BRITISH STANDARD BS EN
1993-2:2006
Incorporating
corrigendum
July 2009
Eurocode 3 — Design of
steel structures —
Part 2: Steel bridges
LA ... 2

r. . -'L; 1

i

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

b

Full document details: BS EN 1993-2:2006


http://www.avadocuments.com/doc/bs-en-1993-2-2006
http://www.avadocuments.com/doc/bs-en-1993-2-2006

BS EN 1993-2:2006

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

on 30 November 2006

© BSI 2010

ISBN 978 0 580 66451 9

National foreword

This British Standard is the UK implementation of EN 1993-2:2006,
incorporating corrigendum July 2009.

The start and finish of text introduced or altered by corrigendum is
indicated in the text by tags. Tags indicating changes to CEN text carry the
number of the CEN corrigendum. For example, text altered by July 2009
corrigendum is indicated by @l

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 The conflicting national standards will be withdrawn at the end of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 co-existence 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
co-existence period of a maximum three years. During the co-existence
period Member States are encouraged to adapt their national provisions.
At the end of this co-existence period, the conflicting parts of national
standard(s) will be withdrawn.

In the UK, the primary corresponding national standard is:

BS 5400-3:2000, Steel, concrete and composite bridges. Code of practice
for design of steel bridges

BS EN 1993-9 partially supersedes BS 5400-3, which will be withdrawn by
March 2010.

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 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 as Recommended Values, 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 1993-2 to be used in the UK, the NDPs have been published

in a National Annex, which has been issued separately by BSI.

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/corrigenda issued since publication

Date Comments

31 January 2010 Implementation of CEN corrigendum July 2009
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Foreword

This European Standard EN 1993-2, Eurocode 3: Design of steel structures Part 2: Steel bridges, 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 1993-2.

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.

Background of the Eurocode programme

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

Within this action programme, the Commission took the initiative to establish a set of harmonised technical
rules for the design of construction works which, in 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 1980’s.

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:

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

' Agreement between the Commission of the European Communities and the European Committee for Starﬁr&s&tion ENh
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/G3/89). uments
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EN 1998 Eurocode 8: Design of structures for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium structures

Eurocode standards recognise the responsibility of regulatory authorities in each Member State and have
safeguarded their right to determine values related to regulatory safety matters at 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 recognise 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 harmonised technical specifications for construction products (ENs and
ETAs)

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the
Interpretative Documents” referred to in Article 12 of the CPD, although they are of a different nature from a
harmonised 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.

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.
? According to Art. 12 of the CPD the interpretative documents shall :
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes
or levels for each requirement where necessary ;
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of
calculation and of proof, technical rules for project design, etc. ;
c) serve as a reference for the establishment of harmonised 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.
Documents
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Links between Eurocodes and product harmonised technical specifications (ENs
and ETAs)

There is a need for consistency between the harmonised technical specifications for construction products
and the technical rules for works®. Furthermore, 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

N 1993-2 is the second part of six parts of EN 1993 — Design of Steel Structures — and describes the
principles and application rules for the safety and serviceability and durability of steel structures for bridges.

N 1993-2 gives design rules which are supplementary to the generic rules in [EN 1993-1-1|.
N 1993-2 is intended to be used with Eurocodes EN 199( — Basis of design, EN 1991 — Actions on

structures and the parts 2 of EN 1992 to EN 1998 when steel structures or steel components for bridges are
referred to.

Matters that are already covered in those documents are not repeated.

N 1993-2 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.

National annex for

This standard gives alternative procedures, values and recommendations with notes indicating where national
choices may have to be made. The National Standard implementing 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 through:
- 2.1.320)
- 2.1.3.3(5)
- 2.1.340)
- 213402
- 23.1(1)

- 3232

- 3.2303)

- 3.2401)

- 3.4

- 3.5(D

- 3.6(1)

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. Docu ments
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_ 3602

- 4

- 44

- 52.1(4)

- 54.1(D

~ 6.1(1)P

~6.22.3(1)

A - 6.2.2.5(1)
- 6.3.2.3(1)

- 6.3.4.2(1)

- 6.3.4.2(7)

- 7.103)

- 7.3(D)

- 7401

- 8.1.3.2.1(1)
- 8.1.6.3(1)

- 8.2.14(1)

- 8.2.1.5(1)

- 8.2.1.6(1)

- 8.2.10(1)

- 8.2.13(1)

- 8.2.14(1)

- 9.1.2(1)

- 9.1.3(1)

- 9.3(1HP

- 9312)P

- 9.4.1(6)

- 95202

- 9.5.203)

- 9.5.2(5)

- 9.5.2(6)

- 9.5.2(7)

- 9.5.3(2) (two places)
- 9.6(1) (two places)
- 9.7(1)

- A33(1)P
- A3.6(2)

- A42.112)
- A42103)
- A42114%)
- A424Q2)

- CLID) Documents
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- C.1.2.2(1)
- C.1.2.202)
- E2(1)
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1 General
1.1 Scope
1.1.1  Scope of Eurocode 3
(1) See 1.1.1(1), (2), (3), (4), (5) and (6) of EN 1993-1-1|.
1.1.2 Scope of Part 2 of Eurocode 3
(D N 1993-2 provides a general basis for the structural design of steel bridges and steel parts of
composite bridges. It gives provisions that supplement, modify or supersede the equivalent provisions given
in the various parts of EN 1993-1.
(2)  The design criteria for composite bridges are covered in EN 1994-2.
(3)  The design of high strength cables and related parts are included in [EN 1993-1-11.

