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National foreword

This British Standard is the UK implementation of EN 1993-1-5:2024. It
supersedes |BS EN 1993-1-5:ZOOQ+A2:2019, which will be withdrawn on
30 March 2028.

The UK participation in its preparation was entrusted to Technical
Committee CB/203, Design & execution of steel structures.

Alist of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

National choice is allowed in this standard where explicitly stated
within notes. The National Annex to this standard contains the
national choices to be used for buildings and civil engineering works
constructed in the UK.

The first generation of EN Eurocodes was published between 2002
and 2007, with conflicting British Standards withdrawn in 2010. This
document forms part of the second generation of EN Eurocodes.

The second generation of EN Eurocodes is expected to be published
between 2023 and 2026. These documents are being published as soon
as they are available. This is being done to enable users to prepare

for the transition from the first generation to second generation of

EN Eurocodes.

UK adoptions of the first generation of EN Eurocodes will be withdrawn
by BSI on 30 March 2028. Until that date, the first generation documents
should be considered as the applicable standards for buildings and civil
engineering works constructed in the UK unless otherwise specified by
the relevant authority or in the specification for a particular project.

This standard is intended to be used with its National Annex and other
referenced documents, including other second generation Eurocodes, as
an interdependent suite of documents.

While the use of provisions in this standard in conjunction with first

generation Eurocodes is not precluded, it should be undertaken with

care and should only be done when users are satisfied that it will not

result in a lower level of reliability than the minimum level set in the first
eneration Eurocodes and associated UK National Annexe
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European foreword

This document (EN 1993-1-5:2024) has been prepared by Technical Committee CEN/TC 250 “Structural
Eurocodes”, the secretariat of which is held by BSI. CEN/TC 250 is responsible for all Structural
Eurocodes and has been assigned responsibility for structural and geotechnical matters by CEN.

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 September 2027, and conflicting national standards shall
be withdrawn at the latest by March 2028.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 1993-1-5:2006 and its amendments and corrigenda.

The first generation of EN Eurocodes was published between 2002 and 2007. This document forms part
of the second generation of the Eurocodes, which have been prepared under Mandate M/515 issued to
CEN by the European Commission and the European Free Trade Association.

The Eurocodes have been drafted to be used in conjunction with relevant execution, material, product
and test standards, and to identify requirements for execution, materials, products and testing that are
relied upon by the Eurocodes.

The Eurocodes recognize the responsibility of each Member State and have safeguarded their right to
determine values related to regulatory safety matters at national level through the use of National
Annexes.

The main changes compared to the previous edition are listed below:

— the torsional stiffness of closed-section stiffeners has been taken into consideration;

— the procedure for interpolation between column-like and plate-like behaviour has been revised;

— the scope has been extended to non-rectangular panels;

— the presence of longitudinal stiffeners with a low stiffness is neglected for the verification to direct
stresses;

— rules for patch loading resistance have been revised;

— the interaction formulae have been revised and extended;

— rules for the verification of the transverse stiffeners have been revised;
— rules for the verification of flange-induced buckling have been revised;
— reduced stress method has been extended to bi-axial loading;

— rules for corrugated webs have been extended.

Any feedback and questions on this document should be directed to the users’ national standards body.
A complete listing of these bodies can be found on the CEN website.
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According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North

Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the United
Kingdom.
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0 Introduction

0.1 Introduction to the Eurocodes

The Structural Eurocodes comprise the following standards generally consisting of a number of Parts:

— , Eurocode: Basis of structural and geotechnical 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

— New parts are under development, e.g. Eurocode for design of structural glass
0.2 Introduction to the EN 1993 series

The EN 1993 series 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 and geotechnical design.

The EN 1993 series 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.

EN 1993 is subdivided in various parts:

EN 1993-1, Design of Steel Structures — Part 1: General rules and rules for buildings;
, Design of Steel Structures — Part 2: Bridges;

EN 1993-3, Design of Steel Structures — Part 3: Towers, masts and chimneys;

EN 1993-4, Design of Steel Structures — Part 4: Silos and tanks;

, Design of Steel Structures — Part 5: Piling;

, Design of Steel Structures — Part 6: Crane supporting structures;

EN 1993-7, Design of steel structures — Part 7: Sandwich panels (under preparation).

