14.15.1. Fillet Welds. Design weld resistances. S355
© 2006-2011, Tata Steel Europe Limited
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A EXPLANATORY NOTES

1 GENERAL

This publication presents design data in tabular formats as assistance to engineers who are designing
buildings in accordance with BS EN 1993-1-1: 2005!", BS EN 1993-1-5: 2006""" and BS EN 1993-1-
8: 2005", and their respective National Annexes. Where these Parts do not give all the necessary
expressions for the evaluation of data, reference is made to other published sources.

The symbols used are generally the same as those in these standards or the referred product
standards. Where a symbol does not appear in the standards, a symbol has been chosen following the
designation convention as closely as possible.

1.1 Material, section dimensions and tolerances

The structural sections referred to in this design guide are of weldable structural steels conforming to
the relevant British Standards given in the table below:

Table - Structural steel products

Technical delivery requirements
Product Dimensions Tolerances
Non alloy steels | Fine grain steels

Universal beams,
Universal columns, BS 4-1™ BS EN 10034"

and universal bearing piles

BS 4-1

Joists BS 4-1
BS EN 10024

BS EN 10025-3"
BS EN 10025-4® | BS 4-1 BS EN 10279

2]
Parallel flange channels BS EN 10025-2

Angles BS EN 10056-17 | BS EN 10056-2""!

Structural tees cut from
universal beams and BS 4-1 —
universal columns

ASB (asymmetric beams) Generally
Slimflor™ beam | but also see note
Hot finished structural ¢ ¢ ¢
. BS EN 10210-1® BS EN 10210-2® BS EN 10210-2®
hollow sections
Cold formed 0 5 0
BS EN 10219-1* BS EN 10219-2" BS EN 10219-2"

hollow sections

Notes:

For full details of the British Standards, see the reference list at the end of the Explanatory Notes.
a) See Corus publication, Advance™ Sections: CE marked structural sections™".

b) For further details, consult Corus.

Note that EN 1993 refers to the product standards by their CEN designation, e.g. EN 10025-2. The CEN
standards are published in the UK by BSI with their prefix to the designation, e.g. BS EN 10025-2.
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1.2 Dimensional units

The dimensions of sections are given in millimetres (mm).

1.3 Property units

Generally, the centimetre (cm) is used for the calculated properties but for surface areas and for the
warping constant (I), the metre (m) and the decimetre (dm) respectively are used.

Note: 1 dm = 0.1 m = 100 mm

1 dm® = 1 x10°m® = 1 x 10" mm®

1.4 Mass and force units

The units used are the kilogram (kg), the Newton (N) and the metre per second squared (m/s?), so
that 1 N = 1 kg x 1 m/s*. For convenience, a standard value of the acceleration due to gravity has
been accepted as 9.80665 m/s>. Thus, the force exerted by 1 kg under the action of gravity is
9.80665 N and the force exerted by 1 tonne (1000 kg) is 9.80665 kiloNewtons (kN).

1.5 Axis convention
The axis system used in BS EN 1993 is:

X along the member
y major axis, or axis perpendicular to web
z minor axis, or axis parallel to web

This system is convenient for structural analysis using computer programs. However, it is different
from the axis system previously used in UK standards such as BS 5950.

2 DIMENSIONS OF SECTIONS

2.1 Masses

The masses per metre have been calculated assuming that the density of steel is 7850 kg/m’.

In all cases, including compound sections, the tabulated masses are for the steel section alone and no
allowance has been made for connecting material or fittings.

2.2 Ratios for local buckling

The ratios of the flange outstand to thickness (cf / ;) and the web depth to thickness (¢, / t,) are
given for I, H and channel sections.

Cs =—; [b—(z, +2r)] for I and H sections
¢ =[b—(t, +7)] for channels
c, =d=[h-2(t +1)] for I, H and channel sections

For circular hollow sections the ratios of the outside diameter to thickness (d / f) are given.

A-2
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For square and rectangular hollow sections the ratios (¢t / f) and (¢, / t) are given where:
¢, =b-3t and ¢, =h-3t

For square hollow sections ¢; and c, are equal. Note that these relationships for ¢; and c,, are
applicable to both hot-finished and cold-formed sections.

The dimensions ¢; and ¢, are not precisely defined in EN 1993-1-1 and the internal profile of the
corners is not specified in either EN 10210-2 or EN 10219-2. The above expressions give
conservative values of the ratio for both hot-finished and cold-formed sections.

2.3 Dimensions for detailing

The dimensions C, N and n have the meanings given in the figures at the heads of the tables and
have been calculated according to the formulae below. The formulae for N and C make allowance
for rolling tolerances, whereas the formulae for n make no such allowance.

2.3.1 UB sections, UC sections and bearing piles
N =0bB-1t,)/2 +10mm (rounded to the nearest 2 mm above)

n =t-d4d)/2 (rounded to the nearest 2 mm above)
C =1t,/2 +2 mm (rounded to the nearest mm)

2.3.2 Joists

N = ((b-t,) /2 + 6 mm (rounded to the nearest 2 mm above)
n =t-d4d7/2 (rounded to the nearest 2 mm above)
C =1t,/2 +2 mm (rounded to the nearest mm)

Note: Flanges of BS 4-1 joists have an 8° taper.

2.3.3 Parallel flange channels

N =(0b-t,) + 6 mm (rounded up to the nearest 2 mm above)
n =th-d4d)/2 (taken to the next higher multiple of 2 mm)
C =t,+2mm (rounded up to the nearest mm)

3 SECTION PROPERTIES
3.1 General

All section properties have been accurately calculated and rounded to three significant figures. They
have been calculated from the metric dimensions given in the appropriate standards (see
Section 1.1). For angles, BS EN 10056-1 assumes that the toe radius equals half the root radius.

3.2 Sections other than hollow sections

3.2.1 Second moment of area (/)

The second moment of area has been calculated taking into account all tapers, radii and fillets of the
sections. Values are given about both the y-y and z-z axes.

A-3
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3.2.2 Radius of gyration (/)
The radius of gyration is a parameter used in the calculation of buckling resistance and is derived as

follows:
i =[I/A4]"
where:
1 is the second moment of area about the relevant axis

A is the area of the cross section.

3.2.3 Elastic section modulus (W¢))

The elastic section modulus is used to calculate the elastic design resistance for bending or to
calculate the stress at the extreme fibre of the section due to a moment. It is derived as follows:

Way =1,/2
Wel,z = Iz /y
where:

z, y are the distances to the extreme fibres of the section from the elastic y-y and z-z axes,
respectively.

For parallel flange channels, the elastic section modulus about the minor (z-z) axis is given for the
extreme fibre at the toe of the section only.

For angles, the elastic section moduli about both axes are given for the extreme fibres at the toes of
the section only. For elastic section moduli about the principal axes u-u and v-v, see AD340.

For asymmetric beams, the elastic section moduli about the y-y axis are given for both top and
bottom extreme fibres, and about the z-z axis for the extreme fibre.

3.2.4 Plastic section modulus (W)

The plastic section moduli about both y-y and z-z axes are tabulated for all sections except angle
sections.

3.2.5 Buckling parameter (U) and torsional index (X)
UB sections, UC sections, joists and parallel flange channels

The buckling parameter (U) and torsional index (X) have been calculated using expressions in Access
Steel document SNOO2 Determination of non-dimensional slenderness of I and H sections™.

0.5 0.25
U= —Wpl’y g X LA
A I,
- r*EAI,
20G 1,1,

where:

W,y is the plastic modulus about the major axis

g = i-L
Iy

I, is the second moment of area about the major axis

I, is the second moment of area about the minor axis
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E = 210 000 N/mm? is the modulus of elasticity
is the shear modulus where G = E
2(1+v)

v is Poisson’s ratio (= 0.3)
is the cross-sectional area
I,  is the warping constant

I; is the torsional constant.

Tee sections and ASB sections
The buckling parameter (U) and the torsional index (X) have been calculated using the following

expressions:

U — [(4 Wpl’y2 g2 / (A2 h2)]1/4
X = 0.566 h [A/ I}]"*
where:

Wy is the plastic modulus about the major axis

g = /I—I—Z
IY

I, is the second moment of area about the major axis

I is the second moment of area about the minor axis

A is the cross sectional area

h is the distance between shear centres of flanges (for T sections, % is the distance between

the shear centre of the flange and the toe of the web)

It is the torsional constant.

3.2.6 Warping constant (/,) and torsional constant (/)

Rolled I sections

The warping constant and St Venant torsional constant for rolled I sections have been calculated
using the formulae given in the SCI publication P057 Design of members subject to combined
bending and torsion'.

In Eurocode 3 terminology, these formulae are as follows:

I,h?
IW — Z"S
4
where:
I, is the second moment of area about the minor axis
h is the distance between shear centres of flanges (i.e. A, = h - £y
L = %brf +%(h —2t: ), +2a,D,* —0.4201,*
where:
t r rt t2
o = -0.042 + 0.2204 = + 0.1355 — - 0.0865 —‘;’ - 0.0725 Lz
Iy I Lt Iy
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(t; +ry +(r+0.25¢,)¢,
2r + t;
b is the width of the section

h is the depth of the section
te is the flange thickness
ty is the web thickness

r is the root radius.

Tee sections

For Tee sections cut from UB and UC sections, the warping constant (/) and torsional constant (Ir)
have been derived as given below.

3
L o= = t.°b* TR A 1)
144 36 2

I = %btf +% (h—t)t,” +a,D* —0.21¢,* -0.105¢,,*

where:
t r t, T 1’

o = -0.042 + 0.2204—* +0.1355 — — 0.0865 > - 0.0725 -

t t 1 1

D, is as defined above

Note: These formulae do not apply to tee sections cut from joists, which have tapered flanges. For
such sections, expressions are given in SCI Publication 057"

Parallel flange channels

For parallel flange channels, the warping constant (/,) and torsional constant (/r) have been
calculated as follows:

2 2 2
o= ) ,A(%j (MIJ

4 a1,

I = Znt’ +%(h—2tf)tw3 +2a,D,* —0.42¢,*

c, is the distance from the back of the web to the centroidal axis

2
a; = —0.0908 +0.2621 % 4 0.1231 =~ 0.0752 v zr —0.0945 (tl]
Dy = 2[@r+1t, +1;)-2Q2r+1,)2r +1;)]

Note: The formula for the torsional constant (I1) is applicable to parallel flange channels only and
does not apply to tapered flange channels.
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Angles
For angles, the torsional constant (/1) is calculated as follows:

I = %bt3+%(h—t)t3 +asDy* —0.211*

where:
a; = 0.0768 +0.0479£
D, = 2[(3r+2t)— 2(2r +1)° }

ASB sections

For ASB sections the warping constant (/,) and torsional constant (I1) are as given in Corus
brochure, Advance™ sections .

3.2.7 Equivalent slenderness coefficient (¢) and monosymmetry index (y)
Angles

The buckling resistance moments for angles have not been included in the bending resistance tables
of this publication as angles are predominantly used in compression and tension only. Where the
designer wishes to use an angle section in bending, BS EN 1993-1-1, 6.3.2 enables the buckling
resistance moment for angles to be determined. The procedure is quite involved.

As an alternative to the procedure in BS EN 1993-1-1, supplementary section properties have been
included for angle sections in this publication which enable the designer to adopt a much simplified
method for determining the buckling resistance moment. The method is based on that given in
BS 5950-1:2000 Annex B.2.9 and makes use of the equivalent slenderness coefficient and the
monosymmetry index.

The equivalent slenderness coefficient (¢,) is tabulated for both equal and unequal angles. Two

values of the equivalent slenderness coefficient are given for each unequal angle. The larger value is
based on the major axis elastic section modulus (W) to the toe of the short leg and the lower value
is based on the major axis elastic section modulus to the toe of the long leg.

The equivalent slenderness coefficient (¢ ,) is calculated as follows:

/4 L,u g
¢a =

N Al ¢
where:

Weiw 1s the elastic section modulus about the major axis u-u

1
- -
8 I,

I, is the second moment of area about the minor axis
I, is the second moment of area about the major axis
A is the area of the cross section

It is the torsional constant.

A-7


http://sefie.steelbiz.org/DiscussSteelbizContent.aspx?ResourceID=1005505
lsc
Text Box

lsc
Text Box


P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

The monosymmetry index (v ,) is calculated as follows:

v - 2V0_'[Vi (“12 +V12)dA 1
I, t

where:
u; and v; are the coordinates of an element of the cross section
Vo is the coordinate of the shear centre along the v-v axis, relative to the centroid

t is the thickness of the angle.

Tee sections

The monosymmetry index is tabulated for Tee sections cut from UBs and UCs. It has been
calculated as:

20b%t; 12+ btyz, + % (et ~(r=c)]|
I (h—1t:/2)

y

v =2z -

where:
20 =c-4/2
is the width of the flange outstand ( = (b - t, — 2r)/2)
b is the flange width
te is the flange thickness
tw is the web thickness
h is the depth of the section.
The above expression is based on BS 5950-1, Annex B.2.8.2.

ASB sections

The monosymmetry index is tabulated for ASB sections. It has been calculated using the equation in
BS 5950-1, Annex B.2.4.1, re-expressed in BS EN 1993-1-1 nomenclature:

t
1 2(Izchc _Iztht) (Izchc _IZth[)+ (thChC3 _btttht3)+z(dc4 _d[4)

Y| T e l,) I,
where:

no = (h L+ ttj

2

d. =h-112

d[ = h[ - tt / 2

L. =0b’t./12

L, =0bt/12

he. is the distance from the centre of the compression flange to the centroid of the section

hy is the distance from the centre of the tension flange to the centroid of the section
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1o

b.  is the width of the compression flange

b, is the width of the tension flange

I is the thickness of the compression flange
1 is the thickness of the tension flange.

For ASB sections 7. = t; and this is shown as ?: in the tables.

3.3 Hollow sections

Section properties are given for both hot-finished and cold-formed hollow sections (but not for cold-
formed elliptical hollow sections). For the same overall dimensions and wall thickness, the section
properties for square and rectangular hot-finished and cold-formed sections are different because the
corner radii are different.

3.3.1 Common properties
For general comment on second moment of area, radius of gyration, elastic and plastic modulus, see
Sections 3.2.1, 3.2.2, 3.2.3 and 3.2.4.

For hot-finished square and rectangular hollow sections, the section properties have been calculated
using corner radii of 1.5¢ externally and 1.0z internally, as specified by BS EN 10210-2%

For cold-formed square and rectangular hollow sections, the section properties have been calculated
using the external corner radii of 27 if t < 6 mm, 2.5¢ if 6 mm < ¢ < 10 mm and 3¢ if # > 10 mm,
as specified by BS EN 10219-2°!. The internal corner radii used are 1.0¢ if # < 6 mm, 1.57 if 6 mm
< t <10 mm and 2¢ if + > 10 mm, as specified by BS EN 10219-2").

3.3.2 Plastic section modulus of hollow sections (W)

The plastic section moduli (W) about both principal axes are given in the tables.

3.3.3 Torsional constant (/)

For circular hollow sections:
IT = 21

For square, rectangular and elliptical hollow sections:

44 %t 43
IT = p + t_p
p 3
where:
1 is the second moment of area of a CHS

t is the thickness of the section

p is the mean perimeter length
For square and rectangular hollow sections: p =2[b-D+"-0D]-2R.4-n)
n h-b
For elliptical hollow sections: p==(h+b-2t)|1+0.25 —————
2 h+b-2t
A,  1is the area enclosed by the mean perimeter
For square and rectangular hollow sections: A, =b-0h-0)-R2(4-n)

A-9
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P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes
o . nlh—-t)(b-t
For elliptical hollow sections: A, = w

R, is the average of the internal and external corner radii

3.3.4 Torsional section modulus (W;)

W, = 2Wy for circular hollow sections

I
24
p

We  is the elastic modulus and Ir, ¢, 4, and p are as defined in Section 3.3.3.

W, = for square, rectangular and elliptical hollow sections

where:

4 EFFECTIVE SECTION PROPERTIES

4.1 General

In BS EN 1993-1-1:2005, effective section properties are required for the design of members with
Class 4 cross sections. In this publication, effective section properties are given for sections subject
to compression only and bending only. Effective section properties depend on the grade of steel used
and are given for rolled I sections and angles in S275 and S355. Channels are not Class 4 and
therefore no effective section properties are provided. For hot-finished and cold-formed hollow
sections, effective section properties are only given for S355.

4.2 Effective section properties of members subject to compression

The effective cross section properties of Class 4 cross sections are based on the effective widths of
the compression parts.

The effective cross-sectional area A.; of Class 4 sections in compression is calculated in accordance
with BS EN 1993-1-1, 6.2.2.5 and BS EN 1993-1-5:2006, 4.3 and 4.4.

The effective section properties tables list the sections that can be Class 4 and the identifier ‘W’, ‘F’
or ‘W, F’ indicates whether the section is Class 4 due to the web, the flange or both. In rectangular
hollow sections subject to bending about the major axis, the flanges are the short sides and the webs
are the long sides.

The effective area of the section is calculated from:
For UB, UC and joists: Ag=A-4t;(1-p;)e; —t,(1-p, ) e,
For rectangular hollow sections and square hollow sections:

Age = A =21 (1=pp)es = 21,(1- py ) ¢y,
For parallel flange channels: A = 4 -2t (1-p)e; — £,(1- p,, ) ¢y,
For equal angles: Ay =A-2t(1-p)h
For unequal angles: Ay =A— t(1—p)(h+b)

For circular hollow sections: Effective areas are not tabulated for circular hollow sections in this
publication. BS EN 1993-1-1 6.2.2.5(5) refers the reader to BS EN
1993-1-6.
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P363 Steel Building Design: Design Data, In accordance with Eurocodes and the UK National Annexes

For elliptical hollow sections: Effective areas are not tabulated in this publication, but may be
calculated from:!"¥

2 0.5
A A 900235
D, f,
where:

2
D, is the equivalent diameter = 7

Expressions for the reduction factors o, py and p are given in BS EN 1993-1-5, 4.4.

The ratio of effective area to gross area (Ae/ A) is also given in the tables to provide a guide as to
how much of the section is effective. Note that although BS EN 1993-1-1 classifies some sections as
Class 4, their effective area according to BS EN 1993-1-5 is equal to the gross area.

4.3 Effective section properties of members subject to pure bending

The effective cross section properties of Class 4 cross sections are based on the effective widths
of the compression parts. The effective cross—sectional properties for Class 4 sections in bending
have been calculated in accordance with BS EN 1993-1-1, 6.2.2.5 and BS EN 1993-1-5:2006,
4.3 and 4.4.

Cross section properties are given for the effective second moment of area I and the effective
elastic section modulus W er. The identifier ‘W’ or ‘F’ indicates whether the web or the flange
controls the section Class 4 classification.

Equations for the effective section properties are not shown here because the process for determining
these properties requires iteration. Also the equations are dependent on the classification status of
each component part.

For the range of sections covered by this publication, only a selection of the hollow sections become
Class 4 when subject to bending alone.

For cross sections with a Class 3 web and Class 1 or 2 flanges, an effective plastic modulus Wy, es
can be calculated, following the recommendations given in BS EN 1993-1-1, 6.2.2.4 (1). This clause
is applicable to open sections (UB, UC, joists and channels) and hollow sections.

For the range of sections covered by this publication, only a limited number of the hollow sections
can be used with an effective plastic modulus W, s, when subject to bending alone.
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YA
—ao Poutrelles I européennes
Dimensions: IPE 80 - 600 conformes & |'Euronorme 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750
Tolérances: EN 10034: 1993
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—=o European I beams
Dimensions: IPE 80 - 600 in accordance with Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750

Hb—» |—— p—i

Tolerances: EN 10034: 1993 N e PN m-‘
Surface condition according to EN 10163-3:1991, class C, subclass 1 ] !' - I
—e Europadische I-Profile
Abmessungen: IPE 80 - 600 gemdf Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750 h y=f4- dh ol B
Toleranzen: EN 10034: 1993
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1 -
1 X
r - [
T !
Désignation . . Dimensions de construction
Desi . Dimensions . . ops Surface
esignation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b tw t r A hi d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
IPE 80 A** 5,0 78 46 i 42 5 6,38 69,6 59,6 - - - 0,325 64,90
IPE 80* 6,0 80 46 38 52 5 7,64 69,6 59,6 - - - 0,328 54,64
IPE A T00** 6,9 98 55 36 47 1 8,78 88,6 74,6 - - - 0,397 51,57
[PE 100* 8,11 100 55 41 57 1 10,3 88,6 74,6 - - - 0,400 49,33
[PEA120° 871 1176 64 38 51 1 11,0 1074 93,4 - - - 0,472 54,47
IPE120 104 120 64 44 6,3 1 13,2 107,4 934 - - - 0,475 45,82
IPEA140° 105 1374 73 38 56 1 134 126,2 12,2 - - - 0,547 52,05
PE 140 129 140 73 47 6,9 1 16,4 126,2 12,2 - - - 0,551 42,70
[PEA 160° 127 157 82 4 59 9 16,2 145, 1272 - - - 0,619 48,70
IPE 160 158 160 82 5 74 9 20,1 145,2 1272 - - - 0,623 39,47
IPEA180° 154 177 9 43 6,5 9 19,6 164 146 M10 48 48 0,694 45,15
IPE 180 188 180 91 53 8 9 239 164 146 M10 48 48 0,698 31,13
IPE0 180* 13| 182 92 b 9 9 27,1 164 146 M10 50 50 0,705 33,12
IPE A 200° 184 197 100 45 I 12 235 183 159 M10 54 58 0,764 4149
IPE 200 2241 200 100 56 8,5 12 28,5 183 159 M10 54 58 0,768 34,36
IPE0 200* 51 202 102 6,2 95 12 32,0 183 159 M10 56 60 0,779 31,05
IPEA 220° 22 11 110 5 71 12 28,3 201,6 1776 n12 60 62 0,843 38,02
IPE 220 262] 220 110 59 92 12 334 201,6 1776 M2 60 62 0,848 32,36
IPE0 220* 2941 272 112 6,6 10,2 12 374 201,6 1776 M10 58 66 0,858 29,24

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216; pour toute autre qualité 40 t ou suivant accord.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.
Tonnage minimum et conditions de livraison nécessitent un accord préalable.

e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
+ Minimum order: 40 t per section and grade or upon agreement.
Minimum tonnage and delivery conditions upon agreement.

o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.
'53 + Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.

Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



IPE

Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible z-z ENV 1993-1-1 &12|8
Bezeichnung strong axis y-y weak axis z-z oure e |G i
starke Achse y-y schwache Achse z-z bending yy |compression| S | = &
G | Wy [ Woiyt |y A, Lo | Welz [Wpizt| iy 5 Iy A A PP e z|Z
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 104 | x10° | x10° | x10 | x102 | x104 | x10° | x10° | x10 | x 104 | x 107
IPE80 A 50( 6438 1651 1898 3,18 307 685 298 4,69 104 | 1760 042 009 (11 -1 1 -|o
IPE 80 60( 8074 200 B2 3 3,58 8,49 3,69 5,82 105 | 20,10 0,70 012 (11 -1 1 -8
IPEATO0 69| 1412 28,81 3298 40 4,44 13,12 41 7,54 1,22 21,20 0,77 028 |11 -{1 1 -|O
IPET00 81 1710 342 3941 407 5,08 15,92 579 9,15 124 | 2370 1,20 035 (11 -1 1 -|8
IPEAT20 87| 2574 8377 4981 483 541 22,39 700 1098 142 | 22,20 1,04 071 |11 -{1 1 -|o
IPE120 104 3178 5296 6073 490 6,31 21,67 8,65 13,58 1,45 25,20 1,74 089 (1T 1 -11 1 opqg
IPEAT40 105] 4349 63,30 7160 570 6,21 36,42 9,98 15,52 1,65 23,20 1,36 158 (11 -|1 2 -jopd
IPE 140 1291 5412 71327 8834 574 7,64 4492 1231 19,25 1,65 | 26,70 245 19 (11 -|1 1 -{opd
IPEA 160 1271 6893 87,81 9909 6,53 7,80 5443 182 20,70 183 | 26,34 1,96 309 (11 -1 3 -|opd
IPE 160 158] 8693 1087 1239 6,58 9,66 6831 1666 26,10 1,84 | 30,34 3,60 3% (11 -1 1 opqg
IPEA 180 1541 1063 120,1 135,3 131 9,20 81,89 1800 279 205 | 27,84 2,70 59 |11 -2 3 -|opd
IPE 180 18,8] 1317 1463 1664 142 1,25 | 1009 216 3460 205 | 31,84 479 143 (11 -|1 2 -|opQ
IPE0 180 2,3[ 1505 1654 189,1 745 1270 | 17,3 25,50 3991 2,08 34,54 6,76 874 |11 -11 1 opqg
IPEA 200 18,4] 1591 161,6 181,7 8,23 147 | 1172 2343 36,54 223 32,56 4N 105 (11 -2 4 -|jopd
IPE 200 2241 1943 1943 2206 8,26 1400 | 1424 2847 4461 224 | 36,66 6,98 1299 (11 -|1 2 -|(opd
IPE 0 200 51 21 18,9 2494 8,32 1545 | 1689 3N 51,89 2,30 39,26 9,45 1557 |11 -|11 opqg
IPEA 220 2.2 2317 035 240,2 9,05 135 | 1714 37 4849 2,46 34,46 5,69 871 (11 -12 4 -jopd
IPE 220 26,2| 2172 2520 2854 Al 1588 | 2049 3,5 581 248 | 3836 9,07 260 (11 -|1 2 -|opd
IPE 0 220 294] 3134 2823 371 9,16 17,66 | 2398 4283 6691 253 | 4106 1227 2679 (11 -|1 2 -|jopd

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.
¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. e ’



YV.
—ao Poutrelles I européennes i
Dimensions: IPE 80 - 600 conformes & |'Euronorme 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750
Tolérances: EN 10034: 1993
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—o European I beams (coniined)
Dimensions: IPE 80 - 600 in accordance with Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750

Hb—» |—— p—i

Tolerances: EN 10034: 1993 N e PN m-‘
Surface condition according to EN 10163-3:1991, class C, subclass 1 ] !' - I
—@ EuropaiSChe I'PrOfiIe (Fortsetzung)
Abmessungen: IPE 80 - 600 gemdf Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750 h y=f4- dh ol B
Toleranzen: EN 10034: 1993
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1 -
i Ly
,,* e
oy !
Désignation . . Dimensions de construction
. . Dimensions . . ops Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b tw t r A hi d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
[PE A 240° 22| 231 120 5,2 8,3 15 33,3 2204 1904 n12 64 68 0,918 35,10
IPE 240 307 240 120 6,2 9.8 15 39,1 2204 1904 n12 66 68 0,922 30,02
IPEQ 240* A3 242 122 I 10,8 15 43,7 2204 1904 n12 66 70 0,932 217,17
IPEA 270° 30,7 261 135 55 8,7 15 39,2 2496 219,6 M16 70 72 1,037 33,75
IPE 270 36,11 20 135 6,6 10,2 15 459 249,6 2196 M6 72 72 1,041 28,86
IPEQ 270* 423 274 136 15 12,2 15 53,8 2496 219,6 M16 72 72 1,051 24,88
[PE A 300° 365 297 150 6,1 92 15 46,5 78,6 248,6 M16 72 86 1,156 31,65
IPE 300 4221 300 150 71 10,7 15 53,8 78,6 248,6 M6 72 86 1,160 27,46
IPE0 300* 4931 304 152 8 12,7 15 62,8 78,6 248,6 M16 74 88 1,174 23,81
[PEA 330° 4301 327 160 6,5 10 18 54,7 307 7 M16 78 96 1,250 29,09
IPE 330 4911 330 160 75 115 18 62,6 307 M M6 78 9% 1,254 25,52
IPE0 330* 57101 334 162 8,5 13,5 18 72,6 307 7 M16 80 98 1,268 22,4
IPE A 360° 50,2] 357,6 170 6,6 115 18 64,0 334,60 298,6 n22 86 88 1,351 26,91
PE 360 57,11 360 170 8 12,7 18 72,1 334,6 298,6 n22 88 88 1,353 23,10
IPE0 360* 66,0 364 172 92 147 18 84,1 334,6 298,6 n22 90 90 1,367 20,69
[PE A 400° 5741 3971 180 I 12 21 73] 373 331 n22 94 98 1,464 25,51
IPE 400 66,3] 400 180 8,6 13,5 2 84,5 373 331 n22 9 98 1467 2,12
PE 0 400* 757 404 182 97 15,5 21 96,4 373 331 n22 96 100 1,481 19,57
[PE A 450° 67,2 4471 190 1,6 13,1 21 85,6 420,8 378,8 24 100 102 1,603 23,87
IPE 450 77,6] 450 190 94 14,6 21 98,8 420,8 3788 24 100 102 1,605 20,69
IPE 0 450* 924 456 192 11 17,6 21 118 420,8 378,8 24 102 104 1,622 17,56

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
+ Minimum order: 40 t per section and grade or upon agreement.

'53 o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.
+ Mindestbestellmenge: 40 t pro Profil und Giite oder nach Vereinbarung.
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Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe fort y-y axe faible zz ENV 1993-1-1 &12|8

Bezeichnung strong axis y-y weak axis z-z oure e 5124

starke Achse y-y schwache Achse z-z bending yy |compression| S | = &

G | Wely [Woiys| iy A, Lo | Welz [Wpizt| iy 5 Iy A A PP e z|Z

kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 10 ‘ x10° ‘ x10° ‘ x10 ‘ x102 | x10* ‘ x10° ‘ x10° ‘ x10 ‘ x10* ‘ x10°
IPEA 240 262 3290 7,71 3116 9,94 1631 | 2401 4002 6240 268 | 3937 8,35 32 |11 274 -0
PE 240 30.7( 3892 313 3666 997 1914 | 2836 a7 139 269 | 4337 12,88 3739 |11 -1 2 -jopqg
IPE 0 240 343 4369 31,1 4103 1000 21,36 | 3285 5386 8440 274 | 4617 17,18 4368 |11 -1 2 -|O b E‘
IPEA270 30.7( 4917 3683 4125 1120 1875 | 358,0 503 8234 302 | 4047 1030 55 |11 -(3 4 -|o b E‘
IPE 270 36,1 5790 4289 4840 .23 2,04 | 4199 62,20 96,95 3,02 4457 159 7058 |11 -2 3 -jopQg
IPEQ 270 423 6947 507,1 5746 11,36 25,23 | 5135 7551 177 300 | 4947 2490 8764 |11 -1 2 -|O b E‘
IPEA 300 351 773 4831 518 1242 1005 5190 6920 1073 334 42,07 1343 1072 |12 -|{3 4 -|O b E‘
PE 300 4221 835 557,1 6284 1246 25,68 6038 8050 1252 335 46,07 2012 1259 |11 -|2 4 -|opd
IPE 0 300 4931 99% 6575 7438 1261 29,05 7457 9812 1526 345 50,97 3106 157 |11 -1 3 -|oO b E‘
IPEA 330 4301 10230 6257 7019 1867 2699 6852 8564 1333 354 4759 1957 175 |11 -(3 4 -|o b E‘
IPE 330 4911 1770 713,1 8043 1371 30,81 7881 9852 1537 3,55 51,59 2815 191 |11 -2 4 -|jopd
IPE 0 330 5,0 13910 8330 9428 1384 3488 %04 1186 1850 384 | 5659 4215 ms7 (11 |13 -|opq
IPEA 360 50,2] 14520 8118 9068 1506 2976 9443 1111 179 384 50,69 2651 2820 |11 -|4 4 -|O b E‘
IPE 360 5,11 16270 9036 1019 14,95 35,14 1043 122,8 1911 379 54,49 373 336 |11 -|2 4 -|opd
IPE 0 360 660| 19050 1047 118 1505 4021 | 1251 1455 2269 386 | 5949 5576 3803 [1 1 |13 -|opq
IPE A 400 5741 20290 1022 1144 1666 3578 | 1171 130,1 202,1 4,00 55,60 479 4322 |11 -|4 4 -|O b E‘
IPE 400 66,3 23130 1156 1307 1655 4269 | 1318 146,4 290 395 60,20 51,08 4%0 |11 -3 4 -|opd
IPE 0 400 157 26750 1324 1502 1666 4798 | 1564 1719 269,1 4,03 65,30 7310 5876 |1 1 -2 3 -|O b E‘
IPEA 450 67,2 29760 1331 1494 18,65 4226 | 1502 1581 w57 419 58,40 4567 7049 |11 -4 4 -|D b E‘
IPE 450 776] 33740 1500 1702 18,48 50,85 1676 176,4 2764 412 63,20 6687 7910 |11 -|3 4 -|opd
IPE 0 450 9241 40920 1795 2046 18,65 5940 | 2085 2172 3410 4N 7080 109 976 |1 1 -|2 4 -|D

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.
¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. 53 ’



VY
—ao Poutrelles I européennes i
Dimensions: IPE 80 - 600 conformes & |'Euronorme 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750
Tolérances: EN 10034: 1993
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—o European I beams (confinued)
Dimensions: IPE 80 - 600 in accordance with Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750

Hb—» |—— p—i

Tolerances: EN 10034: 1993 N e PN m-‘
Surface condition according to EN 10163-3:1991, class C, subclass 1 ] !' - I
—@ EuropaiSChe I'PrOfiIe (Fortsetzung)
Abmessungen: IPE 80 - 600 gemdf Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750 h y=f4- dh ol B
Toleranzen: EN 10034: 1993
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1 -
i Ly
,,* e
o !
Désignation . . Dimensions de construction
. . Dimensions . . ops Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b tw t r A hi d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
[PEA 500° 7941 497 200 8,4 145 21 101 468 426 24 100 112 1,741 21,94
IPE 500 90,71 500 200 10,2 16 21 116 468 426 24 102 12 1,744 19,23
IPE0 500* 107 506 202 12 19 21 137 468 426 24 104 114 1,760 16,40
IPE A 550° 92,1 547 210 9 15,7 % 117 515,6 467,6 24 106 122 1,875 20,36
IPE 550 106 550 210 11 17,2 i 134 515,6 4676 24 110 122 1877 17,78
IPE0 550* 123 556 212 127 20,2 % 156 515,6 467,6 24 110 122 1,893 15,45
IPEA 600° 108 591 220 98 175 i 137 562 514 n27 114 118 2,013 18,72
PE 600 122 600 220 12 19 % 156 562 514 n27 116 118 2,015 16,45
IPE0 600* 154 610 224 15 24 4 197 562 514 n27 118 122 2,045 13,24
IPE750 x 137* 137 753 263 115 17 17 175 719 685 n27 102 162 2,506 18,28
IPE750 x 147 147 753 265 13,2 17 17 188 719 685 n27 104 164 2,510 17,06
IPE750x 173* 173 762 267 144 21,6 17 2 718,8 684,8 n27 104 166 2,534 1458
IPE750 x 196* 196 710 268 15,6 25,4 17 251 719,2 685, 27 106 166 2,552 12,96

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216; pour toute autre qualité 40 t ou suivant accord.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.
Tonnage minimum et conditions de livraison nécessitent un accord préalable.

e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
+ Minimum order: 40 t per section and grade or upon agreement.
Minimum tonnage and delivery conditions upon agreement.

+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.

0 o Mindestbestellmenge: fir S 235 JR gemaf Lieferbedingungen Seite 216; fiir jede andere Giite 40 t oder nach Vereinbarung.
54
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IPE

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.

¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

¢ Wy: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215.

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV 1993-1-1 &12|8
Bezeichnung strong axis y-y weak axis z-z oure e 5124
starke Achse y-y schwache Achse zz bending y |compression| 3| = |
G | Wely [Woiys| iy A, Lo | Welz [Wpizt| iy 5 Iy A A PP e z|Z
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 104 | x10° | x10° | x10 | x10% | x10¢ | x10° | x10° | x10 | x 104 | x 107

IPEA 500 194) 42930 1728 1946 20,61 50,41 1939 1939 3016 438 62,00 62,78 1125 T 1 -4 4 b o
IPE 500 90,7] 48200 1928 2194 2043 5987 | 2142 742 3359 43 66,80 89,29 1249 11113 410 [HIH
IPE 0 500 107 57780 2284 2613 205 702 2022 1596 4085 438 7460 1435 1548 |1 1 1|2 4 4|0 (HIH

IPEA 550 921 59980 2193 2475 22,61 6030 | 2432 2316 3615 455 68,52 8653 1710 (1 1 -|4 4 -jopd
IPE 550 106 67120 2441 2781 22,35 7234 | 2668 2541 4005 445 7362 1232 1884 |1 1 1|4 4 4|0 [HIH
IPE 0 550 123 719160 2847 3263 2250 8269 | 3224 3042 4805 455 81,22 1875 2302 11 112 4 4|o[HI|H

IPEA 600 108 82920 2778 3141 2460 7014 | 3116 2833 4421 417 7292 1188 2607 11 -(44 -|opd
PE 600 122 92080 3069 3512 2430 8378 | 3387 3079 4856 4,66 7812 1654 2846 T 1 14 4 41o|HI|H
IPE 0 600 154 | 118300 3879 447 2452 1044 4571 403,6 640,1 479 91,12 3181 3860 |1 1 1(2 4 4|0(HIH

IPE750 x 137 137 | 159900 4246 4865 3026 9290 | 5166 3928 614,1 544 6542 1371 6980 (1 2 -|4 4 -|0pO

IPE750 x 147 147 | 166100 441 5110 2976 1054 5289 3992 630,8 5,31 672 1615 714 T1 -4 4 -|opd
IPE750x 173 173 | 205800 5402 6218 3049 164 6873 5149 809,9 557 7152 2736 9391 T 1 114 4 4|0 (HI|H
IPE750 x 196 196 | 240300 6241 7174 309 1273 8175 6101 958,8 571 86,32 4089 11290 |1 1 1|4 4 4|0 |HIH
HI = HISTAR®

)



) vV
—ao Poutrelles normales européennes
Inclinaison des ailes: 14%
Dimensions: DIN 1025-1: 1963, NF A 45-209 (1983)
Tolérances: EN 10024: 1995

Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—eo European standard beams
Flange slope: 14%
Dimensions: DIN 1025-1: 1963, NF A 45209 (1983)
Tolerances: EN 10024: 1995
Surface condition according to EN 10163-3:1991, class C, subclass 1

—ao Europdische Normaltrager
Flanschneigung: 14 %
Abmessungen: DIN 1025-1: 1963, NF A 45-209 (1983)
Toleranzen: EN 10024: 1995
Oberflachenbeschaffenheit gemaf’ EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Dimensions de construction

. . Dimensions . . P Surface

Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b tw t n 2 A d > Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm mm? mm mm mm m?/m m?/t
x 107

IPN 80* 59 80 42 39 59 39 23 1,58 59 - - - 0,304 51,09
IPN 100* 83| 100 50 45 6,8 45 27 10,6 75,7 - - - 0,370 44 47
IPN 120" 1m0 58 51 77 51 31 14,2 924 . : : 0439 3938
PN 140* 1431 140 66 57 8,0 5,7 34 18,3 109,1 - - - 0,502 3494
IPN 160° 179 160 74 63 95 63 38 78 | 1258 : : : 0575 3213
PN 180* 29 180 82 6,9 104 6,9 4] 279 1424 - - - 0,640 29,22
PN 200* 26,2 200 90 15 13 15 45 33,4 1591 - - - 0,709 27,04
PN 220* KRl 220 98 8,1 122 8,1 49 395 1758 M10 50 56 0,775 2499
PN 240* 36,2 240 106 8,7 13,1 8,7 5,2 46,1 192,5 M10 54 60 0,844 2332
PN 260* 491 260 13 9.4 141 9,4 5,6 53,3 208,9 n12 62 62 0,906 21,65
PN 280* 4791 280 119 10,1 15,2 10,1 6,1 61,0 2251 M12 68 68 0,966 20,17
PN 300* 542( 300 125 10,8 16,2 10,8 6,5 69,0 2416 M12 70 74 1,03 19,02
[PN 320* 61,0 320 131 11,5 173 11,5 6,9 177 2519 M2 70 80 1,09 17,87
PN 340* 68,0 340 137 12,2 18,3 12,2 13 86,7 2743 M12 78 86 1,15 16,90
PN 360* 76,1 360 143 13 195 13 7.8 97,0 290,2 n12 78 92 1,21 15,89
PN 380* 840 380 149 13,7 205 13,7 8,2 107 306,7 M16 84 86 1,27 15,12
PN 400* 924 400 155 144 06 144 8,6 118 3029 M16 86 92 1,33 14,36
PN 450* 115 450 170 16,2 143 16,2 9,7 147 363,6 M6 92 106 148 12,83
PN 500* 4 500 185 18 7 18 10,8 179 4043 20 102 110 1,63 11,60
PN 550* 166 550 200 19 30 19 11,9 212 4456 n22 112 118 1,80 10,80
PN 600* 199 600 215 2,6 324 21,6 13 254 4858 24 126 128 197 9,89

* Tonnage minimum et conditions de livraison nécessitent un accord préalable.

*  Minimum tonnage and delivery conditions upon agreement.
l 56 . o T ) — .
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



IPN

Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe fort y-y axe faible zz ENV 1993-1-1 &2|8

Bezeichnung strong axis y-y weak axis z-z e e |59

starke Achse y-y schwache Achse z-z bending y |compression| S| = | &

G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § 5 § 5 & z &

kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé | |||
x 104 | x10° | x10° | x10 | x102 | x104 | x10° | x10° | x10 | x 104 | x 107

IPN 80 59 178 19,5 28 3,20 34 6,29 3,00 500 091 21,6 0,67 0094 4|4 4|0
IPN 100 8,3 171 34,2 39,8 4,01 4,85 12,2 4,88 810 1,07 25,0 1,60 02711 1|1 1180
IPN 120 11,1 328 547 63,6 481 6,63 15 741 124 128 284 21 0691 111 1|0
IPN 140 143 573 81,9 95,4 5,61 8,65 352 10,7 179 140 318 432 1511 11 1|0
IPN 160 17,9 935 17 136 6,40 10,83 54,7 148 49 155 35,2 6,57 i1 111 1|0
IPN 180 2191 1450 161 187 720 1335 81,3 19,8 32 1N 38,6 9,58 59201 1|1 118
IPN 200 26,2 2140 214 250 800 16,03 117 26,0 85 187 420 135 10511 1(1 1|0
IPN 220 3T 3060 278 324 880 19,06 162 331 5,7 202 454 18,6 g (1 11 1|0
IPN 240 36,2 4250 354 412 959 2233 21 4,7 700 220 489 25,0 87 (1 111 1]|o
IPN 260 4191 5740 442 514 10,40 26,08 288 51,0 85,9 232 52,6 335 a1 11 111 1o
IPN 280 4791 7590 542 632 1,10 30,18 364 61,2 103 245 56,4 442 646 (1 1|1 1|0
IPN 300 5421 9800 653 762 11,90 34,58 451 722 121 2,56 60,1 56,8 N8 (1 1|11 1|0
IPN 320 61,0[ 12510 182 914 12,70 39,26 555 84,7 143 2,67 639 725 129 T 111 118
IPN 340 68,0 15700 923 1080 1350 4427 674 98,4 166 2,80 67,6 90,4 176 I 1|1 1]|o
IPN 360 76,1 19610 1090 1276 14,20 49,95 818 114 194 2,90 AR 115 240 T 111 118
IPN 380 840( 24010 1260 1482 1500 5555 975 131 M 3,02 754 141 319 T 1(1 1]o
IPN 400 9241 29210 1460 1714 1570 61,69 | 1160 149 253 3,13 79,3 170 420 T 1|1 1]|o
IPN 450 115 | 45850 2040 2400 170 77,79 | 1730 203 345 343 88,9 267 91 T 111 1]o
IPN 500 141 68740 2750 3240 1960 9560 | 2480 268 456 3,72 98,5 402 1400 T 1|1 1]o
IPN 550 166 | 99180 3610 4240 260 1113 3490 349 592 402 | 1073 544 2390 I 1|1 1]|o
IPN 600 199 | 138800 4627 5452 2339 1380 4674 435 152 429 | 17,6 187 3814 I 1|1 1]|o

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.
¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. 57 ’



v
—e Poutrelles européennes a larges ailes
Dim.: HE A, HE B et HE M 100-1000 conformes & I’'Euronorme 53-62; HE AA 100-1000; HL 920-1100
Tolérances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR
A6 -02 HE avec Gue>Gpe m; HL 920; HL 1000 avec Gy>Gp m

Etat de surface conforme a EN 10163-3: 1991, classe C, sous-classe 1

—e European wide flange beams Y
Dim.: HE A, HE B and HE M 100 - 1000 in accordance with Euronorm 53-63; HE AA 100 - 1000; HL920-1100 — *ﬂ o . -t*‘;-
Tolerances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR T

A6 -02 HE with Gie>Gre m; HL 920; HL 1000 with Gy >Gpy m
Surface condition according to EN 10163-3:1991, class C, subclass 1

h y=ft- dh 2 .
—e Europdische Breitflanschtrager
Abmessungen: HE A, HE B und HE M 100 - 1000 gemdf3 Euronorm 53-62; HE AA 100 - 1000; HL 920 - 1100 W
Toleranzen: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR & A
A6 - 02 HE mit Gye>Gge y: HL 920 HL 1000 mit GGy W*ﬁ *
Oberfléchenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1 oz z
Désignation . . Dimensions de construction
. . Dimensions . . o1 Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafie
G h b tw t r A |"i d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
HE 100 AA°® 12,2 9 100 42 5,5 12 15,6 80 56 M10 54 58 0,553 4517
HET00 A 16,7 96 100 5 8 12 N2 80 56 10 54 58 0,561 33,68
HET00B 204 100 100 b 10 12 26,0 80 56 M10 56 58 0,567 2,76
HET00 M a8 120 106 12 20 12 53,2 80 56 M10 62 64 0,619 14,82
HE 120 AA°® 1461 109 120 42 55 12 18,6 98 74 n12 58 68 0,669 45,94
HE120 A 1991 114 120 5 8 12 25,3 98 74 M12 58 68 0,677 34,06
HE120 B 267 120 120 6,5 1 12 340 98 74 n12 60 68 0,686 25,71
HET20 M 521 140 126 12,5 2 12 66,4 98 74 n12 66 74 0,738 14,16
HE 140 AA°® 1811 128 140 43 6 12 230 116 92 M6 64 76 0,787 4353
HE 140 A U7 133 140 55 8,5 12 34 116 92 M6 64 76 0,794 N
HE140 B 337 140 140 I 12 12 430 116 92 M6 66 76 0,805 23,88
HET40 M 632 160 146 13 py) 12 80,6 116 92 M6 72 82 0,857 13,56
HE 160 AA°® 238 148 160 45 7 15 304 134 104 20 76 84 0,901 3181
HE 160 A 304 152 160 b 9 15 38,8 134 104 20 78 84 0,906 29,78
HE 160 B 426 160 160 8 13 15 54,3 134 104 20 80 84 0,918 21,56
HE 160 M 762 180 166 14 23 15 97,1 134 104 20 86 90 0,970 12,74
HE 180 AA°® 87 167 180 5 15 15 36,5 152 122 24 84 9 1,018 35,51
HE 180 A 3B50 M 180 b 9,5 15 453 152 122 24 86 92 1,024 28,83
HE 180 B 51,2 180 180 8,5 14 15 65,3 152 122 24 88 9 1,037 20,25
HE T80 M 889 200 186 145 24 15 133 152 122 24 94 98 1,089 12,25
HE 200 AA°® 46 186 200 55 8 18 41 170 134 n27 96 100 1,130 32,62
HE 200 A 423 190 200 6,5 10 18 53,8 170 134 n27 98 100 1,136 26,89
HE 200 B 61,3[ 200 200 9 15 18 781 170 134 n27 100 100 1,151 18,78
HE 200 M 103 220 206 15 25 18 1313 170 134 n27 106 106 1,203 11,67
HE 220 AA°® 404 205 220 b 8,5 18 51,5 188 152 n27 98 118 1,247 30,87
HE 220 A 50,5 210 220 7 1 18 64,3 188 152 n27 98 118 1,255 24,85
HE220 B 15[ 220 220 9,5 16 18 91,0 188 152 n27 100 118 1,270 1777
HE 220 M 17 240 226 15,5 26 18 149 4 188 152 n27 108 124 1322 11,27

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
58) o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe fort y-y axe faible zz ENV 1993-1-1 3 |& 8

Bezeichnung strong axis y-y weak axis z-z e oue 5 i

starke Achse y-y schwache Achse z-z bending yy |compression| S | = &

G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § ?g § § ?g § & z &

kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 10 ‘ x10° ‘ x10° ‘ x10 ‘ x102 | x10* ‘ x10° ‘ x10° ‘ x10 ‘ x10* ‘ x10°
HE 100 AA 122] 2365 5198 5836 389 6,15 9206 1841 2844 243 29,26 251 168 |1 3 13 -|0

