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prEN 1993-1-3 - 1stdraft

NOTE FROM THE PROJECT TEAM

1) The main modifications are highlighted in this 1st draft with respect to EN 1993-1-3: 2006.

2) Comments are expected on the changes of this 1st draft.

3) No comment on the current standard EN 1993-1-3: 2006 is espexted as it is supposed to have
been done by the national standardization bodies during the systematic review.

4) Although the document prEN 1993-1-3 will be checked again by the Project Team, any editorial
remark is welcome to improve the quality.

5) The project team CEN/TC250 SC3.T3 decided to incooperate the following amendments and
modifications into the 1st draft of revised EN 1993-1-3. All changes compared with EN 1993-1-3
(2010) are highlighted as follows:

6) This concerns the following main technical amendments (see also doc. CEN/TC250 SC3.T3
NO056):

Amendments prepared by the corresponding Working Group CEN/TC250 SC3.WG3
(confirmed by CEN/TC250 SC3), see doc. CEN/TC250 SC3.T3 N056 - highlighted in
yellow

Amendments prepared by the corresponding Working Group CEN/TC250 SC3.WG3 (to
be confirmed by CEN/TC250 SC3), see doc. CEN/TC250 SC3.T3 N056 - highlighted in
yellow (font colour: red)

Comments of the systematic review (classified by 1 and 5), see doc. CEN/TC250 SC3.T3
NO57 - highlighted in yellow

Revised structure EN 1993-1-3 according to the common structure of revised EN
Eurocode Parts (see CEN/TC250 N1250) - highlighted in green.

Joint WG3/PT approach of reducing the number of NDPs (confirmed by SC3)

language improvements in parts by the PT (blue font). This work will continue.

Major modifications of the PT with respect to clarification and requirements acc. to the
drafting principles CEN/TC250 N1250 (purple font) - see also doc. CEN/TC250 SC3.T3
N055

e Materials (old Clause 3.1 - new Clause 5.1)
e Flange curling (old 5.4 - new 7.4)

¢ Plane elements with edge or intermediate stiffener (old 5.5.3- new 7.5.3)

o Elastic-plastic resistance of members in bending (old 6.1.4 - new 8.1.4)
¢ Buckling resistance of members in bending and compression (old 6.2.5 - new 8.2.5)
e Connections with mechanical fasteners (old 8.3 - new 10.3)

e Testing (old 9 - new 12, Annex A,)
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e Beams restrained by sheeting and the use of sandwich panels for stabilization (old 10 -
new 11)

e Restructuring of new Clause 11 - old Clause 10 - (incl. two new Subclauses 11.4
(sheeting with overlaps acc. to the EU mandate M515)_and new Subclause 11.5 which
has been introduced to summarize all design provisions related to “Lateral and torsional
restraints provided by the sheeting”. Subclause 11.5 contains paragraphs of the old
clause 10.1 and 10.1.5 as well as new paragraphs (AMDs) for sandwich panels. The new
Clause 11.5 aims to provide fundamental design rules which can be referred to
whenever purlins have to be designed acc. to ECs)

e 0Old Annex D - new Annex C

7) A detailed specification of all amendments and modifications in the 1st draft of the
revised EN 1993-1-3 related to the WG3 amendments, the Systematic Review and the Task
Specification of mandate M515 is given in documents N0O55 to NO58 CEN TC250 SC3.T3,
which are enclosed to the 1st draft of the revised EN 1993-1-3.
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European Foreword

This European Standard EN 1993-1-3, Eurocode 3: Design of steel structures: Part 1-3 General rules -
Supplementary rules for cold-formed members and sheeting, 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.

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 1993-1-3

This standard gives alternative procedures, values and recommendations with notes indicating where
national choices may have to be made. Therefore the National Standard implementing EN 1993-1-3 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 1993-1-3 through the following Clauses:

- BE)p
) 5.1(3) Note 1 and Note 2
- Blam 7.3(4)—10.3(5)

- [10.3(3), Table 10.2
- [0.3(3), Table 10.3
- [10.3(3), Table 10.4
- [103(3), Table 10.5 10.4(5) 10.5.1(4)

11411
- A1(1),NOTE 1

- A1(1),NOTE2
- AB4@®)
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1 Scope
1.1 Scope of EN 1993

PT-comment: Text to be filled in later

1.2 Scope of EN 1993-1-3

(1) EN 1993-1-3 gives design requirements for cold-formed members and sheeting. It applies to cold-
formed steel products made from coated or uncoated hot- or cold-rolled sheet or strip, that have been cold-
formed by such processes as cold-rolled forming or press-braking. It is also applicable for the design of
profiled steel sheeting for composite steel and concrete slabs at the construction stage, see EN 1994. The
execution of steel structures made of cold-formed members and sheeting is covered in EN 1090-4.

NOTE: The rules in EN 1993-1-3 complement the rules in other parts of EN 1993-1.
(2) Methods are also given for stressed-skin design using steel sheeting as a structural diaphragm.

(3) EN 1993-1-3 does not apply to cold-formed circular and rectangular structural hollow sections supplied
to EN 10219, for which reference is made to EN 1993-1-1 and EN 1993-1-8.

(4) EN 1993-1-3 gives methods for design by calculation and for design assisted by testing. The methods
for design by calculation apply only within stated ranges of material properties and geometrical
proportions for which sufficient experience and test evidence is available. These limitations do not apply
to design assisted by testing.

1.3 Assumptions

(1)P EN 1993 shall be used in conjunction with:
- EN 1990 “Basis of structural design”

- EN 1991 “Actions on structures”

- The parts of EN 1992 to EN 1999 where steel structures or steel components are referred to within those
documents

- EN 1090 “Execution of steel structures and aluminium structures”
- ENs, EADs and ETAs for construction products relevant to steel structures

(2) The design rules of EN 1993-1-3 are only applicable when the execution is carried out according to EN
1090-4.
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2 Normative references
2.1 General

(1) The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

2.2 General reference standards

EN 1090-1: Execution of steel structures — Technical requirements, Part 1: Requirements for conformity
assessment of structural components;

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

EN 1090-4: Execution of steel structures and aluminium structures, Part 4: Technical requirements for cold-
formed structural steel elements and cold-formed structures of roof, ceiling, floor and wall applications;

EN 1990: Eurocode 0 - Basis of structural design;

EN 1993: Eurocode 3 — Design of steel structures - Part 1-2, Part 1-4, Part 1-6, Part 1-7, Part 1-9 to Part 1-14;
EN 1993-1-1: 2018, Eurocode 3 — Design of steel structures — Part 1-1: General rules and rules for building;
EN 1993-1-5: 2020, Eurocode 3 - Design of steel structures — Part 1-5: Plated structural elements;

EN 1993-1-8: 2018, Eurocode 3 - Design of steel structures — Part 1-8: Design of joints;

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

EN 14509-2: Double skin metal faced insulating panels - Factory made products - Specifications - Part 2:
Structural applications - Fixings and potential uses of stabilization of individual structural elements;

EN 15512: Steel static storage systems - Adjustable pallet racking systems - Principles for structural design;

EN ISO 12944-2: Paints and vanishes. Corrosion protection of steel structures by protective paint systems.
Part 2: Classification of environments

2.3 Structural steel reference standards

EN 508-1: Roofing products from metal sheet - Specification for self-supporting products of steel, aluminium
or stainless steel sheet - Part 1: Steel;

EN 10025-1: Hot-rolled products of structural steels - Part 1: General delivery conditions;

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

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

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

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

EN 10088: Stainless steels - Part 1 to Part 5;

EN 10143: Continuously hot-dip metal coated steel sheet and strip - Tolerances on dimensions and shape;
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EN 10149-2: Hot rolled flat products made of high yield strength steels for cold-forming - Part 2: Delivery
conditions for thermomechanical rolled steels;

EN 10149-3: Hot rolled flat products made of high yield strength steels for cold-forming - Part 3: Delivery
conditions for normalized and normalized rolled steels;

EN 10204: Metallic products. Types of inspection documents;

EN 10268: Cold-rolled flat products made of high yield strength micro-alloyed steels for cold-forming - General
delivery conditions;

EN 10346: Continuously hot-dip coated steel flat products for cold-forming - Technical delivery conditions

EN 14509-1: Self-supporting double skin metal faced insulating panels - Factory made products -
Specifications;

EN 14782: Self-supporting metal sheet for roofing, external cladding and internal lining. Product
specification and requirements;

EN ISO 6892-1: Metallic materials - Tensile testing- Part 1: Method of test at room temperature;
EN ISO 7438: Metallic materials - Bend test;
ISO 4997: Cold reduced steel sheet of structural quality;

2.4 Reference standards for fasteners

EN ISO 1478: Tapping screws thread;

EN ISO 1479: Hexagon head tapping screws;

EN ISO 2702: Heat-treated steel tapping screws - Mechanical properties;
EN ISO 7049: Cross recessed pan head tapping screws;

EN ISO 10684: Fasteners — hot dip galvanized coatings
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3 Terms, definitions and symbols

3.1 Terms and definitions

PT-comment: Will be supplemented later
Supplementary to EN 1993-1-1, for the purposes of EN 1993-1-3, the following terms and definitions apply:

3.1.1
basic material
flat sheet steel material used for cold-forming sections and profiled sheeting

3.1.2
basic yield strength
tensile yield strength of the basic material

3.1.3
diaphragm action
structural behaviour involving in-plane shear in the sheeting

3.14

liner tray

profiled sheet with large lipped edge stiffeners, suitable for interlocking with adjacent liner trays to form a
plane of ribbed sheeting that is capable of supporting a parallel plane of profiled sheeting spanning
perpendicular to the span of the liner trays

3.1.5

partial restraint

restriction of the lateral or rotational movement, or the torsional or warping deformation, of a member or
element, that increases its buckling resistance in a similar way to a spring support, but to a lesser extent
than a rigid support

3.1.6
relative slenderness
normalized non-dimensional slenderness ratio

3.1.7

restraint

restriction of the lateral or rotational movement, or the torsional or warping deformation, of a member or
element, that increases its buckling resistance to the same extent as a rigid support

3.1.8

stressed-skin design

design method that allows for the contribution made by diaphragm action in the sheeting to the stiffness
and strength of a structure

3.1.9

support

location at which a member is able to transfer forces or moments to a foundation, or to another member or
other structural component

3.1.10

nominal thickness

target average thickness inclusive zinc and other metallic coating layers when present rolled and defined
by the steel supplier (t.om , not including organic coatings)

10
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3.1.11
steel core thickness
nominal thickness minus zinc and other metallic coating layers (tcor)

3.1.12
design thickness
steel thickness used in design by calculation according to 3.3.3(6) and 5.2.4

3.1.13
fastener
connection element

3.1.14
fastening
fastener interaction with surrounding material

3.1.15

connection

set of fastenings used to transfer forces and moments between two or more members at the location at
which two or more elements meet

3.1.16

joint

zone where two or more members are interconnected
3.1.17

component I
component of fastening that is facing the head of the fastener (the swage head in the case of blind rivets)

3.1.18
component II
second component of fastening (usually the supporting structure)

3.2 Symbols and abbreviations

(1) In addition to those given in EN 1993-1-1, the following main symbols are used:

PT-comment: All relevant symbols used in EN 1993-1-3 will be incorporated later

fy yield strength

fya  average yield strength, accounting for work hardening due to cold-forming

fyv  basicyield strength

t design thickness of steel material before cold-forming, exclusive of metal and organic coating

trom nominal sheet thickness after cold-forming inclusive of zinc and other metallic coating not including
organic coating

tor nominal thickness minus zinc and other metallic coating
K spring stiffness for displacement

C spring stiffness for rotation

11



15t draft prEN 1993-1-3: 2018 (E)

3.3 Terminology and conventions
3.3.1 Cross-sectional shapes

(1) Cold-formed members and profiled sheets within the permitted tolerances have a constant nominal
thickness over their entire length and may have either a uniform cross section or a tapering cross section
along their length.

(2) The cross-sections of cold-formed members and profiled sheets essentially comprise a number of plane
elements joined by curved elements.

(3) Typical forms of sections for cold-formed members are shown in Figure 8.1.

—
a) Single open sections

T S
L

b) Open built-up sections

c) Closed built-up sections
Figure 3.1 - Typical forms of sections for cold-formed members

(4) Examples of cross-sections for cold-formed members and sheeting are illustrated in Figure 3:2.

NOTE The design rules of EN 1993-1-3 relate to the main axis properties, which are defined by the main axes y -
y and z - z for symmetrical sections and u - u and v - v for unsymmetrical sections as e.g. angles and Z-sections. In some
cases the bending axis is imposed by connected structural elements whether the cross-section is symmetric or not.

12



1st draft prEN 1993-1-3: 2018 (E)
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b) Beams and other members subject to bending

VAV VAR YAy
/At VU A VU e WS o N
SV UL o
SV T

c) Profiled sheeting and liner trays

Figure 3,2 - Examples of cold-formed members and profiled sheets

(5) Cross-sections of cold-formed members and sheeting may either be unstiffened or incorporate
longitudinal stiffeners in their webs or flanges, or in both.

13
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3.3/2 Stiffener shape

(1) Typical stiffener configurations for cold-formed members and sheeting are shown in Figure 3{3.

N— AV 4

1 A\ 4

a) Folds and bends b) Folded groove and curved groove

o

c) Bolted angle stiffener

Figure 3.3 - Typical forms of stiffeners for cold-formed members and sheeting

(2) Longitudinal stiffeners may either be edge stiffeners or intermediate stiffeners.

(3) Typical edge stiffeners are shown in Figure 3:4.

| \ il U

a) Single-fold edge stiffeners b) Double-fold edge stiffeners

Figure 3.4 - Typical edge stiffeners

(4) Typical intermediate longitudinal stiffeners are illustrated in Figure 3.5.

AV VS V

b) Intermediate web stiffeners

a) Intermediate flange stiffeners

Figure 3.5 - Typical intermediate longitudinal stiffeners

14
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3.3.3 Cross-sectional dimensions

(1) Overall dimensions of cold-formed members and sheeting, including the overall width b, the overall
height h, the internal bend radius r and other dimensions denoted by symbols without subscripts, such as
a, c or d, are measured to the face of the material, unless stated otherwise, as illustrated in Figure 3.6.

;/

Figure 3.6 - Dimensions of typical cross-section

(2) Unless stated otherwise, the other cross-sectional dimensions of cold-formed members and sheeting,
denoted by symbols with subscripts, such as bq, hw or sw, are measured either to the midline of the material
or the midpoint of the corner.

(3) In the case of sloping elements, such as webs of trapezoidal sheets, the slant height s is measured
parallel to the slope. The slope is straight line between intersection points of flanges and web.

(4) The developed height of a web is measured along its midline, including any web stiffeners.
(5) The developed width of a flange is measured along its midline, including any intermediate stiffeners.

(6) The thickness ¢t is a steel design thickness as specified in Clause 5/2.4(3), if not otherwise stated.

3.3.4 Convention for member axes

(1) In general the conventions for members is as used in EN 1993-1-1, see Figure 8.%.

vV oz
I
‘ \‘ u
\. -
y— Ay
/'/ \‘
i \Q
N
z vV

Figure 3.7 - Axis convention

(2) For profiled sheeting and liner trays the following axis convention is used:
e y-y axis parallel to the plane of sheeting;

e 7-7 axis perpendicular to the plane of sheeting.

15
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4 Basis of design

(1) The design of cold-formed members and sheeting shall be in accordance with the general rules given in
EN 1990 and EN 1993-1-1. For a general approach based on FE-methods (or others) see EN 1993-1-14.

(2)P Appropriate partial factors shall be adopted for ultimate limit states and serviceability limit states.
(3)P In ultimate limit state calculations the partial factor s shall be taken as follows:

e when calculating the resistance of cross-sections against yielding and cross-sectional instability
including local and distortional buckling: o

e when calculating the resistance of members and sheeting against global buckling: 1
e when calculating the resistance of net sections at fastener holes and connections: 2

NOTE: The partial factors yui for buildings are given below unless the National Annex gives different values for
use in a country:

0 = 1,00;
1= 1,00;
mz = 1,25.

(4} E | £ . ¢ ions. see Section 10,

(4)P In serviceability limit state calculations the partial factor puser shall be used.

NOTE: The partial factors puser for buildings are given below unless the National Annex gives different values for
use in a country:

YM,ser = 1,00 .

(5) [n the design of structures a distinction shall be made between various ‘structural classes’, based on the
level of contribution of cold-formed members, sheeting or sandwich panels to the strength and stability of
the overall structure or individual structural elements. These structural classes are associated with
different requirements in the applicable product and execution standards for cold-formed members,
sheeting and sandwich panels, and shall be determined as follows:

e Applications in which cold-formed members, sheeting or sandwich panels are designed to
contribute to the overall strength and stability of a structure shall be classified as Structural
ClassI;

e Applications in which cold-formed members, sheeting or sandwich panels are designed to
contribute to the strength and stability of individual structural elements shall be classified as
Structural Class II;

Sheeting or sandwich panels providing stabilizing support to purlins designed as part of the bracing
system of the main structure (e.g. compression members, struts, tie beams) may be classified as
Structural Class IL

e Applications in which cold-formed members, sheeting or sandwich panels are used as an
element that only transfers loads to the structure shall be classified as Structural Class III.
Sheeting and sandwich panels in Structural Class III can be further differentiated into
‘structural” or ‘non-structural” applications.

NOTE: Permitted applications of non-structural cold-formed sheeting or non-structural sandwich panels in Structural
Class I1I can be set by the National Annex for use in a country.