EN 1993-1 in itself does not exist as a physical document, but comprises the following 14 separate parts,

the basic part being EN 1993-1-1I:
EN 1993-1-1|, Design of Steel Structures — Part 1-1: General rules and rules for buildings;
EN 1993-1-2, Design of Steel Structures — Part 1-2: Structural fire design;
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EN 1993-1-3, Design of Steel Structures — Part 1-3: Cold-formed members and sheeting;
NOTE Cold formed hollow sections supplied according to EN 10219 are covered in EN 1993-1-1|.

, Design of Steel Structures — Part 1-4: Stainless steel structures;

, Design of Steel Structures — Part 1-5: Plated structural elements;

, Design of Steel Structures — Part 1-6: Strength and stability of shell structures;
, Design of Steel Structures — Part 1-7: Plate assemblies with elements under transverse loads;
, Design of Steel Structures — Part 1-8: Joints;

, Design of Steel Structures — Part 1-9: Fatigue;

N 1993-1-10, Design of Steel Structures — Part1-10: Material toughness and through-thickness
properties;

, Design of Steel Structures — Part 1-11: Tension components;

, Design of Steel Structures — Part 1-12: Additional rules for steel grades up to S960;
EN 1993-1-13, Design of Steel Structures — Part 1-13: Beams with large web openings;

EN 1993-1-14, Design of Steel Structures — Part 1-14: Design assisted by finite element analysis.

All subsequent parts EN 1993-1-2 to EN 1993-1-14 treat general topics that are independent from the
structural type such as structural fire design, cold-formed members and sheeting, stainless steels, plated
structural elements, etc.

All subsequent parts numbered EN 1993-2 to EN 1993-7 treat topics relevant for a specific structural

type such as steel bridges, towers, masts and chimneys, silos and tanks, piling, crane supporting
structures, etc. EN 1993-2 to EN 1993-7 refer to the generic rules in EN 1993-1 and supplement, modify

or supersede them.

0.3 Introduction to EN 1993-1-5

EN 1993-1-5 gives design requirements for unstiffened and stiffened plates that are subject to in-plane
forces. It also covers plated structural elements like I-section girders or box girders, as well as plated
components used in tanks and silos.

0.4 Verbal forms used in the Eurocodes
The verb “shall” expresses a requirement strictly to be followed and from which no deviation is permitted
in order to comply with the Eurocodes.

The verb “should” expresses a highly recommended choice or course of action. Subject to national
regulation and/or any relevant contractual provisions, alternative approaches could be used/adopted
where technically justified.

The verb “may” expresses a course of action permissible within the limits of the Eurocodes.

The verb “can” expresses possibility and capability; it is used for statements of fact and clarification of
concepts.

0.5 National Annex for EN 1993-1-5

National choice is allowed in this standard where explicitly stated within notes. National choice includes
the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing EN 1993-1-5 can have a National Annex containing all national
choices to be used for the design of buildings and civil engineering works to be constructed in the relevant
country.
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When no national choice is given, the default choice given in this standard is to be used.

When no national choice is made and no default is given in this standard, the choice can be specified by a
relevant authority or, where not specified, agreed for a specific project by appropriate parties.

National choice is allowed in [EN 1993-1-5 through notes to the following clauses:
4.6(2) 6.4.1(10) 7.1(2)
National choice is allowed in [EN 1993-1-5 on the application of the following informative annexes:

Annex A Annex B

The National Annex can contain, directly or by reference, non-contradictory complementary information
for ease of implementation, provided it does not alter any provisions of the Eurocodes.
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1 Scope
1.1 Scope of EN 1993-1-5

(1) This document provides rules for structural design of stiffened and unstiffened nominally flat plates
which are subject to in-plane forces.

(2) Non-uniform stress distributions due to shear lag, in-plane load introduction and plate buckling are
covered. 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  Forthe 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- Z|

(3) Single plate elements are considered as nominally flat where the curvature radius r in the direction
perpendicular to the compression satisfies, as illustrated in Figure 1.1:

ra b (1.1)
t

where
b is the panel width;

t isthe plate thickness.

Figure 1.1 — Definition of plate curvature

1.2 Assumptions

(1) Unless specifically stated, EN 1990, the EN 1991 series and EN 1993-1-1| apply.
(2) The design methods given in [EN 1993-1-5 are applicable if
— the execution quality is as specified in EN 1090-2 and

— the construction materials and products used are as specified in the relevant parts of the EN 1993
series or in the relevant material product specifications.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

NOTE See the Bibliography for a list of other documents cited that are not normative references, including
those referenced as recommendations (i.e. through ‘should’ clauses) and permissions (i.e. through ‘may’ clauses).