HET00 A 1671 3492 7276 8301 4,06 7,56 1338 26,76 4,14 251 35,06 524 25811 -|1 1 -|opg
HE100 B 204] 4495 8991 1042 416 9,04 1673 3345 5142 253 40,06 9,25 3¥/|T 1 -1 1 -|o b E‘
HET00 M 481 143 1904 2358 4,63 18,04 399,2 7531 1163 2,74 66,06 68,21 99311 1 -1 1 -|opg
HE 120 AA 146 434 7585 8412 472 6,90 158,8 26,47 4062 293 29,26 2,78 42412 3 -2 3 opd
HE120 A 1991 6062 1063 1195 489 8,46 2809 3848 5885 3,02 35,06 599 647 1T 1 -1 1 o b E*
HE120 B 267 8644 144 165,2 5,04 10,96 317,5 52,92 80,97 3,06 42,56 13,84 94111 -1 1 opd
HE120 M 5211 2018 2882 350,6 551 2,15 7028 1116 1716 3,25 68,56 91,66 479111 -1 1 o b E‘
HE 140 AA 18,1 7195 1124 1238 559 192 748 3926 5993 345 30,36 3,54 1021 (3 3 -3 3 0 b E‘
HET40 A 2471 1033 1554 1735 573 10,12 3893 5562 8485 352 36,56 8,13 1506 (12 -1 2 -|opq
HE140 B 37 1509 2056 2454 593 13,08 59,7 7852 1198 3,58 4506 20,06 248 (11 -[11 0 b E‘
HET40 M 63,2 3291 44 4938 6,39 2446 | 1144 156,8 240,5 377 71,06 1200 5433 111 -(11 opd
HE 160 AA 238 1283 1734 190,4 6,50 10,38 4187 5984 N3 397 36,07 6,33 87513 3 -13 3 opd
HE 160 A 304 1673 220,1 245,1 6,57 13,21 6156 7695 1176 398 4157 1219 4112 -1 2 -|O b E‘
HE160 B 426 2492 ns 354,0 6,78 17,59 8892 11,2 170,0 4,05 51,57 31,24 g% 111 (11 opqg
HET60 M 762 5098 5665 6746 1,25 3081 | 1759 109 355 4,26 71571 1624 1081 (1 1 -1 1 o b E‘
HE 180 AA 287 1967 2356 2582 734 1216 7300 8111 1236 447 31,57 8,33 4636 |13 3 -|3 3 -|O b E*
HE180 A 3550 2510 293,6 3249 745 14,47 9246 1027 156,5 4,52 4257 14,80 6021 {13 -1 3 -|opqd
HE180 B 51,21 3831 4571 4814 1,66 20,24 | 1363 1514 2310 4,57 5407 426 WB5 (11 -1 1 0 b E‘
HET80 M 88,9 7483 7483 8834 8,13 34,65 | 2580 074 4252 471 8007 2033 1993 (11 (11 opd
HE 200 AA 346( 2944 316,6 3471 817 1545 | 1068 106,8 163, 492 4259 12,69 8449 13 4 -3 4 opd
HE200 A 423 3692 3886 4295 828 1808 | 1336 1336 2038 498 4759 209 1080 |1 3 -|1 3 -|O b E*
HE200 B 61,3 5696 5696 6425 8,54 2483 | 2003 2003 3058 507 6009 5928 1711 (11 -1 1 -|opq
HE200 M 103 [ 10640 9674 1135 900 41,03 | 3651 3545 5432 521 86,09 2594 463 |11 -|1 1 -|o b E‘
HE 220 AA 404 4170 4069 4455 9,00 17,63 | 1510 1373 2093 542 4409 1593 1456 |3 4 -|3 4 -|O b E‘
HE220 A 505 5410 515,2 568,5 917 20,67 | 1955 77,1 270,6 551 50,09 2846 1933 (13 -|1 3 -|opq
HE220 B 75 809 7355 8210 9,43 2192 | 2843 2585 3939 559 6259 7657 2954 (11 -1 1 -|¢O b E‘
HE220 M 117 | 14600 1217 1419 9,89 45,31 5012 4435 678,6 579 88,59 3153 527 |11 -1 1 opd

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.

¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215.

@



Y'VA
—e Poutrelles européennes a larges ailes i
Dim.: HE A, HE B et HE M 100-1000 conformes & I'Euronorme 53-62; HE AA 100-1000; HL 920-1100
Tolérances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR
A6 -02 HE avec Gue>Gpe m; HL 920; HL 1000 avec Gy>Gp m

Etat de surface conforme a EN 10163-3: 1991, classe C, sous-classe 1

—e European wide flange beams (cniined) Y
Dim.: HE A, HE B and HE M 100 - 1000 in accordance with Euronorm 53-63; HE AA 100 - 1000; HL920-1100 — *ﬂ o . -t*‘;-
Tolerances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR T

A6 -02 HE with Gie>Gre m; HL 920; HL 1000 with Gy >Gpy m
Surface condition according to EN 10163-3:1991, class C, subclass 1

h y=ft- dh 2 .
—ao Europadische Breitflanschtrager foretzung)
Abmessungen: HE A, HE B und HE M 100 - 1000 gemdf3 Euronorm 53-62; HE AA 100 - 1000; HL 920 - 1100 W
Toleranzen: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR & A
A6 - 02 HE mit Gye>Gge y: HL 920 HL 1000 mit GGy W*ﬁ *
Oberfléchenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1 oz z
Désignation . . Dimensions de construction
. . Dimensions . . o1 Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafie
G h b tw t r A |"i d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
HE 240 AA°® 474 24 240 6,5 9 2 60,4 206 164 n27 104 138 1,359 28,67
HE 240 A 60,3 230 240 15 12 2 76,8 206 164 n27 104 138 1,369 22,70
HE 240 B 832 240 240 10 17 2 106,0 206 164 n27 108 138 1,384 16,63
HE 240 M 157 270 248 18 32 2 199,6 206 164 n27 116 146 1,460 9,318
HE 260 AA°® 541 244 260 6,5 9,5 24 69,0 225 177 n27 110 158 1474 21,22
HE 260 A 682 250 260 15 125 24 86,8 225 177 n27 110 158 1,484 Nn,71
HE 260 B 93 260 260 10 175 24 118,4 225 177 n27 114 158 1,499 16,12
HE 260 M 172 290 268 18 325 24 2196 225 177 n27 122 166 1,575 9,133
HE 280 AA°® 61,2 264 280 I 10 24 78,0 244 196 n27 110 178 1,593 26,01
HE 280 A 7641 270 280 8 13 4 973 244 196 n27 12 178 1,603 20,99
HE 280 B 103 280 280 10,5 18 24 1314 244 196 n27 114 178 1618 15,69
HE 280 M 189 310 288 18,5 33 24 240,2 244 196 n27 122 186 1,694 8,984
HE 300 AA°® 69,8 283 300 75 10,5 7 88,9 262 208 n27 116 198 1,705 2442
HE 300 A 883 290 300 8,5 14 Vi 12,5 262 208 n27 118 198 1,717 19,43
HE 300 B 17 300 300 1 19 27 149,1 262 208 n27 120 198 1,732 14,80
HE 300 M 238 340 310 2 39 Vi 3031 262 208 n27 132 208 1,832 7,699
HE 320 AA°® 7421 301 300 8 1 Vi 94,6 79 225 n27 118 198 1,740 2343
HE 320 A 976 310 300 9 15,5 i 1244 79 225 n27 118 198 1,756 17,98
HE 320 B 127 320 300 11,5 20,5 Vi 161,3 279 225 n27 122 198 1,771 13,98
HE 320 M 245 359 309 2 40 27 312,0 79 225 n27 132 204 1,866 7,616
HE 340 AA°® 789 320 300 8,5 11,5 7 100,5 297 2143 n27 118 198 1,777 22,52
HE 340 A 105 330 300 9,5 16,5 Vi 1335 297 2143 n27 118 198 1,795 17,13
HE 340 B 134 340 300 12 N5 27 170,9 297 2143 n27 122 198 1,810 13,49
HE 340 M 248 317 309 2 40 i 315,8 297 2143 n27 132 204 1,902 7,670
HE 360 AA°® 837 339 300 9 12 Vi 106,6 315 261 n27 118 198 1,814 2,61
HE 360 A 12 350 300 10 175 27 142,8 315 261 n27 120 198 1,834 16,36
HE 360 B 142 360 300 12,5 225 Vi 180,6 315 261 n27 122 198 1,849 13,04
HE 360 M 250 395 308 2 40 yij 3188 315 261 n27 132 204 1,934 7,730

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
60) o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV 1993-1-1 3|83
Bezeichnung strong axis y-y weak axis z-z e oo 5 o §
starke Achse y-y schwache Achse z-z bending yy |compression| S | = &
G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § ?g § § ?g § e z Z
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 104 ‘ x10° ‘ x10° ‘ x10 | x10% | x10¢ ‘ x10° ‘ x10° ‘ x10 ‘ x 104 ‘ x 107
HE 240 AA 4741 5835 510 5706 9,83 2154 | 2077 1731 2644 587 | 4910 2298 2396 |3 4 34 ul

HE240 A 60,3 7763 675,1 7446 10,05 2518 | 2769 230,7 3517 6,00 5,0 4155 385 (13 -1 3 -|opd

HE 240 B 832 11260 9383 1053 10,31 323 | 3923 326,9 498,4 6,08 | 68,60 1027 4869 (11 -|1 1 -|O b E‘

HE 240 M 157 24290 1799 m7 11,03 60,07 8153 657,5 1006 6,39 | 106,6 6279 ns2 (11 -|1 1 -jopd

HE 260 AA 541 7981 6541 7145 10,76 24,75 2788 21145 32,7 6,36 53,62 30,31 3826 |3 4 -|3 4 opqg
HE 260 A 682) 10450 8364 9198 1097 2876 | 3668 2821 430,2 650 | 60,62 5237 5164 |2 3 3|2 3 3|0 [HI|H
HE 260 B 93 14920 1148 1283 1,22 3159 5135 395,0 602,2 6,58 7312 1238 7537 |1 1 201 1 2|0[H|H
HE 260 M 172 31310 2159 2524 11,94 66,89 | 10450 m,7 192 690 | 1111 7190 1728 |1 1 11 1 T|o[H|H

HE 280 AA 61,2] 10560 7998 8731 11,63 2152 | 3664 261,7 3994 6,85 55,12 36,22 59,1 |3 4 -(3 4 ul b E‘
HE280 A 764 13670 1013 1m2 11,86 31,74 4763 340,2 518,1 7,00 62,12 62,10 7854 12 3 412 3 4|0[HI|H
HE 280 B 103 19210 1376 1534 12,11 41,09 | 6595 47,0 17,6 1,09 7462 1437 130 |1 1 2(1 1 2|0|H[H
HE 280 M 189 39550 2551 2966 12,83 72,03 | 13160 9141 1397 740 | 1126 807,3 2520 |17 1 T(1 1 1|o[HI|H

HE 300 AA 69,8 13800 9756 1065 12,46 3231 | 4734 315,6 4823 7,30 60,13 4935 8772 |3 4 -(3 4 opd
HE 300 A 88,3 18260 1260 1383 1274 37,28 | 6310 420,6 641,2 749 | 6813 8517 1200 |2 3 3|2 3 3|0 [HI|H
HE 300 B 17 25170 1678 1869 1299 4743 | 8563 570,9 870,1 1,58 80,63 1850 1688 |1 1 3|1 1 3|0 |HI|H
HE 300 M 238 59200 3482 4078 1398 9053 | 19400 1252 1913 8,00 | 1306 1408 4386 |1 1 11 1 1|o[HI|H

HE 320 AA 742( 16450 1093 1196 13,19 3540 | 4959 330,6 505,7 1,4 61,63 587 1041 |3 4 -(3 4 ul b E‘
HE320A 976 22930 1479 1628 13,58 4113 6985 465,7 709,7 149 71,63 1080 1512 (13 3|1 3 3|o|H|H
HE 320 B 127 30820 1926 2149 13,82 SLTT | 9239 6159 9391 1,57 8413 2251 2069 (11 2|1 1 2(o|HI|H
HE 320 M 245 68130 379 4435 14,78 94,85 | 19710 1276 1951 795 | 1326 1501 504 |1 T 11 1 T1{0[HIH

HE 340 AA 789 19550 1222 134 13,95 38,69 | 5185 345,6 5293 118 63,13 6307 1231 |3 4 -(3 4 opd
HE 340 A 105 27690 1678 1850 1440 4495 | 7436 4957 7559 1,46 7413 1272 1824 (13 3|1 3 3[O|HH
HE 340 B 134 36660 2156 2408 14,65 56,09 | 9690 646,0 9857 1,53 86,63 2572 2454 |1 1T 1|1 1 1{0[HIH
HE 340 M 248 76370 4052 478 15,55 98,63 | 19710 1276 1953 790 | 1326 1506 584 (1 1 1|1 1 1[o|HI|H

HE 360 AA 83,7 23040 1359 1495 1470 4217 | 5410 360,7 553,0 112 64,63 7099 1444 |13 4 -3 4 -|O b E‘
HE 360 A 112 33090 1891 2088 1522 4896 | 7887 5258 802,3 143 76,63 1488 2177 |1 2 3|1 2 3|0 |HIH
HE 360 B 142 43190 2400 2683 15,46 60,60 | 10140 676,1 1032 149 8913 2925 2883 (1 1 1|1 1 1|0[HIH
HE 360 M 250 84870 4297 4989 16,32 1024 19520 1268 1942 7,83 | 1326 1507 6137 |1 1 1(1 1 1|o[HI|H
HI = HISTAR®

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.

¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215.

")



YA
—e Poutrelles européennes a larges ailes i
Dim.: HE A, HE B et HE M 100-1000 conformes & I'Euronorme 53-62; HE AA 100-1000; HL 920-1100
Tolérances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR
A6 -02 HE avec Gue>Gpe m; HL 920; HL 1000 avec Gy>Gp m

Etat de surface conforme a EN 10163-3: 1991, classe C, sous-classe 1

—e European wide flange beams (cniined) Y
Dim.: HE A, HE B and HE M 100 - 1000 in accordance with Euronorm 53-63; HE AA 100 - 1000; HL920-1100 — *ﬂ o . -t*‘;-
Tolerances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR T

A6 -02 HE with Gie>Gre m; HL 920; HL 1000 with Gy >Gpy m
Surface condition according to EN 10163-3:1991, class C, subclass 1

h y=ft- dh 2 .
—ao Europadische Breitflanschtrager foretzung)
Abmessungen: HE A, HE B und HE M 100 - 1000 gemdf3 Euronorm 53-62; HE AA 100 - 1000; HL 920 - 1100 W
Toleranzen: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR & A
A6 - 02 HE mit Gye>Gge y: HL 920 HL 1000 mit GGy W*ﬁ *
Oberfléchenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1 oz z
Désignation . . Dimensions de construction
. . Dimensions . . o1 Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafie
G h b tw t r A |"i d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
HE 400 AA°® 924 378 300 9,5 13 27 17,7 352 298 n27 118 198 1,891 20,46
HE 400 A 125 390 300 1 19 i 159,0 352 298 n27 120 198 1912 15,32
HE 400 B 155 400 300 13,5 24 i 197,8 352 298 n27 124 198 1927 1241
HE 400 M 256 432 307 2 40 i 3258 352 298 n27 132 202 2,004 7,835
HE 450 AA°® 97 425 300 10 13,5 Vi 1271 398 344 n27 120 198 1,984 19,89
HE 450 A 140 440 300 11,5 2 277 178,0 398 344 n27 122 198 2,011 14,39
HE450 B 171 450 300 14 26 i 218,0 398 344 n27 124 198 2,026 11,84
HE 450 M 263 478 307 2 40 Vi 3354 398 344 n27 132 202 2,096 7,959
HE 500 AA°® 107 477 300 10,5 14 27 136,9 444 390 n27 120 198 2077 19,33
HE 500 A 155 490 300 12 23 i 197,5 444 390 n27 122 198 2,110 13,60
HE 500 B 187 500 300 145 28 i 2386 444 390 n27 124 198 2,125 11,34
HE 500 M 270 524 306 2 40 i 3443 444 390 n27 132 202 2,184 8,079
HE 550 AA°® 120 522 300 115 15 i 152,8 492 438 n27 122 198 2175 18,13
HE 550 A 166 540 300 12,5 24 27 11,8 492 438 n27 122 198 2,209 13,29
HE 550 B 199 550 300 15 29 i 254,1 492 438 n27 124 198 2,224 11,15
HE 550 M 278 572 306 2 40 Vi 3544 492 438 n27 132 202 2,280 8,195
HE 600 AA°® 129 571 300 12 15,5 27 1641 540 486 n27 122 198 2272 17,64
HE 600 A 178 590 300 13 25 i 226,5 540 486 n27 122 198 2,308 12,98
HE 600 B 212 600 300 15,5 30 i 270,0 540 486 n27 126 198 2,323 10,96
HE 600 M 285 620 305 2 40 i 363,7 540 486 n27 132 200 2,372 8,308
HE 600 x 337° 337 632 310 25,5 46 27 429.2 540 486 n27 138 202 2,407 7,144
HE 600 x 399° 399 648 315 30 54 i 508,5 540 486 n27 142 208 2,450 6,137
HE 650 AA°® 138 620 300 12,5 16 i 175,8 588 534 n27 122 198 2,369 17,17
HE 650 A 190 640 300 13,5 26 Vi 2416 588 534 n27 124 198 2,407 12,69
HE 650 B 225 650 300 16 3 i 286,3 588 534 n27 126 198 2422 10,77
HE 650 M 293 668 305 2 40 Vi 3137 588 534 n27 132 200 2,468 8,411
HE 650 x 343° 343 680 309 25 46 i 4375 588 534 n27 138 202 2,500 1,278
HE 650 x 407° 407 696 314 29,5 54 Vi 518,8 588 534 n27 142 206 2,543 6,243

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
62) o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV 1993-1-1 3|83
Bezeichnung strong axis y-y weak axis z-z e oo 5 o §
starke Achse y-y schwache Achse z-z bending yy |compression| S | = &
G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § ?g § § ?g § e z Z
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 104 ‘ x10° ‘ x10° ‘ x10 ‘ x102 | x104 ‘ x10° ‘ x10° ‘ x10 ‘ x 104 ‘ x 107
HE 400 AA 924 31250 1654 1824 1630 47,95 | 5861 390,8 5997 1,06 67,13 8469 1948 |3 3 -|3 3 0

HE400 A 125 45070 2311 2562 16,84 57,33 | 8564 570,9 8729 7,34 80,63 1890 2942 (11 3|1 2 3|o|HH
HE 400 B 155 57680 2884 3232 17,08 69,98 | 10820 mz3 1104 740 | 9313 3557 3817 |1 1T 1(1 1 T{o[H|H
HE 400 M 256 | 104100 4820 5571 1788 1102 19340 1260 1934 7,70 | 1326 1515 A0 (11 1|1 1 T{o|HH

HE 450 AA 9,71 41890 1971 2183 18,16 5470 | 6088 405,8 6244 6,92 68,63 9561 2572 |3 3 -|3 4 opd
HE450 A 140 63720 2896 3216 18,92 65,78 | 9465 631,0 965,5 1,29 8513 2438 4148 (11 1|1 2 3|o|H[H
HE 450 B 171 79890 3551 3982 19,14 79,66 | 11720 7814 1198 1,33 97,63 4405 525 11T 1 101 1 2(0fHI|H
HE 450 M 263 | 131500 5501 6331 1980 1198 [ 19340 1260 1939 759 | 1326 1529 9251 |1 1 1|1 1 T{O[H|H

HE 500 AA 107 54640 2315 2576 19,98 61,91 6314 4209 649,3 6,79 7013 1077 3304 (23 -|2 4 -|D b E‘
HE 500 A 155 86970 3550 3949 20,98 7472 110370 691,17 1059 1,4 89,63 3093 543 |1 1 111 3 4|0[HI|H
HE 500 B 187 | 107200 4287 4815 21,19 89,82 | 12620 8416 1292 721 | 1021 5384 7018 |1 1 11 2 2|0 (H|H
HE 500 M 210 | 161900 6180 7094 2,69 1295 19150 1252 1932 746 | 1326 1539 M9 {1 1T 11 1 T1{0[HIH

HE 550 AA 120 72810 2792 3128 2,84 72,66 | 6767 4511 698,6 6,65 7313 1337 433 (13 -|3 4 opd
HE 550 A 166 | 111900 4146 4622 2299 83,72 | 10820 mz3 1oz 1,15 9213 315 7189 |1 1 1(2 4 4|0 (H|H
HE 550 B 199 | 136700 4971 5591 23,20 1001 13080 8718 1341 10T | 1046 600,3 885 (1 1 1{1 2 3|o|HIH
HE 550 M 278 | 198000 6923 7933 23,64 1396 | 19160 1252 1937 735 | 1326 1554 13520 (1 1 1|1 1 1[o|H|H

HE 600 AA 129 91900 3218 3623 23,66 81,29 | 6993 466,2 1245 6,53 7463 1498 51 (13 -3 4 -|D b E‘
HE 600 A 178 | 141200 4787 5350 2497 93,21 | 11210 7514 1156 7,05 9463 3978 8978 (1 1 12 4 4|o|HIH
HE 600 B 212 | 171000 5701 6425 2517 1108 | 13530 9020 1391 7,08 | 1071 6672 10970 |1 1 T[1 3 4|0[HI|H
HE 600 M 285 | 237400 7660 8772 2555 1497 18980 1244 1930 722 | 1326 1564 15910 |1 1T 11 1 1{0[HIH

HE 600 x 337 337 | 283200 8961 10380 2569 1805 | 22940 1480 2310 731 | 1491 51 19610 (1 1 11 1 1|of|H

HE 600 x 399 399 | 344600 10640 12460 2603 2136 | 28280 1796 2814 746 | 1696 3966 24810 |1 1 1(1 1 1|ofH

HE 650 AA 138 | 113900 3676 4160 25,46 90,40 | 722 4814 750,7 6,41 7613 1675 657 (13 -|4 4 -jopd
HE 650 A 190 | 175200 5474 6136 2693 1032 | 11720 7816 1205 6,97 9713 4483 11030 (1 1 1|3 4 4|0 |[HI|H
HE 650 B 225 | 210600 6480 7320 202 1220 | 13980 9323 1441 6,99 | 1096 7392 13360 |1 1 1(2 3 4|0[HI|H
HE 650 M 293 | 281700 8433 9657 2745 1597 | 18980 1245 1936 703 | 1326 1579 18650 (1 1 11 1 2[o|HI|H

HE 650 x 343 343 | 333700 9815 11350 27,62 1896 | 22720 1470 2300 7121 | 1486 2442 22730 |1 1 T[0T 1 1 |ofH

HE 650 x 407 407 | 405400 11650 13620 2195 2248 | 28020 1785 2803 7,35 | 1691 3958 28710 (1 1 1)1 1 1(o|H
HI = HISTAR®

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.
¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. 63 ’



YAY
—e Poutrelles européennes a larges ailes i
Dim.: HE A, HE B et HE M 100-1000 conformes & I'Euronorme 53-62; HE AA 100-1000; HL 920-1100
Tolérances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR
A6 -02 HE avec Gue>Gpe m; HL 920; HL 1000 avec Gy>Gp m

Etat de surface conforme a EN 10163-3: 1991, classe C, sous-classe 1

—e European wide flange beams (cniined) Y
Dim.: HE A, HE B and HE M 100 - 1000 in accordance with Euronorm 53-63; HE AA 100 - 1000; HL920-1100 — *ﬂ o . -t*‘;-
Tolerances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR T