(4)  This European Standard is concerned only with the resistance, serviceability and durability of bridge
structures. Other aspects of design are not considered.

(5)  For the execution of steel bridge structures, EN 1090 should be taken into account.
NOTE: Aslongas EN 1090 is not yet available a provisional guidance is given in Annex C.

(6)  Execution is covered to the extent that is necessary to indicate the quality of the construction materials
and products that should be used and the standard of workmanship needed to comply with the assumptions of
the design rules.

(7)  Special requirements of seismic design are not covered. Reference should be made to the requirements
given in EN 1998, which complements and modifies the rules of EN 1993-2 specifically for this purpose.

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 applies (including amendments).

(2) In addition to the normative references given in EN 1990 and EN 1993-1 the following references

should apply:
EN 1090 Execution of steel structures and aluminium structures
EN 1337 Structural bearings

N 10029:199 Specification for tolerances on dimensions, shape and mass for hot rolled steel plates 3
mm thick or above.

N 10164 Steel products with improved deformation properties perpendicular to the surface of the
product - Technical delivery conditions.
N ISO 581 Arc-welded joints in steel - Guidance on quality levels for imperfections.

EN ISO 12944-3  Paints and varnishes - Corrosion protection of steel structures by protective paint
systems - Design considerations.

EN ISO 9013:2002 Thermal cutting - Classification of thermal cuts - Geometrical product specification and
quality tolerances.
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N ISO 15613 Specification and qualification of welding procedures for metallic materials -
Qualification based on pre-production welding test

EN ISO 15614-1]  Specification and qualification of welding procedures for metallic materials - Welding
procedure test - Part 1: Arc and gas welding of steels and arc welding of nickel and
nickel alloys

1.3 Assumptions

(1) See 1.3(1) of EN 1993-1-1|.

1.4 Distinction between principles and application rules
(1) See 1.4(1) of EN 1993-1-1|.

1.5 Terms and definitions

(1)  The terms and definitions given in EN 1990, EN 1993-1 and the following apply:

1.5.1

bridges

civil engineering construction works mainly intended to carry traffic or pedestrian loads over a natural
obstacle or a communication line

NOTE: Railway bridges and bridges which carry canals, service pipes or other vehicles such as an aircraft are
also covered.

1.5.2
abutment
any end support of a bridge

NOTE: A distinction is made between rigid abutments and flexible abutments where relevant.

1.5.3
integral abutment
abutment that is connected to the deck without any movement joint

1.5.4
pier
intermediate support of a bridge, situated under the deck

1.5.5

bearing

structural support located between the superstructure and an abutment or pier of the bridge that transfers
loads from the deck to the abutment or pier

1.5.6
cable stay
tensioned element which connects the deck of a bridge to the pylon or pylons above the deck

1.5.7
prestress
permanent effect due to controlled forces and /or controlled deformations imposed within a structure

NOTE: Various types of prestress are distinguished from each other as relevant (such as prestress by tendons or
prestress by imposed deformation of supports).

1.5.8
headroom
clear height available for traffic
Documents
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1.5.9
breathing (of plates)
out-of-plane deformation of a plate caused by repeated application of in-plane loading

1.5.10
secondary structural elements
structural elements that do not form part of the main structure of the bridge

NOTE: The secondary structural elements are provided for other reasons, such as guard rails, parapets, ladders
and access covers.

1.6 Symbols

(1)  The symbols in EN 199( und EN 1993-1 apply. Further symbols are given as follows:
OFd.sers TEd.ser nominal stresses from the characteristic load combination

A, Aty Aoy Aay Ay Aivaxs Atocs At damage equivalent factors

D, Dioc, Dyio damage equivalent impact factors

Aoy, Aviee, Aog, stress ranges from load p

e characteristic value of friction coefficient

Yu partial factor for friction

o factor depending on type of bearing and number of bearings with adverse or
relieving forces

Tomaxs Tomins 10 temperatures

ATy, ATk, AT, temperature differences

YT partial factor for temperature

K, Kioundations Kpiers Kbearing spring stiffness

Sq, ST slide path

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

1.7 Conventions for member axes

(1) See 1.7(1), (2), (3) and (4) of EN 1993-1-1.

2 Basis of design

2.1 Requirements

2.1.1 Basic requirements

(1) See2.1.1(1), (2) and (3) of EN 1993-1-1.

2.1.2 Reliability management

(1) See2.1.2(1) of EN 1993-1-1].

2.1.3 Design working life, durability and robustness
2.1.3.1 General

(1) See2.1.3.1(1) of EN 1993-1-1I.

(2)P Bridges shall be designed for fatigue for the duration of their design working life. Documents
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2.1.3.2 Design working life

(1)  The design working life should be taken as the period for which a bridge is required to be used for its
intended purpose, taking into account anticipated maintenance but not major repair.

NOTE 1: The National Annex may specify the design working life. A design working life of a permanent
bridge of 100 years is recommended.

NOTE 2: For temporary bridges the design working life may be stated in the project specifications.
(2)  For structural elements that cannot be designed for the total design life of the bridge, see 2.1.3.3.

2.1.3.3  Durability

(1) To ensure durability, bridges and their components may be designed to minimise damage or be
protected from excessive deformation, deterioration, fatigue and accidental actions that are expected during
the design working life.

(2)  Structural parts of a bridge to which guardrails or parapets are connected, should be designed to ensure
that plastic deformations of the guardrails or parapets can occur without damaging the structure.

(3)  Where a bridge includes components that need to be replaceable, see 4(6), the possibility of their safe
replacement should be verified as a transient design situation.