EN 1090-2, Execution of steel structures and aluminium structures — Part 2: Technical requirements for
steel structures

EN 1990, Eurocode — Basis of structural and geotechnical design
EN 1991 (all parts), Eurocode 1 — Actions on structures

EN 1993-1-1:2022, Eurocode 3 — Design of steel structures — Part 1-1: General rules and rules for
buildings

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1 Terms

3.1.1

plate

structural element that, in general, has two large dimensions a and b and a uniform much smaller
dimension ¢, and is shaped such that the two large dimensions lie in a single plane

3.1.2

elastic critical stress

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

3.1.3
membrane stress
stress at mid-plane of the plate

3.14
gross cross-section
total cross-sectional area of a member but excluding discontinuous longitudinal stiffeners

3.1.5

effective cross-section and effective width

gross cross-section or width reduced to account for non-uniform stress distributions due to plate
buckling, shear lag or both

Note 1 to entry: To distinguish between the different effects, the word “effective” is clarified as follows:
“effectiver” denotes effects of plate buckling;
— “effectives” denotes effects of shear lag;

— “effective” denotes effects of plate buckling and shear lag.
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3.1.6
plated structural element
structural element built up from nominally flat plates which are connected together

Note 1 to entry: The plates can be stiffened or unstiffened.

3.1.7
stiffener
flat plate or prismatic section attached to a plate to resist buckling or to strengthen the plate

Note 1 to entry: A stiffener is denoted:
— longitudinal if its direction is parallel to the member constituted of the assembled plates;
— transverse if its direction is perpendicular to the member constituted of the assembled plates.

3.1.8
stiffened plate
plate with transverse or longitudinal stiffeners or both

3.1.9
subpanel
unstiffened plate portion surrounded by flanges and/or stiffeners

3.1.10
hybrid girder
girder with flanges and web(s) made of different steel grades

3.1.11
direct stresses
normal stresses acting in the direction of the longitudinal axis of the member

3.1.12
patch loading
local introduction of in-plane forces

3.1.13

plate buckling behaviour

buckling of a plate where second order tensile stresses develops in the direction perpendicular to the
loaded direction with a favourable effect on the resistance

3.1.14

column buckling behaviour

buckling of a plate where no tensile stresses develop in the direction perpendicular to the loaded
direction. This leads to a situation similar to the buckling of a column

3.1.15

local buckling

buckling of an unstiffened plate or of the part of a stiffened plate between two stiffeners or between an
edge and a stiffener

3.1.16
global buckling
buckling of stiffened plate where the instability also involves a displacement of the stiffeners
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3.2 Sign convention

Unless otherwise stated, compression is taken as positive.

3.3 Symbols

For the purposes of this document, the symbols in EN 1990, EN 1993-1-1| and the following apply.

Ast’

Ast
Ac

Aett
Ac,eff
Ac,eff,loc
a

b

bo
bg
Def
Defts1
b.
Feq
Fra
hyw
Le
ty
Mtrd

M efird

My rd

MEgq

Ss

total gross cross-sectional area of all the longitudinal stiffeners of a stiffened plate without
contributing plating

gross cross-sectional area of one transverse stiffener

gross cross-sectional area of the compression zone of a plate. For stiffened plates, the parts
of subpanels supported by adjacent plates are not considered in A.

effective cross-sectional area

effectiver cross-sectional area of the compression zone of the stiffened plate

effectiver cross-sectional area of the compression zone considering local buckling only
dimension of a stiffened or unstiffened plate in the direction parallel to the direct loading

dimension of a stiffened or unstiffened plate in the direction perpendicular to the direct
loading

gross width of the flange outstand or half the width of an internal element
gross width of the compression zone corresponding to Acest

effectiver width for local buckling

effectives width for elastic shear lag

width of the compression zone of the plate

design transverse force

design resistance to local buckling under transverse forces

clear web depth between flanges

effective length for shear lag

effective loaded length for the resistance to patch loading

design plastic moment of resistance of the cross-section consisting of the effective area of the
flanges only

design plastic moment of resistance of the cross section consisting of the effective area of the
flanges and the fully effective web irrespective of its section class

design plastic moment of resistance of the entire cross-section, irrespective of its cross-
section class

design bending moment
design axial force

length of stiff bearing on the flange for patch loading verification
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t thickness of the plate
VEd design shear force including shear from torque
West effective elastic section modulus at the point considered
B effectives width factor for shear lag
71 plate slenderness for direct loading
p
1 Plate slenderness for shear buckling
w
01 absolute value of the maximum compression stress at one edge of the compression plate
02 stress at the edge opposite to the edge where o1 is reached, considered as positive in case of

compression and negative in case of tension
Ox in-plane stresses acting in the direction parallel to the direct loading