A6 -02 HE with Gie>Gre m; HL 920; HL 1000 with Gy >Gpy m
Surface condition according to EN 10163-3:1991, class C, subclass 1

h y=f4- dh y=4-
—ao Europadische Breitflanschtrager foretzung)
Abmessungen: HE A, HE B und HE M 100 - 1000 gemdf3 Euronorm 53-62; HE AA 100 - 1000; HL 920 - 1100 W
Toleranzen: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR A
A6 - 02 HE mit Gye>Gge y: HL 920 HL 1000 mit GGy + *
Oberfléchenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1 oz z
Désignation Di . Dimensions de construction
. . imensions . . ops Surface
Deslgnctlon Abmessungen Dimensions for detailing Oberfléche
Bezeichnung Konstruktionsmafle
G h b tw t r A hi d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
HE700 AA® 150] 670 300 13 17 27 1909 636 582 W27 122 198 2,468 16,46
HE700 A 2041 690 300 145 7 27 260,5 636 582 W27 124 198 2,505 12,25
HE700 B 2411 700 300 17 32 7 306,4 636 582 n27 126 198 2520 10,48
HE700 M 011 716 304 2 40 7 383,0 636 582 n27 132 200 2,560 8,513
HE700 x 352° 3521 728 308 25 46 27 448,6 636 582 W27 138 200 2592 7,359
HE700 x 418° 8| 744 313 295 54 7 5319 636 582 W27 142 206 2,635 6,310
HE 800 AA°® 172 710 300 14 18 30 2185 734 674 n27 130 198 2,660 15,51
HE800 A 241 790 300 15 28 30 2858 734 674 n27 130 198 2,698 12,03
HE 800 B 262|800 300 175 33 30 334,2 734 674 W27 134 198 2,713 10,34
HE 800 M 7] 814 303 2 40 30 4043 734 674 n27 138 198 2,746 8,655
HE 800 x 373° 373 826 308 25 46 30 4746 734 674 n27 144 200 2,782 7,469
HE 800 x 444° 444 842 313 30 54 30 566,0 734 674 W27 148 206 2,824 6,357
HE 900 AA® 198] 870 300 15 2 30 52,2 830 770 W27 130 198 2,858 14,44
HE900 A 252 890 300 16 30 30 3205 830 770 n27 132 198 2,89 11,51
HE900 B 2911 900 300 18,5 35 30 33 830 770 W27 134 198 2911 9,99
HE900 M 3331 910 302 2 40 30 423,6 830 770 n27 138 198 2,934 8,824
HE 900 x 391° RUAN ) 307 Ji) 46 30 4977 830 770 W27 144 200 2910 7,604
HE 900 x 466° 466 938 312 30 54 30 593,7 830 770 n27 148 204 3,012 6,464
HE 1000 AA°® 221 910 300 16 2 30 282,2 928 868 n27 132 198 3,056 13,80
HE 1000 x 249° 2491 980 300 16,5 26 30 316,8 928 868 W27 134 194 3,08 1237
HE 1000 A 2771 99 300 16,5 3 30 346,8 928 868 W27 132 198 3,095 11,37
HE 1000 B 3141 1000 300 19 36 30 400,0 928 868 W27 134 198 3,110 9,905
HE 000 M 3491 1008 302 2 40 30 4442 928 868 W27 138 198 3130 8,978
HE 1000 x 393° 393] 1016 303 244 439 30 500,2 928 868 n27 142 198 314 8,01
HE 1000 x 415° 415] 1020 304 26 46 30 528,7 928 868 W27 144 198 3,15 7,60
HE 1000 x 438° 4371 1026 305 26,9 49 30 557,2 928 868 n27 146 198 31 1,4
HE 1000 x 494° 494] 1036 309 3 54 30 629,1 928 868 W27 148 204 319 6,47
HE 1000 x 584° 584 1056 314 36 b4 30 7437 928 868 W27 154 208 3,24 5,56

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
64) o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV 1993-1-1 3 |& 8
Bezeichnung strong axis y-y weak axis z-z e oue 5 i
starke Achse y-y schwache Achse z-z bending yy |compression| S | = &
G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § ?g § § ?g § & z &
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 10 ‘ x10° ‘ x10° ‘ x10 ‘ x102 | x10* ‘ x10° ‘ x10° ‘ x10 ‘ x10* ‘ x10°
HE700 AA 150 142700 4260 4840 27,34 1003 7673 5115 19,7 6,34 | 7863 1952 8155 (12 -4 4 -|0
HE700 A 204 215300 6241 7032 2875 170 12180 8119 1257 6,84 | 100,1 5139 18350 [T 1 1|3 4 4|o|HIH
HE700 B 241( 256900 7340 8327 2896 137 14440 9627 1495 6,87 | 1126 8309 16060 (1 1 1|2 4 4|C0|HI[H
HE700 M 301( 329300 9198 10540 2932 1698 18800 1237 1929 701 | 1326 1589 2400 |1 1 11 2 3|{o|HI|H
HE700 x 352 352( 389700 10710 12390 2947 2016 22510 1461 2293 708 | 1486 246 26050 |1 1 11 1 1[of|H
HE700 x 418 418( 472500 12700 14840 2980 2390 2760 1774 2797 122 | 1691 3989 32850 |1 1 1|1 1 T|ofH
HE 800 AA 1721 208900 5426 6225 3092 1238 8134 5422 856,6 610 | 8515 258 11450 |1 2 -|4 4 -|opQ
HE 800 A 224( 303400 7682 8699 3258 1388 12640 8426 1312 6,65 | 106,1 5969 18290 (1 1 1|4 4 4|C|HI[H
HE 800 B 262 359100 8977 10230 3278 1618 14900 9936 1553 6,68 | 1186 9460 21840 [T 1 1|3 4 4|O|HI[H
HE 800 M 317( 442600 10870 12490 33,09 1943 18630 1230 1930 6,79 | 1361 1646 2780 |1 1 11 3 4 [o|H|H
HE 800 x 373 373[ 523900 12690 14700 3323 2303 22530 1463 231 6,89 | 1521 2554 34070 |1 1 1|1 2 2|o|H
HE 800 x 444 444 634500 15070 17640 3348 2765 27800 1776 2827 701 | 173 4180 42840 |1 1 11 1 1|ofH
HE 900 AA 1981 301100 6923 7999 3455 1472 9041 602,8 957,7 599 | 9015 3349 16260 |1 1 -|4 4 -|O b E‘
HE 900 A 252 422100 9485 10810 3629 1633 13550 9032 1414 6,50 | 11,1 7368 24960 (11 1|4 4 4|O|HI[H
HE900 B 291( 494100 10980 12580 3648 1888 15820 1054 1658 653 | 1236 1137 29460 |1 1 1(3 4 4[o|HI|H
HE 900 M 333[ 570400 12540 14440 36,70 2144 18450 1222 1929 6,60 | 136,1 1671 4750 |1 1 1|2 4 4|0 [HIH
HE 900 x 391 391( 674300 14630 16990 36,81 2543 22320 1454 2312 6,70 | 1521 2597 4250 |1 1 1|1 3 4|o|H
HE 900 x 466 466 814900 17380 20380 37,05 3053 27560 1767 2832 6,81 | 1731 4256 53400 |1 1 1|1 1 2|ofH
HE 1000 AA 227( 406500 8380 9777 3795 1722 9501 6334 1016 580 | 9315 4034 280 |1 1 -|4 4 -|D
HE 1000 x 249 249( 481100 9818 11350 3897 1807 1750 7840 1245 6,09 | 1036 5844 26620 (1 1 2|4 4 4|O|HI[H
HE 1000 A 277( 553800 11190 12820 3996 1846 14000 9336 1470 6,35 | 13,6 8224 32070 (1 1 2|4 4 4|O|HI[H
HE 1000 B 314[ 644700 12690 14860 40,15 2125 16280 1085 1716 6,38 | 1261 1254 37640 |1 1 1[4 4 4|o|HI|H
HE 1000 M 349( 722300 14330 16570 4032 2350 18460 1222 1940 6,45 | 1361 1701 43020 |1 1 1{3 4 4|o|HI|H
HE 1000 x 393 393( 807700 15900 18540 40,18 2713 20500 1353 2168 640 | 1473 2332 48080 |1 1 1]2 4 4|o|H
HE 1000 x 415 415( 853100 16728 19571 4017 2886 1710 1428 2298 6,41 | 1531 M3 51080 |1 1 1{2 3 4|ofH
HE 1000 x 438 437( 909800 17740 20770 4041 3009 23360 1532 2464 6,47 | 160,1 3200 5290 |1 1 1|1 3 4|o|H
HE 1000 x 494 49411028000 19845 23413 4042 3445 26820 1736 2818 6,53 | 1741 4433 64010 |1 1 1|1 2 3|o|H
HE 1000 x 584 58411246100 23600 28039 4093 4032 33430 2130 3475 670 | 1991 7230 81240 |1 1 1|1 1 2|o|H
HI = HISTAR®

¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.
¢ W For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. 65 ’



VAL
—e Poutrelles européennes a larges ailes i
Dim.: HE A, HE B et HE M 100-1000 conformes & I'Euronorme 53-62; HE AA 100-1000; HL 920-1100
Tolérances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR
A6 -02 HE avec Gue>Gpe m; HL 920; HL 1000 avec Gy>Gp m

Etat de surface conforme a EN 10163-3: 1991, classe C, sous-classe 1

—e European wide flange beams (cniined) Y
Dim.: HE A, HE B and HE M 100 - 1000 in accordance with Euronorm 53-63; HE AA 100 - 1000; HL920-1100 — *ﬂ o . -t*‘;-
Tolerances: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR T

A6 -02 HE with Gie>Gre m; HL 920; HL 1000 with Gy >Gpy m
Surface condition according to EN 10163-3:1991, class C, subclass 1

h y=f4- dh y=4-
—ao Europadische Breitflanschtrager foretzung)
Abmessungen: HE A, HE B und HE M 100 - 1000 gemdf3 Euronorm 53-62; HE AA 100 - 1000; HL 920 - 1100 W
Toleranzen: EN 10034: 1993 HE 100 - 900; HE 1000 AA-M; HL AAR A
A6 - 02 HE mit Gye>Gge y: HL 920 HL 1000 mit GGy + *
Oberfléchenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1 oz z
Désignation Di . Dimensions de construction
. . imensions . . ops Surface
Deslgnctlon Abmessungen Dimensions for detailing Oberfléche
Bezeichnung Konstruktionsmafle
G h b tw t r A hi d ) Pmin Pmax AL Ac
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?
HL 920 x 342° 421 912 418 193 32 21 436,1 848 800 W27 126 312 3,42 9,98
HL 920 x 365° 365 916 419 20,3 343 21 464.4 8474 7994 n27 128 34 343 9,40
HL 920 x 387° 871 9 420 23 36,6 21 493,0 847,8 79,8 n27 128 314 344 8,88
HL920 x 417° a7 928 i 225 399 21 532,5 848,2 800,2 n27 130 316 3,46 8,27
HL 920 x 446° 446 933 423 1 497 1 569,6 847.,6 79,6 n27 130 318 347 1,76
HL 920 x 488° 488 942 i 25,9 47 i 621,3 848 800 W27 132 316 348 713
HL 920 x 534° 534 950 425 284 51,1 21 680,1 847,8 79,8 n27 136 320 3,50 6,56
HL 920 x 585° 585 960 427 3 55,9 o 7453 848,2 800,2 n27 138 3 3,52 6,02
HL 920 x 653° 6531 912 431 345 62 21 831,9 848 800 W27 144 320 3,56 5,45
HL 920 x 784° 7841 99 437 40,9 739 21 97,7 848,2 800,2 n27 152 326 3,62 4,62
HL 920 x 967° 967 1028 446 50 89,9 21 1231,0 848,2 800,2 n27 160 334 3,70 3,83
HL 1000 AA°® 29| 982 400 16,5 27 30 376,8 928 868 W27 134 294 3479 11,76
HL1000 A° 3 99 400 16,5 31 30 408,8 928 868 W27 134 294 3,495 10,89
HL 1000 B° 371 1000 400 19 36 30 4720 928 868 W27 136 294 3,510 9,474
HL1000 M® 412] 1008 402 2 40 30 524, 928 868 W27 142 29 3,530 8,580
HL1000 x 443° 44311012 402 2,6 419 30 563,7 928 868 M27 142 29 3,53 199
HL1000 x 483° 483 1020 404 254 46 30 615,1 928 868 n27 144 298 3,55 7,36
HL1000 x 539° 5391 1030 407 284 51,1 30 687,2 928 868 n27 146 302 3,58 6,04
HL1000 x 554° 5541 1032 408 295 52 30 705,8 928 868 n27 150 29 3,59 6,47
HL1000 x 591° 5911 1040 409 3 55,9 30 752,7 928 868 n27 148 304 3,60 6,10
HL1000 x 642° 642 1048 1y 34 60 30 817,6 928 868 W27 154 300 3,62 5,65
HL1000 x 748° 748] 1068 417 39 10 30 953,4 928 868 W27 160 304 3,67 491
HL1000 x 883° 883 1092 424 455 82 30 11253 928 868 n27 166 312 3,74 423
HL1100 A° 3431 1090 400 18 31 20 436,5 1028 988 W27 116 294 3,710 10,83
HL1100 B° 3901 1100 400 20 36 20 4970 1028 988 n27 118 294 3,726 9,549
HL1100 M® 4331 1108 402 N 40 20 551,2 1028 988 W27 122 29 3,746 8,657
HL1100R° 4991 1118 405 26 45 20 635,2 1028 988 n27 126 294 3,710 1,560

o Commande minimale: pour S 235 JR, cf. conditions de livraison page 216 ; pour toute autre qualité 40 t ou suivant accord.
e Minimum order: for the S 235 JR grade cf. delivery conditions page 216; for any other grade 40 t or upon agreement.
66) o Mindestbestellmenge: fiir S 235 JR gemaB Lieferbedingungen Seite 216; fir jede andere Giite 40 t oder nach Vereinbarung.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV 1993-1-1 3 |& 8
Bezeichnung strong axis y-y weak axis z-z e oue 5 i
starke Achse y-y schwache Achse z-z bending yy |compression| S | = &
G ly Wel.y Wp|'y0 iy Ay, I, Wel., Wpl.z‘ iy Ss It lw § ?g § § ?g § & z &
kg/m | mm mm® mm® mm mm? mm* mm® mm® mm mm mm* mmé |2 |P| |||
x 10 ‘ x10° ‘ x10° ‘ x10 ‘ x102 | x10* ‘ x10° ‘ x10° ‘ x10 ‘ x10* ‘ x10°
HL 920 x 342 342( 624900 13700 15450 37,85 190, 39010 1867 2682 946 | 1114 1193 75410 |1 1 1(3 4 4[o|HI|H
HL 920 x 365 365( 670500 14640 16520 38,00 2004 4120 20M 3106 952 | 17,0 1446 81730 |1 1 1{3 4 4|o|HI|H
HL 920 x 387 387( 718300 15600 17630 38,17 2109 45280 2156 3332 958 | 1226 1734 88370 |1 1 1(2 4 4[o|HI|H
HL920 x 417 417( 787600 16970 19210 3846 2239 50070 2373 3668 9,70 | 1304 2200 98540 |1 1 1{2 4 4|o|HI|H
HL 920 x 446 446 846800 18150 20600 3856 2391 53980 2552 3951 973 | 1375 2685 106740 |1 1 1(2 3 4|o|H
HL 920 x 488 488 935390 19860 22615 3880 2593 59010 2797 4336 975 | 1480 3514 117890 |1 1 1|1 2 4|o|H
HL 920 x 534 53411031000 21710 24830 3894 2848 65560 3085 479 982 | 1587 4542 132070 |1 1 1|1 2 3|O|H
HL 920 x 585 58511143090 23814 27363 39,06 3120 727710 3408 5310 988 | 1709 5932 148220 |1 1 1|1 1 2|O|H
HL 920 x 653 653(1292000 26590 30730 3941 3487 83050 3854 6022 999 | 1866 8124 171280 |1 1 1|1 1 1|o|H
HL 920 x 784 78411593000 31980 37340 3995 4176 | 103300 4728 74241018 | 2168 13730 218490 |1 1 - |1 1 o
HL 920 x 967 9672033000 39540 46810 40,64 517, | 133900 6003 9486 1043 | 2579 24930 292450 |1 1 - |1 1 o
HL 1000 AA 296 618700 12600 14220 4052 1815 28850 1443 2235 8,75 | 1056 7569 6570 |1 1 2|4 4 4|o0|[HI|H
HL 1000 A 30 [ 696400 14070 15800 41,27 1846 33120 1656 2555 9,00 | M36 1021 76030 |1 1 2(4 4 4|o|HI|H
HL 10008 371( 812100 16240 18330 4148 2125 38480 1924 2976 9,03 | 126, 1565 89210 [1 1 1|4 4 4|0 [HI|H
HL 1000 M 417( 909800 18050 20440 41,66 2350 43410 2160 3348 910 | 1361 2128 101460 |1 1 1|3 4 4|C|HI|HI
HL 1000 x 443 443( 966510 19101 21777 4141 2618 45500 2264 3529 898 | 1425 2545 106740 |1 1 1(2 4 4|o|H
HL 1000 x 483 483 (1067480 20931 23923 4166 2827 50710 2510 3919 9,08 | 1525 3311 119%0 |1 1 1{2 4 4|o|H
HL 1000 x 539 53911202540 23350 26824 41,83 3164 57630 2832 4436 96 | 1657 4546 137550 |1 1 1|1 2 4|o|H
HL 1000 x 554 55411232000 23880 27500 41,79 3280 59100 2897 4547 915 | 1686 4860 141330 |1 1 1|1 2 3|O|H
HL 1000 x 591 59111331040 25597 29530 42,05 3463 64010 3130 4916 922 | 1779 5927 154330 |1 1 1|1 2 3|o|H
HL 1000 x 642 642( 1451000 27680 32100 4212 37196 70280 3412 5379 9,21 | 1891 7440 170670 {1 1 1|1 1 2(O|H
HL 1000 x 748 748(1732000 32430 37880 4262 4389 85111 4082 6459 945 | 2141 11670 210650 |1 1 1|1 1 1|o|H
HL 1000 x 883 883 (2096000 38390 45260 43,16 5165 | 105000 4952 7874 9,66 | 2446 18750 265670 |1 1 11 o
HL1100 A 343[ 867400 15920 18060 4458 2065 33120 1656 2568 871 | 1034 1037 92710 |1 1 2(4 4 4|o|HI|H
HL11008 390(1005000 18280 20780 4498 2306 38480 1924 2988 880 | 1154 1564 108680 |1 1 1(4 4 4[o|HI|H
HL1100 M 4331126000 20320 23160 4519 2544 43410 2160 3362 8687 | 1254 2130 123500 |1 1 1{4 4 4|C|HI|H
HL1100R 499(1294000 23150 26600 4514 3004 49980 2468 3870 887 | 1394 3135 143410 |1 1 1[2 4 4|o|[H
HI = HISTAR®

> Disponible seulement en R, JO.
¢ Wp|: Pourun dimensionnement plastique, la section doit appartenir & la classe 1 ou 2 suivant la capacité de rotation requise. Voir page 215.

> Only available in JR, JO.
¢ Wp: For plastic design, the shape must belong to class 1 or 2 according to the required rotation capacity. See page 215.

2 Nurin JR, JO verfigbar.
. Wp|: Bei einer plastischen Bemessung muss das Profil der Klasse 1 oder 2, entsprechend der erforderlichen Rotationskapazitét, angehéren. Siehe Seite 215. 67



C . . AR
—ao Fers U a dailes paralléles
Dimensions: DIN 1026-2: 2002-10
Tolérances: EN 10279: 2000
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Channel with parallel flanges
Dimensions: DIN 1026-2: 2002-10
Tolerances: EN 10279: 2000
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ae U-Profile mit parallelen Flanschen
Abmessungen: DIN 1026-2: 2002-10 Y
Toleranzen: EN 10279: 2000
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Dimensions de construction

. . Dimensions . . o1 Surface

Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafie
G h b ty e r A h; d o emin €max Al A
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10?

UPE 80* 190 80 50 4 1 10 10,1 66 46 - - - 0,34 43 45
UPE 100* 982] 100 55 45 15 10 12,5 85 65 M12 35 36 0,40 41,00
UPE 120* 121 120 60 5 8 12 154 104 80 M2 35 4 0,46 37,98
UPE 140* 145 140 65 5 9 12 184 122 98 M16 35 38 0,52 35,95
UPE 160* 17,0 160 70 55 95 12 10,7 141 117 M16 36 43 0,58 34,01
UPE 180* 19,7 180 75 55 10,5 12 25,1 159 135 M16 36 48 0,64 3240
UPE 200* 228 200 80 b 1 13 29,0 178 152 20 46 47 0,70 30,60
UPE 220* 26,6 220 85 6,5 12 13 339 196 170 n22 4 49 0,76 28,43
UPE 240* 30,2 240 90 I 125 15 38,5 215 185 24 47 5] 0,81 26,89
UPE 270* 35,2 270 95 15 135 15 448 243 213 27 48 50 0,89 25,34
UPE 300* 444 300 100 95 15 15 56,6 270 240 n27 50 55 0,97 21,78
UPE 330* 53,2 330 105 1 16 18 67,8 298 262 n27 54 60 1,04 19,60
UPE 360* 61,2 360 110 12 17 18 719 326 290 n27 55 65 112 18,32
UPE 400* 72,2 400 115 135 18 18 91,9 364 328 27 57 70 1,22 16,87

* Tonnage minimum et conditions de livraison nécessitent un accord préalable.

*  Minimum tonnage and delivery conditions upon agreement.
l 76 . o T ) — .
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV1993-1-1 &12|8
Bezeichnung strong axis y-y weak axis z-z we | e |9]9]9
starke Achse y-y schwache Achse z-z by ongesin) S| = |
G Iy Wel.y Wplly' iy Az l; Wel.z Wpl.z' iz 5 h e ¥s Ym 5 5 § 5 & % &
kg/m | mm mm’® | mm? mm mm? | mm* | mm® | mm® | mm mm mm* | mm® | mm mm | |||
x 104 | x10° | x10° | x10 | x10% | x10* | x10° | x 10° | x10 | x 104 | x10° | x10 | x10
UPE 80 7901 1072 2680 31,23 326 405 | 2541 798 1428 159 | 169 147 022 182 3/ |1 1|1 1|o
UPE100 982| 2069 41,37 4801 407 534 | 3820 1063 1934 175 | 179 2,01 05 19 393 [ 1 11 1|0
UPE120 12,1 3635 6058 7033 486 718 | 5540 1379 2528 190 | 200 290 11219 412 |1 1|1 1|opd
UPE 140 145 5995 8564 9884 571 825 | 7870 1819 3322 207 | 210 4,05 2200 217 454 |1 1|1 1|jopd
UPE 160 17,0 M, M39 1316 648 1004 | 1068 2258 4149 222 | 220 520 396 22 476 |1 111 Tjopd
UPE 180 197 | 1353 1504 1730 7,34 1,20 | 1437 285 5230 239 | 230 6,99 681 247 519 |1 1|1 Tjopg
UPE 200 228 | 1909 1909 2200 811 1350 | 1873 3443 6328 254 | 246 889 1100 25 541 |1 1|1 Tjopd
UPE 220 26,6 | 2682 439 2815 890 1581 | 2464 4251 7825 270 | 261 1205 1761 270 500 (1 1(1 1|{opd
UPE 240 302 [ 3599 2999 3469 967 1877 | 3109 5008 9218 284 | 283 1514 2642 279 591 |1 1|1 1|opd
UPE270 352 | 5255 3892 4511 1083 2223 | 4010 60,69 1106 299 | 298 1991 4355 289 414 |1 1|1 2|opd
UPE 300 4441 7823 515 6134 176 3029 | 5377 7558 1366 308 | 333 352 7266 289 603 [1 1|1 1{opd
UPE 330 532 (11010 667,01 7919 1274 3881 | 6815 89,66 1562 31 | 375 4518 1118 290 600 [1 1|1 1|opd
UPE 360 61,2 | 14830 8236 9823 1379 4561 | 8437 1051 1778 329 | 395 5849 1664 297 612 |1 1]1 1|opd
UPE 400 72,2 120980 1049 1263 1511 5620 |1045 1226 1914 337 | 420 7914 2590 298 606 |1 1|1 1|{opd

* Wplyest calculé selon I'hypothése d'un diagramme de contraintes bi-rectangulaire et n’est applicable que si deux ou plusieurs fers U sont associés de fagon
a constituer une section doublement symétrique pour laquelle un moment de flexion agissant dans le plan du centre de gravité n’engendre pas de torsion.

Wol.y is determined assuming a bi-rectangular stress block distribution. Thus, the given value applies only if two or more channels are combined in such

a way to form a doubly symmetric cross-section so that the bending moment acting in the plane of the centre of gravity will not lead to torsion.

Fir die Berechnung von W) |, wurde eine doppelrechteckige Spannungsverteilung angenommen. Der angegebene Wert ist daher nur anwendbar,

wenn zwei oder mehr U-Profile so miteinander kombiniert sind, dass sie einen doppelsymmetrischen Querschnitt bilden, womit ein Biegemoment, das in
der Schwerpunktebene angreift, keine Torsion hervorruft.