EN 1090-1 and EN 1090-4 cover the requirements for execution of structural sheeting and cold-formed
members. EN 14782 covers non-structural cold-formed sheeting in Structural Class III. EN 14509-1 covers
non-structural sandwich panels in Structural Class III and EN 14509-2 covers structural sandwich panels

16
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in Structural Class II.

-The classification into Structural Classes is particularly relevant for sheeting and sandwich panels to
establish their relation with the overall structure as well as with their supporting members.
NOTE: Structural Class I: The designer of the structures assumes bracing of the structure by the sheeting.

Structural Class II: ~ The designer of the members directly supporting the sheeting or sandwich panels
assumes that the latter provide restraint with regard to global buckling or bending in the plane of the sheeting
or sandwich panel.

Structural Class IIIl:  The designer of the members directly supporting the sheeting or sandwich panels
assumes that the latter provides restraint with regard to global buckling or bending in the plane of the
sheeting or sandwich panel.

It is the responsibility of the designer of the members supporting sheeting and sandwich panels to
establish adequate communication with the the designer of the sheeting or sandwich panels with respect
to the assumed structural class and the corresponding implications according to the product standard.

(7) Additional requirements in Structural Classes I and II are given in EN 1090-4, e.g. with respect to:

e Communicating the structural class on layout drawings as well as clearly posting it on the actual
structure

e Providing a minimum number of fastenings between sheeting or sandwich panels and the
supporting member, as well as between the different sheets or sandwich panels.

e Specifying the Structural Class in the design brief as well as in the operations and maintenance
manual

17
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5 Materials

5.1 General

(1) All steels used for cold-formed members and profiled sheeting should be suitable for cold-forming and,
if relevant, for welding. Steels used for members and sheets to be galvanized should also be suitable for
galvanizing.

Steels specified in Tables 5/1a and 5/1b with properties and chemical composition in compliance with the
relevant standards fulfil these requirements.

For other steels the suitability for cold-forming shall be demonstrated by a bend test in accordance with EN
ISO 7438 or by an equivalent test.

(2) The nominal values of material properties given in this Clause should be adopted as characteristic values
in design calculations.

(3) EN 1993-1-3 covers the design of cold-formed members and profiled sheets fabricated from steel
material conforming to the requirements given in Clause 5.2.1.

Table 5.1a - Nominal values of basic yield strength f;;, and ultimate tensile strength f,

Type of steel Standard Grade fyb [N/mm?] fu[N/mm?]
Hot rolled products of non- EN 10025-2 S$235 235 360
alloy structural steels. S 275 275 430
Part 2: Technical delivery S355 355 510
conditions for non alloy
structural steels
Hot-rolled products of EN 10025-3 S275N 275 370
structural steels. S355N 355 470
Part 3: Technical delivery S420N 420 520
conditions for normalized/ S460N 460 550
normalized rolled weldable S275NL 275 370
fine grain structural steels S 355 NL 355 470
S 420 NL 420 520
S460 NL 460 550
Hot-rolled products of EN 10025-4 S275M 275 360
structural steels. S355M 355 450
Part 4: Technical delivery S420M 420 500
conditions for S460 M 460 530
thermomechanical rolled S 275 ML 275 360
weldable fine grain structural S355 ML 355 450
steels S 420 ML 420 500

18
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Table 5.1b - Nominal values of basic yield strength f;;, and ultimate tensile strength f,

Type of steel Standard Grade IN /fr’: m?] N /ﬁ m?]
Cold reduced steel sheet of ISO 4997 CR 220 220 300
structural quality CR 250 250 330
CR 320 320 400
Hot-rolled flat products made EN 10149-2 | S315MC 315 390
of high yield strength steels for S 355 MC 355 430
cold-forming - Part 2: Delivery S 420 MC 420 480
conditions for . S 460 MC 460 520
thermomechanically rolled
steels S 500 MC 500 550
S 550 MC 550 600
S 600 MC 600 650
S 650 MC 650 b 700
S700MC 700b 750
Hot-rolled flat products made EN 10149-3 | S260NC 2402 3502
of high yield strength steels for S315NC 295a 4102
cold-forming - Part 3: Delivery S 355 NC 355a 4502
conditigns for normalized or S 420 NC 400 2 5104
normalized rolled steels
Cold-rolled flat products made | EN 10268 HC240LA 240 340
of high yield strength micro- HC280LA 280 370
alloyed steels for cold-forming HC320LA 320 400
HC360LA 360 430
HC400LA 400 460
Continuously hot-dip coated EN 10346 S220GD+Z, +Z7F, +ZA, +7M, +AZ 220 300
steel flat products for S250GD+ Z, +ZF, +ZA, +ZM, +AZ, +AS 250 330
construction S280GD+ Z, +ZF, +ZA, +ZM, +AZ, +AS 280 360
S320GD+ Z, +ZF, +ZA, +ZM, +AZ, +AS 320 390
S350GD+ Z, +ZF, +ZA, +ZM, +AZ, +AS 350 420
S390GD+Z, +ZF, +ZA, +ZM, +AZ 390 460
S420GD+ Z, +ZF, +ZA, +ZM, +AZ 420 480
S450GD+7Z, +ZF, +ZA, +7ZM, +AZ 450 510
Continuously hot-dip coated EN 10346 HX260LAD+Z, +ZF, +ZA, +ZM, +AZ, +AS 2402 3302
steel flat products of steel with HX300LAD+Z, +ZF, +ZA, +ZM, +AZ, +AS 2802 3602
high proof stress for cold- HX340LAD+Z, +ZF, +ZA, +IM, +AZ, +AS 3202 390
forming HX380LAD+Z, +ZF, +ZA, +IM, +AZ, +AS 3602 4202
HX420LAD+Z, +ZF, +ZA, +ZM, +AZ, +AS 4002 4502
HX460LAD+Z, +ZF, +ZA, +ZM, +AZ, +AS 435a 4752
HX500LAD+Z, +ZF, +ZA, +ZM, +AZ, +AS 4702 500 ac
Continuously hot-dip coated EN 10346 DX51D+Z, +ZF, +ZA, +ZM, +AZ, +AS 120 a¢ 250 ac¢
steel flat products of low DX52D+Z, +ZF, +ZA, +ZM, +AZ, +AS 120ac 250 ac
carbon steels for cold-forming DX53D+7Z, +ZF, +ZA, +ZM, +AZ, +AS 120 ac 250 ac
2 The nominal values given in the respective product standard correspond to the transverse direction of the strip
or sheet. The values given in the Table above correspond to tension in the longitudinal (rolling) direction.
b For thicknesses > 8 mm the given yield stress shall be reduced by 20 N/mm?2.
¢ The product standard does not specify minimum values of the yield stress and ultimate tensile strength. For
all steel grades a minimum yield stress of 120 N/mm? and a minimum ultimate tensile strength of 250 N/mm?
may be assumed.

NOTE: The materials in Table 5!{1a conform to harmonized product standards, while the materials in Table 5.
conform to EN or ISO product standards. EN1993-1-3 is applicable to the materials listed in both Tables.

1b
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5.2 Structural steel
5.2.1 Properties of base material
(1) The nominal values of the basic yield stress f;, or ultimate tensile strength f, should be obtained:

a) by adopting the values fj» = Ren 0T fib =Rpo2 and fu = Rm directly from product standards if they
apply to the longitudinal direction or

b) by using the values given in Table 5:1a and 5/1b or
c) from appropriate tests.

(2) Where the characteristic values are determined from tests, such tests should be carried out in
accordance with EN ISO 6892-1. The number of test coupons should be atleast 5 and should be taken in the
following way:

1. Coils:

a)  Coils from the same origin (one pot of melted steel): at least one coupon per coil taken from 30%
of the coils;

b)  Coils from different origin: at least one coupon per coil;

2. Strips:
a) atleast one coupon per 2000 kg of steel of the same origin;
b) atleast one coupon for each different origin.

The coupons should be taken at random from the concerned lot of steel and the orientation should be in the
longitudinal direction of the structural element. The characteristic values should be determined on the
basis of a statistical evaluation in accordance with EN 1990, Annex D.

(3) It may be assumed that the properties of steel in compression are the same as those in tension.

NOTE: Information wether the materials given in Table 5/1a and Table 5.1b can be used in a global plastic analysis
can be set by the National Annex for use in a country.

(4) The material properties at elevated temperatures are given in EN 1993-1-2.

5/2.2 Material properties of cold-formed sections and sheeting
Comment PT: Restructuring of 5.2.2 for clarification

(1) Where the yield strength is specified using the symbol f; the average yield strength f;» may be used if

(5) to (8) apply. In other cases the basicyield strength f;1, should be used. see-{4)}—Wherethe yield strength
fspesiednaina thessnnbel £ the bosie sdold oipepedy £ chonld be pead

(2) The average yield strength f;. of a cross-section due to cold-forming may be determined from the
results of full-scale tests.

(3) Alternatively the average yield strength f;. may be determined as follows:

kntz f + f b
fya = fyb + (fu fyb) but fya < % (5-1)
where:
A is the area of the gross cross-section;
k is a coefficient which depends on the forming process as follows:

e k= 7 forroll-forming;
° k = 5 for other forming methods;
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n is the number of 90° bends in the cross-section with an internal radius r < 5t (fractions of
90° bends should be counted as fractions of n);

t is the design eere thickness of the steel material as specified in l2.4(3).

(4) The basic yield strength f;, may be taken into account as follows:

e when determining the area Aesr of the effective cold-formed sections due to local buckling and
distortional buckling, see Clause .;
e where the yield strength is specified using the symbol f,».

(5) The average yield strength f;. due to cold-forming may be utilised in determining:

e the resistance of a cross-section in uniform tension
e the resistance of the cross-section in uniform compression according to Clause 8.1.3
e the resistance of the cross-section with fully effective flanges in bending according to Clause

8.1.4
e and the global buckling resistance of an axially loaded compression member according to

8.2.2;

(6) To determine the moment resistance of a cross-section with fully effective flanges, the cross-section
may be subdivided into m nominal plane elements, such as webs or flanges. Formula (ll) may then be
used to obtain values of the increased yield strength f;; separately for each nominal plane element i
(i=1...m), provided that:

i1 Aify,
m oA, =< fra (lZ)
=1 13
where:
A; is the area of the gross cross-section of nominal plane element i (i=1...m),

and when calculating the increased yield strength f;; using Formula (ll) half of the bends adjacent to
element i may be considered to be part of the area A..

(7) The increase in yield strength due to cold-forming should not be taken into account in members which
have been subjected to a heat treatment after forming consisting of temperatures above 580°C for more
than one hour.

NOTE: For further information see EN 1090-2.

(8) Special attention should be paid to the fact that some heat treatments (particularly annealing) might
reduce the the basic yield strength f.

(9) For welding in cold-formed areas see also EN 1993-1-8.

.2.3 Fracture toughness
(1) See EN 1993-1-1 and EN 1993-1-10.
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5.2.4 Thickness and thickness tolerances

(1) The provisions for design by calculation given in EN 1993-1-3 are applicable to members and sheeting
with teor = 0,35 mm.

(2) Thinner material may also be used, provided that the load carrying resistance is determined by design
assisted by testing.

(3) See EN 1090-4 for minimum nominal steel thicknesses for different applications.

(4) A design thickness t based on the steel core thickness t.- shall be used (rather than the nominal
thickness tnom) and should be determined as follows:

t = teor if tol < 5% (513)
100 — tol
t=teor—— if  tol>5% (54)
95
where:
Leor = thom — Cmetallic coatings (55)
tol is the minus tolerance of the thickness in %, as specified by the product standard or the
production specification document;
thom is the nominal sheet thickness of the original sheet, inclusive of zinc and other metallic
coatings, but not including any organic coatings;
e is the nominal thickness minus the thickness of zinc and other metallic coatings;

tmetallic coatings 1S the thickness of the metallic coatings.

For Z 275, the combined thickness of the coating on both sides of the plate may be taken as tmetalic coating =
0,04 mm.

(4) For continuously hot-dip metal coated members and sheeting supplied with negative tolerances less or
equal to the “special tolerances (S)” given in EN 10143, the design thickness according to (5.3) may be used.
If the negative tolerance is beyond "special tolerance (S)" given in EN 10143 then the design thickness
according to (5:4) may be used.

(5) tnom is the nominal sheet thickness after cold-forming. It may be taken as the value tmom of the original
sheet, if the calculative cross-sectional areas before and after cold-forming do not differ more than 2%;
otherwise the notional dimensions should be changed.
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5.3 Connecting devices
5.3.1 Mechanical fasteners
5.3.1.1 General

The definitions for mechanical fasteners, fastenings, connections and joints for the purposes of cold-formed
steel structures are specified in Clause 3.1.

5.3.1.2 Bolt assemblies

(1) Bolts, nuts and washers should conform to the requirements given in EN 1993-1-8.

5/3.1.3 Other types of mechanical fastener
(1) Other types of mechanical fasteners such as

e self-tapping screws as thread forming self-tapping screws, thread cutting self-tapping screws or
self-drilling self-tapping screws,
e cartridge-fired pins,
e blind rivets
e clinching
e adhesive bonding
e self-piercing gas-fired pins
may be used if they comply with the relevant European Product Standard or ETA.
(2) The characteristic shear resistance Fyrx and the characteristic minimum tension resistance Firx of the
mechanical fasteners may be taken from the EN Product Standard e+ETAG or ETA.
5.3.2 Welding consumables

(1) Welding consumables should conform to the requirements given in EN 1993-1-8.

6 Durability
(1) For basic durability requirements see EN 1993-1-1.
(2) EN 1090-2 lists the factors affecting execution that shall be specified during design.

(3) Special attention should be given to galvanic corrosion in cases where different metals are in contact
with each other.

(4) For the corrosion resistance of products, see EN 1990-4. For the corrosion resistance of fasteners and
the environmental class following EN ISO 12944-2, see Annex B. For hot dip galvanized fasteners, see
EN ISO 10684.

23



15t draft prEN 1993-1-3: 2018 (E)

7 Structural analysis

7.1 Influence of rounded corners

(1) In cross-sections with rounded corners, the notional flat widths b, of the plane elements should be
measured from the midpoints of the adjacent corner elements as indicated in Table Z.1.

(2) In cross-sections with rounded corners, the calculation of section properties should be based upon the
nominal geometry of the cross-section.

Table 7.1 - Notional widths of plane cross section parts b, allowing for corner radii

(a) midpoint of corner or bend

where:

X istheintersection of midlines
P is the midpoint of the corner

T =71+t/2

e g =Ty (tan% - sin%)

(b) notional flat width b, of plane parts of (c) notional flat width by, for a web
flanges

(bp = slant height sw)

(d) notional flat width b, of plane parts
adjacent to web stiffener

(e) notional flat width b, of flat parts
adjacent to flange stiffener

(3) Unless more appropriate methods are used to determine the section properties the following
approximate procedure may be used. The influence of rounded corners on cross-section resistance may be
neglected if the internal radius r<5¢ and r<0,10 b, and the cross-section may be assumed to consist of
plane elements with sharp corners (according to Figure 7.1, note b, for all flat plane elements, inclusive
plane elements in tension). For cross-section stiffness properties the influence of rounded corners should

always be taken into account.

24



1st draft prEN 1993-1-3: 2018 (E)

4

——-\v,——-\\

——

4

Actual cross-section Idealized cross-section

Figure 7.1 - Approximate allowance for rounded corners

(4) The influence of rounded corners on section properties may be taken into account by reducing the
properties calculated for an otherwise similar cross-section with sharp corners, see Figure 7.1, using the
following approximations:

A~Ag(1—-9) (7.1)

I~ I (1—26) (7.2)

Iy~ 1ysn(1—496) (7.3)
with:

T &
§ = 0,43 —é;nl ]b99 #4)
i=1%p.

where:

A is the area of the gross cross-section;

Asn is the value of A for a cross-section with sharp corners;

by, is the notional flat width of plane element i for a cross-section with sharp corners;

I is the second moment of area of the gross cross-section;

Lsn is the value of I for a cross-section with sharp corners;

Ly is the warping constant of the gross cross-section;

L sh is the value of I, for a cross-section with sharp corners;

o is the angle between two plane elements;

m is the number of plane elements;

n is the number of curved elements;

r is the internal radius of curved element j.

(5) The reductions given by Formulae [(Z.1)to [(Z.3) may also be applied in calculating the section properties
Aeit, Iyer, Ler and Iwerr of the effective cross-section, provided that the notional flat widths of the plane
elements are measured to the points of intersection of their midlines.

(6) Where the internal radius r> 0,04 t E / f;, then the resistance of the cross-section should be determined

by tests.
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7.2 Geometrical proportions

(1) The design rules according to EN 1993-1-3 should not be applied to cross-sections outside the range of
width-to-thickness ratios b/t, h/t, ¢/t and d/t given in Table [£.2. These limits represent the field for which
sufficient experience and verification by testing is already available. Cross-sections with larger
width-to-thickness ratios may also be used, provided that their resistance at ultimate limit states and their
behaviour at serviceability limit states are verified by testing and/or by calculations, where the results are
confirmed by an appropriate number of tests.

Table 7.2 - Maximum width-to-thickness ratios

Element of cross-section Maximum value

: b b

b/t<50
Lol
b b
_lic JL( b/t<60
'ale A + c/t<50

Mi Mi b/t<90

= L
t c/t<60
T *)‘dll ‘)Idll d/t<50
b b
b/t<500
Dl
45°< ¢<90°
h h

¢ ¢ h/t<500 sing
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(2) In order to provide sufficient stiffness and to avoid primary buckling of the stiffener itself, the sizes of
stiffeners should be within the ranges according to the following Formulae:

02<c/b<06 (7.5)
01<d/b<03 (7.6)
in which the dimensions b, ¢ and d are as indicated in Table Z.2.