(4)  Permanent connections of structural parts of the bridge should be made with preloaded bolts in a
Category B or C connection. Alternatively closely fitted bolts, rivets or welding may be used to prevent

slipping.

(5) Joints where the transmission of forces is purely by contact may be used where justified by fatigue
assessments.

NOTE: The National Annex may give additional recommendations for durable details.
2.1.3.4 Robustness and structural integrity

(1)  The design of the bridge should ensure that when the damage of a component due to accidental actions
occurs, the remaining structure can sustain at least the accidental load combination with reasonable means.

NOTE: The National Annex may define components that are subject to accidental design situations and also
details for assessments. Examples of such components are hangers, cables, bearings.

(2) The effects of corrosion or fatigue of components and material should be taken into account by
appropriate detailing, see also EN 1993-1-9 and EN 1993-1-10.

NOTE 1: EN 1993-1-9, section 3 provides assessment methods using the principles of damage tolerance or safe
life.

NOTE 2: The National Annex may give a choice of the design method to be used for fatigue assessment.

NOTE 3: For guidance on access, maintenance and inspection, see section 4.

2.2 Principles of limit state design
(1) See 2.2(1) and (2) of EN 1993-1-1.

(3)  For damage limitation at the ultimate limit state global analysis models should be elastic for transient
and persistent design situations, see 5.4.
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(4)  The required fatigue life should be achieved through design for fatigue and/or appropriate detailing,
see Annex C, and by serviceability checks.

2.3 Basic variables
2.3.1 Actions and environmental influences

(1)  Actions for the design of bridges should be taken from EN 1991. For the combination of actions and
partial factors for actions see Annex A.2 of EN 199(.

NOTE 1: For actions on steel bridge decks of road bridges, see Annex E.

NOTE 2: For actions not specified in EN 1991, see the National Annex.

(2)  See 2.3(2), (3), (4) and (5) of EN 1993-1-1].

NOTE: For actions on bearings, see Annex A.
2.3.2 Material and product properties
(1) See2.3.2(1) of EN 1993-1-1].
2.4 \Verification by the partial factor method
(1) See2.4.1(1), 2.4.2(1) and (2), 2.4.3(1) and 2.4.4(1) of EN 1993-1-1].
2.5 Design assisted by testing
(1) See 2.5(1), (2) and (3) of EN 1993-1-1].

3 Materials

3.1 General

(1) See 3.1(1) and (2) of EN 1993-1-1].
3.2 Structural steel

3.2.1 Material properties

(1) See 3.2.1(1) of EN 1993-1-1].

3.2.2 Ductility requirements

(1)  See 3.2.2(1) and (2) of EN 1993-1-1|.
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3.2.3 Fracture toughness

(1)  The material should have the required material toughness to prevent brittle fracture within the intended
design working life of the structure.

(2)  No further checks against brittle fracture need to be made if the conditions given in [EN 1993-1-1(Q are
met for the lowest service temperature.

NOTE 1: The lowest service temperature to be adopted in design may be taken from EN 1991-1-3.

NOTE 2: The National Annex may specify additional requirements depending on the plate thickness. An
example is given in Table 3.1.

Table 3.1: Example for additional requirement for toughness of base material

Example Nominal thickness Additional requirement
t <30 mm T>7; = -20 °C in accordance with EN IOOE
Fine grain steel in accordance with EN 10023, e.g.
1 30 << 80 mm S355N/M
>80 Fine grain steel in accordance with EN 10023, e.g.
mm S355NL/ML

(3)  For bridge components under compression a suitable minimum toughness property should be selected.

NOTE: The National Annex may give guidance on the selection of toughness properties for members in
compression. The use of Table 2.1 of EN 1993-1-1( for ogq = 0,25 f(#) is recommended.

3.24 Through thickness properties

(1)  Steel with improved through thickness properties forming to EN 10164 should be used where
required, see EN 1993-1-1(.

NOTE: Where Zg4 values have been determined in accordance with EN 1993-1-10, the required quality class
ﬂ

according to EN 10164 may be chosen in the National Annex. The choice in Table 3.2 is recommended.

Table 3.2: Quality class conforming to EN 10164

Target value Zgq Quality class
Zga <10 —
10 < Zg4 <20 715
20 < Zgqg < 30 725
Zrq > 30 735

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 in EN 1090 should be applied.

(3) See3.2.5(3) of EN 1993-1-1|.

3.2.6 Design values of material coefficients

(1) See 3.2.6(1) of EN 1993-1-1].
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3.3 Connecting devices
3.3.1 Fasteners

3.3.1.1 Bolts, nuts and washers

(1)  Bolts, nuts and washers should conform to the Reference Standards given in EN 1993-1-§, [Ac1)1.2.4:
Group 4.

(2)  The rules in this part are applicable to bolts of grades given in Table 3.3.

(3)  The nominal values of the yield strength fy;, and the ultimate tensile strength f;, are given in Table 3.3
and they should be adopted as characteristic values in calculations.

Table 3.3: Nominal values of the yield strength f,;, and the ultimate tensile
strength £, for bolts

Bolt grade 4.6 5.6 6.8 8.8 10.9
f,o (N/mm?®) 240 300 480 640 900
£, (N/mm?) 400 500 600 800 1000

3.3.1.2 Preloaded bolts

(1)  High strength structural bolts of bolt grades 8.8 and 10.9 which conform to the Reference standards
given in EN 1993-1-§, 1.2.4: Group 4 may be used as preloaded bolts when controlled tightening
is carried out in accordance with the Reference Standards given in EN 1993-1-§, 1.2.7: Group 7.