)



< o < v A /\
—ao Fers U a dailes paralléles
Dimensions: NF A 45-255 (1983)
Tolérances: EN 10279: 2000
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—=e Channels with parallel flanges
Dimensions: NF A 45-255 (1983)
Tolerances: EN 10279: 2000
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—e U-Profiles mit parallelen Flanschen
Abmessungen: NF A 45-255 (1983) Y
Toleranzen: EN 10279: 2000
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Dimensions de construction
. . Dimensions . . ™ Surface
Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b ty e r A h; d o emin €max Al Ag
kg/m| mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 102
UAP 80* 838 80 45 5 8 8 10,7 64 48 - - ° 0,32 38,56
UAP 100* 10,5 100 50 55 85 85 134 83 66 M10 25 30 0,38 36,35
UAP 130~ 13,7 130 55 6 95 9,5 175 m 92 10 Vi 35 0,46 33,48
UAP 150* 179 1 150 65 1 10,25 10,25 29 1295 109 M16 3 36 0,54 29,96
UAP 175* 2 175 70 75 10,75 10,75 27,0 153,5 132 M16 34 41 0,61 28,52
UAP 200* 25,1 200 75 8 11,5 1,5 320 177 154 M16 35 46 0,67 26,86
UAP 220 285 220 80 8 125 125 363 195 170 M16 36 51 0,73 25,75
UAP 250 3441 250 85 9 13,5 13,5 438 223 196 M22 43 47 0,81 23,57
UAP 300 46,0 [ 300 100 9,5 16 16 58,6 268 236 27 51 53 097 21,04

* Tonnage minimum et conditions de livraison nécessitent un accord préalable.

*  Minimum tonnage and delivery conditions upon agreement.
l 78 . o T ) — .
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV1993-1-1 &12|8
Bezeichnung strong axis y-y weak axis z-z we | pre 3 2 9
starke Achse y-y schwache Achse z-z gy forpesin| S | = |
G Iy Wel.y Wpl.y' iy Az l; Wel.z Wpl.z' iz 5 h by ¥s Ym £ ﬁ § lﬁ & é &
kg/m | mm mm’® | mm? mm mm? | mm* | mm® | mm® | mm mm mm* | mm® | mm mm | |||
x 104 | x10° | x10° | x10 | x10% | x10* | x10° | x 10° | x10 | x 104 | x10° | x10 | x10
UAP 80 838 1071 2678 3187 317 4,51 033 138 1364 141 17,7 19 0,18 1Ll 317 |1 1|1 1|0
UAP 100 10,5 2095 4190 4959 396 607 | 3283 995 1847 157 19,0 265 045 170 338 |1 1|1 1|o
UAP 130 13,7 4596 7070 8351 512 852 | 51,34 1378 2555 171 11 415 10 L7 35 |1 1|1 1|0
UAP 150 17,9 7961 1061 1253 590 1128 | 9325 2097 3878 202 | 233 6,51 299 205 415 (1 1|1 1|0
UAP 175 0,21 1270 451 15 685 1397 | 1264 2592 474 216 | 245 843 562 202 432 |1 1|1 1|0
UAP 200 251 1946 1946 2301 780 1697 | 1697 3213 5829 230 | 262 1,24 998 222 453 |1 1|1 1|o
UAP 220 285 | 2710 2464 2899 864 1883 | 2223 3968 7256 248 | 21,8 1440 1582 240 494 |1 1|1 1|0
UAP 250 Al 036 3309 398 972 2389 | 2954 4887 8765 260 | 304 2038 2743 245 504 |1 1[1 1|o
UAP 300 460 | 8170 5447 6393 1181 3064 | 5621 7988 1458 310 | 349 3630 7504 296 617 |1 1|1 1|0

* Wplyest calculé selon I'hypothése d'un diagramme de contraintes bi-rectangulaire et n’est applicable que si deux ou plusieurs fers U sont associés de fagon
a constituer une section doublement symétrique pour laquelle un moment de flexion agissant dans le plan du centre de gravité n’engendre pas de torsion.

* Wplyis determined assuming a bi-rectangular stress block distribution. Thus, the given value applies only if two or more channels are combined in such
a way to form a doubly symmetric cross-section so that the bending moment acting in the plane of the centre of gravity will not lead to torsion.

= Fir die Berechnung von W| ,, wurde eine doppelrechteckige Spannungsverteilung angenommen. Der angegebene Wert ist daher nur anwendbar,
wenn zwei oder mehr U-Profile so miteinander kombiniert sind, dass sie einen doppelsymmetrischen Querschnitt bilden, womit ein Biegemoment, das in 79
der Schwerpunktebene angreift, keine Torsion hervorruft.



Ya.
—eo Fers U normaux européens
Dimensions: DIN 1026-1: 2000, NF A 45-202 (1983)
Tolérances: EN 10279: 2000
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—eo European standard channels
Dimensions: DIN 1026-1: 2000, NF A 45-202 (1983)
Tolerances: EN 10279: 2000
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—e Europdische U-Stahl-Normalprofile
Abmessungen: DIN 1026-1: 2000, NF A 45-202 (1983) Y
Toleranzen: EN 10279: 2000
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Dimensions de construction

. . Dimensions . . P Surface

Designation Abmessunaen Dimensions for detailing Oberfléche
Bezeichnung 9 Konstruktionsmafle
G h b tw tf n ro A d & €min €max A|_ AG
kg/m| mm mm mm mm mm mm mm? mm mm mm m?/m m?/t
x 107

UPN 80* 8,65 80 45 b 8 8 4 11,02 47 - - - 0,321 37,10
UPN 100* 10,6 100 50 b 8,5 8,5 45 13,50 64 - - - 0,372 35,10
UPN 120 134 120 55 I 9 9 45 17,00 82 - - - 0,434 3252
UPN 140 16,0 140 60 I 10 10 5 20,40 98 Mm12 33 37 0,489 30,54
UPN 160 18,8 160 65 15 10,5 10,5 5,5 24,00 115 W12 34 42 0,546 28,98
UPN 180 22,0 180 70 8 1 1 55 28,00 133 M16 38 4 0,611 21,80
UPN 200 253 200 75 8,5 115 11,5 b 32,20 151 M16 39 46 0,661 26,15
UPN 220 294 220 80 9 12,5 12,5 6,5 37,40 167 M16 40 51 0,718 24,46
UPN 240 33,2 240 85 95 13 13 6,5 42,30 184 M20 46 50 0,775 23,34
UPN 260 319 260 90 10 14 14 7 48,30 200 n22 50 52 0,834 22,00
UPN 280 418 280 95 10 15 15 75 53,30 216 M22 52 57 0,890 1,27
UPN 300 46,2 300 100 10 16 16 8 58,80 232 24 55 59 0,950 20,58
UPN 320* 595 320 100 14 175 175 8,75 75,80 246 n22 58 62 0,982 16,50
UPN 350 60,6 350 100 14 16 16 8 17,30 282 M22 56 62 1,047 17,25
UPN 380* 63,1 380 102 13,5 16 16 8 80,40 313 24 59 60 1,110 17,59
UPN 400* 78 400 110 14 18 18 9 91,50 34 Mn27 61 62 1,182 16,46

h<300 h>300

b b-ty

Inclinaison des ailes
Flange slope 8% 5%
Flanschneigung

* Tonnage minimum et conditions de livraison nécessitent un accord préalable.

*  Minimum tonnage and delivery conditions upon agreement.
l 80 . o T ) — .
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe fort y-y axe faible zz ENV1993-1-1 &12|8
Bezeichnung strong axis y-y weak axis z-z we | e |9]9]9
starke Achse y-y schwache Achse z-z by ongesin) S| = |
G Iy Wel.y Wplly' iy Az l; Wel.z Wpl.z' iz 5 h e ¥s Ym 5 5 § 5 & % &
kg/m | mm mm’® | mm? mm mm? | mm* | mm® | mm® | mm mm mm | mm® | mm mm | |||
x 104 | x10° | x10° | x10 | x10% | x10* | x10° | x 10° | x10 | x 104 | x10° | x10 | x10
UPN 80 8,65 106 266 323 310 490 194 638 119 138 | 194 220 018 142 265 (1 1(1 1|o
UPN 100 10,6 206 a2  4H0 39N 6,46 293 849 162 147 | 203 281 041 155 293 |1 1|1 1|jopd
UPN 120 13,4 364 60,7 726 4,62 8,80 32 1) 7,2 159 | 222 415 090 160 303 |1 1|1 1jopd
UPN 140 160 [ 605 864 103 545 1041 | 627 148 283 175 | 239 568 180 175 337 |1 1|1 ljopo
UPN 160 18,8 925 116 138 621 12,60 853 183 352 189 | 253 739 326 184 35 [1 1|1 1jopd
UPN 180 220 [ 1350 150 179 695 1509 | 114 224 429 202 | 267 955 557 192 375 |1 1(1 ljopd
UPN 200 53 1910 19 228 770 17,71 | 148 21,0 518 2014 | 28] 11,9 907 201 39 |1 1|1 1|jopd
UPN 220 294 2690 M5 292 848 20,62 | 197 3,6 64,1 230 | 303 160 14,6 2442 |1 1(1 1|opd
UPN 240 332 | 3600 300 358 922 2371 | 248 39,6 57 242 | 317 197 2] 223 439 |1 1|1 1|lopd
UPN 260 3191 4820 371 447 999 112 | 3 47,1 91,6 256 | 339 25,5 333 236 466 |1 1|1 1|jopd
UPN 280 418 | 6280 448 532 10,9 2928 | 399 51,2109 274 | 356 310 485 253 502 |1 1|1 T|jopd
UPN 300 4621 8030 55 632 17 377 | 495 678 130 29 | 373 34 691 270 541 |1 1|1 l|opg
UPN 320 5951 10870 679 826 12,1 a1 | 597 806 152 2,81 430 66,7 96,1 260 482 |1 1)1 1|0
UPN 350 60,6 | 12840 734 918 129 50,84 | 570 750 143 277 | 407 612 114 240 445 |1 1|1 1|jopd
UPN 380 63,1 | 15760 829 1014 14,0 53,23 | 615 787 148 01 | 403 591 146 238 458 |1 11 1|@
UPN 400 71,8 | 20350 1020 1240 149 5855 | 846 102 190 304 | 40 816 2N 265 51 |1 1)1 1|0

* Wplyest calculé selon I'hypothése d'un diagramme de contraintes bi-rectangulaire et n’est applicable que si deux ou plusieurs fers U sont associés de fagon
a constituer une section doublement symétrique pour laquelle un moment de flexion agissant dans le plan du centre de gravité n’engendre pas de torsion.

Wol.y is determined assuming a bi-rectangular stress block distribution. Thus, the given value applies only if two or more channels are combined in such

a way to form a doubly symmetric cross-section so that the bending moment acting in the plane of the centre of gravity will not lead to torsion.

Fir die Berechnung von W) |, wurde eine doppelrechteckige Spannungsverteilung angenommen. Der angegebene Wert ist daher nur anwendbar,

wenn zwei oder mehr U-Profile so miteinander kombiniert sind, dass sie einen doppelsymmetrischen Querschnitt bilden, womit ein Biegemoment, das in
der Schwerpunktebene angreift, keine Torsion hervorruft.

\O )



< ° L[] L] 4 v q Y
—ao Fers U a ailes inclinées
Tolérances EN 10279: 2000
Etat de surface conforme a EN 10163-3: 1991, classe C, sousclasse 1

—eo European channels with taper flanges
Tolerances: EN 10279: 2000
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ae U-Profile mit geneigten inneren Flanschflachen i (-
Toleranzen: EN 10279: 2000 . |
Oberfléchenbeschaffenheit gemaf EN 10163-3: 1991, Klasse C, Untergruppe 1 y ym

\J
z
Désignation Di . £
Designation imensions Sur ace
3 Abmessungen Oberfléche
Bezeichnung
G h b tw t n ro d A Al AG
kg/m mm mm mm mm mm mm mm mm? m?/m m?/t
x 102
U 40 x 20* 281 40 20 5 55 5 25 19 3,66 0,150 51,20
U'50 x 25* 3,86 50 25 5 6 6 3 26 492 0,180 48,22
U 60 x 30% 507 60 30 6 6 6 3 36 6,46 0,220 44,06
U65x42* 1,09 65 42 55 15 15 4 34 9,03 0,280 39,58

* Tonnage minimum et conditions de livraison nécessitent un accord préalable.

*  Minimum tonnage and delivery conditions upon agreement.
l 82 . o T ) — .
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification| | __
Designation axe fort y-y axe faible zz ENV1993-11 18|
Bezeichnung strong axis y-y weak axis z-z we | e § 2 g
starke Achse y-y schwache Achse z-z gy forpesin| S | = |
G Iy Wel.y Wpl.y' iy Az l; Wel.z Wpl.z' iz 5 h by ¥s Ym lﬁ ﬁ § lﬁ & é &
kg/m | mm mm® | mm? mm mm? | mm* | mm® | mm® | mm mm mm | mm® | mm mm |||
x 104 | x10° | x10° | x10 | x10% | x10* | x10° | x 10° | x10 | x 104 | x10° | x10 | x10
U40x20 287 7,62 3,81 491 144 1,9 15 08 165 05 | 134 039 0003 067 103 |1 1[1 1|o
U50x25 386] 169 676 852 185 25 | 250 148 284 071 | 146 059 0009 081 136 [1 1|1 1|o
U60x30 507| 317 105 133 20 354 | 453 216 419 084 | 158 089 0024 090 152 |1 1|1 1|®©
U 65x42 109 577 1771 0, 253 368 | 14] 506 9,38 1,25 | 180 161 0082 139 25 |1 1|1 1|0

* Wplyest calculé selon I'hypothése d'un diagramme de contraintes bi-rectangulaire et n’est applicable que si deux ou plusieurs fers U sont associés de fagon
a constituer une section doublement symétrique pour laquelle un moment de flexion agissant dans le plan du centre de gravité n’engendre pas de torsion.

r Wplyis determined assuming a bi-rectangular stress block distribution. Thus, the given value applies only if two or more channels are combined in such

a way to form a doubly symmetric cross-section so that the bending moment acting in the plane of the centre of gravity will not lead to torsion.

= Fir die Berechnung von W| ,, wurde eine doppelrechteckige Spannungsverteilung angenommen. Der angegebene Wert ist daher nur anwendbar,

wenn zwei oder mehr U-Profile so miteinander kombiniert sind, dass sie einen doppelsymmetrischen Querschnitt bilden, womit ein Biegemoment, das in
der Schwerpunktebene angreift, keine Torsion hervorruft.

)



. . Ya¢
—ae Corniéres a ailes égales’
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Equal leg angles”
Dimensions: EN 10056-1: 1998
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl”
Abmessungen: EN 10056-1: 1998
Toleranzen: EN 10056-2: 1994
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Position des axes
. . Dimensions - Surface
Designation Abmessunaen Position of axes Oberfliche
Bezeichnung 9 Lage der Achsen
G h=b t n ro A z =y, v U up Al A
kg/m mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 102 x 10 ‘ x 10 ‘ x 10 ‘ x 10
L20x20x 3 0,882 20 3 35 2 1,12 0,60 141 0,84 0,70 0,080 87,40
L25x25x 3 112 25 3 35 2 1,42 072 1,77 1,02 0,88 0,100 86,88
L25x25x 47 1,45 25 4 35 2 1,85 0,76 1,77 1,08 0,89 0,100 66,67
L30x30x3 1,36 30 3 5 25 1,74 0,84 2,12 1,18 1,05 0,120 84,87
L30x30x4~ 1,78 30 4 5 25 227 0,88 212 1,4 1,06 0,120 65,02
L35x35x47 2,09 35 4 5 25 2,67 1,00 241 1,42 1,4 0,140 64,82
L40x40x 47" 242 40 4 b 3 3,08 1,12 2,83 1,58 1,40 0,150 64,07
L40x 40x 57 297 40 5 6 3 319 1,16 2,83 1,64 1.4 0,150 52,07
L45x45x 457 3,06 45 45 I 3,5 390 1,26 3,18 1,78 1,58 0,170 56,83
L50x 50 x 47 3,06 50 4 I 3,5 3,89 1,36 3,54 1,92 1,75 0,190 63,49
L50x 50 x 57 3,17 50 5 7 3,5 4,80 1,40 3,54 1,99 1,76 0,190 51,46
L50x 50 x 67 447 50 6 I 3,5 5,69 1,45 3,54 2,04 1,77 0,190 434
L60x 60 x 57 457 60 5 8 4 5,82 1,64 424 232 21 0,230 51,04
L60x 60 x 6~ 542 60 b 8 4 691 1,69 424 2,39 n 0,230 4299
L60x 60 x 87 1,09 60 8 8 4 9,03 1,77 424 2,50 214 0,230 32,89
Lo5x65x7 6,83 65 1 9 45 8,70 1,85 4,60 2,61 29 0,250 36,95
L70x70x 6 6,38 70 6 9 45 8,13 1,93 4,95 273 2,46 0,270 42,68
L70x70x7 7,38 70 7 9 45 9,40 197 495 219 247 0,270 36,91
L75x75x6° 6,85 75 6 10 5 8,73 2,04 530 2,89 2,63 0,290 42,44
L75x75x 8 8,99 75 8 10 5 11,4 213 5,30 3,01 2,65 0,290 32,31
v Autres dimensions sur demande. Le rayon rp peut étre inférieur en fonction du procédé de laminage.

Avec arétes vives sur commande.

Profilé conforme & EN 10056-1: 1998.

Other dimensions on request. The ro radius may be smaller depending on the rolling process.
Available with sharp edges.
Section in accordance with EN 10056-1: 1998.

v Andere Abmessungen auf Anfrage. Der Radius ro kann je nach Walzprozess kleiner sein.

84 9 Auch mit scharfen Kanten erhdltlich.
- Profil gemaB EN 10056-1: 1998.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe yy / axe zz axe u-u axe v-v ENV 1993-1-1 3|83

Bezeichnung axis y-y / axis z-z axis u-u axis v-v e § S E

Achse y-y / Achse zz Achse u-u Achse v-v compesin ||~

G b=l (Wely=Wel,| iy =i, ly iy l, iy by 3 3 |& z|Z

kg/m mm* mm® mm mm?* mm mm* mm mm* » i
x 104 x10° x10 x 104 x10 x 104 x10 x 104

L20x20x3 0,882 039 0,28 0,59 0,61 0,74 0,16 0,38 0,23 ] 1 |o
L25x25x3 1,12 0,80 0,45 0,75 1,26 0,94 0,33 0,48 047 ] 7 |o
L25x25x4 1,45 1,01 0,58 0,74 1,60 093 043 0,48 0,59 ] 1 |o
L30x30x3 1,36 1,40 0,65 090 2,23 1,13 0,58 0,58 0,83 ] 4 |o
L30x30x4 1,78 1,80 0,85 0,89 2,86 1,12 0,75 0,57 -1,05 ] 1 |o
L35x35x4 2,09 2,95 1,18 1,05 4,69 1,33 1,22 0,68 1,73 ] 7 |o
L40x40x 4 242 447 1,55 1.2 710 1,52 1,84 0,77 2,63 ] 4 |o
L40x40x 5 297 543 191 1,20 8,61 151 2,25 0,77 3,18 ] 1 |o
L45x45x 45 3,06 115 2,20 1,35 11,35 171 294 0,87 -4,20 ] 4 |o
L50x50x 4 3,06 897 246 1,52 14,25 1.9 3,69 097 5,28 4 4 |o
L50x50x 5 377 10,96 3,05 151 17,42 1,90 451 097 -6,45 1 4 |0
L50x50x 6 447 12,84 3,61 1,50 20,37 1,89 531 097 1,53 1 7 o
L60x60x 5 457 19,37 445 1,82 30,78 2,30 191 1,17 1141 4 4 |D
L60x60x 6 542 2,19 529 1,82 36,21 229 9,38 1,17 1341 1 4 |0
L60x60x 8 7,09 29,15 6,89 1,80 46,20 2,26 1211 1,16 -17,04 1 1 |o
Lo5x85x7 6,83 3343 718 1,9 53,09 247 13,78 1,26 -19,65 ] 3 |o
L70x70x 6 6,38 36,88 1,21 213 58,61 2,69 15,16 1,37 21,73 4 4 |o
L70x70x7 7,38 42,30 841 212 67,19 2,67 17,40 1,36 24,90 ] 4 |o
L75x75x 6 6,85 45,57 8,35 2,28 7240 2,88 18,74 1,46 26,83 4 4 |o
L75x75x8 8,99 58,87 10,96 221 93,49 2,86 24,25 1,45 -34,62 1 4 |0




o\ < o 4 v q 1
—ae Corniéres a ailes égales” i
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—o Equal leg angles” (coninedq)
Dimensions: EN 10056-1: 1998
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl” (oreizung)
Abmessungen: EN 10056-1: 1998
Toleranzen: EN 10056-2: 1994

Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1 7 | b t 1

Désignation Dimensions Position des axes Surface

Designation Abmessunaen Position of axes Oberfliche

Bezeichnung 9 Lage der Achsen

G h=b t n ro A zg =y, v U up Al A
kg/m mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10 x 10 ‘ x 10 ‘ x 10 ‘ x 10

L80x80x8 9,63 80 8 10 5 12,3 2,26 5,66 319 2,83 0,310 32,34
L80x80x10° 119 80 10 10 5 151 2,34 5,66 3,30 2,85 0,310 26,26
L90x90x7 9,61 90 1 1 55 12,2 245 6,36 347 316 0,350 36,48
L90x90x8 109 90 8 11 55 139 250 6,36 353 317 0,350 32,15
L90x90x9 12,2 90 9 1 55 155 2,54 6,36 359 318 0,350 8,77
L90x90x10° 134 90 10 11 55 17,1 2,58 6,36 3,65 319 0,350 26,07
L100x100x 8+~ 122 100 8 12 6 155 2,74 1,01 3,87 352 0,390 32,00
L100x100x 10+~ 15,0 100 10 12 b 19,2 2,82 1,01 399 3,54 0,390 2591
L100x100x 124+~ 17,8 100 12 12 6 1] 290 1,01 40 357 0,390 2,86
LT10x110x10%+ 16,6 110 10 13 6,5 2,2 3,06 1,78 4,33 3,88 0429 5,19
L110x110x 12 19,7 110 12 13 6,5 25,1 315 1,78 4,45 39 0429 nn
L120x120x10° 18,2 120 10 13 6,5 232 3,31 8,49 4,69 4,24 0,469 5,76
L120x120x 11 199 120 11 13 6,5 254 3,36 8,49 475 4,25 0,469 23,54
L120x120x 12 2,6 120 12 13 6,5 275 340 8,49 4,80 4,26 0,469 0,69
L120x120x 13 33 120 13 13 6,5 N, 344 8,49 4,86 4,28 0,469 20,12
L120x120x 15 26,6 120 15 13 6,5 39 351 8,49 497 431 0,469 17,60
L130x130x127 236 130 12 14 1 30,0 3,64 919 515 4,60 0,508 n59
L140x 140 x 10 N4 140 10 15 15 2,2 319 9,90 537 493 0,547 25,59
L140x 140 x 13* 274 140 13 15 15 35,0 392 9,90 5,55 4,96 0,547 19,94

v Autres dimensions sur demande. Le rayon ro peut étre inférieur en fonction du procédé de laminage.
Profilé conforme & EN 10056-1: 1998.

Tonnage minimum et conditions de livraison nécessitent un accord préalable.

+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

v Other dimensions on request. The ry radius may be smaller depending on the rolling process.
Section in accordance with EN 10056-1: 1998.

Minimum tonnage and delivery conditions upon agreement.

+ Minimum order: 40 t per section and grade or upon agreement.

v Andere Abmessungen auf Anfrage. Der Radius rp kann je nach Walzprozess kleiner
- Profil gem&aB EN 10056-1: 1998.