If c/b< 0,20r d/b< 0,1 thelip should be ignored (¢ =0 ord =0).

NOTE 1:  Where section properties of the effective cross-section are determined by testing and by calculations, these
limits do not apply.

NOTE 2:  For FE-methods see EN 1993-1-14.

(3) Where the lip is not perpendicular to the flange, see Figure 7.2, the equivalent size c.q of the lip should
be calculated as follows:

(o}

oy = ooy if d=0 (single-fold lip) (7.7)
1/3
=l + 4d cosg ifd>0  (double-fold lip) (7:8)
< cosp (c +d cosgp

gc

Figure 7.2 - Lips not perpendicular to the flange
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7.3 Structural modelling for analysis

(1) Unless more appropriate models are used according to EN 1993-1-5 the elements of a cross-section
may be modelled for analysis as indicated in [Table [Z.3.

(2) The mutual influence of multiple stiffeners should be taken into account.

(3) Imperfections related to flexural buckling and torsional flexural buckling should be taken from Table
7.1 of EN 1993-1-1: 2018.

NOTE: See also Clause [7.3.5 of EN 1993-1-1: 2018.

(4) For imperfections related to lateral torsional buckling an initial bow imperfections ey of the weak axis
of the profile may be assumed without taking account at the same time an initial twist. See EN 1993-1-1:
2018, 7.3.3.2, for magnitude of imperfections.

Table 7.3 - Modelling of elements of a cross-section

Type of element Model Type of element Model

SN N

 Jd

i

]
i
:

(5) Unless otherwise justified, the edges designed for lateral overlapping of sheeting should not be
considered in the determination of the resistance and the stiffness of the sheeting. The edges designed for
lateral overlapping are shown as dotted lines in FigurefZ:3|

. | | I | .
K

Figure 7.3 - Modelling of sheeting for the determination of resistance and stiffness
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7.4 Flange curling

(1) The effect on the loadbearing resistance of curling (i.e. inward curvature towards the neutral plane) of
a very wide flange in a profile subjected to flexure, or of a flange in an arched profile subjected to flexure in
which the concave side is in compression, should be taken into account unless such curling is less than 5%
of the depth of the profile cross-section. If curling is larger, then the reduction in loadbearing resistance,
for instance due to a decrease in the length of the lever arm for parts of the wide flanges, and to the possible
effect of the bending of the webs should be taken into account.

For profiled sheeting and members the effect of flange curling on the resistance may be ignored, provided
that b/t <250 h/b (see Figure 7.4).

NOTE: For liner trays the effect of flange curling is taken into account in 11.2.2.2.

(2) Calculation of the curling may be carried out according to Formulae (7.9) and (7.10): The Formulae
apply to both compression and tensile flanges, both with and without stiffeners, but without closely spaced
transversal stiffeners at flanges.

For a profile which is straight prior to application of loading (see Figure [7.4).

2 p4
o5 b
E-tz
For an arched beam:
a, b
E t?r
where:
u is the bending of the flange towards the neutral axis (curling), see Figure 7.4;
bs is one half the distance between webs in box and hat sections, or the width of the portion of
flange projecting from the web, see Figure 7.4;
t is the flange thickness;
z is the distance of flange under consideration from neutral axis see Figure 7.4;
r is the radius of curvature of arched beam;
Oa is the mean stress in the flanges calculated with area of the gross cross-section. If the stress

has been calculated over the effective cross-section, the mean stress is obtained by
multiplying the stress for the effective cross-section by the ratio of the area of the effective
flange to the area of the gross cross-section of the flange.

Figure 7.4 - Flange curling
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7.5 Local and distortional buckling
7/5.1 General

(1) The effects of local and distortional buckling should be taken into account in determining the resistance
and stiffness of cold-formed members and sheeting.

(2) Local buckling effects may be accounted for by using the section properties of the effective cross-section,
calculated on the basis of the effective widths, see EN 1993-1-5.

(3) In determining resistance to local buckling, the yield strength f;, should be taken as f;», when calculating
effective widths of compressed elements in EN 1993-1-5.

NOTE: For resistance see 8.1.

(4) For serviceability verifications, the effective width of a compression element should be based on the
compressive stress GcomEedser in the element under the serviceability limit state loading.

(5) The distortional buckling for elements with edge or intermediate stiffeners as indicated in Figure 7.5(d)
is considered in [Z|5.3.

b)

Figure 7.5 - Examples of distortional buckling modes

(6) The effects of distortional buckling should be allowed for in cases such as those indicated in Figures
7.5(3), (b), (c) and e). In these cases the effects of distortional buckling should be determined performing
linear (see [Z15.1(7)) or non-linear buckling analysis (see EN 1993-1-5) using numerical methods or column
stub tests.

(7) Unless the simplified procedure in 7.5.3 is used and where the elastic buckling stress is obtained from
linear buckling analysis the following procedure may be applied:

1) For the wavelength up to the nominal member length, calculate the elastic buckling stress and
identify the corresponding buckling modes, see Figure [Z.6.

2) Calculate the effective width(s) according to 7.5.2 for locally buckled cross-section parts based on
the minimum local buckling stress, see Figure [Z.7.

3) Calculate the reduced thickness (see Z.5.3.2 or 7.5.3.3) of edge and intermediate stiffeners or other
cross-section parts undergoing distortional buckling based on the minimum distortional buckling
stress, see Figure 7.7.

4) Calculate overall buckling resistance according to 8.2 (flexural, torsional or lateral-torsional
buckling depending on buckling mode) for nominal member length and based on the effective cross-
section from 2) and 3).

(8) Numerical methods e.g. Finite Element Methods (FEM) or Finite Strip Methods (FSM) based on linear
elastic bifurcation analysis (LBA) may be used for determining the elastic buckling stress referred to in
7.5.1(7).

NOTE: For FE-analysis of steel structures, see EN 1993-1-14.
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Buckling stress

v

Halve-wave length

Key

Half-wave length lerit
Buckling stress oer

1 a) local buckling

2 b) distortional buckling
3 ¢) overall buckling

Figure 7.6 - Examples of elastic critical stress for various buckling modes as function of halve-
wave length and examples of buckling modes.

Load

v

Member length

Key

Member length L

Load N

1 Elastic local buckling (one wave, two waves, three waves, ...)
Local buckling resistance

Elastic distotional buckling

Distortional buckling resistance

Elastic overall buckling

Overall buckling resistance

Possible interaction local-global buckling

NO Ul W

Figure 7.7 - Examples of elastic buckling load and buckling resistance as a function of
member length
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I.5.2 Plane elements without stiffeners

(1) The effective widths of unstiffened elements should be obtained from EN 1993-1-5 using the notional
flat width b, for b by determining the reduction factors for plate buckling based on the plate slenderness

A

-
(2) The notional flat width b, of a plane element should be determined as specified in Table . In the case
of plane elements in a sloping webs, the appropriate slant height should be used.

. For outstand elements an alternative method for plate buckling analysis is the mixed effective
width/effective thickness method which shall be carried out as specified in Annex C.

. When applying the method prescribed in EN 1993-1-5 the following procedure may be used:

« The effective area of the flanges in a cross-section subject to a stress gradient may be determined
from Tables 6.1 and 6.2 of EN 1993-1-5: 2020, using a stress ratio y based on the properties of the
gross cross-section.

« The effective area of the web may be determined from Tables 6.1 and 6.2 of EN 1993-1-5: 2020, using
a stress ratio y based on the area of the effective cross-section of the flange and the properties of the
gross cross-section of the web.

» The section properties of the effective cross-section may be refined by recalculating the stress ratio
v based on the effective cross-section already obtained in the previous step. When applying this
option the minimum number of iterations is two.

« The simplified method given in l5.3.4 may be used in the case of webs of trapezoidal sheeting under
a stress gradient.

7I5.3 Plane elements with edge or intermediate stiffeners
.5.3.1 General

(1) The design of compression elements with edge or intermediate stiffeners should be based on the
assumption that the stiffener behaves as a compression member with continuous partial restraint, with a
spring stiffness that depends on the boundary conditions and the flexural stiffness of the adjacent plane
elements.

(2) The spring stiffness of a stiffener should be determined by applying an unit load u (per unit length) as
illustrated in Table 4. The spring stiffness K per unit length may be determined as follows:

K=u/s #11)
where:

o0 isthe deflection of the stiffener due to the unitload u acting in the centroid (b1) of the effective
part of the cross-section, see Table -
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Table 7.4 - Determination of spring stiffness

(a) Actual system
b, |
C b1 | C o ,
{\H-:L——il—ig %f————;—’g}
O E—

(b) Equivalent system

b _ 4171,62{22@1 F )
4 él ﬂg(

(c) Calculation of & for C- and Z-sections

Compression Bending Compression Bending

uL uL u$ UL
T Ty rr Tt
| | ;| :

(3) In determining the values of the rotational spring stiffnesses Co, C41 and Cyz from the geometry of the
cross-section, see Table [7.4 (@), account should be taken of the possible effects of other stiffeners that exist
on the same element, or on any other element of the cross-section that is subject to compression.

(4) For an edge stiffener, the deflection ¢ should be determined as follows:

ub; 12(1-v%)

712
3 Et3 ( )

§ =0b, +

with:

6 = ub,/Co
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(5) In the case of the edge stiffeners of lipped C-sections and lipped Z-sections, Cs should be determined
with the unit loads u applied as shown in Table Z:4 (€). This results in Formula (7:13) for calculating the
spring stiffness K for the flange 1:

K, = EC ! (7Z13)
Y741 —v?) bZh, + b} + 0,5b bk ks '
where:

by is the distance from the web-to-flange junction to the centre of gravity of the effective cross-
section of the edge stiffener (including effective part b of the flange) of flange 1, see Table
7.4 (a);

b2 is the distance from the web-to-flange junction to the centre of gravity of the effective cross-
section of the edge stiffener (including effective part of the flange ) of flange 2;

hw is the web depth;

ke -ki=0 if flange 2 is in tension (e.g. for beam in bending about the y-y axis);

- kf = Ay /Asq if flange 2 is also in compression (e.g. for abeam in axial compression);

- k=1 for a symmetric section in compression.

As1,Asz is the effective area of the edge stiffener (including effective part be; of the flange, see Table
7.4 (b) of flange 1 and flange 2 respectively.

(6) For an intermediate stiffener, as a conservative alternative the values of the rotational spring stiffnesses
Co1and Csz may be taken as equal to zero, and the deflection § may be obtained from:

ub?b?  12(1—v?)

5= : 7.14
3(by + by)  Et3 (714)

(7) The reduction factor yq for the distortional buckling resistance (flexural buckling of a stiffener) should
be obtained from the relative slenderness A4 as follows:

Xa = 1,0 if Ay < 0,65 (7.15)
Xa =147 — 0,723 4, if 0,65 < 1, < 1,38 (7Z.16)
0,66 -
Xa = ? if Ap = 1,38 (7.17)
with:
/Tp = ’fyb/o-cr,s (7.18)
where:

Oers is the elastic critical stress for the stiffener(s) from [Z,5.3.2, [£i5.3.3 or [7.5.3.4.

(8) Alternatively, the elastic critical buckling stress ow,s may be obtained from elastic first order buckling
analysis using numerical methods (see [ZI5.1(7)(8)).

(9) In the case of a plane element with an edge and intermediate stiffener(s) in the absence of a more
accurate method the effect of the intermediate stiffener(s) may be neglected.
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7/5.3.2 Plane elements with edge stiffeners

(1) The following procedure is applicable to an edge stiffener if the requirements in ZI2 are met and the
angle between the stiffener and the plane element is between 45° and 135°.

b/t < 60 b/t < 90
a) single-fold edge stiffener b) double-fold edge
stiffener

Figure 7.8 - Edge stiffeners

(2) The cross-section of an edge stiffener should be taken as comprising the effective portions of the
stiffener, element c or elements ¢ and d as shown in Figure 7.8, plus the adjacent effective portion of the

plane element by,

(3) The procedure, which is illustrated in Table 7.5, should be carried out in steps as follows:

Step 1: Local buckling of plate elements
Obtain an initial effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint, see (4) to (5);

Step 2: Distortional buckling (flexural buckling of the edge stiffener)

Use the initial effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of a stiffener), allowing for the effects of the
continuous spring restraint, see (6), (7), (8), (9);

Step 3: Refine the effective cross-section of the edge stiffener (optionally)
This step is optional and may be omitted. Iterate to refine the value of the reduction factor
for buckling of the stiffener, see (10);

Step 4: Adopt an effective cross-section of the edge stiffener, see (11) and (12)

(4) Initial values of the effective widths be1 and bez shown in Figure 7.8 should be determined from Clause
715.2 by assuming that the plane element b, is doubly supported, see Table 6.1 in EN 1993-1-5: 2020.
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(5) Initial values of the effective widths cerr and derr shown in Figure 7.8 should be obtained as follows:

a) for a single-fold edge stiffener:

Ceff = P by (@19)
with:

o, obtained from [Z.5.2, except using a value of the buckling factor k; given by the following:

ks =0,5 if bpc /by < 0,35 (7:20)

ks, =05+0,83 i/(bp,c/bp - 0,35)2 if 0,35 < bpc/bp < 0,6 (7.21)

b) for a double-fold edge stiffener:

Cerf = P by, @22
with:

P obtained from [Z.5.2 with a buckling factor ks for a doubly supported element from Table 6.1

in EN 1993-1-5: 2020;

and:

defr =P bpa @23)
with:

P obtained from Z.5.2 with a buckling factor ks for an outstand element from Table[6.2 in

EN 1993-1-5:2020.

(6) In the calculation of the area As and the second moment of area I; of the effective cross-section of the
edge stiffener, the rounded corners shall be considered using the same principle as used for the calculation
of the effective cross-section, see Figure [7.8.

(7) The elastic critical buckling stress oc,s for an edge stiffener should be determined as follows:

_ZVKEL (#2%)

Ocr,s =
’ A
s

where:
K is the spring stiffness per unit length, see [715.3.1(2).
Is is the second moment of area of the effective cross-section of the stiffener ~taken-asthatof
the-area—+4s-about the centroidal axis a - a efitseffective-eross-seetion, see Figure [£.8.
(8) Alternatively, the elastic critical buckling stress ows may be obtained from elastic first order buckling

analyses using numerical methods, see 7.5.1(7)(8).

(9) The reduction factor yq for the distortional buckling (flexural buckling of a stiffener) resistance of an
edge stiffener should be obtained from the value of os using the method given in 7:5.3.1(7).

(10) If ya <1 itmay be refined iteratively, starting the iteration with modified values of p obtained using
7.5.2 with GtomEedredi €qualto yq fyb/mi0, so that:

/Tp,red = }_Lp \/X_d (7:25)
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bp

>

Gross cross-section and boundary
conditions according to (1) and (2)

Step 1: Local buckling of plate elements

Calculate the effective cross-section (bet, bez,
ceff) according to (4) and (5) for K=o

Iteration 1

Step 2: Distortional buckling (flexural
buckling of the edge stiffener)

a) Calculate the elastic critical stress oers for
the area As of the effective cross-section of
the edge stiffener from step 1 according to

(6),(7) or (8)

b) Calculate the reduction factor ya for the
distortional buckling resistance of the edge
stiffener according to (9) based on oers

A

Iteration n

Step 3: Refine the effective cross-section
of the edge stiffener (optionally)

If ya< 1.0, repeat step 1 by calculating the
effective width of the edge stiffener with a
reduced compressive stress

OcomEdredi = J¥d fyb / Mo

according to (10) with x4 from previous
iteration, continuing until

Zdn = Ydm-1),but yan< ydm-1).

4

be‘l ‘.\

N
trcd

Hbez,nH

- Ceff,n >

Step 4: Adopt an effective cross-section of
the edge stiffener

Calculate a reduced thickness tred of the edge
stiffener (bez , ceff ) corresponding to ydn
according to (11) or (12)
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(11) The reduced thickness t.q of all parts of the edge stiffener (bezn,Cefin) covering the distortional buckling
resistance of the edge stiffener should be taken as:

trea = Xa "t (#:26)
(12) If the effective widths of the plane elements according to 7.5.2 are determined based on the maximum

design compressive stress Geomed < fyb/ymo , the reduced stiffness trq of the edge stiffener covering the
distortional buckling resistance of the edge stiffener should be taken as

fyb/VMo

Ucom,Ed

tred =Xd" t but tred <t (727)

where:

Owomied 1S the initial compressive stress at the centre of gravity of the stiffener calculated on the basis
of the effective cross-section according to (4), see step 1 in Table 7.5.

7.5.3.3 Plane elements with intermediate stiffeners

(1) The following procedure is applicable to one or two equal intermediate stiffeners formed by grooves or
bends provided that all plane elements are calculated according to [Z.5.2.