3.3.1.3 Rivets

(1)  The material properties, dimensions and tolerances of steel rivets should conform to the Reference

Standards given in EN 1993-1-§, 1.2.6: Group 6.

3.3.14 Anchor bolts

(1)  The following steel grades may be used for anchor bolts:

- Steel grades in accordance with the appropriate Reference Standards given in [EN 1993-1-§, [A<)1.2.1:
Group 1;

- Steel grades in accordance with the appropriate Reference Standards given in EN 1993-1-8, [A1)1.2.4:
Group 4;

- Reinforcing bars conforming to EN 10080.

The nominal yield strength for anchor bolts should not exceed 640 N/mm?.

3.3.2 Welding consumables

(1)  All welding consumables should conform to the Reference Standards given in EN 1993-1-§, 1.2.5:
Group 5.

(2)  The performance of the weld metal should not be less than the corresponding values specified for steel
grade being welded. This should take into account:

- specified yield strength;
- ultimate tensile strength;

- elongation at failure;

Documents

- minimum Charpy V-notch energy value of the filler metal. .
Document Shiging Hub

Full document details: BS EN 1993-2:2006


http://dx.doi.org/10.3403/30126878U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/03270617U
http://dx.doi.org/10.3403/30016684U
http://dx.doi.org/10.3403/03270617U
http://www.avadocuments.com/doc/bs-en-1993-2-2006
http://www.avadocuments.com/doc/bs-en-1993-2-2006

BS EN 1993-2:2006
EN 1993-2: 2006 (E)

3.4 Cables and other tension elements
(1)  For cables and other tension elements see .
NOTE: The National Annex may specify the types of cables appropriate to the specific bridge types.
3.5 Bearings
(1)  Bearings should conform to EN 1337.
NOTE: The National Annex may give guidance on the types of bearings applicable to bridges.
3.6 Other bridge components

(1) Expansion joints, guardrails, parapets and other ancillary items should conform to the relevant
technical specifications.

NOTE: The National Annex may give guidance on the types of expansion joint, guardrail, parapet and other
ancillary items applicable to bridges.

(2)  The bridge deck surfacing system, the products used and the method of application should meet with
the relevant technical specification.

NOTE: The National Annex may give guidance on the bridge deck surfacing system, the products used and the
method of application applicable to bridges.
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4 Durability
(1) See4(1), (2) and (3) of EN 1993-1-1].

NOTE: The National Annex may give guidance on requirements for access to allow for inspection and
maintenance.

(4)  For elements that cannot be inspected fatigue checks should be carried out (see EN 1993-1-9) and
appropriate corrosion allowances should be provided.

NOTE: The National Annex may give guidance on sealing against corrosion, measures to ensure air tightness
of box girders or the provisions of extra steel thickness for inaccessible surfaces.
(5) The required fatigue life of the structure and its components should be attained by the:

- fatigue design of details in accordance with (1), (4) and [EN 1993-1-9 and with serviceability checks
carried out in accordance with section 7;

- structural detailing for orthotropic steel decks;
- material chosen in accordance with section 3;

- fabrication conforming to EN 1090.

(6)  Components that cannot be designed with sufficient reliability to achieve the total design working life
of the bridge should be replaceable. These may include:

- stays, cables, hangers;

- Dbearings;

- expansion joints;

- drainage devices;

- guardrails, parapets;

- asphalt layer and other surface protection;
- wind shields;

- noise barriers.
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5 Structural analysis

5.1 Structural modelling for analysis

5.1.1 Structural modelling and basic assumptions
(1) See5.1.1(1), (2) and (3) of EN 1993-1-1.

(4)  For the structural modelling and basic assumptions for components of bridges see EN 1993-1-1|.

NOTE: For the design of plated components and cables see also EN 1993-1-§ and EN 1993-1-11].

5.1.2 Joint modelling

(1) See 5.1.2(1), (2), (3) and (4) of EN 1993-1-1 and EN 1993-1-§.

(5)  For bridges, the type of joint and its modelling should be chosen to ensure that the required fatigue life
can be attained.

NOTE: Rigid joints appropriate to the fatigue categories given in EN 1993-1-9 are suitable to be employed
between members of bridges except for bearings or pinned connections or cables.

5.1.3 Ground structure interaction
(1) See 5.1.3(1) of EN 1993-1-1.

NOTE 2: The stiffness of the supports may be based on the deformation characteristics of the bearings, piers
and foundation.

5.2 Global analysis

5.2.1 Effects of deformed geometry of the structure

(1) See 5.2.1(1), (2) and (3) of EN 1993-1-1.

(4) Bridges may be checked with first order theory if the following criterion is satisfied:

@, 210 (5.1)

where ¢, is defined in 5.2.1(3) of EN 1993-1-1|

NOTE: The National Annex may give further guidance for the definition and calculation of ;.

(5) See 5.2.1(5) and (6) of EN 1993-1-1|.

5.2.2 Structural stability of frames
(1) See5.2.2(1), (2), (3) and (4) of EN 1993-1-1]

(5)  Where the behaviour of a bridge or its components is governed by the first buckling mode (single
degree of freedom) the second order effects My may be calculated by applying a factor to the bending
moments M as follows:

1
M” = MI —1 (52)
1——
acr
where ¢, > 3.
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(6) See 5.2.2(7) and (8) of EN 1993-1-1].