'83 *  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe yy / axe zz axe u-u axe v-v ENV 1993-1-1 3|83

Bezeichnung axis y-y / axis z-z axis u-u axis v-v e § S E

Achse y-y / Achse zz Achse u-u Achse v-v compesin ||~

G b=l (Wely=Wel,| iy =i, ly iy l, iy by 3 3 |& z|Z

kg/m mm* mm® mm mm?* mm mm* mm mm* » i
x 104 x10° x10 x 104 x10 x 104 x10 x 104

L80x80x8 9,63 12,25 12,58 243 14,8 3,06 9,12 1,56 42,53 ] D
L80x80x10 1,9 87,50 15,45 24 138,8 3,03 36,23 1,55 51,27 ] 1 |o
L90x90x7 9,61 92,55 14,13 275 1471 347 38,02 1,76 54,53 4 4 |o
L90x90x 8 10,9 1044 16,05 274 1659 3,46 42,87 1,76 61,51 3 4 |o
L90x90x9 12,2 15,8 17,93 273 184,0 344 47,63 1,75 68,20 ] 4 |o
L90x90x 10 13,4 126,9 19,77 272 201,5 343 52,32 1,75 74,60 ] 3 |o
L100x100x 8 12,2 1448 19,94 3,06 230,2 3,85 5947 1,9 85,37 4 4 |D
L100x100x10 15,0 176,7 24,62 3,04 280,7 3,83 72,65 1,95 -104,0 ] 4 |o
L100x100x 12 17,8 206,7 29,12 3,02 328,0 3,80 85,42 1,94 1213 1 7 |oO
L110x110x10 16,6 238,0 29,99 3,35 378,2 423 97,72 215 -140,3 2 4 |o
L110x110x12 19,7 29,1 35,54 3,33 4433 420 15,0 214 1641 ] 3 |o
L120x120x10 18,2 3129 36,03 3,67 497,6 4,63 128,3 2,35 -184,6 4 4 |o
L120x120x 11 19,9 340,6 39,41 3,66 5415 4,62 139,8 2,35 -200,9 2 4 |o
L120x120x 12 21,6 367,7 4273 3,65 584,3 4,61 151,0 2,34 216,6 ] 4 |o
L120x120x13 233 394,0 46,01 3,64 6259 459 162,2 2,34 2318 ] 3 |o
L120x120x 15 26,6 4449 52,43 3,62 705,6 456 184,2 2,33 -260,7 ] 1 |o
L130x130x12 3,6 4722 50,44 397 750,6 5,00 1937 254 2785 2 4 |0
L140x140x10 N4 504 4 49,43 4,30 802,0 543 206,8 2,76 2976 4 4 |o
L140x140x13 274 638,5 63,37 421 1015 539 2620 274 376,6 1 4 |o




. N YaA
—ae Corniéres a ailes égales” i
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Equal leg angles” (coninedq)
Dimensions: EN 10056-1: 1998
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl” (oreizung)
Abmessungen: EN 10056-1: 1998
Toleranzen: EN 10056-2: 1994

Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1 | b t 1

Désignation Dimensions Posi!i?n des axes Surface

Deslgnctlon Abmessungen Position of axes Oberfliche

Bezeichnung Lage der Achsen

G h=b t n ro A zg =y, v U up Al A
kg/m mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 10? x 10 ‘ x 10 ‘ x 10 ‘ x 10

L150x150x 107+ 230 150 10 16 8 29,3 4,03 10,61 571 528 0,586 25,51
L150x150x127+ 273 150 12 16 8 348 412 10,61 583 529 0,586 21,44
L150x 150 x 14+ 31,6 150 14 16 8 40,3 4N 10,61 595 532 0,586 18,53
L150x150x 157+ 338 150 15 16 8 430 4,25 10,61 6,01 533 0,586 17,36
L150x 150 x 18* 40,1 150 18 16 8 51,0 437 10,61 6,17 537 0,586 14,63
L160x 160 x 14* 39 160 14 17 8,5 432 4,45 11,31 6,29 5,66 0,625 18,46
L160x160x 157+ 362 160 15 17 8,5 46,1 449 11,31 6,35 5,67 0,625 17,30
L160x160x 16* 384 160 16 17 8,5 49,0 453 11,31 6,41 5,69 0,625 16,28
L160x160x 17+ 40,7 160 17 17 8,5 51,8 457 1,31 6,46 570 0,625 15,37
L180x180x 13* 357 180 13 18 9 455 490 12,73 6,93 6,35 0,705 19,74
L180x 180 x 14* 38,3 180 14 18 9 488 494 1273 6,99 6,36 0,705 18,40
L180x 180 x 15* 409 180 15 18 9 52,1 498 12,73 7,05 6,37 0,705 17,23
L180x180x 167+ 435 180 16 18 9 554 5,02 1273 7,0 6,38 0,705 16,20
L180x180x 17+ 46,0 180 17 18 9 58,7 5,06 12,73 116 6,40 0,705 15,30
L180x180x 187+ 4846 180 18 18 9 61,9 510 1273 122 6,41 0,705 14,50
L180x180x 19* 511 180 19 18 9 65,1 514 12,73 127 6,42 0,705 13,78
L180x180x 20* 5,7 180 20 18 9 68,4 518 12,73 1,33 6,44 0,705 13,13

v Autres dimensions sur demande. Le rayon rp peut étre inférieur en fonction du procédé de laminage.
Profilé conforme & EN 10056-1: 1998.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

v Other dimensions on request. The ry radius may be smaller depending on the rolling process.
Section in accordance with EN 10056-1: 1998.

+ Minimum order: 40 t per section and grade or upon agreement.

v Andere Abmessungen auf Anfrage. Der Radius rp kann je nach Walzprozess kleiner sein.

88 - Profil gemaB EN 10056-1: 1998.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe yy / axe zz axe u-u axe v-v ENV 1993-1-1 3|83

Bezeichnung axis y-y / axis zz axis u-u axis v-v e 5|3 E

Achse y-y / Achse zz Achse u-u Achse v-v compesin ||~

G h=lp [Wely=Wel,| iy=iy ly iy l, iy by 3 3 |& z|Z

kg/m mm* mm® mm mm?* mm mm* mm mm* » i
x 104 x10° x10 x 104 x10 x 104 x10 x 104

L150x150x 10 230 624,0 56,91 4,62 992,0 582 256,0 296 -368,0 4 4 |o
L150x 150x 12 2173 736,9 61,75 4,60 1172 5,80 302,0 294 4349 4 4 |o
L150x 150 x 14 31,6 8454 78,33 4,58 1344 517 346,9 293 -498,5 Vi 4 |o
L150x 150 x 15 338 898,1 83,52 457 1427 576 368,9 293 -529,1 1 4 |o
L150x150x 18 401 1050 98,74 454 1666 571 4338 292 -616,2 1 7 |o
L160x 160 x 14 339 1034 89,50 4,89 1644 6,17 4238 313 -610,0 3 4 |o
L160x160x 15 36,2 1099 95,50 4,88 1747 6,16 450,8 313 -648,0 2 4 |o
L160x 160 x 16 38,4 1163 101,4 4,87 1848 6,14 4776 312 -685,1 1 4 |o
L160x 160x 17 40,7 1225 107,2 4,86 1947 6,13 5041 312 0.3 1 4 |o
L180x180x 13 35,7 1396 106,5 5,54 27 6,99 5716 3,55 8245 4 4 |0
L180x180x 14 38,3 1493 1143 553 2375 6,98 6113 354 -882,0 4 4 |o
L180x180x 15 409 1589 122,0 552 2577 6,96 650,5 3,53 938,0 4 4 |o
L180x180x 16 435 1682 129,7 551 2675 6,95 689,4 3,53 -993,0 3 4 |o
L180x 180x 17 46,0 1775 137,2 550 2822 6,94 7218 3,52 1047 1 4 |o
L180x180x 18 48,6 1866 144,7 549 2965 6,92 766,0 3,52 -1100 1 4 |0
L180x180x 19 511 1955 1521 5,48 3106 691 803,8 351 1151 1 4 |o
L180x 180x 20 53,7 2043 1594 547 3244 6,89 841,3 3,51 -1202 1 3 |o




—e Corniéres a ailes égales” i
Dimensions: EN 10056-1: 1998 / ASTM A6/A6M - 02<
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Equal leg angles” (coninedq)
Dimensions: EN 10056-1: 1998 / ASTM A6/A6M - 02<
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl” (oreizung)
Abmessungen: EN 10056-1: 1998 / ASTM A6/AéM - 02<
Toleranzen: EN 10056-2: 1994
Oberflachenbeschaffenheit gemafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation Dimensions Posi!i?n des axes Surface
Deslgnctlon Abmessungen Position of axes Oberfléiche
Bezeichnung Lage der Achsen
G h=b t n ro A zg =y, v U up Al Ag
kg/m mm mm mm mm mm? mm mm mm mm m?/m m?/t
x 107 x 10 ‘ x 10 ‘ x 10 ‘ x 10
L 200x 200 x 15* 45,6 200 15 18 9 58,1 5,48 1414 1,75 7,08 0,785 17,20
L200x 200 x 167+ 485 200 16 18 9 61,8 5,52 1414 181 7,09 0,785 16,18
L200x 200 x 17+ 514 200 17 18 9 65,5 5,56 1414 187 7,10 0,785 15,27
L200x 200 x 187+ 54,3 200 18 18 9 69,1 5,60 1414 193 AV 0,785 14,46
1200 x 200 x 19* 571 200 19 18 9 2] 5,64 1414 198 7113 0,785 13,74
1200 x 200 x 20+ 599 200 20 18 9 76,3 5,68 14,14 8,04 115 0,785 13,09
L200x 200 x 21* 62,8 200 2 18 9 19,9 572 1414 8,09 1,16 0,785 12,50
1200 x 200 x 22* 65,6 200 2 18 9 83,5 576 1414 8,15 718 0,785 11,97
1200 x 200 x 23* 68,3 200 23 18 9 87,1 5,80 1414 8,20 719 0,785 11,48
1200 x 200 x 247+ ni 200 24 18 9 91,0 5,84 1414 8,26 1.0 0,785 11,03
1200 x 200 x 25+ 7139 200 25 18 9 941 5,88 1414 8,31 123 0,785 10,62
1200 x 200 x 26* 76,6 200 26 18 9 97,6 591 1414 8,36 1,25 0,785 10,24
L 250 x 250 x 20* 75,6 250 20 18 9 96,4 6,93 17,68 9,81 891 0,985 13,02
L250x 250 x 21* 79,2 250 2 18 9 101 6,97 17,68 9,86 8,93 0,985 12,43
1250 x 250 x 22+ 82,8 250 N 18 9 106 1,01 17,68 9,92 8,94 0,985 11,89
1250 x 250 x 23* 86,4 250 23 18 9 110 7,05 17,68 9,97 8,96 0,985 11,40
1250 x 250 x 24+ 90,0 250 1 18 9 115 7,09 17,68 10,03 8,98 0,985 10,95
1250 x 250 x 25* 93,5 250 25 18 9 119 113 17,68 10,08 8,99 0,985 10,53
1250 x 250 x 26+ 97,0 250 26 18 9 124 AN 17,68 10,13 9,01 0,985 10,15
1250 x 250 x 27+ 101 250 27 18 9 128 1,20 17,68 10,19 9,03 0,985 9,79
L250x250x 287 104 250 28 18 9 133 7,4 17,68 10,24 9,04 0,985 9,47
L250x 250357 128 250 35 18 9 163 750 17,68 10,61 9,17 0,985 1,69
L203x203x19¥/+ 579 203 19 8 4 13,6 5,76 14,35 8,15 7,38 0,805 13,94
1203x203x 22,2/ 67,0 203 222 8 4 85,0 5,88 14,35 8,32 7,44 0,805 12,03
1203x203x 254~/ 759 203 25,4 8 4 96,8 6,00 14,35 8,48 7150 0,805 10,60
L203x203x 28,6+ 847 203 286 8 4 108 6,11 14,35 8,65 157 0,805 9,50

v Autres dimensions sur demande. Le rayon ro peut étre inférieur en fonction du procédé de laminage.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

Profilé conforme & EN 10056-1: 1998.
< Profilé conforme & ASTM A6/A6M - 02.

v Other dimensions on request. The ry radius may be smaller depending on the rolling process.
+ Minimum order: 40 t per section and grade or upon agreement.

Section in accordance with EN 10056-1: 1998.
< Section in accordance with ASTM A6/A6M - 02.

v Andere Abmessungen auf Anfrage. Der Radius ro kann je nach Walzprozess kleiner sein.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.

90 - Profil gemaB EN 10056-1: 1998.
< Profil gem&B ASTM A6/A6M - 02.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el

Designation axe yy / axe zz axe u-u axe v-v ENV 1993-1-1 3|83

Bezeichnung axis y-y / axis zz axis u-u axis v-v e 5|3 E

Achse y-y / Achse zz Achse u-u Achse v-v conpresin |||

G =1z Wel.y =Wel, iy =iy Iy iy ly iy hz § 5 e z Z

kg/m mm* mm® mm mm?* mm mm* mm mm* v i
x 104 | x10° | x10 x 104 x10 x 104 x10 x 104

L200x200x 15 45,6 2209 152,2 6,17 3516 1,18 903,0 394 -1306 4 4 |0
L200x200x 16 48,5 234 161,7 6,16 3726 1,11 957,0 3,94 -1384 4 4 |o
L200x 200x 17 514 2472 17,2 6,14 3932 1,15 1011 393 -1461 4 4 |o
L200x200x 18 543 2600 180,6 6,13 4135 7,74 1064 392 -1536 3 4 |o
L200x200x 19 57,1 2726 189,9 6,12 4335 1,12 117 392 -1609 2 4 |0
1200x 200x 20 599 2851 199,1 6,11 4532 7,10 1169 39 -1681 1 4 |o
1200 x 200 x 21 62,8 2973 208,2 6,10 4725 7,69 1221 3N 1752 1 4 |o
1200 x 200 x 22 65,6 3094 173 6,09 4915 1,61 1273 390 1821 1 3 |D
1200 x 200 x 23 68,3 33 2263 6,08 5102 1,66 1324 390 -1889 ] 7 |o
1200 x 200 x 24 1 3331 2352 6,06 5286 7,64 1375 390 -1955 1 7 |D
1200 x 200 x 25 139 3446 2440 6,05 5467 1,62 1426 3,89 -2020 1 1 D
1200 x 200 x 26 76,6 3560 2527 6,04 5645 7,61 1476 3,89 -2084 1 1 D
L250x250x 20 75,6 5743 3179 1,12 9144 9,74 234 493 -3401 4 4 |o
L250x 250 x 21 19,2 5997 3327 1,1 9548 9,73 2447 492 -3550 4 4 |0
L250x 250x 22 82,8 6249 3474 7,10 9946 9,71 2551 492 -3697 3 4 |o
L1250 x 250 x 23 86,4 6497 362,0 7,68 10339 9,69 2655 49 -3842 i 4 |o
L250x 250 x 24 90,0 6743 376,5 1,61 10727 9,68 2759 49 -3984 2 4 |o
L250x 250 x 25 93,5 6986 390,9 7,66 11110 9,66 2861 490 4124 1 4 |o
L250x 250 x 26 97,0 1226 405,2 7,65 11488 9,64 2963 490 -4262 1 4 |o
L250x 250x 27 101 7463 4193 7,63 11861 9,62 3065 4,89 4398 ] 3 |o
L250x 250 x 28 104 7697 4334 7,62 12229 9,61 3166 4,89 -4532 1 7 |D
L250x 250 x 35 128 9264 5294 7,54 14669 9,48 3859 4,86 -5405 1 1 D
L8x8x3/4 57,9 2881 198,2 6,26 4588 790 1174 399 1707 2 4 |o
L8x8x7/8 67,0 3293 2284 6,21 5236 7,84 1350 3,98 1943 1 3 |D
L8x8x1 159 3686 2571 6,17 5850 1,18 1522 397 2164 1 1 0
L8x8x11/8 84,7 4062 286,3 6,13 6432 1,12 1692 3,96 -2370 1 1 D




o\ < o 4 i ¢ Y
—ae Corniéres a ailes égales’
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Equal leg angles”
Dimensions: EN 10056-1: 1998
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl”
Abmessungen: EN 10056-1: 1998
Toleranzen: EN 10056-2: 1994
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

‘

ot

z

Désignation Di . Dimensions de construction
. . imensions . . o
Designation Abmessungen Dimensions for detailing
Bezeichnung 9 Konstruktionsmafle
G h=b t " 2 A & €min €max Anet
kg/m mm mm mm mm mm? mm mm mm?
x 102 x 107
L20x20x 3 0,882 20 3 35 2 1,12
L25x25x 3 112 25 3 35 2 1,42
L25x25x 47 1,45 25 4 35 2 1,85
L30x30x3” 1,36 30 3 5 25 1,74
L30x 30 x4~ 1,78 30 4 5 25 227
L35x35x47 2,09 35 4 5 25 2,67
L40x 40x 47" 242 40 4 6 3 3,08
L40x 40x 57 297 40 5 6 3 319
L45x45x 457 3,06 45 45 1 35 390
L 50 x 50 x 4~ 3,06 50 4 1 35 3,89
L 50 x 50 x 57 3,17 50 5 7 35 4,80
L50x 50 x 67 447 50 6 1 35 5,69
L 60 x 60 x 57 4,57 60 5 8 4 582 12 35 40,5 517
L60x 60x 6~ 542 60 6 8 4 691 Mm12 36 40,5 6,13
L60x 60x 8~ 7,09 60 8 8 4 9,03 12 38 40,5 199
L65x65x7 6,83 65 I 9 45 8,70 M6 37 38 1,44
L70x70x 6 6,38 70 6 9 45 8,13 M16 36 43 7,05
L70x70x7 7,38 70 7 9 45 9,40 16 37 43 8,14
L75x75x 6 6,85 75 6 10 5 8,73 M16 36 48 1,67
L75x75x 8 8,99 75 8 10 5 14 M16 38 48 10,03
v Autres dimensions sur demande. Le rayon ro peut étre inférieur en fonction du procédé de laminage.

Avec arétes vives sur commande.

Profilé conforme & EN 10056-1: 1998.

Other dimensions on request. The ro radius may be smaller depending on the rolling process.
Available with sharp edges.
Section in accordance with EN 10056-1: 1998.

v Andere Abmessungen auf Anfrage. Der Radius rp kann je nach Walzprozess kleiner sein.

97 9 Auch mit scharfen Kanten erhdltlich.
- Profil gemaf EN 10056-1: 1998.
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Désignation Dimensions Dimensions de construction
Designation Abmessunaen Dimensions for detailing
Bezeichnung 9 Konstruktionsmafie
G h=b t r r A > €min €max Anet
kg/m mm mm mm mm mm? mm mm mm?
x 107 x 102
L80x80x8 9,63 80 8 10 5 123 M16 38 53 10,83
L80x80x10° 19 80 10 10 5 151 M16 40 53 13,31
L90x90x7 9,61 90 ] 1 55 12,2 24 47 51 10,42
L90x90x8 109 90 8 11 55 139 24 48 51 11,81
L90x90x9 12,2 90 9 1 55 15,5 24 49 51 13,18
L90x90x 10" 13,4 90 10 1 55 17,1 M 24 50 51 14,53
L100x 100 x 84~ 12,2 100 8 12 6 155 27 48 53 13,11
L100x100x 109+~ 150 100 10 12 b 19,2 M7 50 53 16,15
L100x100x 129+~ 17,8 100 12 12 6 2] M27 52 53 19,11
L110x 110x 104+ 16,6 110 10 13 6,5 21,2 27 50 62 18,18
L110x 110x12¢ 19,7 110 12 13 6,5 25,1 M7 52 62 2,54
L120x 120 x 10° 18,2 120 10 13 6,5 232 M7 50 72 20,18
L120x120x 11 199 120 1 13 6,5 254 M7 51 7 2207
L120x 12017 2,6 120 12 13 6,5 275 M7 52 72 23,94
L120x120x13 233 120 13 13 6,5 9,7 M7 53 72 25,79
L120x120x 15 26,6 120 15 13 6,5 339 M7 55 72 2943
L130x130x127% 23,6 130 12 14 1 30,0 M7 52 82 26,37
L140x 140 x 10 04 140 10 15 15 27,2 M7 51 92 24,24
L140x 140 x 13* 274 140 13 15 15 35,0 M27 54 92 31,05

Profilé conforme & EN 10056-1: 1998.
Commande minimale: 40 t par profilé et qualité ou suivant accord.
Tonnage minimum et conditions de livraison nécessitent un accord préalable.

* o+

Section in accordance with EN 10056-1: 1998.
+ Minimum order: 40 t per section and grade or upon agreement.

*

Profil gemaB EN 10056-1: 1998.

+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.

*

Minimum tonnage and delivery conditions upon agreement.



—e Corniéres a ailes égales” i
Dimensions: EN 10056-1: 1998 / ASTM A6/A6M - 02<
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—o Equal leg angles” (coniineq)
Dimensions: EN 10056-1: 1998 / ASTM A6/A6M - 02<
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ao Gleichschenkliger Winkelstahl” (oreizung)
Abmessungen: EN 10056-1: 1998 / ASTM A6/AéM - 02<
Toleranzen: EN 10056-2: 1994

Y
Oberflachenbeschaffenheit gemafs EN 10163-3: 1991, Klasse C, Untergruppe 1 L
m——
z
Désignation Dimensions Dimensions de construction
Designation Abmessungen Dimensions for detailing
Bezeichnung 9 Konstruktionsmafle
G h=b f " 2 A & €min Cmax Anet
kg/m mm mm mm mm mm? mm mm mm?
x 107 x 107
L150x150x 107+ 230 150 10 16 8 93 m27 52 102 26,27
L150x150x 127 273 150 12 16 8 34,8 m27 54 102 RIWA]
L150x 150x 14+ 31,6 150 14 16 8 40,3 M27 56 102 36,11
LT50x150x 157 338 150 15 16 8 43,0 m27 57 102 38,52
L150x 150 18+ 40,1 150 18 16 8 51,0 M27 61 102 45,63
L160x 160 14* 339 160 14 17 85 432 M27 57 111 38,95
LT60x160x 157 362 160 15 17 85 46,1 m27 58 111 41,56
L160x160x 16+ 384 160 16 17 85 49,0 M27 60 111 4415
L160x160x 17+ 40,7 160 17 17 85 51,8 M27 61 111 46,72
L180x180x13* 35,7 180 13 18 9 455 M27 57 131 41,56
L180x 180x 14+ 38,3 180 14 18 9 48,8 M27 58 131 4459
L180x180x 15+ 40,9 180 15 18 9 52,1 M27 59 131 476
L180x180x 167+ 435 180 16 18 9 55,4 Mm27 61 131 50,59
L180x 180x 17+ 46,0 180 17 18 9 58,7 M27 62 131 53,56
L180x180x 187+ 486 180 18 18 9 61,9 Mm27 63 131 56,51
L180x180x 19* 51,1 180 19 18 9 05,1 M27 64 131 59,44
L180x 180x 20t 53,7 180 20 18 9 68,4 M27 65 131 62,35

v Autres dimensions sur demande. Le rayon rp peut étre inférieur en fonction du procédé de laminage.
Profilé conforme & EN 10056-1: 1998.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

v Other dimensions on request. The ry radius may be smaller depending on the rolling process.
Section in accordance with EN 10056-1: 1998.

+ Minimum order: 40 t per section and grade or upon agreement.

v Andere Abmessungen auf Anfrage. Der Radius rp kann je nach Walzprozess kleiner sein.

9 - Profil gemaB EN 10056-1: 1998.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
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Désignat!on Dimensions Din.1ensio.ns de constrl.lc.tion
Designuhon Abmessungen Dimensions for detailing
Bezeichnung Konstruktionsmafle
G h=b t n 2 A & €min €max Anet
kg/m mm mm mm mm mm? mm mm mm?
x 107 x 102
L200x 200x 15+ 45,6 200 15 18 9 58,1 M27 59 151 53,6
L200x200x 167+ 485 200 16 18 9 61,8 m27 61 151 56,99
L200x 200x 17+ 514 200 17 18 9 65,5 M27 62 151 60,36
L200x200x 187+ 54,3 200 18 18 9 69,1 m27 63 151 63,71
L200x 200x 19* 57,1 200 19 18 9 ] M27 64 151 67,04
L200x200x 207+ 59,9 200 20 18 9 763 m27 65 151 70,35
L200x 200x 21 62,8 200 2 18 9 199 M27 66 151 73,64
L 200 x 200 x 22+ 85,6 200 7 18 9 83,5 M27 67 151 7691
1 200 x 200 x 23+ 68,3 200 3 18 9 87,1 M27 68 151 80,16
L200x200x 247+ 71, 200 % 18 9 91,0 m27 69 151 83,39
L 200 x 200 x 25+ 139 200 25 18 9 94,1 M27 10 151 86,6
L 200 x 200 x 26+ 76,6 200 26 18 9 97,6 M27 n 151 89,79
L250x 250 x 20* 756 250 20 18 9 96,4 M27 40 240 96,35
L250x 250 x 21 192 250 Al 18 9 101 M27 4] 246 100,94
L 250 x 250 x 22+ 82,8 250 2 18 9 106 M27 4 246 105,51
L 250x 250 x 23+ 86,4 250 23 18 9 110 M27 43 246 110,06
L 250 x 250 x 24+ 90,0 250 % 18 9 115 M27 44 246 11459
L250x 250 x 25+ 93,5 250 25 18 9 119 27 45 246 19,1
L 250 x 250 x 26* 97,0 250 2 18 9 124 M27 46 246 123,59
L250x 250 x 27 101 250 27 18 9 128 M27 47 246 128,06
L250x250x 287+ 104 250 28 18 9 133 m27 48 246 132,51
L250x250x 357+ 128 250 35 18 9 163 M27 18 205 152,6
1203x203x 19+ 579 203 19 8 4 13,6 M27 64 155 67,9
L203x203x 22,2 67,0 203 22 8 4 85,0 m27 67 155 78,61
L203x203x 25,4/ 75,9 203 254 8 4 96,8 M27 10 155 89,12
L203x203x 28,6%/* 847 203 28,6 8 4 108 M27 13 155 99,43

+ Commande minimale: 40 t par profilé et qualité ou suivant accord.
- Profilé conforme a EN 10056-1: 1998.
< Profilé conforme & ASTM A6/A6M - 02.