(2) The cross-section of an intermediate stiffener should be taken as comprising the stiffener itself plus the
adjacent effective portions of the adjacent plane elements b,1 and bp> shown in Figure [7.9.

b1 RN b2
bp1 \ bp,2
b /b b
1,01 / 1,82 2,el \\ 2,e2
/
A e m— 2
A\ 2
/
\\ bg /
/\
\\\\_/// Ag. g
by _-~=~<_ b,

Figure 7.9 - Intermediate stiffeners

(3) The procedure, which is illustrated in Table 7.6, should be carried out in steps as follows:

Step 1: Local buckling of plate elements
Obtain an initial effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint and-that-6eomes—=Ffs 0, see (4) and{5}
Step 2: Distortional buckling (flexural buckling of the intermediate stiffener)

Use the initial effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of a stiffener), allowing for the effects of the
continuous spring restraint, see (5), (6), (7), (8);
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Step 3: Refine the effective cross-section of the intermediate stiffener (optionally)

This step is optional and may be omitted. Iterate to refine the value of the reduction factor
for buckling of the stiffener, see (9) and-{(10};

Step 4: Adopt an effective cross-section of the intermediate stiffener, see (10) and (11)
(4) Initial values of the effective widths b1z and bze1 shown in Figure 7.9 should be determined from [ZI5.2

by assuming that the plane elements b,: and by are doubly supported, see Table 6.1 in EN 1993-1-5:
2020.

(5) In the calculation of the cross-sectional area As; and the second moment of area I; of the effective cross-
section of the intermediate stiffener, the rounded corners shall be considered using the same principle as
used for the calculation of the effective cross-section, see Figure [7.9|

(6) The critical buckling stress oes for an intermediate stiffener should be determined as follows:

_2VKEL (728)

Ocr,s
' A
s

where:
K is the spring stiffness per unit length, see [715.3.1(2).

Is is the second moment of area of the effective cross-section of the stiffener, taken-as-thatof
its-effective-area—4, about the centroidal axis a - a efitseffective-eross-section; see Figure
7.9.

(7) Alternatively, the elastic critical buckling stress ows may be obtained from elastic first order buckling
analyses using numerical methods, see 7.5.1(7)(8).

(8) The reduction factor y 4 for the distortional buckling resistance (flexural buckling of an intermediate
stiffener) should be obtained from the value of ows using the method given in 7,5.3.1(7).

(9) If x4 <1 it may optionally be refined iteratively, starting the iteration with modified values of p
obtained using 7.5:2 with GtomEdredi €qual to yafyb/so0, so that:

/Tp,red = ip \/X_d (7:29)

(10) The reduced thickness t:.q of all parts of the intermediate stiffener (b1,ezn, bz2e1,n) covering the
distortional buckling resistance of the intermediate stiffener should be taken as

trea = Xa 't (7:30)

(11) If the effective widths of the plane elements according to 7.5.2 are determined based on the maximum
design compressive stress Geomrd < fyb/ymo , the reduced stiffness teq of the intermediate stiffener covering
the distortional buckling resistance of the intermediate stiffener should be taken as:

fyb/YMo

Gcom,Ed

tred = Xd t but tred <t (7.31)

where:

owomid 1S the initial compressive stress at the centreline of the stiffener calculated on the basis of the
effective cross-section according to (4), see step 1 in Table 7.6/
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Table 7.6 - Compression resistance of a flange with an intermediate stiffener
according to (3)

4 b, b, 5 Gross cross-section and boundary
< & conditions according to (1) and (2)

| Step 1: Local buckling of plate elements

v
7 7oy Calculate the effective cross-section (bie1, biez,
—» b [ bze1, bze2) according to (4) for K=
T . . .
o Step 2: Distortional buckling (flexural
cn.s buckling of the intermediate stiffener)

i NIRRT

a) Calculate the elastic critical stress ows for
the area As of the effective cross-section of the
intermediate stiffener from step 1 according to

(5, (6), (7)

A4 fyb/7’Mo

HTTLLTT]]] b) Calculate the reduction factor ya for the
- A distortional buckling resistance of the inter-
A f! i s 25 q q ;

oL a a mediate stiffener according to (8) based on ors

Iteration 1 K

Step 3: Refine the effective cross-section of
Zan Tyl o the intermediate stiffener (optionally)

effective width of the intermediate stiffener
Tr - -a — with a reduced compressive stress ocom Edredi =
K x4 fiv / mo according to (9) with ya from
previous iteration, continuing until yin= ydm-
1, but yan< yam-1).

|I | I | I | I | I | ” If 4 < 1.0, repeat step 1 by calculating the

fteration n

Step 4: Adopt an effective cross-section of
the intermediate stiffener

Calculate a reduced thickness treda of the
A b, oo M — A intermediate stiffener (biez, bze1)

corresponding to yanaccording to (10) or (11)

et

t

£ fred
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7/5.3.4 Trapezoidal sheeting
7/5.3.4.1 General

(1) This Subclause Z:5.3.4 should be used for trapezoidal sheeting, in association with the general procedure
7.5.3.3 for flanges with intermediate stiffeners.

(2) Interaction between the buckling of intermediate flange stiffeners and intermediate web stiffeners
should also be taken into account using the method given in 7.5.3.4.4.

7.5.3.4.2 Flanges with intermediate stiffeners

(1) Ifitis subject to uniform compression, the effective cross-section of a flange with intermediate stiffeners
should be assumed to consist of the reduced cross-section including two strips of width 0,5b. (for
calculating As) or 20t (for calculating ) adjacent to the stiffener, see Table 7.7.

Where the internal elements of a large u-shaped stiffener is not fully effective, the stiffener should be
considered as one stiffener with reduced widths acc. to Table[Z.7.

NOTE: The widths of the stiffener to calculate the second moment of area Is according to Table 7.7 can be wider
than the flange widths.

(2) For one central flange stiffener, the elastic critical buckling stress ows should be obtained from:

42k, E I t3
Ocrs = i J S (7.32)

As  |4bZ (2b, + 3by)
where:
by is the notional flat width of plane element shown in Table Z.7;
bs is the stiffener width, measured around the perimeter of the stiffener, see Table 7.7;
As, Is  are the cross-section area and the second moment of area of the stiffener cross-section
according to Table 7.7;
kw is a coefficient that allows for partial rotational restraint of the stiffened flange by the webs

or other adjacent elements, see (5) and (6). For the calculation of the effective cross-section
in axial compression the value k.= 1,0.

The Formula (7:32) may be used for wide grooves provided that flat part of the stiffener is reduced due to
local buckling and b, in Formula(7.32) is replaced by the larger of b, and 0,25(3b,+b:), see Table Z.7.
Similar method is valid for flange with two or more wide grooves.

(3) For two symmetrically placed flange stiffeners, the elastic critical buckling stress ows should be
obtained from:

42k E I t3
Ocrs = - 2 . (7:33)
A, |8bZ (3b, — 4by)
with:
be = pr,l + bp,z + st
b]_ = bp,]_ + 0,5 br
where:

41



15t draft prEN 1993-1-3: 2018 (E)

bp,1
bp,z
b

AS; IS

is the notional flat width of an outer plane element, as shown in Table [Z.7;
is the notional flat width of the central plane element, as shown in Table Z.7;
is the overall width of a stiffener, see Table Z7.7;

are the cross-section area and the second moment of area of the stiffener cross-section
according to Table Z.7.

Table 7.7 - Compression flange with one, two or multiple stiffeners

Compression flange with one or two stiffeners

(c) cross-section for

: _ S
calculating the effective 0,5bar {4+ N—pmmr + [+ 0.5ben 0,500« N’ 410,51 o1
b

area As

(d) cross-section for

‘ i P — — NS
calculating the effective 20t _‘ epre "E? }‘ e _‘ o i 20t
second moment of area Is l‘

one stiffener two stiffeneners
(a) geometry /M\ A N—| \_/|
o b Pl o1 D bpr——+—p—> by,
e S T
b - NS
O

(b) stiffener width bs H gobeo»
: Y

bs

Compression flange with multiple stiffeners

(a) geometry and centroidal
axis a-a

(b) developed flange width be

S \_/j\_/*\_/
) : y

(4) For a multiple stiffened flange (three or more equal stiffeners) the effective area of the entire flange is

where:

where:

42

Aerp=pbet (7:34)

P is the reduction factor according to EN 1993-1-5: 2020, 6:4.1 (1)-(5) for the slenderness /_'Lp
based on the elastic buckling stress Gcrs

It Et?

Ocr,s = 1,8E W + 3,6b—g (735)

I is the sum of the second moment of area of the stiffeners about the centroidal axis a-a,
neglecting the thickness terms b t3 /12;

b, is the width of the flange as shown in Table Z.7;

b is the developed width of the flange as shown in Table [Z.7.
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(5) The value of k. may be calculated from the compression flange buckling wavelength I, as follows:

ky = kyo if Ip/sw > 2 (7:36)
2L, (b .
ke = kg — (ko — 1) | =2 — (—) if Iy /s < 2: (789
SW SW
where:
Sw is the slant height of the web, see Table Z.1(c).
(6) Alternatively, the rotational restraint coefficient k., may conservatively be taken as equal to 1,0
corresponding to a pin-jointed condition.
(7) The values of I, and kw, may be determined as follows:

a) for a compression flange with one intermediate stiffener, see Table Z.7:

+|Igb%2(2b,+3b
l, = 3,07 J s b ( tf +3b) (7.38)
Sw + Zbd
= ’— 7.39
kWO Sw + O,de ( )
with:
bd = pr + bs
b) for a compression flange with two intermediate stiffeners, see Table Z.7:
“|Isb?2 (3b,—4b
l, = 3,65 J sbi ( t; V) (7:40)
Ky = (2b, + sy,)(3b, — 4b,) (7.41)
b,(4b, — 6b,) + s,,(3b, — 4b;)

(8) If the webs are unstiffened, the reduction factor y 4 should be obtained directly from s using the
method given in 7.5.3.1(7).

(9) If the webs are also stiffened, the reduction factor y 4 should be obtained using the method given in
715.3.1(7), but with the modified elastic critical stress oumod given in7.5.3.4.4.

(10) The reduced effective area of the stiffener Asra allowing for distortional buckling (flexural buckling

of an intermediate stiffener) should be taken as:

fyb/VMo

Ucom,Ed

As,red =Xa- As but As,red SAs (742)

where:

OwmEed 1S the compressive stress at the centreline of the stiffener calculated based on the effective
cross-section

(11) In determining effective section properties, the reduced effective area Asrea should be represented by
using a reduced thickness treq = t Asred / As for all the elements included in As.

(12) The section properties of the cross-section of the stiffeners at serviceability limit states should be based
on the design thickness t.
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7.5.3.4.3 Webs with up to two intermediate stiffeners

(1) The effective cross-section of the compression zone of a web (or other element of a cross-section that is
subject to stress gradient) should be assumed to consist of the reduced effective areas Asrea 0f up to two
intermediate stiffeners, a strip adjacent to the compression flange and a strip adjacent to the centroidal axis
of the effective cross-section, see Figure 7.10.
(2) The effective cross-section of a web as shown in Figure Z.10 should be taken to include:

a) astrip of width s.f1 adjacent to the compression flange;

b) the reduced effective area Asrea of each web stiffener, up to a maximum of two;

c) astrip of width seirn adjacent to the effective centroidal axis;

d) the part of the web in tension.

ec

—

(a) without stiffener (b) one stiffener (c) two stiffeners

Figure 7.10 - Effective cross-sections of webs of trapezoidal sheeting

(3) The effective areas of the stiffeners should be obtained from the following:

a) for a single stiffener, or for the stiffener closer to the compression flange:

A =t (seff‘z + Seff3 + ssa) (743)
b) for a second stiffener:

Asq =t (Seffa+ Sefrs + Ssp) (7.44)
where:

Sefs1 tO Seffn and Ssa and s, are the dimensions shown in FigurefZ:10:
(4) Initially the location of the effective centroidal axis should be based on the effective cross-sections of the

flanges but the gross cross-sections of the webs. In this case the basic effective width s.o should be
obtained from:

E
Sopro =076t |— (745)
err.o Ocom,Ed "~ YMo

where:

Owomid 1S the stress in the compression flange when the cross-section resistance is reached.
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(5) If the web is not fully effective, the dimensions ser1 to Sern should be determined as follows:

Seff1 = Seff,0 (7.46)
ha
Seff,Z = Seff,O (1 + 0,5 e—> (747)
Cc
hqe+h
Seff3 = Seff. <1 +0,5 g) (748)
Cc
hy
Seff.4 = Seff,O (1 + 0,5 e—> (7.49)
Cc
hy, +h
Seff,5 = Seff,0 <1 + 0,5 w> (750)
Cc
Serfa = L5 Seffo0 (7:51)
where:
ec is the distance from the effective centroidal axis to the system line of the compression flange,
see Figure [7.10;

ha, hy, hsa and hg, are the dimensions shown in Figure [£10.

(6) The dimensions Se1 to Sen Should initially be determined from (5) and then revised if the relevant
plane element is fully effective, using the following:

a) in an unstiffened web, if Sefr1 + Sern > Sn the entire web is effective, so revise as follows:
Seff,l = 0,4 Sn [752)
Seff,n = 0,6 Sn (753)

b) in stiffened web, if Sefr1 + Serr2 > sa the whole of s, is effective, so revise as follows:

1
Seffi1= Sa 77— 1 N (7.54)
(+050a)
eC
(1 +05 %)
Seff2 = Sa —hc (7.55)
(+05 1)
eC
c) in a web with one stiffener, if ser3 + Sefin = sn the whole of s, is effective, so revise as follows:
(1+05 Gathad) -
[9
Seff3 = Sn .
(25 +0,5 Lhathsal)
eC
1,5
s =s
effmn n (2 5405 (hy + hsa)) (7.57)
) ) eC
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d) in a web with two stiffeners:

o if Sep3+Ses > Sp the whole of s, is effective, so revise as follows:

(1405 at i)

— €c (7.58)
s =s
efrs b (2 +05 (ha + hsa + hb))
) eC
(1405 )
s =5 < 7.59
err4 b (2 405 (ha + hsa + hb)) ( )
) ec
o if seffs + Seftn = Sn the whole of s, is effective, so revise as follows:
- ' €c (7%60)
s =5 .
e (25 +0,5 Lot hand)
) ) eC
B 1,5
Seffm = Sn (25+0,5(Chy + hgp)/ec) (%63)

(7) For a single stiffener, or for the stiffener closer to the compression flange in webs with two stiffeners,
the elastic critical buckling stress oesa should be determined using:

JIL s, (762)

1,05 kg E

Ocr,sa = m
with:
s1 is given as follows:
o for a single stiffener:
s1 = 09 (54 + Ssq + 5¢) (7.63)
o or the stiffener closer to the compression flange, in webs with two stiffeners:
S1 = Sg + Ssq +Sp+ 0,5 (s5p +5¢) (7.64)
Sy = 51— S, — 0,554, (7.65)
where:
ke is a coefficient that allows for partial rotational restraint of the stiffened web by the flanges;
I is the second moment of area of a stiffener cross-section comprising the fold width ss; and
two adjacent strips, each of width 20t , about its own centroidal axis parallel to the plane
web elements, see Table [Z.8. In calculating Is the possible difference in slope between the
plane web elements on either side of the stiffener may be neglected;
Se as defined in Figure 7.10.
NOTE: The widths of the stiffener to calculate the second moment of area /s according to Table Zi8 can be wider
than the web height.

(8) Inthe absence of a more detailed investigation, the rotational restraint coefficient ks may conservatively
be taken as equal to 1,0 corresponding to a pin-jointed condition.
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Table 7.8 = Web stiffeners for trapezoidal sheeting

(a) geomentry

for calculating the
effective area 4s r

. ,.
(b) cross-section ;\P‘ﬁs;\%

(c) cross-section
for calculating the
effective second
moment of area Is Jf 20t

(9) If the flanges are unstiffened, the reduction factor y 4 should be obtained directly from oesa using the
method given in 7:5.3.1(7).

(10) If the flanges are also stiffened, the reduction factor y 4 should be obtained using the method given in
7.5.3.1(7), but with the modified elastic critical stress Gumod given in 7.5.3.4.4.

(11) For a single web stiffener in compression, or for the web stiffener closer to the compression flange in
webs with two stiffeners, the reduced effective area Asarea should be determined as follows:

p _ Xa Asa
sared = 1 (h, + 0,5 hyy) /e,

bUt Asa,red < Asa (766)

(12) For a single stiffener in tension, the reduced effective area Asared should be taken as equal to Asa.

(13) For webs with two stiffeners, the reduced effective area As,red for the second stiffener, should be taken
asequal to As.

(14) In determining effective section properties, the reduced effective area Asared Should be represented by
using a reduced thickness t.qa = yqt for all the elements included in Asa.

(15) The effective section properties of the stiffeners at serviceability limit states should be based on the
design thickness t.

(16) Optionally, the effective section properties may be refined iteratively by basing the location of the
effective centroidal axis on the effective cross-sections of the webs determined by the previous iteration
and the effective cross-sections of the flanges determined using the reduced thickness t.q for all the
elements included in the flange stiffener areas As. This iteration should be based on an increased basic
effective width sero obtained from:

E
Seffo = 0,95t |[—— (767)

Ocom,ser " VMO

where:

Owomser 1S the compressive stress at the centre of gravity of the stiffener calculated based on the
effective cross-section in serviceability limit state, simplifying ccomser = fyb/1,5 can be used
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7.5.3.4.4 Sheeting with flange stiffeners and web stiffeners

(1) In the case of sheeting with intermediate stiffeners in the flanges and in the webs, see Figure Z.11,
interaction between the flexural buckling of the flange stiffeners and the web stiffeners should be allowed
for by using a modified elastic critical stress o for both types of stiffeners, obtained from:

cr,mod

Ocrmod = Jers
4
where:

O.s is the elastic critical stress for an intermediate flange stiffener, see 7.5.3.4.2(2) for a flange
with a single stiffener or 7.5.3.4.2(3) for a flange with two stiffeners;

Ou.sa IS the elastic critical stress for a single web stiffener, or the stiffener closer to the
compression flange in webs with two stiffeners, see 7.5.3.4.3(7);

As is the area of the effective cross-section of an intermediate flange stiffener;

Asa is the area of the effective cross-section of an intermediate web stiffener;

s = 1-(ha+05hs)/e. foraprofile in bending; for dimensions see Figure 7.10

G =1 for a profile in axial compression.