5.3 Imperfections

5.3.1 Basis

(1) See5.3.1(1), (2) and (3) of EN 1993-1-1]

5.3.2 Imperfections for global analysis of frames
(1) See 5.3.2(1), (2) and (3) of EN 1993-1-1.

NOTE 1: For piers o, would be applicable, if cumulative effects from contributions of various piers occur (e.g.
for piers forming a frame with the superstructure).

NOTE 2: For the use of member imperfections see also Annex D.
4)  See 5.3.2(6), (7), (8), (10) and (11) of EN 1993-1-1].

5.3.3 Imperfection for analysis of bracing systems

(1) See 5.3.3(1), (2), (3), (4) and (5) of EN 1993-1-1].

5.3.4 Member imperfections

(1) See 5.3.4(1), (2) and (3) of EN 1993-1-1.

5.4 Methods of analysis considering material non-linearities
5.4.1 General

(1)  Elastic analysis should be used to determine the internal forces and moments for all persistent and
transient design situations.

NOTE: The National Annex may give guidance to enable the user to determine when a plastic global analysis
may be used for accidental design situations. For plastic global analysis see 5.4 and 5.5 of EN 1993-1-1].

5.4.2 Elastic global analysis
(1) See5.4.2(1), (2) and (3) of EN 1993-1-1].

(4) If all sections are class 1 the effects of differential temperature, shrinkage and settlement at the
ultimate limit state may be ignored.

5.5 Classification of cross sections
5.5.1 Basis

(1) See5.5.1(1) of EN 1993-1-1].

5.5.2 Classification

(1) See 5.5.2(1), (2), (3), (4), (5), (6), (), (8), (9) and (10) of EN 1993-1-1].
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6 Ultimate limit states
6.1 General

(1)P  The partial factors s as defined in 2.4.3 of EN 1993-1-1f shall be applied to the various characteristic
values of resistance in this section, see Table 6.1:

Table 6.1: Partial factors

a) resistance of members and cross section:

- resistance of cross sections to excessive yielding including local buckling Ko
- resistance of members to instability assessed by member checks Kt
- resistance of cross sections in tension to fracture Ko

b) resistance of joints

- resistance of bolts
- resistance of rivets
- resistance of pins
- resistance of welds

- resistance of plates in bearing padel

- slip resistance

- atultimate limit state (Category C) K13
- at serviceability limit state Ki3.ser
- Dbearing resistance of an injection bolt n
- resistance of joints in hollow section lattice girders Kas
- resistance of pins at serviceability limit state Wi6.ser
- preload of high strength bolts Kz

NOTE 1: For the partial factor % for the resistance of concrete see EN 1992.

NOTE 2: The partial factors ,; for bridges may be defined in the National Annex. The following numerical
values are recommended:

a0 = 1,00
% = 1,10
% = 1,25
%3 = 1,25
Ys.ser = 1,10
%aa = 1,10
%as = 1,10
Ra6.ser = 1,00
%17 = 1,10

6.2 Resistance of cross sections

6.2.1 General

(1) See 6.2.1(1), (2), (3), (4), (5), (6), (), (8), (9) and (10) of EN 1993-1-1].
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6.2.2 Section properties

6.2.2.1 Gross cross section

(1)  See 6.2.1.1(1) of EN 1993-1-1|.

6.2.2.2 Net area

(1) See 6.2.2.2(1), (2), (3), (4) and (5) of EN 1993-1-1|.

6.2.2.3  Shear lag effects
(1) See 6.2.2.3(1) and (2) of EN 1993-1-1| and 3.2 and 3.3 of EN 1993-1-5.

NOTE: The National Annex may give guidance on the treatment of shear lag effects at the ultimate limit state.
6.2.24 Effective properties of cross section with class 3 webs and Class 1 or 2 flanges

(1) See 6.2.2.4(1) of EN 1993-1-

6.2.2.5 Effects of local buckling for class 4 cross sections

(1)__The effects of local buckling should be considered using one of the following two methods specified

in EN 1993-1-5:
1. effective cross section properties of class 4 sections in accordance with [EN 1993-1-§, section 4
2. limiting the stress levels to achieve cross section properties in accordance with [EN 1993-1-§, section 10

NOTE: The National Annex may recommend which method is to be used. In case of the use of the method 2
the National Annex may give further guidance.

6.2.2.6 Effective cross section properties of class 4 sections
(1)  See6.2.2.5(1), (2), (3), (4) and (5) of EN 1993-1-1|.

(2)  For stress limits of circular hollow sections to conform to class 4 section properties, see

EN1993-1-4.
6.2.3 Tension
(1) See 6.2.3(1), (2), (3), (4) and (5) of EN 1993-1-1].
6.2.4 Compression
(1) See 6.2.4(1) of EN 1993-1-1].

(2) The design resistance of cross sections for uniform compression N.rq should be determined as
follows:

a) without local buckling:

NC’Rd =—"" forclass 1, 2 and 3 cross sections (6.1)
Vo
b) with local buckling:
Ay [, .
N gy = for class 4 cross sections or (6.2)
Vo
ACy, .
Nz = for stress limits Docun(féhts
’ Vmo
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where  Giimic = O fy is the limiting stress of the weakest part of the cross section in compression (see
10(5) of EN 1993-1-5))

(3)  See 6.2.4(3) and (4) of EN 1993-1-1.
6.2.5 Bending moment

(1)  See 6.2.5(1) of EN 1993-1-1.