0 in-plane stresses acting in the direction perpendicular to the direct loading

Additional symbols are defined where they first occur.

4 Basis of design

4.1 General rules

4.1.1 Basic requirement

[1) The design of steel plated structural elements shall be in accordance with the general rules given in
EN 1990 and the EN 1991 series and the specific design provisions for steel structures given in
EN 1993-1-1|.

(2) Steel structures designed according to this document shall be executed according to [EN 1090-2 with
construction materials and products used as specified in the relevant parts of the EN 1993 series or in
the relevant material and product specifications.

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

4.2 Partial factors

(1) The partial factors as defined in [EN 1993-1-1| should be applied to the characteristic values of the
following resistances:

— Resistance to direct stresses ¥Mo
— Resistance to shear Ym1
— Resistance to patch loading M1
— Resistance of transverse stiffeners M1
— Resistance according to the reduced stress method YM1

— Resistance of compression flanges of girder with corrugated webs where  ywm1
lateral torsional buckling governs
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of EN 1993-1 to EN 1993-6.
4.3 Effective width models for global analysis

(2) Partial factors ymo and ym1 have the value assigned to them in the National Annex to the relevant parts
H

(1) 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
effectives width. For simplicity this effectives width may be assumed to be uniform over the length of the
span.

(3) For each span of a member the effectives width of flanges should be taken as the lesser of the gross
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 effectiver cross-
sectional areas of the elements in compression, see 6.3.

(5) For the calculation of effective areas for stiffness, the serviceability limit state slenderness /Ip sor MAy
be calculated from:

Ap ser (4.1)
where

Ocomdser 1S 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.

(6) The second moment of area at serviceability limit state may be calculated by an interpolation of the
gross cross-section and the effective cross-section for the relevant load combination using the formula:

o

Ieff = Igr _% (Igr o Ieff (O-com,Ed,ser )) (4-2)
com,Ed,ser
where
I is the second moment of area of the gross cross-section;
Ogr is the maximum compressive bending stress at serviceability limit states based on

the gross cross-section;

Ieff(0comEdser) 1S the second moment of area of the effective cross-section with allowance for
local buckling according to 6.4.1(7) calculated for the maximum stress GcomEgd,ser =
ogr within the span length considered, using the reduced slenderness obtained
from Formula (4.1).

(7) The effective second moment of area I.r 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.

(8) The calculations described in (5) and (6) 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 ocom,gdser-
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(9) For global analysis, the effect of plate buckling on the stiffness may be ignored when the effectiver
cross-sectional area of an element in compression at ultimate limit state is greater than 0,5 times the
gross cross-sectional area of the same element. The criterion applies for all individual plates of the cross-
section.

4.4 Plate buckling effects on uniform members

(1) Effectiver 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 0,05b, where b is the width of
the panel.

(2) If the panel is non-rectangular but with an angle ¢ (see Figure 4.1) equal to or less than 10°, the panel
may be considered as a rectangular panel to calculate the relevant reduction factors, using as reference
width b the larger of by and b; (according to Figure 4.1).

(3) If the panel is non-rectangular with an angle ¢ greater than 10° but less than or equal to 17,5°, the
rules given in 6.7 (5) should be applied.

NOTE The elastic buckling load factor acr can be calculated either considering a rectangular panel with the
larger width or considering the real tapered shape and corresponding edge stresses. As the stress distribution is
changing between the different cross-sections because of the tapering, this can lead to different plate slenderness

Zp for the different cross-sections. See 6.4.1(1) for the definition of the reduction factor and 12.3(1) for the

definition of acr.