(2) The section properties of the effective cross-section of the stiffeners at serviceability limit state should
be based on the design thickness t.

Yots Yott

\ -
e ? »

Figure 7.11 - Trapezoidal sheeting with flange stiffeners and web stiffeners

7.6 Plate buckling between fasteners

(1) Plate buckling between fasteners should be checked for elements composed of plates and mechanical
fasteners, see Table 5.3 of EN 1993-1-8: 2018.
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8 Ultimate limit states

8.1 Resistance of cross-sections
8/1.1 General
(1) Design assisted by testing may be used instead of design by calculation for any of these resistances.

NOTE: Design assisted by testing is particularly likely to be beneficial for cross-sections with relatively high by /¢t
ratios, e.g. in relation to inelastic behaviour, web crippling or shear lag.

(2) For design by calculation, the effects of local buckling should be taken into account by using the section
properties of the effective cross-section determined as specified in Clause Z.5.

(3) The buckling resistance of members should be verified as specified in Clause 8.2.

(4) In members with cross-sections that are susceptible to distortion of the cross-section, account should
be taken of possible lateral buckling of compression flanges and lateral bending of flanges generally, see 7.5,
and 11.1.

8.1.2 Axial tension

(1) The design resistance of a cross-section for uniform tension Ngra should be calculated as follows:

A
Nipa = Jya but  Nira < Fird (8:1)
Ymo
where:
A is the area of the gross cross-section

Ford is the net-section resistance, determined according to 10.3 for the relevant type of
mechanical fastener;

fya is the average yield strength, see §:2.2.

(2) The design resistance of an angle in uniform tension connected through one leg, or other types of section
connected through outstands, should be determined as specified in EN 1993-1-8: 2018, 3.11.3.
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8.1.3 Axial compression

(1) The design resistance of a cross-section for compression N¢ra should be determined as follows:

oif Aur < A:
Aesr fyp
Ngga = ZeffJyb. B12)
Ymo
[ ] if Aeff = A:
A (fyb +4 (fya - fyb)(l - /Te,max//ieo)) < A fya (8_3)
N¢pa = Yaro Ymo
where:

Ay  is the area of the effective cross-section accounting for local and distortional buckling in

accordance with Clause 7!5 while assuming a uniform compressive stress equal to fyb ;

A is the area of the gross cross-section
fra is the average yield strength,, see §{2.2;
fib is the basic yield strength, see 5.2.2.;

is the largest value of the relative slenderness over all plate elements comprising the cross-

section. The slenderness values Ze and Zeo should be determined as follows:

e forinternal compression elements: 2, =1, and A, =0,673, see 1.5.2;
e for outstand compression elements: Ao =Zp and 4, =0,748, see 7.5.2;
e for stiffened elements: Ao =44 and A, =0,65, see7.5.3.

(2) The axial force in a member may be assumed to act at the centroid of its gross cross-section. This is a
conservative assumption, but may be used without further analysis. Further analysis may give a more
accurate distribution of the internal forces.

(3) The design compressive resistance of a cross-section, as calculated using 8.1.3(1), constitutes the
resistance against an axial load acting at the centroid of the effective cross-section. If the centroid of the
effective cross-section does not coincide with the centroid of the gross cross-section, the additional bending
moment caused by the shifts eyyand ey, of the centroidal axes (see Figure 8.1) should be taken into account,
using the interaction formulae given in Clause 8:1.9. When a shift of the neutral axis has a favourable effect
on the cross-sectional resistance, this shift should be neglected, but only if the shift has been calculated at
the yield stress and not with the actual compressive stresses.

Gross cross-section Effective cross-section

Figure 8.1 - Effective cross-section in compression
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8l1.4 Bending moment
.1.4.1 Elastic and elastic-plastic resistance with first yielding at the compression flange

(1) The design moment resistance of a cross-section in bending about one principal axis Mcra should be
determined as follows (see Figure l2):

o if Werr < Wa

Werr fyb

4
Ymo (. )

MC,Rd =

o if Wer = Wea and the conditions listed in (2) are satisfied:

M - (Wel fyb +3 (Wplfya - Welfyb)(l - /Te,max//ieo)) < Wpl fya (.5)
oRd Ymo ~ Ymo

where:
Weir  is the elastic section modulus of the effective cross-section accounting for local and
distortional buckling in accordance with Clause l5, see also (4)
Wel is the elastic section modulus of the gross cross-section
Wi is the plastic section modulus of the gross cross-section
fya is the average yield strength, see I.2.2 ;
fib is the basic yield strength, see 5I2.2,;
Aemax 1sthelargestvalue of the relative slenderness Ao/ Ao over all plate elements comprising the

cross-section. The relative slendernesses A,and 1, should be determined as follows:

a) For plane elements with or without stiffeners according to 7.5 with the exception of
trapezoidal sheeting webs:

o for internal compression elements:

Ade =X, and A =0,5+,/0,25—0,055 (3 +1)
where:

v is the stress ratio, see l5.2;
o for outstand compression elements:

Ze =12, and 1, = 0,748 ,see75.2;
o for stiffened elements:

Ade =14 and 1, = 0,65 , see l5.2;
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b) For trapezoidal sheeting webs according to 7.5.3.4.3:
o for trapezoidal sheeting webs without any stiffeners in the compression zone:

Sn

e0  Seffa T Seffm
e for trapezoidal sheeting webs with one or two intermediate stiffeners in the

o)

e

o)

compression zone:
Ade =14 and A, = 0,65 , see l5.2;
with:

for the portion of the web comprised between the

Sn
compression flange and the first stiffener

A Seff1t Seff,2
for the portion of the web comprised between the
neutral axis and the stiffener in a web with one

/Te STL
0 Seff3 T Seffn  stiffener in the compression zone
for the portion of the web comprised between two

o Sn

deo Seffz +Seppa  stiffeners
A_e _ Sn for portion of the web nearest to the neutral axis in a
To Seffs + Seppn  Web with two stiffeners in the compression zone

is the length indicated in Figure 7.10;
Sefi1tO Seftn  are given by Formulae -) to (-and illustrated in Figure 7.10.

The resulting bending moment resistance resulting from Fomula (- is plotted as a function of the relative

slenderness in Figure

Mc,Rk
Wi 1a
We fyp Wes b
7\'eO 7\"’

0
0
Figure 82 - Bending moment resistance as a function of slenderness
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(2) Formula [8!5) is applicable provided that the following conditions are simultaneously satisfied:
a) The bending moment is applied about only one principal axis of the cross-section;

b) The member is not subject to torsion or to torsional, torsional-flexural or lateral-torsional
buckling;

c) The angle ¢ between the web (see Figure 8.5) and the flange is larger than 60°.

(3) If the conditions in (2) are not fulfilled the design moment resistance of a cross-section in bending about
one principal axis should be determined as follows:

Wel fya

Ymo

Mcra = (8:6)
(4) The section modulus of the effective cross-section Wi should be based on an effective cross-section
that is subject only to a bending moment about the relevant principal axis, with a maximum stress Omaxgd
equal to fi»/ 70, allowing for the effects of local and distortional buckling as specified in Clause 7.5. Where
shear lag is relevant, allowance should also be made for its effects.

(5) The stress ratio w= o2/ o1 used to determine the effective portions of the web may be obtained by
considering the effective area of the compression flange but the area of the gross cross-section of the web,
see Figure 8!3.

(6) Ifyielding occurs first at the compressive edge of the cross-section, unless the conditions given in 8:1.4.2
are met, the value of W should be based on a linear stress distribution across the cross-section.

(7) For biaxial bending the following criterion may be used:

My,Ed Mz,Ed

<1 8.7
M cy,Rd M cz,Rd ( )

where:
Myga  is the bending moment about the major main axis;
M Eq is the bending moment about the minor main axis;
Mra  is the resistance of the cross-section if subject only to moment about the main y - y axis;

Mcra  is the resistance of the cross-section if subject only to moment about the main z - z axis.

G2 =Y/ o1

Figure 8.3 - Effective cross-section for resistance to bending moments

(8) Redistribution of the bending moments within the member due to plastification at internal supports
may be accounted for in the global analysis, provided the following conditions are met:

e Any residual moment greater than zero has to be justified by the results from tests according to
Clause 12.

e The serviceability limit state provisions given in Clause 9.2/have to be satisfied in any case.
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8.1.4.2 Elastic and elastic-plastic resistance with first yielding at the tension flange

(1) Provided that the bending moment is applied about only one principal axis of the cross-section, and
provided that yielding occurs first at the tension edge, the plastic reserve capacity in the tension zone may
be utilised without any strain limit until the maximum compressive stress oceomgra reaches fy,/ smo. In this
Clause only the bending case is considered. This Clause does not apply to combined axial load and bending,
for which Clauses 8:1.8 or 8/1.9 should be used.

(2) In this case, the partially plastic section modulus of the effective cross-section Wpper should be based
on a stress distribution that is bilinear in the tension zone but linear in the compression zone.

(3) In the absence of a more detailed analysis, the effective width ber of an element subject to a stress
gradient may be obtained according to .5.2 with b. determined from the bilinear stress distribution as
indicated in Figure 84 and while assuming = —1.

(4) Redistribution of the bending moments within the member due to plastification at internal supports
may be accounted for in the global analysis, provided the following conditions are met:

e Any residual moment greater than zero has to be justified by testing according to Clause 12.

e The serviceability limit state provisions given in 9.2 have to be satisfied in any case.

-- "éi

Figure 8.4 - Depth of the compression zone b, for the determination of the effective width

8.1.4.3 Effects of shear lag
(1) The effects of shear lag should be taken into account according to EN 1993-1-5.
(2) The effect of shear lag for liner trays has been taken into account in 11.2.2.2.

(3) The effect of shear lag may be neglected for sheeting and members having dimensions indicated in Z:2.

8.1.5 Shear force

(1) The design shear resistance Vi,rqa in the plane of the web should be determined as follows:

hw
=t
= ng @)
' YMmo
where:
fov is the shear strength accounting for shear buckling according to Table 8!1;

hy is the web height between the midlines of the flanges, see Table [Zi1(c);

@ is the slope of the web relative to the flanges, see Figure 8.5.

The design shear resistance perpendicular to the flanges should be determined as follows:

Vw.ra = Vp,ra Sin @ (89)
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Table 8.1 - Shear buckling strength fi,

Relative web slenderness | Web without stiffening at the support | Web with stiffening at the support )
1, <0,83 0,58 fyp 0,58 fyp
083 <1, <14 0,48 fyp/ Aw 0,48 fyp/ Aw
A_w =14 0,48 fyb/ /Tav 0,48 fyb/ /Tw

1 Stiffening at the support, such as cleats, arranged to prevent distortion of the web and designed to resist the

support reaction.

(2) The relative web slenderness Aw should be determined as follows:

o for webs without longitudinal stiffeners:

_ S,
1, = 0,3467‘” f% (8:10)

o for webs with longitudinal stiffeners, see Figure 8.5:

— Sd 5,34 fyb _ S f b
1, = 0,346—= /— but °v |Jyb 8.11
w ol - Ay = 0,346 = |5 (8:11)

with:
1/3
10 /X1
k, =534+ —<Z S>
t Sd
where
I is the second moment of area of the individual longitudinal stiffener as defined in
7.5.3.4.3(7), about the axis a — a as indicated in Figure 8.5;
Sd is the total developed slant height of the web, as indicated in Figure 8.5;
Sp is the slant height of the widest plane element in the web, see Figure 8.5;
Sw is the slant height of the web, as shown in Figure 8.5, defined by the distance between the

midpoints of the corners, see Table 7:1(c).

Web with
a) one stiffener b) two stiffeners

, min(20¢; s/2)

Figure 8.5 - Longitudinally stiffened web
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8/1.6 Torsional moment

(1) Where loads are applied eccentrically to the shear centre of the cross-section, the effects of torsion
should be taken into account.

(2) The centroidal axis and shear centre and imposed rotation centre to be used in determining the effects
of the torsional moment, should be taken as those of the gross cross-section.

(3) The longitudinal stresses due to the axial force Ngq and the bending moments Myrq and M,ga should
be based on the respective effective cross-sections, calculated as specified in 8:1.2 to 8/1.4. The shear
stresses due to transverse shear forces, the shear stress due to uniform (St. Venant) torsion and the
longitudinal stresses and shear stresses due to warping, should all be based on the properties of the gross
cross-section.

(4) In cross-sections subject to torsion, the following conditions should be satisfied (based on the average
yield strength f,q, see 5:2.2):

Ototra < ]%‘Z )
/V3
Trotpa < fy;— )
MO
2 , fya
Ototea T 3 Ttorea = 1.1 % (8.14)

where:
Owted 1S the total longitudinal-stress resulting from the design values of the actions, see (3)(5)

Twted 1S the total shear stress resulting from the design values of the actions and calculated on the
basis of the gross cross-section, see (5).

(5) The total-longitudinal stress o wiea and the total shear stress 7wiea Should be determined as follows:
Otot,Ed = ONEd t OmyEd T OmzEd T OwEd (8:15)
Ttot,ed = TvyEed t Tvzea t Tepa T Twkd (8.16)
where:

owmyed 1S the longitudinal stress due to the bending moment My k4 (using the effective cross-section,
see 8.1.4);

owmzed 1S the longitudinal stress due to the bending moment M, g4 (using the effective cross-section,
see 8.1.4);

oned  isthelongitudinal stress due to the axial force Ngq(using the effective cross-section, see 8.1.2
and 8.1.3);

owrd 1S the longitudinal stress due to warping (using the gross cross-section);

Tvwyed 1S the shear stress due to the transverse shear force Vyeq (using the gross cross-section);
Tvzed 1S the shear stress due to the transverse shear force V,eq (using the gross cross-section);
ToEd is the shear stress due to uniform (St. Venant) torsion (using the gross cross-section);

Twed  Is the shear stress due to warping (using the gross cross-section).
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8/1.7 Resistance to transverse forces
8.1.7.1 General

(1)P To avoid crushing, crippling or buckling in a web subject to a support reaction or other transverse
force applied through the flange, the transverse force Frq shall satisfy:

Fga < Ryra (8.17)

where:

Rwra is the resistance to transverse forces of the web.

(2) The resistance to forces of a web Rwgra should be obtained as follows:

a) for an unstiffened web:

o for a cross-section with a single web: see Clause 8/1.7.2;
¢ for any other case, including sheeting: see Clause 8/1.7.3;
b) for a stiffened web: see Clause 81.7.4.

(3) Where the load or support reaction is applied through a cleat which prevents distortion of the web and
is designed to resist the transverse force, the resistance of the web to the transverse force does not need to
be considered.

(4) In beams with I-shaped cross-sections built up from two channels, or with similar cross-sections in
which two components are connected through their webs, the connections should be located as close to the
flanges of the beam as practical.

8/1.7.2 Cross-sections with a single unstiffened web

(1) For a cross-section with a single unstiffened web, as shown in the examples provided in Figure 8.6, the
resistance to transverse forces of the web may be determined as specified in (2), provided that the cross-
section satisfies the following criteria:

h
7‘” <200 (818)
r
7 <6 (8:19)
45° < ¢ <90° (8:20)
where:
hyw is the web height between the midlines of the flanges;
r is the internal radius of the corners;
o is the angle of the web relative to the flanges [degrees].
I [ - |
J ( ' J
3 A
I;‘w,Fid I;‘w,F{d I;‘w,l"ld Rw,F{d I:{w,Fid I;‘w,F{d 2I;‘w,l"ld

Figure 8.6 - Examples of cross-sections with a single web
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(2) For cross-sections which satisfy the criteria specified in (1), the resistance to transverse forces of a web
Rwra may be determined as shown in Table 8.2]and Table 8.3.