(2)  The design resistance for bending about the major axis should be determined as follows:

a) without local buckling:

M, = —2=> forclass 1 and 2 cross sections (6.4)
Vo
Wel min fy .
M, ., =———— forclass 3 cross sections (6.5)
’ Vo
b) with local buckling:
Weﬁ min fy .
M, ,, =——— for class 4 cross sections or (6.6)
' Vmo
Wel min O-limit ..
M, ., =————— for stress limits (6.7)
' Vmo

where W min and Wegr i are the elastic moduli which correspond to the fibre with the maximum elastic
stress

Oimie 1S _the limiting stress of the weakest part of the cross section in compression (see 2.4 of

EN 1993-1-9)
(3)  See 6.2.5(3), (4), (5) and (6) of EN 1993-1-1.

6.2.6 Shear
(1) See 6.2.6(1), (2), (3), (4), (5), (6), (7) and (8) of and section 5 of EN 1993-1-3.
6.2.7 Torsion

6.2.7.1 General
(1) Torsional and distortional effects should be taken into account for members subject to torsion.

(2) The effects of transverse stiffness in the cross section, [Ac;), and/or of diaphragms that are built
in to reduce distortional deformations, may be taken into account by considering an appropriate elastic
model which is subject to the combined effect of bending, torsion and distortion.

(3) Distortional effects in the members may be disregarded where the effects from distortion, due to the
transverse bending stiffness in the cross section and/or diaphragm action, do not exceed 10 % of the bending
effects.

(4) Diaphragms should be designed to take into account the action effects resulting from their load
distributing effect.

6.2.7.2 Torsion for which distortional effects may be neglected

(1) See 6.2.7(1), (2), 3), (4), (5). (6), (7). (8), and (9) of EN 1993-1-1]
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6.2.8 Bending, axial load, shear and transverse loads

(1)  The interaction between bending, axial load, shear and transverse loads may be determined using one
of the following two methods:

1. Interaction methods given in 6.2.8 to 6.2.10.
NOTE: For local buckling effects see , section 4 to 7.
2. Interaction of stresses using the yielding criterion given in 6.2.1
NOTE: For local buckling effects , see section 10.
6.2.9 Bending and shear
(1) See 6.2.8(1), (2), (3), (4), (5) and (6) of EN 1993-1-1.
6.2.10 Bending and axial force
6.2.10.1 Class 1 and class 2 cross sections
(1) See 6.2.9.1(1), (2), (3), (4), (5) and (6) of EN 1993-1-1|.
6.2.10.2 Class 3 cross sections

(1) See 6.2.9.2(1) of EN 1993-1-1|.

(2)  The following should be met for local buckling consideration, when the limit stress method is used:
O-limit < L
7M0 7/MO
where 0 should be determined from section 10 of .

6.2.10.3 Class 4 cross sections

(1) See 6.2.9.3(1) and (2) of EN 1993-1-1].

6.2.11 Bending, shear and axial force

(1) See 6.2.10(1), (2) and (3) of EN 1993-1-1|.

6.3 Buckling resistance of members

O-X,Ed S

(6.8)

6.3.1 Uniform members in compression
6.3.1.1 Buckling resistance

(1) See 6.3.1.1(1), (2), (3) and (4) of EN 1993-1-1]
6.3.1.2 Buckling curves

(1) See 6.3.1.2(1), (2), (3) and (4) of EN 1993-1-1.
6.3.1.3  Slenderness for flexural buckling

(1) See 6.3.1.3(1) and (2) of EN _1993-1-1.

6.3.14 Slenderness for torsional and torsional flexural buckling

(1) See 6.3.1.4(1), (2) and (3) of EN 1993-1-1]. Documents
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6.3.1.5 Use of class 3 section properties with stress limits

(1) _As an alternative to using class 4 section properties given in equations (6.48), (6.49), (6.51) and (6.53)
of EN 1993-1-1 class 3 section properties given in equations i6.47ii (6.49), (6.50) and (6.52)
of EN 1993-1-1|, with stress limits in accordance with section 10 of EN 1993-1-5, may be used, see 6.2.2.5.
6.3.2 Uniform members in bending

6.3.2.1 Buckling resistance

(1)  See 6.3.2.1(1), (2), (3) and (4) of EN_1993-1-1l.

6.3.2.2 Lateral torsional buckling curves — General case

(1) See 6.3.2.2(1), (2) and (3) of EN 1993-1-1].

(4) Lateral torsional buckling effects may be ignored if the slenderness parameter Aur < 0,2 or
@S 0,04 .
crit

6.3.2.3 Lateral torsional buckling curves for rolled sections or equivalent welded sections

(1) See 6.3.2.3(1) and (2) of EN 1993-1-1].

NOTE: The National Annex may give further information

6.3.3 Uniform members in bending and axial compression

(1)  Unless second order analysis is carried out using the imperfections given in 5.3.2, the stability of
uniform members subject to axial compression and bending in the plane of buckling should be checked in
accordance with section 6.3.3 or 6.3.4 of EN 1993-1-1].

NOTE: As a simplification to equation (6.61) in 6.3.3 of EN 1993-1-1f the following condition may be used:
NEd + Cmi,o (My,Ed + AMy,Ed)

<09 (6.9)
Xy N My
Vi Vmi
where  Ngq is the design value of the compression force;

Mg  is the design value of the maximum moment about the y-y axis of the member obtained from
first order analysis without considering imperfections;

AM, gy is the moment due to the shift of the centroidal axis according to 6.2.10.3;
Cuio is the equivalent moment factor, see Table A.2 of EN 1993-1-1);

Xy is the reduction factors due to flexural buckling from 6.3.1.
6.3.4 General method for lateral and lateral torsional buckling of structural components

6.3.4.1 General method

(1) See 6.3.4(1), (2), (3) and (4) of EN 1993-1-1I.
6.3.4.2 Simplified method

(1) See 6.3.2.4(1) of EN 1993-1-1|.
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NOTE: The National Annex may give the limit of application. The values Aeo =02 and k 7 =10 (see
6.3.2.4(2) of EN-1993-1-1) are recommended.