+ Minimum order: 40 t per section and grade or upon agreement.
- Section in accordance with EN 10056-1: 1998.
< Section in accordance with ASTM Aé/A6M - 02.

+ Mindestbestellmenge: 40 t pro Profil und Giite oder nach Vereinbarung.

- Profil gem&B EN 10056-1: 1998. 95
< Profil gem&B ASTM A6/A6M - 02.



o\ < o o 4 i ¢ 1
—aeo Corniéres a ailes inégales”
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—eo Unequal leg angles”
Dimensions: EN 10056-1: 1998
Tolerances: EN 10056-2: 1994
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—ae Ungleichschenkliger Winkelstahl”
Abmessungen: EN 10056-1: 1998
Toleranzen: EN 10056-2: 1994
Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Désignation . . Position des axes
Desi . Dimensions ", Surface

esignation Abmessunaen Position of axes Oberfliche
Bezeichnung 9 Lage der Achsen

G h b t n ro A Z Ys \2] ) uj Uy u3 A|_ AG

kg/m| mm mm mm mm mm mm’ mm mm mm mm mm mm mm m?/m | m?/t

x 102 x 10 ‘ x 10 ‘ x 10 ‘ x 10 ‘ x 10 ‘ x 10 ‘ x 10
L120x 80 x 8* 122] 120 80 8 11 55 15,5 3,83 1,87 8,23 597 3,25 419 2,09 0,391 32,12
L120x80x 10 1501 120 80 10 11 55 191 3,92 1,95 8,19 6,01 3,35 417 215 0,391 26,01

L120x80x 12 178 120 80 12 11 55 7] 4,00 2,03 814 604 345 416 2,20 0,391 71,93

L150x75x 9% 154 150 75 9 12
L150x75x10% 1701 150 15 10 12
L150x75x 11* 18,6 150 15 11 12
L150x75x12* 202{ 150 15 12 12

19,6 5126 1,57 982 659 2,85 441 1,61 0440 2859
n,7 531 1,61 978 6,62 290 439 1,65 0440 2587
B3] 535 1,65 915 6,65 2,95 437 1,68 0440 23,64
5,7 540 1,69 9727 6,68 299 4,36 1,72 0440 2178

o~ o~ o~ o~

L150x90x107* 182( 150 90 10 12 b 732 5,00 2,04 1010 7,07 3,61 497 2,20 0470 2584
L150x90x 11* 199 150 90 11 12 b 53 504 2,08 1007 709 3,66 4,95 223 0470 23,6l

L150x100x 107+ 190( 150 100 10 12 6 242 4,81 2,34 1027 748 4,08 525 2,64 0490 2583
L150x100x 127+ 225 150 100 12 12 b 28,7 490 242 1023 152 418 523 2,70 0490 2172
L150x 100 14* 26,1 150 100 14 12 6 33,2 4,98 250 1019 75 428 5122 215 0490 1879

L200x100x 107+ 230( 200 100 10 15 15 29,2 6,93 2,01 1315 874 3,12 594 2,09 0587 2558

7

L200x100x 127+ 27,3 200 100 12 15 15 34,8 7,03 210 1308 881 3,82 589 217 0587 2149

’

L200x 100x 14* 31L6[ 200 100 14 15 15 40,3 112 218 13,01 8,86 391 585 2,4 0587 1857

.

v Autres dimensions sur demande. Le rayon ro peut étre inférieur en fonction du procédé de laminage.
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.
Profilé conforme & EN 10056-1: 1998.

Tonnage minimum et conditions de livraison nécessitent un accord préalable.

Other dimensions on request. The ro radius may be smaller depending on the rolling process.
+ Minimum order: 40 t per section and grade or upon agreement.

Section in accordance with EN 10056-1: 1998.
*  Minimum tonnage and delivery conditions upon agreement.

v Andere Abmessungen auf Anfrage. Der Radius ro kann je nach Walzprozess kleiner sein.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
@ Profil geméB EN 10056-1: 1998.
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.
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Désignation Valeurs statiques / Section properties / Statische Kennwerte Classification el
Designation axe y-y axe z-z axe u-u axe v-v ENV 1993-1-1 8
Bezeichnung axis y-y axis zz axis u-u axis v-v oure 3|9 E
Achse Yy Achse z-z Achse u-u Achse v-v compression SI=|8
els|2
G ly WeI.y iy Iz Wel. iz ly iy Iy iy Iyz a § 5 & z &
kg/m | mm mm® mm mm* mm® mm mm* mm mm* mm mm* ° i i
x 10 | x10° | x10 x10* | x10° | x10 | x10* | x10 | x10* | x10 | x10*
L120x80x8 122 22571 263 382 80,76 13,17 228 | 2600 410 4639 173 7850 23,65 4 4 |o
L120x80x 10 1500 2755 3410 380 98,11 16,21 226 | 3170 407 56,60 172 9534 2353 4 |o
L120x80x 12 178] 3228 4037 3§77 | 143 19,14 224 | 3107 4,04 646 171 | 1108 2337 1 4 (o
L150x75x9 154] 4552 4674 482 7791 1314 199 | 4832 491 4995 1,60 | 1064 1472 4 4 (o
L150x75x 10 1701 5006 5165 481 8537 1450 199 | 531, 495 587 159 | 166 1466 3 4 |o
L150x75x 11 186] 5450 5649 480 9257 1583 198 | 5779 494 59,70 159 | 1263 1459 3 4 (o
L150x75x12 202( 5884 6127 478 99,55 17,14 197 | 6235 492 6445 158 | 1356 1451 3 4 |o
L150x90x 10 182) 5331 5329 480 | 1461 2098 2,51 591,3 5,05 8793 195 | 1609 1987 4 4 |o
L150x90x 11 1991 5807 5830 479 | 1587 2291 250 | 6437 5,04 9571 194 | 747 1981 3 4 (o
L150x100x 10 190] 5526 5423 478 | 1985 2592 281 | 6313 514 | 1138 207 | <1928 2872 4 4 (o
L150x100x 12 25 6505 6438 476 | 2326 30,69 285 | 7493 511 1339 216 | 258 236 3 4 |o
L150x100x 14 61| 7444 7420 474 | 2649 3532 281 | 8559 508 | 1534 215 | 2508 2348 2 4 (o
L200x100x 10 23,0( 1219 9324 646 | 2103 2633 268 | 1294 6,65 | 1345 214 | 2868 1482 4 4 (o
L200x100x 12 27,3( 1440 111,0 643 | 1472 3128 261 | 1529 6,63 | 1585 208 | 373 1474 4 4 |o
L200x100x 14 31,6| 1654 1284 6,41 2822 36,08 265 | 1755 660 | 1817 212 | 3848 1465 3 4 |o




—ae Corniéres a ailes inéga
Dimensions: EN 10056-1: 1998
Tolérances: EN 10056-2: 1994
Etat de surface conforme a EN 10163-3: 1991, classe C, sousclasse 1

—eo Unequal leg angles” (continued)

.
Dimensions: EN 10056.1: 1998 e
Tolerances: EN 10056-2: 1994 |
Surface condition according to EN 10163-3: 1991, class C, subclass 1 ]
o o o h
—eo Ungleichschenkliger Winkelstahl™ foiserzing)
Abmessungen: EN 10056-1: 1998 n b Y e
Toleranzen: EN 10056-2: 1994 s { j '
Oberflachenbeschaffenheit af3 EN 10163-3: 1991, Kl C, Unt 1 — —
errlachenbeschairrennheir gema asse ntergruppe b | I——;ey4>:
z
Notations pages 211-215 / Bezeichnungen Seiten 211215
Désignation Dimensions de construction / Dimensions for detailing / Konstruktionsmafie
A Dimensions
Designation Ab . .
Bezeichnung messungen aile longue / long leg / aile courte / short leg /
langer Schenkel kurzer Schenkel
G h b t n 2 A & €z min | €z max | Az net > €y. min | €y. max Ay.net
kg/m| mm mm mm mm mm mm’ “ mm mm mm’ 4 mm mm mm?
x 102 x 107 x 10
L120x80x 8* 122( 120 80 8 1 55 15,49 M7 48 72 13,09 M16 38 51 14,05
L120x 80 x 10* 150( 120 80 10 1 55 19,13 M7 50 72 16,13 M16 40 51 17,33
L120x80x12* 178 120 80 12 1 55 22,69 M7 52 72 19,09 M16 42 51 20,53
L150x75x 9% 154 150 75 9 12 19,6 27 47 102 16,89 M16 37 46 1797

L150x75x11* 186] 150 75 11 12 37 M27 49 102 20,39 M16 3 46 n,n

6
L150x75x 10* 170( 150 75 10 12 6 n,7 M7 48 102 18,65 M16 38 46 19,85
6
L150x75x12* 202 150 75 12 12 6 25,7 vy 50 102 nn M16 40 46 23,55

L150x 90 x 107+ 182( 150 90 10 12 6 23,15 M7 50 102 20,15 24 47 49 20,55
L150x90x 11* 1991 150 90 1 12 6 25,34 M7 51 102 22,04 24 48 49 22,48
L150x100x 10+ 190( 150 100 10 12 6 24,15 27 50 102 21,15 27 50 53 0,15
L150x100x 127+ 225] 150 100 12 12 6 281 M7 52 102 2511 n27 52 53 51
L150x 100 14* 26,1 150 100 14 12 6 33,19 M7 54 102 28,99 24 51 59 29,55
L200x100x 107+ 230 200 100 10 15 15 29,4 27 54 150 26,24 27 51 53 26,24
L200x100x127+  273] 200 100 12 15 15 34,80 M7 54 150 31,2 n27 53 53 31,2
L200x 100x 14* 31,6] 200 100 14 15 15 40,28 27 55 151 36,08 24 52 59 36,64

v Autres dimensions sur demande. Le rayon ro peut étre inférieur en fonction du procédé de
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.

Profilé conforme & EN 10056-1: 1998.

Tonnage minimum et conditions de livraison nécessitent un accord préalable.

v Other dimensions on request. The ry radius may be smaller depending on the rolling process.
+ Minimum order: 40 t per section and grade or upon agreement.

Section in accordance with EN 10056-1: 1998.

Minimum tonnage and delivery conditions upon agreement.

v Andere Abmessungen auf Anfrage. Der Radius ro kann je nach Walzprozess kleiner sein.
+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.
@ Profil geméB EN 10056-1: 1998.
*  Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



€9
arges plats
Dimensions:  EU 79-69 et EU 58-78 (Fers plats)
Tolérances: ~ EU 58-78 Fers plats
EU 91-82 Larges plats
Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

Flat bars
Dimensions:  EU 79-69 and EU 58-78 (Narrow flats)
Tolerances:  EU 58-78 Narrow flats
EU 91-82 Wide flats
Surface condition according to EN 10163-3: 1991, class C, subclass 1

Flachstahl
Abmessungen: EU 79-69 und EU 58-78 (Flachstahl)
Toleranzen:  EU 58-78 Flachstahl
EU 91-82 Breitflachstahl
Oberflachenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1

Masse / Mass / Masse kg/m

Epaisseur @
Largeur Thickness e
Width Dicke Q
Breite a S
b mm z

mm

5 6 7 8 10 12 14 15 16 18 20 25 30 35 40

o4 157 188 2,20 251 314 37 440 41 o
o501 19 236 275 314 393 4n 5,50 5,89 o
- o60| 236 28 3,30 3,17 4n 565 659 1,07 o
5 o0 275 330 3,85 440 5,50 659 769 8,24 o
..3 2 Eu o80| 314 377 440 5,02 6,28 154 8719 9,42 o
228 | 3% 4M 495 545 707 848 989 1040 o
v ;'§ o0 393 4N 5,50 6,28 1,85 942 1099 11,78 1256 1413 1570 19,63 o
e gﬁ o110 6,91 864 1036 1209 1295 1382 1554 12 N9 o
z° o120 1,54 942 1130 1319 1413 1507 1696 1884 2355 o
o130 816 1021 1225 1429 1531 1633 1837 2041 2551 o
o140 879 1099 1319 1539 1649 1758 1978 2198 2748 o
o150 942 11,78 1413 1649 1766 1884 21,20 2355 2944 o
o160 1005 125 1507 1758 1884 2000 2261 2512 3140 o
w = 80 1,30 1413 169 1978 21,20 2261 2543 2826 3533 o
S g 0200 125 1570 1884 2198 2355 2512 2826 3140 3925 4] 55,0 628 | O
:_g S 17,21 2072 2591 3454 4318 518 604 69,1 | o
&% .T: *250 1963 2355 29,44 3925 4906 589 687 785 |O
E = U300 235 2826 35,33 4700 5888 707 824 942 |o
@ 350 748 397 a0 5495 6869 824 962 1099 |o
*400 3140 37,68 47,10 6280 7850 942 1099 1256 |O

Tonnage minimum et conditions de livraison nécessitent un accord préalable.
0 Autres dimensions sur demande. Longueur: 6 m. Poids d'un paquet: 200 kg.

Minimum tonnage and delivery conditions upon agreement.
o Other dimensions on request. Length: 6 m. Bundle weight: £200 kg.

o Andere Abmessungen auf Anfrage. Linge: 6 m. Bindelgewicht: 200 kg.

Die Mindestmengen pro Bestellung sowie die Lieferbedingungen sind im Voraus zu vereinbaren.



&’

—eo Carreés
Dimensions:
Tolérances:

EU 79-69
EU 59-78

€Y.

Etat de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

—e Square bars
Dimensions:  EU 79-69
Tolerances: EU 59-78

Surface condition according to EN 10163-3: 1991, class C, subclass 1

Abmessungen: EU 79-69
Toleranzen:  EU 59-78

Vierkantstahl

Oberflachenbeschaffenheit geméafs EN 10163-3: 1991, Klasse C, Untergruppe 1

Bords arrondis Bords pointus -
Rounded edges Sharp edges &
Gerundete Kanten Scharfe Kanten &
axa S
o
Masse / Mass / Masse | Masse / Mass / Masse |Z
kg/m kg/m
45x 45* 15,7 o
50x 50* 194 0
55x 5% 35 O
60 x 60* 79 0
65x 65* 327 o
70x70* 38,0 o
80x 80t 49,6 o
85x 85+ 56,0 o
90x 90* 63,6 o
95x 95+ 69,9 0
100x 100* 115 78,5 o
110x 110* 95,0 o
120x 120* 113 O
130x130* 133 o
140x 140* 153 o
150 x 150% 173 0
160 x 160* 200 o
+ Commande minimale: 40 t par profilé et qualité ou suivant accord.
+ Minimum order: 40 t per section and grade or upon agreement.
100

+ Mindestbestellmenge: 40 t pro Profil und Gite oder nach Vereinbarung.




¢y
—e Poutrelles IFB

Etat de surface conforme & EN 10163-3: 1991, classe C, sousclasse 1

—eo IFB beams
Surface condition according to EN 10163-3: 1991, class C, subclass 1

(1] b
—eo IFB-Trager : :
Oberfléchenbeschaffenheit gemaf EN 10163-3: 1991, T WL )
Klasse C, Untergruppe 1 i z,
Y
heg et h/2
r Z]
v N
t %
b
| | I
type/ Typ A type/Typ B
Notations pages 211-215 / Bezeichnungen Seiten 211215
Désignation Di . Valeurs statiques
. . imensions . .
Designation Abmessunaen Section properties
Bezeichnung 9 Statische Kennwerte
by xt, type G heft b tw tf r A ly Wely Z) z9
mm x mm| Typ kg/m mm mm mm mm mm mm? mm* mm® mm mm
x 102 x 104 x10° x10 x10
1/21PE400 380x10 A 63,0 200,0 180,0 8,6 135 2,0 80,2 6558 543 89 12,1
1/2IPE0 400 390x12 A 74,6 202,0 182,0 9,7 15,5 1,0 95,0 7893 627 8,8 12,6
1/21PE450 390x12 A 755 250 190,0 94 14,6 21,0 96,2 9857 107 9,8 139
1/21PE0 450 400x 12 A 83,9 2280 192,0 1,0 17,6 7,0 106,8 11230 833 10,5 135
1/2 1PE 500 400x 12 A 83,0 250,0 200,0 10,2 16,0 0,0 105,8 13332 895 13 149
1/21PE 0 500 410x15 A 101,9 2530 202,0 120 19,0 21,0 129,9 16701 1071 1,2 15,6
1/2 IPE 550 410x 15 A 101,0 2750 2100 11,1 17,2 240 128,7 19499 1145 12,0 17,0
1/21PE0 550 420x15 A 1107 278,0 02,0 12,7 20,2 240 141,0 21825 1318 12,7 16,6
1/2 IPE 600 420x15 A 1107 300,0 220,0 120 19,0 240 141,0 25375 1420 13,6 179
1/21PE 0 600 430x 15 A 1219 305,0 2240 150 240 240 1629 29830 1749 149 17,1
1/21PE 0 600 430x 20 A 1447 305,0 2240 150 24,0 240 184,4 34206 1816 13,7 18,8
1/2HE220 M 430x15 A 109,3 120,0 226,0 155 26,0 18,0 139,2 4209 581 6,3 1,2
1/2HE 240 M 450x 20 A 149,0 135,0 248,0 18,0 32,0 1,0 189,8 1313 873 1] 84
1/2HE260B 460x 12 A 89,8 130,0 260,0 10,0 175 240 1144 4251 554 65 1]
1/2HE260 M 470x 20 A 160,0 145,0 268,0 18,0 325 240 203,8 9087 1038 1] 8,8
1/2HE280 M 500 x 20 A 172,8 155,0 288,0 18,5 33,0 240 220,1 1218 1219 8,3 9,2
1/2HE280 M 500 x 25 A 192,4 155,0 288,0 18,5 3,0 240 2451 12853 1275 19 10,1
1/2HE300B 500x15 A 174 150,0 300,0 11,0 19,0 27,0 1495 7482 820 14 91
1/2HE300 M 500 x 25 A 07,1 170,0 310,0 21,0 39,0 27,0 2765 17044 1675 9,3 10,2
1/2HE320B 500x15 A 122,2 160,0 300,0 11,5 20,5 27,0 155,7 8805 932 8,1 94
1/2HE320 M 500 x 25 A 220,6 179,5 309,0 21,0 40,0 27,0 281,0 19208 1812 99 10,6
1/2HE320 M 500x 30 A 240,2 1795 309,0 21,0 40,0 27,0 306,0 11543 1885 95 11,4
1/2HE340B 500x 15 A 126,0 170,0 300,0 120 25 27,0 160,4 10173 1034 8,7 9,8
1/2HE340 M 500 x 25 A 21221 188,5 309,0 21,0 40,0 27,0 2829 1798 1928 103 11,0
1/2HE340 M 500 x 30 A M7 188,5 309,0 21,0 40,0 27,0 3079 23848 2002 99 19
1/2HE 360 B 500x15 A 1298 180,0 300,0 125 25 27,0 165,3 11660 1142 9,3 10,2
1/2HE360 M 500 x 25 A 2233 1975 308,0 21,0 40,0 27,0 2844 23466 2039 10,7 11,5
1/2HE360 M 500x 30 A 229 197,5 308,0 21,0 40,0 27, 3094 26233 215 103 124




IFB = “Integrated Floor Beam”

Notations pages 211-215 / Bezeichnungen Seiten 211215

IFB

Désignation . . Valeurs statiques
Designation Dimensions Section properties
Bezeichnung Abmessungen Statische Kennwerte
by xt, type G heff b ty tf r A ly Wely z] z9
mm x mm| Typ kg/m mm mm mm mm mm mm’ mm* mm® mm mm
x 102 x 104 x 10° x10 x10
1/2HE400B 500 20 A 156,1 200,0 300,0 13,5 240 27,0 198,9 17419 1408 9,6 124
1/2 HE 400 M 500x 25 A 2260 26,0 307,0 27,0 40,0 27,0 2819 28310 274 11,6 12,5
1/2HE400 M 500 x 30 A 21456 26,0 307,0 21,0 40,0 27,0 3129 31558 2354 11,2 13,4
1/2HE450B 500x 20 A 164,1 2250 300,0 14,0 26,0 27,0 209,0 22963 1708 11,1 134
1/2HE450 M 500x 25 A 98 239,0 307,0 21,0 40,0 27,0 927 35066 2578 12,8 13,6
1/2HE 450 M 500 x 30 A 2494 239,0 307,0 21,0 40,0 27,0 7 38977 2663 123 14,6
1/2 HE 500 A 500x 20 A 156,0 25,0 300,0 120 23,0 27,0 198,8 25944 1722 114 15,1
1/2HE500B 500 x 20 A 172,2 250,0 300,0 145 280 27,0 09,3 29447 2035 125 14,5
1/2 HE 500 M 500 x 25 A 2333 262,0 306,0 21,0 40,0 27,0 2971 42509 2879 139 148
1/2HE500 M 500x 30 A 2529 262,0 306,0 21,0 40,0 27,0 3221 47154 2910 133 159
1/2HE 550 A 500x 20 A 161,6 270,0 300,0 12,5 240 27,0 205,9 32356 1991 12,7 16,3
1/2HE550 B 500 x 20 A 178,2 275,0 300,0 150 29,0 27,0 21,0 36479 2336 139 15,6
1/2HE 550 B 500 x 25 A 197,8 275,0 300,0 150 290 27,0 252,0 40971 2407 13,0 17,0
1/2HE550 M 500x 25 A 237, 286,0 306,0 21,0 40,0 27,0 302,2 51213 3206 15,1 16,0
1/2HE550 M 500x 30 A 56,8 286,0 306,0 1,0 40,0 27,0 321, 56660 3303 14,4 17,2
1/2HE550 M 500x 35 A 2765 286,0 306,0 21,0 40,0 27,0 352, 61669 3388 139 18,2
1/2HE 600 A 500 x 20 A 1674 2950 300,0 130 25,0 27,0 03,2 39636 2276 14,1 174
1/2HE 600 B 500 x 20 A 184,5 300,0 300,0 155 30,0 27,0 2350 44424 2654 153 16,7
1/2HE 600 B 500x 25 A 2041 300,0 300,0 155 30,0 27,0 260,0 49850 733 143 18,2
1/2HE 600 M 500 x 30 A 260,5 310,0 305,0 0,0 40,0 27,0 3318 66995 3631 155 18,5
1/2HE 600 M 500x 35 A 280,1 310,0 305,0 21,0 40,0 27,0 356,8 12191 37 149 19,6
1/2HE 650 A 500 x 20 A 1733 320,0 300,0 135 26,0 27,0 2208 47825 2578 155 18,5
1/2HE650 B 500x 25 A 2105 325,0 300,0 16,0 31,0 27,0 268,2 59791 3078 15,6 19,4
1/2HE650 M 500x 25 A 2448 334,0 305,0 0,0 40,0 27,0 319 1097 3863 175 18,4
1/2HE650 M 500x 30 A 2644 334,0 305,0 21,0 40,0 27,0 336,9 18374 3973 16,7 19,7
1/2HE650 M 500x 35 A 2841 334,0 305,0 21,0 40,0 27,0 361,9 85034 4069 16,0 20,9
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—e Poutrelles IFB i

Etat de surface conforme a EN 10163-3: 1991, classe C, sousclasse 1

—o IFB beCImS (continued)
Surface condition according to EN 10163-3: 1991, class C, subclass 1