Table 8.2 - Loads and support reactions — cross-sections with a single web - Single
transverse force or support reaction

(a) the distance toafreeendc < 1,5 hy

o for a cross-section with stiffened flanges:

S h,/t S
0 ﬂ Jeykeokes [9,04 - g—({] [1+0,01%]e2f,, 820
Rw,Rd =
<c+ Ym1
T e for a cross-section with unstiffened flanges:
- if s/t < 60:
_ M] Ss] 2
.. J L fakks [5,92 b |1+ 0,015 25, )
wka Ym1
(il
<Sem - if ss/t > 60:

kykoks [5,92 - M] 071+ 0,015 £2f,,,

132
Ry ra = (8:23)
Ym1
L 4 (b) the distance to afreeend ¢ > 1,5 hy
SS
W - if 55/t < 60:
e ] kskyks [14,7 - Zg/st] [1+0,0073%] ¢2f,,
Ry ra = - (8:24)
Ym1
«——C——» S.l 4 _f - if s/t > 60:
0 kskyks [14,7 - %} 0,75 +0,011%] ¢2,,
Ry ra = ' (8125
Ym1
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(3) The values of the coefficients ki to ks should be determined as follows:

ky =133 033k (826)

k, = 1,15 — 0,15 ; but 0,50< k»< 1,0 @27
(p 2

ks =07 40,3 (%) (8:28)

ky = 1,22 — 0,22 k (829)

ks = 1,06 — 0,06 ; but ks <1,0 (8130)

where:

k=fn/228 with:  fip in N/mm?2

Table 8.3 - Loads and support reactions — cross-sections with a single web -
Two transverse forces on opposite sides of the web at a spacing e< 1,5 hw

LSSJ
W
<C>‘ ‘«(—3‘»‘ J
-
mﬁ (a) the distance toafreeend ¢ < 1,5 hy
hy, <
e o kykyes [6,66 - W/t] |1+ 00172, (8:31)
s wRd =
Hlll ' Ym1
<C>L >.¢E+
S, T
(ki)
S
Wi

(b) the distance to a freeend ¢ > 1,5 hy

T -
keskks [21,0 - #/3] |1+0,0013%|2£,,, (8.32)
LSSJ RW'Rd - Ym1
W ;
l«— C—» 4
c stre J
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(4) If the rotation of the web along its longitudinal edges is prevented either by suitable restraint or because
of the section geometry (e.g. in I-beams, as shown in the fourth and fifth example from the left in the Figure
l6) then the resistance to transverse forces of a web Rwra 0of a cross-section with stiffened or unstiffened

flanges may be determined as follows:
e forasingle transverse force or support reaction:

a) ¢< 1,5 hy (near or at a free end)
S
k, [8,8 + 1,1\/%] t2fyp
Ym1
b) ¢> 1,5 hy, (far from a free end)

* S
ki kg [13,2 + 2,87 \/%] t2fyp

Ym1

RW,Rd -

Rw,Rd -

e for transverse forces or reactions on opposite sides of the web

a) c<1,5 hy (near or at a free end)

S
kioki1 [8,8 + 1,1\[%] t* fyp

Ym1

Rw,Rd -

b) ¢> 1,5 hy (loads or reactions far from a free end)

S
kgkq [13,2 + 2,87\/%] t2fyp

Rw,Rd -

Ym1

where the values of coefficients k; to ki should be determined as follows:

k=149 — 0,53k but: ki=>0,6
0,12t . .
ke = 0,88 + 9 with: t in [mm]
h,, h
ky=14+—2— if -
7 + (750 — ©) i .= 150
. hy,
k, =1,2 if —>150
1 h
ko =— if <
8 =7 1 Pl 66,5
h,, h
. (11-z2) if S 66,5
8 — k t
i 0.82 0,15¢t
O 1,9
hw
o (098 - gg2)
10 k
k 0,64 + 031¢
== 1,9
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with:
k =fn/228 with fi» in [N/mm2];

ss is the nominal length of stiff bearing. If two transverse forces equal in magnitude act on opposite
sides of the web, but are distributed over unequal bearing lengths, the smaller value of ss should
be used.

8/1.7.3 Cross-sections with two or more unstiffened webs

(1) In cross-sections containing two or more webs, including sheeting, see Figure 8.7, the resistance to
transverse forces of an unstiffened web should be determined as specified in (2), provided that both of the
following conditions are satisfied:

o the clear distance c¢ from the end of the bearing length to a free end is atleast 40 mm, see Table 8.4;

e the cross-section satisfies the following criteria:

r/t < 10 (8:46)

hy/t < 200sin ¢ (8:47)

45° < ¢ <090° (8:48)
where:

hyw is the web height between the midlines of the flanges;

r is the internal radius of the corners;

@ is the angle of the web relative to the flanges [degrees].

Rw,Rd Rw Rd Rw,Rd

Rw,Rd Rw,Rd Ryw,Rd Rw,Rd Rw,Rd Rw,Rd

Figure 8.7 - Examples of cross-sections with two or more webs

Rw,Rd RwRd Rw,Rd

(2) If both conditions specified in (1) are satisfied, then the resistance to transverse forces Rwgra of each
web of the cross-section should be determined as follows:

r 0,021, ®\?2
2 [1 = 0,1\/;] [0,5 ¢ [22k “2,4 +(g5) ] -
Ryra = at /fybE
Ym1

I, is the effective bearing length dependent on the relevant category as specified in (3);

where:

a is the coefficient dependent on the relevant category as specified in (3).
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(3) The values of I, and « should be obtained from (4) and (5) respectively. The maximum design value
for I, = 200 mm.

e When the support consists of a single cold-formed steel member with a cross-section with one web,
and unless more sophisticated analysis or tests are carried out, the value of I, may be obtained as

follows:

I, = min (17.5 t;— 6 mm; 50 mm; s;) (8:50)
where:

ts is the design thickness of the flange of the support;

Ss is the width of the top flange of the supporting member;

e When the supporting member consists of two cold-formed steel sections with one web each, back-to-
back or a nested configuration, I, may be taken as two times the value of a single section.

e When the support consists of (a) around tube or (b) a cold-formed steel section with one web subject
to torsion, a value of 10 mm should be used for [, .

The section may be considered subject-to torsion, when its shear centre is outside the area under the top
flange or the area above support (for the cases where the loads acts at the top or bottom of the member,
respectively) and the torsion is not restrained by other structural elements. For instance, a C-section
without anti-sag bars and a span of more than 2 meters or with anti-sag bars and a distance of more than 3
m between the supports and/or the anti-sag bars should be considered to be torsionally unrestrained.

A distinction should be made between two categories (1 or 2) based on the clear distance e between the
local load and the nearest support, or the clear distance ¢ from the support reaction or local load to a free
end, see Table 8. Category 1 covers cases where the load acts in close proximity to a support or free edge,
while Category 2 covers the complementary cases.

(4) The value of the effective bearing length I, for Category 1 should be taken as:

, = 10mm (8:51)
The value of the effective bearing length [, for Category 2 should be taken as:
L = ss (8:52)

(5) The value of the coefficient « should be determined as follows:

a) for Category 1:

o for sheeting: a = 0,075 (8:53)

o for liner trays and hat sections: a = 0,057 (8:54)
b) for Category 2:

e for sheeting: a = 0,15 (8:55)

o for liner trays and hat sections: a = 0115 (8:56)
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Table 8.4 - Loads and support reactions —

categories for cross-sections with two or more webs

Category 1:

-
< e > (SS, e load applied within a distance e < 1,5 hw clear from the nearest
- == hw support;
Y
it
<5
H‘H Category 1:
c A ¢ load applied within a distance ¢ < 1,5 hw clear from a free end;
S % h w
Y
c Category 1:
< < |hy . o .
¢ end support reaction within a distance ¢ < 1,5 hw clear from a
free end.

<>
<>
Wit Category 2:
e S
. < H‘%g hw ¢ load applied within a distance e > 1,5 hw clear from the
nearest support;
ttt
Ss
<>
l““ Category 2:
c )‘ ¢ load applied within a distance ¢ > 1,5 hw clear from a free end;
< = _|h w
c Category 2:
== |hw : DT
e end support reaction at end support within a distance ¢ > 1,5 hw
Tﬁﬁ clear from a free end;
Ss
<>
Category 2:
= < |hy

ttt

Ss

<>

e internal support reaction with no localized loading applied
within a distance of 1,5 hw.
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8/1.7.4 Stiffened webs

(1) The resistance to transverse forces of a stiffened web may be determined as specified in (2) for cross-
sections with longitudinal web stiffeners which are folded in such a way that the two web folds are on
opposite sides of the line connecting the end points of the web. These end points are determined as the
points of intersection of the midline of the web with the midlines of the flanges, as shown in Figure|[8.8. In
addition, for (2) to be valid the following condition should be satisfied:

e
2< 2 <12 857)
where:
€max is the larger eccentricity of the folds relative to the line of the web connecting the end points
of the web.

(2) For cross-sections satisfying the conditions specified in (1), the resistance to transverse forces of a
stiffened web may be determined by multiplying the resistance of a corresponding unstiffened web,
obtained from 8:1.7.2 or 8:1.7.3 as appropriate, by the factor x,s given by:

€max 2 _Cmin
kys = 1,45—0,05 — but kqs < 0,954 35000 t°— B8158)
' t (bé sp)
where:
ba is the developed width of the loaded flange, see Figure 8.8;
€min is the smaller eccentricity of the folds relative to the line connecting the end points of the
web;
Sp is the slant height of the plane web element nearest to the loaded flange, see Figure 8.8.

Figure 8.8 |- Stiffened webs

8.1.7.5 Concentrated line load and point load
8.1.7.5.1 General

(1) The load distribution (here being understood as the distribution of load at right angles to the direction
of span) shall be checked in the case of concentrated loads and line loads, a distinction being made between
the direct loading of one or two adjacent ribs (direct load distribution) and indirect load distribution (i.e.
loading via load-bearing intermediate systems).

(2) In addition, web-crippling resistance has to be checked.
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8.1.7.5.2 Direct load distribution without intermediate systems

(1) Unless a more precise analysis has been carried out, concentrated loads that are applied to one or two
adjacent ribs of a profiled sheet at a distance x < L./2 from the support may be assumed to be distributed as
specified in Table 8.5 and Figure 8.9if the load is applied via at least two webs and the load width parallel
to the direction of span is at least 50 mm.

Table 8.5 - Load dispersal without intermediate load-distributing systems

Distribution of Loaded rib C1 [%] Adjacentrib Cz [%]

concentrated load

Both sides 5% 2 X 2
(352 — 0,8 by) (T - 0,5) +(12+0,2bg) | (44— 0,1b) (1 —4 (7 ~05) )

One side (edge rib) 2

X X 2
(240 — 0,6 by) (T - 0,5) + (40 + 0,15 bp) | (60 — 0,15hp) (1 —4 (7 - 05) )

where: [ isthe span of the profiled sheet, in [m]
x is the distance of the concentrated load from the adjacent support, in [m]
br is the rib width, in [mm]

(2)|The proportion of the load per rib should be taken as:

Ci
Fpi < 100 F (8.59)
where:
(0 is the load dispersal factor according to Table 8.5.
F is the load introduced by direct load distribution, see Figure 8.9
F
Y

br

Figure 8.9 - Load distribution without intermediate load-distributing systems

8.1.7.5.3 Directload distribution with intermediate systems

(1) If distribution is done by hot-rolled or cold-formed steel sections, timber or concrete, the distribution
systems have to be designed to show their effectiveness.
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8/1.8 Combined tension and bending

(1) Cross-sections subject to combined axial tension Ngq and bending moments Mygq and M,ea should
satisfy the following criterion:

Ngq 4 My gq N M, gq

Nt,Rd Mcy,Rd,ten Mcz,Rd,ten

<1 (8:60)

where:
Nira is the design resistance of a cross-section in uniform tension, see l1.2;

Mqy,riten  1s the design moment resistance of a cross-section using the section modulus on the tension
side, if subject only to moment about the y - y axis, see 8!1.4;

Mz raeen 1S the design moment resistance of a cross-section using the section modulus on the tension
side if subject only to moment about the z - z axis, see/8.1.4.

(2) If Mcy’Rdycom < Mcy'Rd'ten or Mcz_Rd_com < Mcz_Rd_ten ) the fOllOWing Crlterlon ShOllld alSO be Satleied:

M M N,
y,Ed + z,Ed Ed <1 (-)

Mcy,Rd,com Mcz,Rd,com Nt,Rd

where:

My rdcom 1S the design moment resistances of a cross-section using the section modulus on the
compression side if subject only to a moment about the y - y axis, see 8.1.4;

M racom 1S the design moment resistances of a cross-section using the section modulus on the
compression side if subject only to a moment about the z - z axis, see 8.1.4;

.1.9 Combined compression and bending

(1) Cross-sections subject to combined axial compression Ngg and bending moments Mygq and M;kq
should satisfy the following criterion:

N, M + AM M + AM
Ed + y,Ed y,Ed+ z,Ed z,EdSl

(8:62)

Nc,Rd Mcy,Rd,com Mcz,Rd,com
where:
NeRrd is the design resistance of a cross-section in uniform compression, see 81.3;

Mcyrdcom is the design moment resistance of a cross-section using the section modulus on the
compression side, if subject only to a moment about the y - y axis, see.1.8(2);

M racom is the design moment resistance of a cross-section using the section modulus on the
compression side, if subject only to a moment about the z - z axis, see.1.8(2).

(2) The additional moments AMy g4 and AM,eq due to shifts of the centroidal axes should be taken as:

AMy,Ed = NEd ' eNy (-)
AM,gq = Ngq - éen; (-)

where:

eny and ey, are the shifts of the y-y and z-z centroidal axis in uniform compression, see I.1.3(3).
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(3)If Mcyrdten < Mcyrdcom OF Mezraen € Mezrdcom the following criterion should also be satisfied:

My gq + AMy, gq N My ga + AMzpq  Nga

<1 8.65
Mcy,Rd,ten Mcz,Rd,ten Nt,Rd ( )

where:
MeyRraten, Mczrdten are the design moment resistances defined in 8:1.8.

(4) Alternatively, Clause 8{2.5 and Formulae [(8.76) and (8.77) may be used as relevant with y,= .= yir=
1,0 and Cx,y:Cx,z = CX,LT: 1P0

8.1.10 Combined shear force, axial force and bending moment

(1) For cross-sections subject to the combined action of an axial force N4, a bending moment Mgq and a
shear force Vgq the resistance to account for the presence of the shear force need not to be reduced if Vgq
<0,5 ViRra.

If Viea>0,5 Vira then the following equations should be satisfied:

2
N, M M 2V,
Nga  Myra (1 _ ﬂ) <_Ed _ 1) <1 (8166)
Nra My ga My ra ) \Vw,ra
where:
Nra is the design resistance of a cross-section in uniform tension or compression, see 8:1.2 or
8.1.3;

Myra  isthe design moment resistance of the cross-section, see 8.1.4;
Vwra  is the design shear resistance of the web, see 8:1.5(1);

Mira  isthe momentresistance of a cross-section consisting of the effective area of the flanges only,
see EN 1993-1-5;

Mpira  is the plastic moment of resistance of the cross-section, see EN 1993-1-5.

For members and sheeting with more than one web V4 is the sum of the resistances of the webs, see EN
1993-1-5.
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8.1.11 Combined bending moment and localized transverse load or support reaction

(1) Cross-sections subject to the combined action of a bending moment Mgq and a localized transverse
force or support reaction Fgq should satisfy the following formulae, unless otherwise justified:

Mgq
<1
M, rq (867
F,
B <1 (8168)
RW,Rd
Mgg  Fgq
—+—x<1 .
ot RS (8169)
with:
Mo =1,25 Mera (8.70)
Ry =1,25 Rugd (8.71)
where:

Mcra  is the moment resistance of the cross-section, see 8.1.4.1(1);

RwRrd is the resistance to transverse forces of the web, see 8:1.7.

The relations of Formulae (8.67) to (8.71) are shown in Figure 8.10.

025Mcpa

-~ F

-

T

0.00 0.25R5pq Ewra Er125Faza

Figure 8.10 - Resistance to combined bending moment and localized transverse load or
support reaction

(2) For members and sheeting with more than one web, Ryrq is the sum of the resistances to transverse
forces of the individual webs.
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8.2 Buckling resistance
8.2.1 General

(1) In members with cross-sections that are susceptible to cross-sectional distortion, account should be
taken of possible lateral buckling of compression flanges and lateral bending of flanges generally.

(2) The effects of local and distortional buckling should be taken into account as specified in Clause 7.5.

8.2.2 Flexural buckling

(1) The design buckling resistance Nyra for flexural buckling should be obtained from EN 1993-1-1 using
the appropriate buckling curve from Table 8.6 according to the type of cross-section, axis of buckling and
yield strength, see (3).

(2) The buckling curve for a cross-section not included in Table 8.6 may be obtained by analogy.
(3) The buckling resistance of a closed built-up cross-section should be determined using either:
e buckling curve b in association with the basic yield strength f;;, of the flat sheet material;

e buckling curve c in association with the average yield strength f;, after cold-forming, determined
as specified in 5:2.3, provided that Aer = A.

8.2.3 Torsional buckling and torsional-flexural buckling of members subject to compression

(1) For members with point-symmetric open cross-sections (e.g Z-purlin with equal flanges), account
should be taken of the possibility that the resistance of the member to torsional buckling might be less than
its resistance to flexural buckling,

(2) For members with mono-symmetric open cross-sections, see Figure 8.11, account should be taken of
the possibility that the resistance of the member to torsional-flexural buckling might be less than its
resistance to flexural buckling.

Figure 8.11 - Monosymmetric cross-sections susceptible to torsional-flexural buckling

(3) Members with an asymmetric open cross-section should be designed for torsional-flexural buckling.

(4) The design buckling resistance Nyrq for torsional or torsional-flexural buckling should be obtained
from EN 1993-1-1: 2018, [8.3.1.1 using the relevant buckling curve for buckling about the z-z axis obtained
from Table 8.6.
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Table 8.6 - Appropriate buckling curve for various types of cross-section

Type of cross-section Buckling | Buckling
about axis curve
|
¥ if fib is used any b
|
B .
if fya isused 2 any c
y-y a
Z-Z b
any b
il =
! / any c
! . /
-t s S or other
i / "™ ecross-section
i j
[ /
2 The average yield strength fya should not be used unless Aest = A

(5) The elastic critical bucklingload N v for torsional buckling of a member subject to compression should
be determined as follows:

1 n?El,
Nepr = z <GIT + 7 > (8:72)
0 T
with:
i§ =i5 +i7 +y5 + 2§ @73
where:
G is the shear modulus;
I; is the torsional constant of the gross cross-section;
Ly is the warping constant of the gross cross-section;
Iy is the radius of gyration of the gross cross-section about the y - y axis;
Iy is the radius of gyration of the gross cross-section about the z -z axis;
I is the buckling length of the member for torsional buckling;

Yo Zo  are the shear centre co-ordinates with respect to the centroid of the gross cross-section.
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(6) For doubly symmetric cross-sections (Yo = z, = 0), the elastic critical buckling load N should be
determined as follows:

Ncr = Ncr,i (8.74’]
where:
Neri is the minimum of Ny, Nerz, Nerr.