(2)  Truss chords and flanges in compression that are subject to lateral buckling may be verified by
modelling the elements as a column subject to the compression force Ngy and supported by continuous or
discrete elastic restraint modelled as springs.

NOTE 1: Guidance for determining the stiffness of the restraint in the form of U-frames is given in Annex
D.2.4.

NOTE 2: Where truss flanges and/or chords are restrained by U-frames, the U-frame members are
subjected to forces induced by the restraint and the interaction of the U-frame and the flanges [ACr)and/or chords(Ac1].

(3)  The buckling mode and the elastic critical buckling load N, may be determined from an elastic critical
buckling analysis. If continuous springs are used to represent the restraints which are basically discrete, the
critical buckling load should not be taken as being larger than that corresponding to the buckling with nodes
at the locations of the restraints.

(4)  The safety verification may be carried out in accordance with 6.3.2 using

A
Ay Jy (6.10)

crit

where A 1s the effective area of the chord;

N 1s the elastic critical load determined with Ay

(5) For chords in compression or the bottom flanges of continuous girders between rigid supports, the
effect of initial imperfections and second order effects on a supporting spring may be taken into account by
applying an additional lateral force Fgq at the connection of the chord to the spring such that:

N
F,,=—* if 0, <12/
Ed 100 f k
(6.11)
Fy, =LEE‘L+ if 0, >12/¢
Z, 80 1— Ny,
Ncrit
where (, :71'1’£
Ncrit
¢ is the distance between the springs.
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(6) Ifthe design value of the compression force Mg is constant over the length of the chord,
the critical axial load N may be calculated from

Neic = m Ng (612)
EI
where Ng :7[2?

2
m= —2\/7/ but not less than 1,0.
T

where L is the span length between the rigid supports;
¢ is the distance between the springs
Cq 1s the spring stiffness, see (2), NOTE 1.

A lateral support to a compressed flange may be assumed to be rigid if its stiffness Cy satisfies:

4N,

c,> (6.13)

where Ng is the elastic critical load(&¢i] which is determined assuming hinged ends.

(7)  The procedure given in (2) to (6) may also be applied to the flanges of girders in compression when
At in (4) is substituted by
A
A + —c
eff 3
where Ay, is the area of the compression zone of the web. In the case of a class 4 section the areas should be
taken as the effective areas.

NOTE: The National Annex may give further guidance for the case where the compressive force Ng4 is not
constant over the length of the chord. The following method is recommended.

For the bottom flange of a continuous girder with rigid lateral supports at a distance L (see Figure 6.1) m in
equation (6.12) may be taken as the minimum value obtained from the two following values:

m=1+044 (1 +p) D + (3 +2 ) p/(350 - 50u) (6.14)

m=1+044 (1 + ) @ + (0,195 + (0,05 + 1/100) P) y*°
where i = V,/Vy, see Figure 6.1
@ =2(1-M/M)I( +p) forMy>0

Where the bending moment changes signs, equation (6.14) may be used as a conservative estimate by inserting
M2 = 0

Documents
2 Document Sharing Hub

Full document details: BS EN 1993-2:2006


http://dx.doi.org/10.3403/30126878U
http://www.avadocuments.com/doc/bs-en-1993-2-2006
http://www.avadocuments.com/doc/bs-en-1993-2-2006

BS EN 1993-2:2006
EN 1993-2: 2006 (E)

| 025L,

1 design section

Figure 6.1: Segment of beam between rigid lateral supports with bending moment varying as a
parabola

The verification of resistance to lateral torsional buckling in accordance with 6.3.2.2 may be carried out at a
distance 0,25 Ly from the support with the largest moment as shown in Figure 6.1, provided that the cross-

sectional resistance is also checked at the section with the largest moment, where Lk = L/ \Nm .

6.4 Built-up compression members

(1)  See section 6.4 of EN 1993-1-1|.
6.5 Buckling of plates

(1)  For buckling of plates in a fabricated girder the rules given in EN 1993-1-§ should be applied.
(2)  The plate buckling verification of members at the ultimate limit state should be carried out using either
a) or b) as follows:

a) Direct stresses, shear stresses and transverse forces should be verified according to section 4, 5 or 6 of

N 1993-1-3. Additionally, the interaction criteria in section 7 of EN 1993-1-§ should also be met.

b) Reduced stress method on the basis of stress limits governed by local buckling according to section 10 of

N 1993-1-5.
NOTE: See also 6.2.2.5.

(3)  For web stiffeners or stiffened deck plates which are subjected to compression and additional bending
moments from loads transverse to the plane of the stiffened plate, the stability may be verified in accordance
with 6.3.2.3.
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7 Serviceability limit states

7.1 General
(1) See 7.1(1), (2) and (3) of EN 1993-1-1].

(4)  The following serviceability criteria should be met:

a) Restriction to elastic behaviour in order to limit:

- excessive yielding, see 7.3(1);

- deviations from the intended geometry by residual deflections, see 7.3(1);
- excessive deformations, see 7.3(4).

b) Limitation of deflections and curvature in order to prevent:

- unwanted dynamic impacts due to traffic (combination of deflection and natural frequency limitations),
see 7.7 and 7.8;

- infringement of required clearances, see 7.5 or 7.6;

- cracking of surfacing layers, see 7.8;

- damage of drainage, see 7.12.