(4) For non-rectangular panels with an angle ¢ greater than 17,5°, see 4.7.

a

by
b,

|
Figure 4.1 — Definition of angle ¢

(5) For the calculation of stresses at the serviceability and fatigue limit state the effectives area may be
used if the condition in 4.3(9) is fulfilled. For ultimate limit states the effective area according to 5.3
should be used with g replaced by Bu.
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4.5 Reduced stress method

(1) As an alternative to the use of the effectiver width models for stress states given in Clauses 6 to 9, 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 Clause 12.

NOTE The reduced stress method is analogous to the effectiver width method (see 4.4) for single plated
elements. However, in verifying the stress limitations no load shedding is assumed between the plated elements of
the cross-section.

4.6 Design assisted by finite element analysis

(1) Finite element analysis for the calculation of the critical buckling stresses and for the verifications of
the ultimate limit states, serviceability limit states or fatigue limit states should be carried out according
to the rules given in EN 1993-1-14.

(2) The evaluation of the numerical simulation results should be made according to EN 1993-1-14.

NOTE The value of the maximum acceptable plastic strain is empp = 5 %, unless otherwise specified by the
National Annex.

4.7 Non-uniform members

(1) Non-uniform members (e.g. haunched members or non-rectangular panels with an angle ¢ greater
than 17,5°) or members with regular or irregular large openings may be analysed using Finite Element
(FE) methods.

NOTE For non-uniform members, guidance is also given in Annex B.
4.8 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. For the design of girders with
corrugated webs, see Clause 13.

5 Shearlagin member design
5.1 General

(1) Shear lag in flanges may be neglected if by < Le/50 where by is taken as the gross width of the flange
outstand or half the width of an internal element and L. is the length between points of zero bending
moment, see 5.2.1(2).

(2) Where the above limit for by 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 effectives width according to 5.2.1
and a stress distribution according to 5.2.2. For the ultimate limit state verification an effective area
according to 5.3 may be used.

(3) Stresses due to patch loading in the web applied at the flange level should be determined from 5.2.3.
5.2 Elastic shear lag

5.2.1 Effectives width

(1) The effectives width bess1 for shear lag under elastic conditions should be determined from:

befts1 = B bo (5.1)

where the effectives factor § is given in Table 5.1.
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This effectives width is relevant for serviceability and fatigue limit states.

(2) Provided adjacent spans do not differ more than 50% and any cantilever span is not greater than half
the adjacent span, the effective length L. may be determined from Figure 5.1. For all other cases, L. should
be taken as the distance between adjacent points of zero bending moment.

/31 ZLe = 0,25(L1 + Lz)

/31 ZLe = 0,85[1

By ile=2L;

*AL

<

JAN JAN
L1 LZ LB
Lb L2 L/b| Lo/ L,/2 L /4
< ~ =
<

<

Figure 5.1 — Effective length L. for continuous beam and distribution of effectives width

Key
a  for flange outstand
b for internal flange

beff,sl

beff,sl

—

boa

1 stiffeners with Ase = X Ase,i

plate thickness t
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Figure 5.2 — Notations for shear lag

Documents

Document Sharing Hub


https://doi.org/10.3403/BSEN1993?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-1993-1-5-2024
http://www.avadocuments.com/doc/bs-en-1993-1-5-2024

EN 1993-1-5:2024 (E)

Table 5.1 — Effectives width factor 8

K Verification B - value
k<0,02 p=10
: . B=p, = 1
sagging bending 17 1 6.4 2
0,02<k<0,70 1
) . p= 132 =
hogging bending 1460 x- 1 +1,6 &2
2500 x
j | p=py=—
sagging bending 1 5.9 x
xk>0,70
1
. . B=p, =
hogging bending 2 8.6 x
all k end support Bo=1(0,55+0,025 / k) 51, but Bo < 1
all k cantilever B = B2 at support and at the end
. A,
k=aobo /Lewith oy = |1+
byt

in which Ay, is the area of all longitudinal stiffeners within the width bo and other
symbols are as defined in Figure 5.1 and Figure 5.2.
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5.2.2 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 5.3:

bots 51 = Pbo bt 51 = Pbo
% | % o ] '
e ]
A |
| =P | e |
y y
by by = 5Bbs
by
B >0,20: 0,20 :
o, =1,25(-0,20) o, o, =
4 4
y
)=y +fo )1 o)1)
0

0. is calculated with the effectives width of the flange befsl

Figure 5.3 — Distribution of stresses due to shear lag

5.2.3 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 5.4, should be determined from:

(5.2)
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where

as;1  is the gross cross-sectional area of the directly loaded stiffeners per unit length of the web
within the length s.. This may be taken as the area of a stiffener smeared over the length of
the spacing s

tw  is the web thickness;
z is the distance to flange;
Ss is the length of the stiff bearing;

st is the spacing of stiffeners.