(7) For cross-sections that are symmetrical about the y -y axis (z, = 0), the elastic critical buckling load
Nere for torsional-flexural buckling should be determined from:

2
Ncry Nerr ( Nch> Yo\? Nerr
Nyppp = ¥ [ q 4 Jent (g _ Ter, +4(,—) ' 8575)
erre 2B Nery Nery io/ Nery
with:
Vo)
B=1- (—) 876
lo
where:
Nery is the elastic critical load for flexural buckling about the y - y axis
Nerr is the elastic critical load for torsional buckling, see (5)

Yo, 1o are defined in (5)

(8) The buckling length Ir for torsional or flexural-torsional buckling should be determined taking into
account the degree of torsional and warping restraint present at each end of the length Lr.

(9) The value of It/ Lt may be taken as follows:
e 1,0 for connections which provide partial restraint against torsion and warping, see Table 8.7

e 0,7 for connections which provide significant restraint against torsion and warping, see Table 8.7.

Table 8.7 - Torsional and warping restraint provided by connections

Uy b

Column to be considered

a) connections capable of giving partial torsional and warping restraint

Hollow sections Web “&l
or sections with

bolts passing |

through two -

webs per

member

Column to be considered

b) connections capable of giving significant torsional and warping restraint
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8.2.4 Lateral-torsional buckling of members subject to bending

(1) The design buckling resistance of a member in bending which is susceptible to lateral-torsional buckling
should be determined according to EN 1993-1-1: 2018, Clause 8.3.2, using buckling curve b.

(2) This method should not be used for sections in which the principal axes of the effective cross-section
have significantly rotated compared to those of the gross cross-section.

8.2.5 Bending and axial compression

(1) The resistance against combined axial force and bending moment may be obtained from a second-order
analysis of the member as specified in EN 1993-1-1, based on the properties of the effective cross-section
obtained from Z.5. See also Z3.

(2) As an alternative to (1) the following criterion should be satisfied in each cross-section along the
member:

A D
N Yy M M Y
<Cxlyi> +_2Ed ( zEd ) <1 (8.76)
Xy Nc,Rd My,Rd Mz,Rd
B D
Ngg \* < My gq > ‘ <MzEd> ‘
C ) +(Cppr—2—) +( =2 <1 (8:77)
( % Xz Nra T ovr My ra M ra
where:
Ned is the design value of the compressive force;

Myq, My ea are the design values of the bending moments about the y-y-axis and the z-z-axis along the
members, including AM.q = Neqa en due to the shift of the centroid of the effective cross-
section, if Aer <A (for members with fixed ends: AMgp = 0);

e For beam-columns with pinned ends and for members in non-sway frames, Mgq is the
first order bending moment.

e For members in frames subject to sway, Mgq is the second order bending moment;

X, X  are the reduction factors for flexural buckling according to 8:2.2. In the case of torsional-
flexural buckling, y, should be replaced with y;r according to 82.3.

LT is the reduction factor due to lateral-torsional buckling according to 8:2.4

Nrq is the axial design resistance of the cross-section based on A.z-which are not fully effective
cross-sections

Myra, Myra are the bending moment resistances of the cross section about the y-y-axis and the z-z
axis, respectively, according to 8!1.4

Ay, A, B, D,, D, are exponents in the interaction formulae, determined according to Table 8.8. They
depend on the reduction factors y and the ratios g4 and g given in Table 8.8;

Cxy, Cxz, Cxir are the interaction factors according to Table 8.9. They depend on the location of the
cross-section under consideration.

(3) For asymmetrical sections both the tension and the compression side of bending edges should be
checked using the appropriate resistances. In the expressions for the exponents in Table 8.8 the larger of
4, and g, for the two sides should be used. If the resistance on the tension side is less than the resistance
on the compression side then criteria (8.76) and [8.77) should also be satisfied with:
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In addition, when determining the interaction factors, -xy, -). and -y.r should be used in the first term of

the expressions for Cyy, Cx and Cxi1, see Table 8.9.

(4) The y- and z-axis are principal axes.

Table 8.8 - Exponents to be used in the interaction Formulae (8.76) and (8.77)

Design resistance of the cross-section in bending about the relevant Sonsetyative
Exponents . . for all cross-
axis according to 8.1.4.1 .
sections
Mra = We fip / YMo0 Mra < Welfyp / YMo
Ay zymin (142 1,56) but 4, > 1,0 1,0 1,0
A, yemin (24202 2,0)  but 4, > 1,0 1,0 1,0
B, min (2 1,56) 1,0 1,0
D, zymin (% 2,0) but D, > 0,8 0,8
D, Z-min (142 1,56) but D, > 0,8 0,8
M M
y.Rd Z,Rd
where: Y, =—————— but p, =10 L but >1,0
Y Wel,yfyb /VMO Y “ Wel,zfyb /VMO Hz
Table 8.9 - Interaction factors Cyy, Cxzand Cxir
Factor For a specific cross-section location along the Conservative for all cross-
member section locations
. X
Cry X+ (1-2xy) st - 1,0
cr,y
. T[xS
Cyz Xz + (1= x7) siny 1,0
cr,z
. n‘xS
CuLr xer + (1= xir) smL 1,0
cr,LT

where:

8:12 for examples.

Ley, Ler,s, L e are the buckling lengths for relevant buckling mode

Xs (=xaorxg) isthe distance from the cross-section under consideration to a simple support
or a point of contraflexure in the elastically buckled shape of the relevant mode, see Figure

For end moments (Mgq1 > Mkq2), the distance x; to the design section may be obtained from:

cos (T[xs ) _ (MEd,l - MEd,Z) ) Nga ) 1
LCT

Mgq Nega ()1( _ 1)

but x, >0
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-t
L o

[t
-t

cr

NOTE: Inthese examples cross-sections A and B (marked with transverse line) are the subjects of the design check.

Figure 8.12 - Buckling length L. and definition of x; (=x4 or xz)

8.3 Bending and axial tension

(1) The Formulae for members subject to combined bending and axial compression in 8.2.5 are applicable.

9 Serviceability limit states

9.1 General

(1) The rules for the serviceability limit states given in EN 1993-1-1 also apply to cold-formed members
and sheeting.

(2) The properties of the effective cross-section for serviceability limit states obtained from Clause 7.1
should be used in all serviceability limit state calculations for cold-formed members and sheeting.

(3) Alternatively, the second moment of area may be calculated by interpolation between the gross cross-
section and the effective cross-section values using the following Formula:

o,
gr
Ipic = lgr — 7(lgr - I(U)eff) @1
where:
Ior is the second moment of area of the gross cross-section;
Ogr is the maximum compressive bending stress in the serviceability limit state, based on the

gross cross-section (positive in Formula);

I(c)er  is the second moment of area of the effective cross-section with allowance for local buckling
calculated for a maximum stress ¢ = g, in which the maximum stress is the largest absolute
value of stresses within the calculation length considered.

(4) The effective second moment of area I (or Irc) may be taken as variable along the span. Alternatively
a uniform value may be used, based on the maximum absolute span moment due to serviceability loading.
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9,2 Plastic deformation

(1) In case of plastic global analysis the combination of support moment and support reaction at an internal

support should not exceed 0,9 times the combined design resistance, determined using juser, See Clause
4(5).

(2) The combined design resistance may be determined from 8/1.11, but using the effective cross-section
for serviceability limit states and i ser-

9/3 Deflections
(1) The deflections may be calculated assuming elastic behaviour.

(2) The influence of slip in the connections (for example in the case of continuous beam systems with
sleeves and overlaps) should be considered in the calculation of deflections, forces and moments.

9.4 Walkability of trapezoidal sheeting
9.4.1 Walkability during installation

(1) During installation, i.e. not finally fixed, the profiled sheeting may only be walked on in order to install
the roof.

(2) If not otherwise specified, the profiled sheeting should only be walked on ifload-dispersal measures are
adopted (e.g. wooden planks in accordance with strength class C24 with a cross-section of 4 x 24 cm and a
length greater than 3,0 m).

(3) If the sheeting span does not exceed the limiting value Lim determined in tests according to Annex A.4.6,
then load-dispersal measures may be omitted.

9.4.2 Walkability after installation

(1) After installation, the profiled sheeting may only be walked on by individuals for the purpose of its
maintenance and cleaning.

(2) If not otherwise specified, the profiled sheeting should only be walked on ifload-dispersal measures are
adopted (e.g. wooden planks in accordance with strength class C24 with a cross-section of 4 x 24 cm and a
length greater than 3,0 m).

(3) If the sheeting span does not exceed the limiting value Liim determined in tests according to Annex A4.6,
then load-dispersal measures may be omitted.

(4) For profiled sheeting with multi-span supports, load-dispersal measures may be omitted for sheeting
spans up to 25% larger than the limiting values determined in tests.

(5) It is advisable to install walkways for access to units requiring regular maintenance or operational
elements (e.g. continuous roof lights, chimneys, heating plants and photovoltaic panels).
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10 Design of joints
10.1 General
(1) For design assumptions and requirements of joints see EN 1993-1-8.

(2) The following rules apply to core thickness t,r < 4 mm, not covered by EN 1993-1-8.

10.2 Splices and end connections of members subject to compression

(1) Splices and end connections in members that are subject to compression, should either have at least the
same resistance as the cross-section of the member, or be designed to resist an additional bending moment
due to the second-order effects within the member, in addition to the internal compressive force Ngq and
the internal moments Myrqs and M,rq obtained from the global analysis.

(2) In the absence of a second-order analysis of the member, this additional moment AMgq should be taken
as acting about the cross-sectional axis that gives the smallest value of the reduction factor y for flexural
buckling, see 8,2.2(1), with a value determined from:

AMgq = Ngq (1 - 1) Wers in™ (@0H)
X Aerr
where:
Aeft is the area of the effective cross-section;
a is the distance from the splice or end connection to the nearer point of contraflexure;
l is the buckling length of the member between points of contraflexure, for buckling about the
relevant axis;

Wese is the section modulus of the effective cross-section for bending about the relevant axis.

Splices and end connections should be designed to resist an additional internal shear force as follows:

AVEd =

T[NEd(l 1) Weff
X

If 102
l Aoss ()

(3) Splices and end connections should be designed in such a way that load may be transmitted to the
effective portions of the cross-section.

(4) If the constructional details at the ends of a member are such that the line of action of the internal axial
force cannot be clearly identified, a suitable eccentricity should be assumed and the resulting moments
should be taken into account in the design of the member, the end connections and the splice, if there is one.

10.3 Connections with mechanical fasteners

(1) Connections with mechanical fasteners should be compact in shape. The positions of the fasteners
should be arranged to provide sufficient room for satisfactory assembly and maintenance.

NOTE: EN 1993-1-8 gives detailed information on these requirements.

(2) The shear forces on individual mechanical fasteners in a connection may be assumed to be equal,
provided that:

o the fasteners have sufficient ductility;

e shear is not the critical failure mode.
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(3) For design by calculation the resistances of fastenings subject to predominantly static loads should be
determined from:

Table 10.2 for blind rivets;

Table 10.3 for self-tapping screws;
Table 10.4 for cartridge fired pins;
Table 10.5 for bolts.

For determining the design resistance of mechanical fasteners by testing see 12 and Annex A.

(5) In Tables 10.2'to 10.5 the meanings of the symbols should be taken as follows:

As
Anet

By

do
dw

e

ez

fub
Susup

nyg
P1
|2

t

tu

the tensile stress area of a fastener;

the net cross-sectional area of the connected part;

the reduction factor for long joints according to EN 1993-1-8;
the nominal diameter of the fastener;

the nominal diameter of the hole;

the diameter of the washer or the head of the fastener;

the end distance from the centre of the fastener to the adjacent end of the connected part,
in the direction of load transfer, see Figure 10.1;

the edge distance from the centre of the fastener to the adjacent edge of the connected part,
in the direction perpendicular to the direction of load transfer, see Figure 10.1;

the ultimate tensile strength of the fastener material;

the ultimate tensile strength of the supporting member into which a screw is fixed;

the number of sheets that are fixed to the supporting member by the same screw or pin;
the number of mechanical fasteners in one connection;

the spacing centre-to-centre of fasteners in the direction of load transfer, see Figure 10.1;

the spacing centre-to-centre of fasteners in the direction perpendicular to the direction of
load transfer, see Figure 10.1;

for fastenings with rivets, screws or cartridge fired pins: the thickness of the component
dicectly underneath the head of the fastener (the swage head in the case of blind rivets);

for fastenings with rivets, screws or cartridge fired pins: the thickness of the second
component of a connection (usually the supporting structure).

(5) The partial factor m for calculating the design resistances of mechanical fasteners should be taken as
2, see 4.(3)P:

— b siveninthe National Annes Theval 125 lod.
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| e2

e

Key
1 Direction of load transfer

Figure 10.1 - End distance, edge distance and spacings for fasteners and spot welds

(6) If the pull-out resistance Fora of a fastener is smaller than its pull-through resistance Fpra , the
deformation capacity should be determined from tests.

(7) The pull-through resistances given in Tables 0.2 to 10.4 for rivets, self-tapping screws and cartridge

fired pins should be reduced if the fasteners are not located centrally in the troughs of the sheeting, see
Table 10.1.

Table 10.1 - Eccentric attachments

. Reduction factor
Case Requirement for ti < 1,25 mm
e
— - f, esb /4 L0
b, <150 mm ’
I 2 f
5 v b 3 | — 0,9
3 b, <150 mm ’
74 d
e b 0<esb,/4
Tl 0,7
150 mm < b, < 265 mm
[ ] f
5 | " 0<e<b,/2
u 0,5
L ) 150 mm < b;; < 265 mm
a
;
I for:
Ibe>265 mim, i 0.0
f ¥ 1 ’
R I R at least two fasteners are Ra<75mm: 07
necessary Ra> 75 0'35
t = a> mm: )
bu
f\ 777777777777
S‘ } Linear profile cross see 10.1.6
sections such as Z-, C- or for calculation of
f, X-section forces in fasteners
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(8) For a fastener loaded in combined shear and tension, the resistance of the fastener to combined shear
and tension may be verified as follows:

FiEga FyEa

: - =1 10.3
min (Fp,Rd'Fo,Rd) min (Fb,Rd'Fn,Rd) ( )

where:

Fora, Fora , Fora and Figra are the design resistances of the fastener calculated using Tables 10.2
to 10.5

(9) The gross section distortion may be neglected if the design resistance is obtained from Tables 10.2 to
10.5, provided that the fastening is through a flange not more than 150 mm wide.

(10) The diameter of holes for screws should be in accordance with the manufacturer's guidelines. These
guidelines should be based on following criteria:

e the applied torque should be just higher than the threading torque;

e the applied torque should be lower than the thread stripping torque or head-shearing

torque;

o the threading torque should be smaller than 2/3 of the head-shearing torque.
(11) For long joints a reduction factor fir should be taken into account according to EN 1993-1-8: 2020}
Clause 5.8.
(12) The design rules for blind rivets are valid only if the diameter of the hole is not more than 0,1 mm
larger than the diameter of the rivet.

(13) For the bolts M12 and M14 with the hole diameters 2 mm larger than the bolt diameter, reference
is made to EN 1993-1-8.
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Table 10.2 - Design resistances for blind rivets 2

Rivets loaded in shear:

Bearing resistance:

Ford =  afudti/me but Fora < fuerti/ (1,2 yuz)

in which « is given by the following:

o if 1 = tu: a=3,6 tl/d but a<21
o ifty > 2,5 ti: a=21
o ifty <ty < 25¢t: obtain ¢ by linear interpolation.

Net-section resistance:

Fn,Rd = Anetﬁl/}’MZ

Shear resistance:

Shear resistance Fy,rq to be determined by testing *1) and Fyra = Furk / M2

Conditions: d Fora 2 1,2 Fopra / (05 fis) or Fyra = 1,2Fhra

Rivets loaded in tension: b

Pull-through resistance:  Pull-through resistance Fyrq to be determined by testing *1.

Pull-out resistance: Pull-out resistance Fora to be determined by testing *1.
Tension resistance: Tension resistance Firq to be determined by testing *1)
Conditions: Fira = 2Fpra

Range of validity: ©

e1 > 1,5d p1 > 2,6 mm < d £ 6,4 mm

ez > 1,5d p2 2

a Jtis assumed that the thinnest sheet is next to the preformed head of the blind rivet, i.e. t1 < ti. Otherwise t =
tn shall be assumed for design.

b Blind rivets are not usually used in tension.
¢ Blind rivets may be used beyond this range of validity if the resistance is determined from the results of tests.

d The required conditions should be fulfilled when deformation capacity of the connection is required. When
these conditions are not fulfilled it should be proved that the deformation capacity will be provided by other
parts of the structure.