¢) Limitation of natural frequencies, see 7.8 and 7.9, in order to:

- exclude vibrations due to traffic or wind which are unacceptable to pedestrians or passengers in cars
using the bridge;

- limit fatigue damages caused by resonance;

- limit excessive noise emission.

d) Restriction of plate slenderness, see 7.4, in order to limit:

- excessive rippling of plates;

- breathing of plates;

- reduction of stiffness due to plate buckling, resulting in an increase of deflection, see .
e) Improved durability by appropriate detailing to reduce corrosion and excessive wear, see 7.11.

f) Ease of maintenance and repair, see 7.11, to ensure:

- accessibility of structural parts for maintenance and inspection, renewal of corrosion protection and
asphaltic pavements;

- replacement of bearings, anchors, cables, expansion joints with minimum disruption to the use of the
structure.

(5) In most situations serviceability aspects should be dealt with in the conceptual design of the bridge, or
by suitable detailing. However in appropriate cases, serviceability limit states may be verified by numerical
assessment, e.g. for calculating deflections or eigen frequencies.

NOTE: The National Annex may give guidance on serviceability requirements for specific types of bridges.

7.2 Calculation models

(1)  Stresses at serviceability limit states should be determined from a linear elastic analysis, using the
appropriate section properties, see EN 1993-1-§.

(2) In modelling the structure, the non-uniform distribution of loads and stiffness resulting from the
changes in plate thickness, stiffening etc. should be taken into account.
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(3) __Deflections should be determined by linear elastic analysis using the appropriate section properties,

see EN 1993-1-5.

NOTE: Simplified calculation models may be used for stress calculations provided that the effects of the
simplification are conservative.

7.3 Limitations for stress
(1)  The nominal stresses ggqser and 7gq e resulting from the characteristic load combinations calculated

making due allowance for the effects of shear lag in flanges and the secondary effects caused by deflections
(e.g. secondary moments in trusses), should be limited as follows:

O-Ed,ser S fy (7 1)
M ,ser
f
Trger S (72)
- \/g 7/M,ser
\/O-éd,ser + 3T§d,ser < fy (73)
M ,ser

NOTE 1: Where relevant the above checks should include stresses o, from transverse loads, see EN 1993-1-5.
NOTE 2: The National Annex may give the value for %user- Huser = 1,00 is recommended.

NOTE 3: Plate buckling effects may be ignored as specified in EN 1993-1-§, 2.2(5).

(2) __The nominal stress range Aoy, due to the frequent load combination should be limited to 1,5 fu/ywm ser»

see EN 1993-1-9.

(3)  For non-preloaded bolted connections subject to shear, the bolt forces due to the characteristic load
combination should be limited to:

Fyraser < 0,7 Fyra (7.4)

where Fy rq s the bearing resistance for ultimate limit states verifications.

i4i For_slip-resistant preloaded bolted connections category B (slip resistant at serviceability, see
N 1993-1-§), the assessment for serviceability should be carried out using the characteristic load

combination.

7.4 Limitation of web breathing

(1)  The slenderness of web plates should be limited to avoid excessive breathing that might result in
fatigue at or adjacent to the web-to-flange connections.

NOTE: The National Annex may define cases where web breathing checks are not necessary.

(2)  Web breathing may be neglected for web panels without longitudinal stiffeners or for subpanels of
stiffened webs, where the following criteria are met:

bit<30+40L <300 for road bridges (7.5)
b/t<55+33L <250 for railway bridges (7.6)

where L is the span length in m, but not less than 20 m.
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(3)  If the provision in (2) is not satisfied web breathing should be checked as follows:
o " (1lz ’
x,Ed ,ser + ’ x,Ed ,ser S 1’1 (77)
ko- O-E kr O-E

where Oy kdsers Traser are the stresses for the frequent load combination. If the stresses are not uniform along
the length of the panel, see section 4.6(3) of EN 1993-1-5;

ks, k- are the linear elastic buckling coefficients assuming hinged edges of the panel, see
N 1993-1-3;
2
t
AC) O =190000(b—] [N/ mm?]
P

b, is the smaller of a and b.

NOTE: For stresses varying along the panel see EN 1993-1-§, 4.6(3).
7.5 Limits for clearance gauges

(1)  Specified clearance gauges should be maintained without encroachment by any part of the structure
under the effects of the characteristic load combination.

7.6 Limits for visual impression
(1)  To achieve a satisfactory appearance of the bridge consideration should be given to precambering.

(2)  In calculating camber the effects of shear deformation and slip in riveted or bolted connections should
be considered.

(3)  For connections with rivets or fitted bolts, a fastener slip of 0,2 mm should be assumed. For preloaded
bolts, slip does not need to be considered.

7.7 Performance criteria for railway bridges
(1)  Specific criteria for deflection and vibrations for railway bridges should be obtained from [EN 1991-2.
(2)  Any requirements for the limitation of noise emission may be given in the project specification.

7.8 Performance criteria for road bridges

7.8.1 General

(1)  Excessive deformations should be avoided where it could:

- endanger traffic by excessive transverse slope when the surface is iced;
- affect the dynamic load on the bridge by impact from wheels;

- affect the dynamic behaviour causing discomfort to users;

- lead to cracks in asphaltic surfacings;

- adversely affect the drainage of water from the bridge deck.
NOTE: For durability requirements see Annex C.
(2)  Deformations should be calculated using the frequent load combination.

(3)  The natural frequency of vibrations and deflections of the bridge should be limited to avoid discomfort
to users.
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