The Formula (5.2) should be applied when ss/s. < 0,5. Otherwise, the contribution of stiffeners should be

neglected.
=
boity o :
( 11
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Figure 5.4 — In-plane load introduction

5.3 Shear lag at the ultimate limit state
5.3.1 Shear lag consideration

(1) At the ultimate limit state shear lag effects may be determined by one of the following methods:

a) elastic shear lag effects as determined for serviceability and fatigue limit states (see 5.2.1),

b) elastic-plastic shear lag effects allowing for limited plastic strains, see (2) and (3).
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NOTE Elastic shear lag effect does not consider the elastoplastic stress redistribution and its application at the
ultimate limit state is a conservative approach.

(2) In flanges where the stress level reaches the yield strength, elastic-plastic shear lag effects allowing
for limited plastic strains may be taken into account by substituting f by max{g, <} in Formula (5.1),
where f and k are taken from Table 5.1.

(3) The rule in (2) may also be applied for flanges in tension.

5.3.2 Interaction between shear lag and plate buckling

(1) The combined effects of plate buckling and shear lag may be taken into account by using Aes as given
by:

Aeir = Acerr Puie (5.3)
where
Acerr  is the effectivep area of the compression flange due to plate buckling (see 6.4 and 6.5);

PBuc  is the effectives width factor for the effect of elastic shear lag at the ultimate limit state,
which may be taken as f determined from Table 5.1 with a replaced by:

c,eff [5 -4)

tr  is the flange thickness;

p_ isthe gross width of the compression zone corresponding to A bg is equal to by for
outstand elements and equal to 2by for internal elements.

(2) In the case of using elastic-plastic shear lag effects, Acf may be defined by:

Aggr = Ao B~ 2 Ao B (5.5)

6 Plate buckling effects due to direct stresses at the ultimate limit state
6.1 General

(1) This Clause 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 within the angle limit stated in 4.4 and
Figure 4.1;

b) stiffeners, if any, are provided in the longitudinal or transverse direction or both;
c) open holes and cut outs are small (see 4.4);
d) members are of uniform cross-section;

e) no flange induced web buckling occurs.
NOTE1  For compression flange buckling in the plane of the web, see Clause 10.

NOTE 2  For stiffeners and detailing of plated members subject to plate buckling, see Clause 11.
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6.2 Resistance to direct stresses

(1) The resistance of plated members may be determined using the effectiver areas of plate elements in
compression for class 4 sections using cross-sectional data (Aef, letr, Werr) for cross-sectional verifications
and member verifications for column buckling and lateral torsional buckling according to [EN 1993-1-1I.

(2) Effectiver 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 flange or in the most compressed fibre of
the web, depending on which condition is the most demanding.

6.3 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 5.3.2

(2) The effective cross-sectional properties of members should be based on the effective areas of the
compression elements and on the effectives area of the tension elements due to shear lag.

(3) The effective area Acsr 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 Aess relative to the centre of gravity of the gross cross-section, see Figure 6.1, gives an
additional moment which should be taken into account in the cross-section verification using 6.7.

(4) The effective section modulus Wesr should be determined assuming that the cross-section is subject
only to bending stresses, see Figure 6.2. For biaxial bending, effective section moduli should be
determined about both main axes.

(5) As an alternative to (3) and (4), a single effective section may be determined from Nrq and Mgq acting
simultaneously. The effects of ey should be taken into account as in (3). This requires an iterative
procedure.

(6) The stress in a flange should be calculated using the elastic section modulus with reference to the
mid-plane of the flange.

(7) Hybrid girders may have flange material with yield strength f;r ranging from fyw to 2f;w provided that
(see Figure 6.3):

a) the increase of flange stresses caused by yielding of the web is taken into account by limiting the
stresses in the web to fyw;

b) fyris used in determining the effective area of the web.

(8) The increase of deformations and of stresses at serviceability and fatigue limit states may be ignored
for hybrid girders complying with 6.3(7).

(9) For hybrid girders complying with 6.3(7) the stress range limitin [EN 1993-1-9 may be taken as 1,5-f;r.
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