(1] b
—@ I FB-TI"ager (Fortsetzung) Y P
Oberflachenbeschaffenheit gemaf’ EN 10163-3: 1991, T WL )
Klasse C, Untergruppe 1 i z,
Y
heg et h/2
r Z]
v N
t %
b
| | I
type/ Typ A type/Typ B
Notations pages 211-215 / Bezeichnungen Seiten 211215
Désignation Di . Valeurs statiques
. . imensions . .
Designation Abmessunaen Section properties
Bezeichnung 9 Statische Kennwerte
by xt, type G hefe b ty e r A ly Wely Z) z9
mm x mm| Typ kg/m mm mm mm mm mm mm? mm* mm® mm mm
x 107 x 104 x10° x10 x10
1/2HE280 A 80x 40 B 63,3 162,0 280,0 8,0 130 240 80,6 4004 396 14 10,1
1/2HE300A 100 x 30 B 67,7 161,0 300,0 85 14,0 270 86,3 4375 47 10 10,5
1/2 HP 360x109 170x 20 B 81,2 180,3 3705 129 129 152 103,5 6739 606 8,2 11,1
1/2 HP 360x109 170x 30 B 94,6 190,3 370,5 129 129 152 120,5 8714 831 9,8 10,5
1/2HP 360x133 170x20 B 92,8 180,4 3733 15,6 15,6 152 118,2 7509 635 18 18
1/2HP 360x133 170x 30 B 106,2 190,4 3733 15,6 15,6 152 135,2 9768 866 9,3 13
1/2 HP 360x152 170x 30 B 116,1 190,3 3755 179 179 152 1479 10583 894 9,0 11,8
1/2 HP 360x152 170 x40 B 1294 200,3 37155 179 179 152 164,9 12904 1116 103 11,6
1/2 HP 400x122 190x20 B 91,0 180,0 390,0 14,0 14,0 150 116,0 7597 678 8,2 1,2
1/2 HP 400x122 190 x 30 B 1059 190,0 390,0 14,0 14,0 150 1350 9837 931 98 10,6
1/2 HP 400x140 190x 30 B 114,8 190,0 392,0 16,0 16,0 150 146,3 10658 958 9,5 11,1
1/2 HP 400x140 190 x 40 B 1297 200,0 3920 16,0 16,0 150 165,3 12931 199 10,8 10,8
1/2 HP 400x158 190x 30 B 123,8 190,0 394,0 18,0 18,0 150 151,71 11435 984 9,2 11,6
1/2 HP 400x158 190 x 40 B 1387 200,0 394,0 18,0 18,0 150 176,7 13926 1231 10,5 13
1/2HP 400x176 190x 30 B 1328 190,0 396,0 20,0 200 150 169,2 12179 1010 89 12,]
1/2 HP 400x176 190 x 40 B 1477 200,0 396,0 20,0 20,0 150 186,2 14874 1262 10,2 18
1/2 HP 400x194 190x 30 B 141,9 190,0 398,0 220 220 150 180,7 12899 1036 8,7 125
1/2 HP 400x194 190 x 40 B 156,8 200,0 398,0 22,0 220 150 1997 15785 1292 10,0 12,2




€V ¢

at de surface conforme & EN 10163-3: 1991, classe C, sous-classe 1

——eo SFB beams
Surface condition according to EN 10163-3: 1991, class C, subclass 1

——=o SFB-Trager
Oberflachenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1

Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation . . Valeurs statiques
Designation Dimensions Section properties
Bezeichnung Abmessungen Statische Kennwerte
by xt, G heff b tw tf r A ly Wel,y z) z9
mm xmm | kg/m mm mm mm mm mm mm? mm* mm® mm mm
x 102 x 104 x10° x10 x10
HEB 140 340x10 60,4 1400 140,0 7,0 12,0 12,0 170 2580 250 47 10,3
HEM 140 35010 90,7 160,0 146,0 130 20 12,0 115,6 5057 478 64 10,6
HEM 140 350x15 104,4 160,0 146,0 130 20 12,0 133,] 5735 501 6,0 115
HEM 140 350x20 118,2 160,0 146,0 130 20 12,0 150,6 6348 521 58 12,2
HEB 160 360x10 708 160,0 160,0 8,0 130 15,0 90,3 4058 356 56 114
HEM 160 370x10 105,2 180,0 166,0 14,0 23,0 150 1341 7519 647 14 11,6
HEM 160 370x15 119,8 180,0 166,0 14,0 3,0 15,0 152,6 8465 675 10 125
HEM 160 370x 20 1343 180,0 166,0 14,0 23,0 150 1711 9312 699 6,7 133
HEM 160 370x 25 148,8 180,0 166,0 14,0 23,0 15,0 189,6 10122 123 6,5 14,0
HEB 180 380x10 81,1 180,0 180,0 85 14,0 15,0 1033 6002 480 6,5 125
HEB 180 380x15 96,0 180,0 180,0 85 14,0 150 1223 6734 497 6,0 135
HEM 180 390x10 119,5 200,0 186,0 145 240 15,0 1523 10685 842 8,3 12,7
HEM 180 390x15 134,8 200,0 186,0 14,5 24,0 150 171,8 11952 875 18 13,7
HEM 180 390x 20 150,1 200,0 186,0 145 24,0 15,0 1913 13098 904 15 145
HEM 180 390x 25 165,4 200,0 186,0 14,5 24,0 150 20,8 14165 932 13 15,2
HEB 200 400x 10 92,7 200,0 200,0 9,0 150 18,0 118,1 8616 636 14 13,6
HEB 200 400x 15 108,4 200,0 200,0 9,0 150 18,0 1381 9628 656 6,8 14,7
HEM 200 410x10 135,2 220,0 206,0 150 25,0 18,0 1723 14777 1076 9,3 13,7
HEM 200 410x15 151,3 220,0 206,0 150 25,0 18,0 192,8 16436 1114 8,8 14,7
HEM 200 410x 20 167,4 220,0 206,0 150 25,0 18,0 033 179371 1149 84 15,6
HEM 200 410x25 183,5 220,0 206,0 150 25,0 18,0 2338 19333 1181 8,1 16,4
HEM 200 410x 30 199,6 220,0 206,0 150 25,0 18,0 2543 20656 1212 8,0 17,0
HEB 220 420x10 104,4 220,0 2200 9,5 16,0 18,0 133,0 11895 813 84 14,6
HEB 220 420x15 1209 220,0 2200 9,5 16,0 18,0 154,0 13243 838 1] 158
HEB 220 420x 20 137,4 220,0 2200 9,5 16,0 18,0 175,0 14410 860 12 16,8
HEM 220 430x10 151,] 20,0 226,0 155 26,0 18,0 192,4 19826 1340 10,2 1438
HEM 220 430x15 167,9 20,0 226,0 155 26,0 18,0 039 21941 1385 9,7 158
HEM 220 430x 20 184,8 20,0 226,0 155 26,0 18,0 2354 23859 1425 9,3 16,7
HEM 220 430x 25 201,7 240,0 226,0 155 26,0 18,0 256,9 25638 1461 9,0 17,5
HEM 220 430x 30 08,6 240,0 226,0 155 26,0 18,0 2784 27320 1497 8,7 18,3

121



¢Vo
—e Poutrelles SFB i)

Etat de surface conforme a EN 10163-3: 1991, classe C, sousclasse 1

—@ SFB beCImS (continued)
Surface condition according to EN 10163-3: 1991, class C, subclass 1

—@ SFB-TI"CIger (Fortsetzung)
Oberflachenbeschaffenheit gemaf3 EN 10163-3: 1991, Klasse C, Untergruppe |

heft

Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation . . Valeurs statiques
Designation Dimensions Section properties
Bezeichnung Abmessungen Statische Kennwerte
by x t, G het b tw tf r A ly Wely z] z9
mm x mm | kg/m mm mm mm mm mm mm? mm* mm? mm mm
x 102 x 104 x10° x10 x10
HEB 240 44010 17,7 240,0 2400 10,0 17,0 27,0 150,0 16121 1029 9,3 157
HEB 240 440x15 1350 240,0 2400 10,0 17,0 7,0 1720 17883 1059 8,6 16,9
HEB 240 44020 1523 240,0 2400 10,0 17,0 21,0 1940 19414 1085 8,1 179
HEM 240 45010 192,0 270,0 2480 18,0 320 7,0 2446 31491 1959 19 16,1
HEM 240 450x 15 209,7 270,0 248,0 18,0 320 21,0 267,1 34545 2020 114 17,1
HEM 240 450%20 2773 270,0 2480 18,0 320 7,0 289,6 37361 2075 11,0 18,0
HEM 240 450x 25 21450 270,0 28,0 18,0 320 21,0 3121 40001 2126 10,7 18,8
HEM 240 450x 30 262,6 270,0 2480 18,0 320 7,0 3346 42510 N4 104 19,6
HEM 240 450x 35 280,3 270,0 248,0 18,0 320 21,0 3571 44923 27 10,3 20,2
HEM 240 450 x40 298,0 270,0 2480 18,0 320 7,0 379,6 47268 2267 10,1 209
HEB 260 460x 10 1291 260,0 260,0 10,0 17,5 24,0 1644 20962 1249 10,2 16,8
HEB 260 460x 15 1471 260,0 260,0 10,0 17,5 24,0 1874 23176 1283 94 18,1
HEB 260 460x 20 165,2 260,0 260,0 10,0 17,5 240 2104 25099 1313 89 191
HEM 260 470x10 209,3 290,0 268,0 18,0 325 240 266,6 40022 2334 129 17,1
HEM 260 47015 218 290,0 268,0 18,0 325 24,0 290,1 43732 2402 12,3 18,2
HEM 260 470x 20 246, 290,0 268,0 18,0 325 240 313,6 47153 2463 19 19,1
HEM 260 470x 25 264,7 290,0 268,0 18,0 325 24,0 37 50357 2519 15 200
HEM 260 470x 30 2831 290,0 268,0 18,0 325 24,0 360,6 53396 2573 11,2 20,8
HEM 260 470x 35 301,6 290,0 268,0 18,0 325 24,0 3841 56312 2624 11,0 05
HEM 260 470x 40 320,0 290,0 268,0 18,0 325 240 407,6 59136 2675 109 2]
HEB 280 480x 10 140,8 280,0 280,0 10,5 18,0 240 1794 26666 1491 11 179
HEB 280 480x 15 159,6 280,0 280,0 10,5 18,0 24,0 2034 29402 1530 10,3 19,2
HEB 280 480x 20 178,5 280,0 280,0 10,5 18,0 240 174 31782 1563 9,1 203
HEM 280 490x 10 71,0 310,0 288,0 18,5 3,0 24,0 289,2 49970 2744 138 18,2
HEM 280 490x 15 246, 310,0 288,0 18,5 33,0 240 3137 54422 2819 13,2 193
HEM 280 490x 20 265,5 310,0 288,0 18,5 33,0 24,0 338,2 58528 2886 12,7 20,3
HEM 280 490x 25 2847 310,0 288,0 18,5 33,0 240 362,7 62371 2948 123 2,2
HEM 280 490x 30 3039 310,0 288,0 18,5 33,0 24,0 387,2 66010 3007 120 220
HEM 280 490x 35 323,2 310,0 288,0 18,5 33,0 240 a7 69494 3063 18 2]
HEM 280 490 x 40 3424 310,0 288,0 18,5 33,0 24,0 436,2 72860 3118 11,6 234




SFB = “Slim Floor Beam”’

Notations pages 211-215 / Bezeichnungen Seiten 211215

Désignation . . Valeurs statiques
Designation Dimensions Section properties
Bezeichnung Abmessungen Statische Kennwerte
by xt, G heff b tw tf r A ly Wel,y z] z9
mm x mm | kg/m mm mm mm mm mm mm? mm?* mm® mm mm
x 107 x 104 x10° x10 x10
HEB 300 50010 156,3 300,0 300,0 11,0 19,0 27,0 19,1 34165 1808 121 18,9
HEB 300 50015 1759 300,0 300,0 11,0 19,0 27,0 24 37557 1853 11,2 203
HEB 300 50020 1955 300,0 300,0 11,0 190 27,0 29,1 40521 1891 10,6 N4
HEB 300 500x25 25,2 300,0 300,0 11,0 19,0 27,0 274 43185 1927 10,1 24
HEM 300 510x10 278,0 340,0 310,0 7,0 390 27,0 3541 12574 38 155 19,5
HEM 300 51015 298,0 340,0 310,0 7,0 390 27,0 379,6 78460 3813 149 20,6
HEM 300 510x20 318,0 340,0 310,0 27,0 390 27,0 405,1 83961 3899 145 05
HEM 300 510x25 338,0 340,0 310,0 70 390 27,0 430,6 89158 3980 141 24
HEM 300 510x30 358,0 340,0 310,0 AN 390 27,0 4561 94113 4056 138 232
HEM 300 510x35 378,0 340,0 310,0 n0 390 27,0 481,6 98877 129 136 39
HEM 300 510x40 398,1 340,0 310,0 27,0 390 27,0 507,1 103490 4199 134 24,6
HEB 320 50010 1659 320,0 300,0 115 20,5 27,0 01,3 41220 2071 131 19,9
HEB 320 50015 185,5 320,0 300,0 115 205 27,0 236,3 45202 nn 12,2 n3
HEB 320 500x 20 205,2 320,0 300,0 115 205 27,0 2613 48699 2164 115 225
HEB 320 500x25 2248 320,0 300,0 115 205 27,0 286,3 51847 2203 11,0 235
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t formules

— e Notations and formulae

Dans la mesure du possible, les désignations
sont celles de |'Eurocode.

Les formules imprimées sur fond de couleur
se rapporfent uniquement aux poutrelles
| et H & ailes paralléles.

A aire de section

Ag surface & peindre par unité de masse

VY

——eo Bezeichnungen und Formeln

Where possible, the designations
correspond to those of the Eurocode.

The formulae printed on a coloured back-
ground are only valid for | and H sections
with parallel flanges.

A area of section

A=2kb + (h-2t)t, + (4-m)r2

Ag painting surface per unit mass

Die verwendeten Formeln stimmen so weit
wie méglich mit denjenigen des Eurocode
iberein.

Die Formeln auf farbiger Unterlage
beziehen sich auf parallelflanschige
I- und H-Trager.

A Querschnittsflache

AG Anstrichfldche pro Masseneinheit

A;  surface a peindre par unité
de longueur

A, surface de I'élément métallique
exposée au feu
par unité de longueur

Apet aire nette de la section
aprés déduction d’un trou de boulon

Ap surface interne de la protection
contre le feu
par unité de longueur

A, aire de cisaillement
effort paralléle a I'ame

a inclinaison des axes principaux
d'inertie

b largeur du profilé

d  hauteur de la portion droite
de I'éme

A|  painting surface per unit length

A|_=[4(b-2r)+2(h-tw)+2wr]L
L

A, surface area of the steel section
exposed to fire
per unit length

At net area of section
after deduction of a single bolt hole

A, area of the inner surface
of the fire protection material
per unit length

A,; sheararea
load parallel to web
A,=A-2btr+(t, + 271)t
a inclination of main axes of inertia

b width of section

d  depth of straight portion of web

d=h-2tf-2r

AL Anstrichfléche pro Langeneinheit

A, dem Feuer ausgesetzte Fléche
des Stahlirdgers
pro Langeneinheit

Aqet Netto-Querschnitisfléche
nach Abzug eines einzelnen
Schraubenlochs

A, innere Abwicklungsfléche
der Feuververkleidung

pro Léngeneinheit

A,; wirksame Schubfléche
Lastrichtung in Stegebene

a  Neigung der Hauptirdgheitsachsen

b Profilbreite

d  Héhe des geraden Stegteils
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©min’ ®max
pinces admissibles
pour assemblages par boulon,
calculées pour assurer une surface
d’assise en dehors du rayon de
congé et pour respecter les distances
minimales et maximales des bords
conformément & ENV 1993-1-1: 1992
§ 6.5.1. Ces conditions sont égale-
ment respectées pour des boulons
d’un diamétre inférieur & &. Les
valeurs sont calculées en prenant en
compte des trous & jeu nominal de
2 mm pour les boulons M10 a M24,
et de 3 mm pour les boulons M27.

Il'y a lieu de vérifier au cas par cas
la stabilité au voilement local et, si
besoin est, les critéres de résistance
a la corrosion.

YA

€min’ €max
allowable edge distances
for bolted connections, determined
for an arrangement of the contact
area outside the radius of the root
fillet and to satisfy the requirements
of ENV 1993-1-1: 1992 § 6.5.1
for minimum and maximum edge
distances. These conditions are also
fulfilled for bolt diameters smaller
than @. The values are calculated
considering a nominal clearance in
holes of 2 mm for M10 to M24 bolts
and of 3 mm for M27 bolts.

Local buckling requirements and,
if applicable, the resistance
to corrosion have to be checked.

©€min’ ®max

zulassiger Randabstand

fir geschraubte Verbindungen zur
Positionierung der Auflagerflache
auBerhalb der Ausrundungen sowie
zur Einhaltung der minimalen und
maximalen Randabstande nach
ENV 1993-1-1: 1992 § 6.5.1.

Diese Bedingungen sind ebenfalls
fir Schraubendurchmesser kleiner
als & erfllt. Die Werte sind fir ein
Nennlochspiel von 2 mm fiir Schrau-
bengréBen M10 bis M24 und von
3 mm fir SchraubengréBBe M27
berechnet.

Von Fall zu Fall missen die ortliche
Beulsicherheit und gegebenenfalls
der Korrosionswiderstand geprift
werden.

G  masse par unité de longueur G mass per unit length G  Masse pro Lingeneinheit
G=Ar,
h  hauteur du profilé h  depth of section h  Profilhéhe
h;  hauteur intérieure entre h;  inner depth between flanges h;  innere Hohe zwischen Flanschen
les ailes

1 moment d’inertie de flexion

Y

z

rayon de giration

L= [bh-(b-t
12

h|=h‘2|'f

| second moment of area

wl

‘ i radius of gyration

Flachenmoment 2. Grades

(h-21)° + 0,03t +0,2146 r2 (h - 2 t - 0,4468 r)2

L tb% 4 (h-2t)1,°] + 0,034 +0,2146 2 (t, + 0,4468 )2
12

Tragheitshalbmesser

AE f N

moment d’inertie de torsion ‘ l;  forsion constant li  Torsionsflichenmoment 2. Grades

It
t ty/2)2+(r+tg)2r2 74
= 2 (b-0,63 1) 1P+ (h-2 1)) 1,42 (_W) (0,145+o,1 L (” wl/ 2V ) ]
3 3 tf tf 2 r+tg
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w  moment d’inertie de gauchissement
par rapport au centre de cisaillement

I),z moment d’inertie composé
(moment centrifuge)

Pmin’ Pmax Pinces admissibles
pour assemblages par boulon,
calculées pour assurer une surface
d’assise en dehors du rayon de
congé et pour respecter les distances
minimales et maximales des bords et
la distance minimale des files situées

de part et d’autre de I'éme conformé-

ment & ENV 1993-1-1: 1992 § 6.5.1.
Ces conditions sont également
respectées pour des boulons d'un
diamétre inférieur & &. Les valeurs
sont calculées en prenant en compte
des trous & jeu nominal de 2 mm
pour les boulons M10 & M24, et

de 3 mm pour les boulons M27.

Il est supposé que |'axe de référence

pour le forage des trous est I'axe pas-

sant par I'dme & mi-épaisseur. Si tel

n'est pas le cas, la valeur de pmin &
appliquer peut différer légérement en
fonction des tolérances de laminage.

Il'y a lieu de vérifier au cas par cas
la stabilité au voilement local et, si
besoin est, les critéres de résistance
d la corrosion.

@  diamétre de boulon maximal
r,r; rayon de congé

rp  rayon de congé extérieur

rq masse volumique de I'acier

s longueur d’appui rigide
suivant ENV 1993-1-1 § 5.7.2

La longueur d’appui rigide de I'aile est la
distance sur laquelle une charge est
effectivement distribuée; elle influence la
résistance de |'dme sans raidisseur d’un
profilé adjacent aux efforts transversaux.

w  warping constant
referred to the shear centre

3
o= FE (e
24

lyz centrifugal moment

Pmins Pmax @llowable edge distances
for bolted connections, determined
for an arrangement of the contact
area outside the radius of the root
fillet and to satisfy the requirements
of ENV 1993-1-1: 1992 § 6.5.1
for minimum and maximum edge
distances. These conditions are also
fulfilled for bolt diameters smaller
than @. The values are calculated
considering a nominal clearance in
holes of 2 mm for M10 to M24 bolts
and of 3 mm for M27 bolts.

It is assumed that the reference axis
for drilling the holes is the centre-line
of the web. If not, the applicable
pmin value may differ slightly
depending on the rolling tolerances.

Local buckling requirements and,

if applicable, the resistance to
corrosion have to be checked.

@  maximum bolt diameter
r,r1 radius of root fillet

rp  toe radius

fq  unit mass of steel

ss  length of stiff bearing
according to ENV 1993-1-1 § 5.7.2

sg=ty+ 2t + (42 \/2) r

The length of stiff bearing on the flange is
the distance over which an applied force
is effectively distributed. It influences the
resistance of the unstiffened web of an
adjacent section to transverse forces.

Iy, Wélbflachenmoment 2. Grades
bezogen auf den Schubmittelpunkt

lyz Fléchenzentrifugalmoment
2. Grades

Pmin’ Pmax ZzYléssiger Randabstand
Ur geschraubte Verbindungen zur
Positionierung der Auflagerflache
auBerhalb der Ausrundungen sowie
zur Einhaltung der minimalen und
maximalen Randabsténde nach ENV
1993-1-1: 1992 § 6.5.1. Diese Bedin-
gungen sind ebenfalls fir Schrauben-
durchmesser kleiner als @ erfillt. Die
Werte sind fir ein Nennlochspiel von
2 mm fir SchraubengréBBen M10 bis
M24 und von 3 mm fiir Schrauben-
gréBe M27 berechnet.

Es wird angenommen, dass die
Stegachse die Bezugsachse zur
Bohrung der Lécher ist. Sollte dies
nicht der Fall sein, kann sich der
pmin-Wert in Abhangigkeit der
Walztoleranzen leicht verandern.

Von Fall zu Fall missen die driliche
Beulsicherheit und gegebenenfalls
der Korrosionswiderstand gepriift
werden.

@  maximaler Schraubendurchmesser
r,r1 Ausrundungsradius

ro  Abrundungsradius

rq Dichte des Stahls

ss  Lastverteilungsbreite
gemaf ENV 1993-1-1 § 5.7.2

Die Lastverteilungsbreite an den Flanschen
ist die Breite, die fir die Annahme einer
tatséichlichen Lastverteilung zugrundegelegt
werden darf. Sie beeinflusst den Widerstand
des nicht ausgesteiften Stegs eines angren-
zenden Profils gegeniber eingeleiteten
Querlasten.
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t épaisseur

tf  épaisseur daile
. "

w  épaisseur d’dme

u  distance de la fibre extréme
a I'axe principal v/major

v distance de la fibre extréme
a l'axe principal u

V  volume de I'élément métallique par
unité de longueur

We| module de flexion élastique

Wl module de flexion plastique

Pour un dimensionnement plastique,
la section doit appartenir a la classe
1 ou 2 selon la capacité de rotation
requise.

Pour les fers U:

Wopl.z" module de flexion plastique
par rapport & |'axe neutre plastique
Z', paralléle & 'axe z.

Ym distance du centre de cisaillement

ys distance du centre de gravité
suivant I'axe y

zg, 71, 29 distance du centre
de gravité suivant I'axe z
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t thickness
tf  flange thickness
tw  web thickness

v distance of extreme fibre
to minor v-axis

v distance of extreme fibre
to major u-axis

V  volume of the steel member
per unit length

We| elastic section modulus

Wl plastic section modulus

For plastic design, the cross section
must belong to class 1 or 2
according to the required rotation

Wopl.z" plastic section modulus
referred to plastic neutral z' axis
which is parallel to z axis.

Ym distance of shear centre

ys distance of centre of gravity
along y-axis

Zg, 21, 29 distance of centre
of gravity along z-axis

t Starke

tf  Flanschdicke
w  Stegdicke

v Abstand der GuBeren Faser
zur v-Hauptachse

v Abstand der GuBeren Faser
zur u-Hauptachse

V  Volumen des Stahlprofils
pro Langeneinheit

We| elastisches Widerstandsmoment

Wl plastisches Widerstandsmoment

Bei einer plastischen Bemessung muss
das Profil der Klasse 1 oder 2, gemaf3
der erforderlichen Rotationskapazitdt,

capacity. angehdren.
h? 4 - -1
W b thet) e 2P 22y 2P0 s
2 -
il S L S S I S I R
2 4 3 2
For channels: Fir U-Profile:

Wopl.z' plastisches Widerstandsmo-
ment bezogen auf die plastische
neutrale z'-Achse, die parallel zur
z-Achse ist.

Ym Abstand des Schubmittelpunktes

ys  Schwerpunktabstand in Richtung
y-Achse

zg, 21, 29 Schwerpunktabstand
in Richtung z-Achse
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