NOTE:*  Further information about the shear resistance of blind rivets loaded in shear and about the pull-through
resistance and tensile resistance of blind rivets loaded in tension can be set by the National Annex for usein a country.
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Table 10.3| - Design resistances for self-tapping screws 2

Screws loaded in shear:

Bearing resistance:
Fora = afudti/ m2

in which « is given by the following:

o if 1 = ti: a=a1=3,2,/t1/d but ¢ <1,7

o if ty = 2,5¢: a=azs= 1,7

. tir 1\ t+ty
o if i <tu <2,56: a=(a1+(a25—a1)(—— )—)— but a<azs= 1,7
’ tI 1,5 2

Net-section resistance: Fhord = Anetfu/ 2
Shear resistance: Shear resistance F,rq to be determined by testing *2)

Fora = Fork / 2

Conditions: 4  Fyrq = 1,2 Ford or 2XFrd = 1,2Frd

Screws loaded in tension:

Pull-through resistance: b

o for static loads: Fora = dwtifu/ paz
o for screws subject to wind loads and combination of wind loads and static loads:
Fpra = 0,67dwtifu/ M2
Pull-out resistance:
o ifty/s<1: Fora = 0,45dtufiswp/ ym2 (sis the thread pitch)

o if ty / s>1: Fora = 0,65 dtuﬁl,sup/ M2

Tension resistance: = Tension resistance Fira to be determined by testing *2).

Conditions: 4  Fira > 2'Fpra or Fira = Foprd

Range of validity: ©

Y

Generally: e1 > 3d p1 2 3,0mm < d £ 8,0mm
e > 1,5d b2 >

fu < 550 N/mm?

3d
3d

Fortension: 0,5mm < < 1,5mm and t; = 0,9 mm

a [tis assumed that the thinnest sheet is next to the head of the screw, i.e. t1 < ti. Otherwise ti = tu shall be assumed
for design.

b These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably
and/or pulled over the head of the fastener.

¢ Self-tapping screws may be used beyond this range of validity if the resistance is determined from the results
of tests.

d The required conditions should be fulfilled when deformation capacity of the connection is required. When
these conditions are not fulfilled there should be proved that the deformation capacity will be provided by other
parts of the structure.

NOTE:*»  Further information about the shear resistance of self-tapping screws loaded in shear and about the tensile
resistance of self-tapping screws loaded in tension can be set by the National Annex for use in a country.
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Table 10.4| - Design resistances for cartridge fired pins

Pins loaded in shear:

Bearing resistance:
Fora = 3,2fudt/ 2
Net-section resistance: Ford = Anetfu/ 2
Shear resistance: Shear resistance Fyrq to be determined by testing *3)

Fyra = Fure / Yz

Conditions: ¢ Fora 2 1,52 Fyra oOr 2Fyrd = 1,5Furd

Pins loaded in tension:

Pull-through resistance: 2

o for static loads: Fora =  dwtfu/ m2
e for wind loads and combination of wind loads and static loads:

Pull-out resistance:

Pull-out resistance Fyra to be determined by testing *3)

Tension resistance:

Tension resistance Firq to be determined by testing *3)

Conditions: ¢ Fora =2 X Fpra or Fira = Fora

Range of validity: b

Generally: e1 > 4,5d 3,7mm <d < 6,0 mm
e; > 4,5d for d = 3,7 mm: ty > 4,0 mm
p1 > 4,5d for d = 4,5 mm: ty > 6,0 mm
p2 =2 4,5d for d = 5,2 mm: t; = 8,0 mm
fu<550 N/mm?

For tension: 0,5mm < < 1,5mm
tr = 6,0 mm

a These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably
and/or pulled over the head of the fastener.

b Cartridge fired pins may be used beyond this range of validity if the resistance is determined from the results
of tests.

¢ The required conditions should be fulfilled when deformation capacity of the connection is required. When
these conditions are not fulfilled there should be proved that the deformation capacity will be provided by other
parts of the structure.

NOTE:*3)  Further information about the shear resistance of cartrige fired pins loaded in shear and about the pull-
out resistance and the tensile resistance of cartridge fired pins loaded in tension can be set by the National Annex for
use in a country.
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Table 10.5| - Design resistances for bolts

Bolts loaded in shear:

Bearing resistance: b
Fora = 25k fudt /m2
with:

fo is the smallest of 1,0 or e1 / (3d);
ke (08t+1,5)/25 for0,75mm<t<1,25mm;
ke 1,0 fort>1,25 mm

Net-section resistance:

Fn,Rd = (1 + 3r(do/u' 0,3))Anetfu/74\/12 but Fn,Rd < Anetfu/}’MZ

with:
r = [number of bolts at the cross-section] / [total number of bolts in the connection]
u =2e but u<p;

Shear resistance:

o for strength grades 4.6,5.6 and 8.8:
Fyra = 0,6 fwds / 2

o for strength grades 4.8,5.8,6.8 and 10.9:
Fyra = 0,5fwds / 2

Conditions: ¢ Fora =2 1,2X Fora oOr 2Fyra = 1,2Fqra

Bolts loaded in tension:

Pull-through resistance:  Pull-through resistance F,rq to be determined by testing *4).

Pull-out resistance: Pull-out resistance Fora to be determined by testing *4.
Tension resistance: Fira = 0,9fwAs/ mz
Conditions: Fira 2 2Fpra

Range of validity: 2

e1 > 1,0d, p1 2> 3do 0,75mm <t £ 3mm Minimum boltsize: M6
ez > 1,5d, p2 = 3d, Strength grades: 4.6-10.9

fu £550 N/mm?

a Bolts may be used beyond this range of validity if the resistance is determined from the results of tests.

b For thickness larger than or equal to 3 mm the rules for bolts in EN 1993-1-8 should be used.

¢ The required conditions should be fulfilled when deformation capacity of the connection is required. When
these conditions are not fulfilled there should be proved that the deformation capacity will be provided by other
parts of the structure.

NOTE:*4  Further information about the pull-through resistance of bolts loaded in tension can be set by the National
Annex for use in a country.
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10.4 Spot welds

Comment PT: All Formulae in Clause 10.4 and Clause 10.5 will be reformatted according to the drafting
principles.

(1) Spot welds may be used with as-rolled or galvanized parent material up to 4,0 mm thick, provided that
the thinner connected part is not more than 3,0 mm thick.

(2) Spot welds may be either resistance welded or fusion welded.
(3) The design resistance Fyra of a spot weld loaded in shear should be determined using Table 10.6.
(4) In Table 10.6 the meanings of the symbols should be taken as follows:

Anet is the net cross-sectional area of the connected part;

Nw is the number of spot welds in one connection;

t is the thickness of the thinner connected part or sheet [mm];
tur is the thickness of the thicker connected part or sheet [mm];

and the end and edge distances e; and e; and the spacings p: and p are as defined in 10.3(5).

(5) The partial factor s for calculating the design resistances of spot welds should be taken as 1, see
4.(3)P.

Table 10.6 - Design resistances for spot welds

Spot welds loaded in shear:
Tearing and bearing resistance:
o if t<t;:<2,5¢t:
Fipra = 2,7\t dsfu/ Yu2
with: tin [mm]
e if t;>25¢t:
Fipra = 27Vt dsfy/ Ymz  but  Frppq < 0,7d2 fu/ Yuz and  Fyppg < 3,1t ds fu/ Yz
End resistance: Fera = LAteifu/ me
Net section resistance: Ford = Anecfu/ 2
Shear resistance: Fyra = /442 ful Y2
Conditions: Forda 2 1,25Fpra  Or Fyra = 1,25Fepa  Or X Fyra = 1,25 Fyra
Range of validity:
2ds < e < 6ds 3ds < p1 < 8d;s
ez < 4ds 3ds< p2 < 6ds

(6) The interface diameter ds of a spot weld should be determined from the following:
o for fusion welding: ds = 0,5t+5mm (10.4)
e forresistance welding: ds = 5Vt with t in [mm] (10.5)
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(7) The value of ds actually produced by the welding procedure should be verified by shear tests in
accordance with Clause 12, using single-lap test specimens as shown in Figure 10.2] The thickness t of the
specimen should be the same as that used in practice.

[ 6ds

e e
3,5d < e < 5dg el

Key

1 Resistance weld
2 Fusion weld

Figure 10.2 - Test specimen for shear tests of spot welds

10.5 Lap welds
10.5.1 General

(1) This Clause 10:5 should be used for the design of arc-welded lap welds where the parent material is
4,0 mm thick or less. For thicker parent material, lap welds should be designed using EN 1993-1-8.

(2) The weld size should be chosen such that the resistance of the connection is governed by the thickness
of the connected part or sheet, rather than the weld.

(3) The requirement in (2) may be assumed to be satisfied if the throat size of the weld is at least equal to
the thickness of the connected part or sheet.

(4) The partial factor yu for calculating the design resistances of lap welds should be taken as 2, see 4.(3)P.
NOTE: The National Annexmay-give a-choice-of yme-The valueyme—=125-is recommended:

10.5.2 Fillet welds
(1) The design resistance Fwra of a fillet-welded connection should be determined from the following:

o for aside fillet that is one of a pair of side fillets:

Fwrae = tLws(09-0,45Lws/b) fu/m2 ifLws<b (10.6)
Fore = 045tbfu/m2 if Lws>b (10.7)
e foran end fillet:
Fyrd = tLwe(1-03Lwe/b)fu)/ M2 [for one weld and if Lws < b] (10.8)
where:
b is the width of the connected part or sheet, see Figure 10.3;

Lwe is the effective length of the end fillet weld, see Figure 10.3;
Lys is the effective length of a side fillet weld, see Figure 10.3;
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Figure 10.3 - Fillet welded lap connection

(2) If a combination of end fillets and side fillets is used in the same connection, its total resistance should
be taken as equal to the sum of the resistances of the end fillets and the side fillets. The position of the
centroid and realistic assumption of the distribution of forces should be taken into account.

(3) The effective length L. ofa fillet weld should be taken as the overall length of the full-size fillet, including
end returns. Provided that the weld is full size throughout this length, a reduction in effective length need
not be made for either the start or termination of the weld.

(4) Fillet welds with effective lengths less than 8 times the thickness of the thinner connected part should
not be designed to transmit any forces.

10.5.3 Arcspot welds
(1) Arc spot welds should not be designed to transmit any forces other than in shear.

(2) Arc spot welds should not be used through connected parts or sheets with a total thickness X't of more
than 4 mm.

(3) Arc spot welds should have an interface diameter ds of notless than 10 mm.
(4) If the connected part or sheet is less than 0,7 mm thick, a weld washer should be used, see Figure 10.4
(5) Arc spot welds should have adequate end and edge distances as given in the following:

(a) The minimum distance measured parallel to the direction of force transfer, from the centreline of an
arc spot weld to the nearest edge of an adjacent weld or to the end of the connected part towards which
the force is directed, should not be less than the value of emin given by the following:

o if fi/f<1,15:

Fw Rd
enin = 1,8 ——— 10.9
i t fulVmz (£0:2)
o if fi/f21,15:
Fw Rd
iy = 2,1 ————— 10.10
e t fulVYmz ( )

(b) The minimum distance from the centreline of a circular arc spot weld to the end or edge of the
connected sheet should not be less than 1,5d., where d is the visible diameter of the arc spot weld.

(c) Theminimum clear distance between an elongated arc spot weld and the end of the sheet and between
the weld and the edge of the sheet should not be less than 1,0 d.
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Key

1 Supporting member
2 Connected part of sheet
3 Weld washer

Figure 10.4 - Arc spot weld with weld washer

(6) The design shear resistance Fu,ra of a circular arc spot weld should be determined as follows:

Fura = (m/4)ds? x 0,625 fuw [/ iz
where:

faw is the ultimate tensile strength of the welding electrodes;

but F.ra should not be taken as more than the resistance given by the following:

o if dy/Tt< 18(420/f)05

Fura = 15dpZt fu/ e

o if 18(420/£)05 < dy/ Tt < 30 (420 /£) 05 :
Fupa = 27(420 /)% (82 fu/ M

o if dy/ Tt =30(420/f)05 :
Fura = 09dp2t fu/ 2

with d;, according to (8).

(7) The interface diameter ds of an arc spot weld, see Figure 10.5, should be obtained from:

ds = 0,7dw -1,5Zt but ds20,55dw

where:

dw is the visible diameter of the arc spot weld, see Figure 10.5.

(8) The effective peripheral diameter d, of an arc spot weld should be obtained as follows:
o forasingle connected sheet or part of thickness t:
dp = dw-t
o for multiple connected sheets or parts of total thickness Zt:

(10.11)

(10.12)

(10.13)

(10.14)

(10.15)

(10.16)

(10.17)
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| a, |

a) Single connected sheet (Xt =1t )
dw

| a. |

b) Two connected sheets (Xt = t1+ ta )

| a, |

c) Single connected sheet with weld washer

Key

1 Weld washer
Figure 10.5 - Arc spot welds

(9) The design shear resistance Fwra of an elongated arc spot weld should be determined from:

Fupa = [(7/4)ds? + Luds] % 0,625 fuw / 2 (10.18)

but Fira should not be taken as more than the peripheral resistance given by:

Fura = (0,5Lw+1,67d,)Ztfu/ pinz (10.19)
where:
Ly is the length of the elongated arc spot weld, measured as shown in Figure|10.6!

Key

1 Supporting member
2 Connected part or sheet

Figure 10.6 - Elongated arc spot weld
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11 Special considerations for purlins, liner trays and sheetings

11.1 Beams restrained by sheeting or sandwich panels
11.1.1 General

(1) The provisions given in this Clause 11.1 may be applied to beams (called purlins in this Section) of Z, C,
2, Uand Hat cross-section with h / t <240, ¢/ t<20 for single-fold and d / t <20 for double-fold edges.

NOTE: Other limits are possible if verified by testing. Standard tests are given in Clause 12 and Annex A unless the
National Annex gives information on tests for use in a country.

(2) These provisions may be used for structural systems of purlins with anti-sag bars, continuous, sleeved
and overlapped systems.

(3) These provisions may also be applied to cold-formed members used as side rails, floor beams and other
similar types of beam that are similarly restrained by sheeting or sandwich panels.

(4) Side rails may be designed on the basis that wind pressure has a similar effect on them to gravity loading
on purlins, and that wind suction acts on them in a similar way to uplift loading on purlins.

(5) Full continuous lateral restraint may be supplied by trapezoidal steel sheeting or other profiled steel
sheeting or by sandwich panels with sufficient stiffness, continuously connected to the flange of the purlin
through the troughs of the sheets. The purlin at the connection to trapezoidal sheeting or other profiled
steel sheeting or to sandwich panels may be regarded as laterally restrained, if the conditions in 11.5.1 are
fulfilled. In other cases (e.g. sheeting fixed to the purlin through the crest) the degree of lateral restraint
should either be validated by experience, or determined from tests.

NOTE: For tests see Clause 12 and Annex A.
Comment PT: (old paragraphs (6)(10) in new Subclause 11.5.1)

(6) Unless alternative support arrangements may be justified from the results of tests the purlin should
have support details, such as cleats, that prevent lateral rotation and displacement at its supports. The
effects of forces in the plane of the sheeting or sandwich panels that are transmitted to the supports of the
purlin should be taken into account in the design of the support details.

Where cleats are used the lateral local bending of the web due to the lateral load transferred by sheeting
may be neglected.

The web crippling of the purlin may be neglected if a gap between the support and the bottom flange of the
purlin is conserved. The value of the gap should be sufficient that the bottom flange of the loaded purlin
cannot come in contact with the support.

(7) The behaviour of a laterally restrained purlin should be modelled as outlined in Table 11.1. The
connection of the purlin to the sheeting may be assumed to partially restrain the twisting of the purlin. This
partial torsional restraint may be represented by a rotational spring with a spring stiffness Cp. The stresses
in the free flange, not directly connected to the sheeting, should then be calculated by superposing the
effects of in-plane bending and the effects of torsion, including lateral bending due to cross-sectional
distortion. The rotational restraint provided by the sheeting should be determined following 11.5.2.

(8) Where the free flange of a single span purlin is in compression under uplift loading, allowance should
also be made for the amplification of the stresses due to torsion and distortion.

11.1.2 Calculation methods

(1) Unless a second order analysis is carried out, the method given in 11.1.3 and 11.1.4 should be used to
allow for the tendency of the free flange to move laterally (thus inducing additional stresses) by treating it
as a beam subject to a lateral load gnra equal to ky - gra, see Tablef11.1.

(2) For use in this method, the rotational spring should be replaced by an equivalent lateral linear spring of
stiffness K. In determining K the effects of cross-sectional distortion should also be allowed for. For this
purpose, the free flange may be treated as a compression member subject to a non-uniform axial force, with
a continuous lateral spring support of stiffness K.
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(3) If the free flange of a purlin is in compression due to in-plane bending (for example, due to uplift loading
in a single span purlin), the resistance of the free flange to lateral buckling should also be verified.

(4) For a more precise calculation, a numerical analysis should be carried out, using values of the rotational
spring stiffness Cp obtained from 11.5.2 Allowance should be made for the effects of an initial bow
imperfection e, in the free flange, defined as in Z.3: The initial imperfection should be compatible with the
shape of the relevant buckling mode, determined by the eigen-vectors obtained from the elastic first order
buckling analysis.

(5) A numerical analysis using the rotational spring stiffness Cp obtained from 11.5.2 may also be used if
lateral restraint is not supplied or if its effectiveness cannot be proved. When the numerical analysis is
carried out, it should take into account the bending in two directions, torsional St Venant stiffness and
warping stiffness about the imposed rotation axis.

(6) If a 2nd order analysis is carried out, effective sections and stiffness, due to local buckling, should be
taken into account. NOTE: Eorasimplifi i urlins-made-ofC-Z-and oss-sections-seeAnnexE

Table 11.1| - Modelling laterally braced purlins rotationally restrained by sheeting or
sandwich panels

L b

Gravity loading Uplift loading
a) Z and C section purlin with upper flange connected to sheeting
SRERISS 1riitt
\) !
In-plane bending Torsion and lateral
bending

b) Total deformation split into two parts

[

c) Model purlin as laterally braced with rotationally spring restraint Cp from sheeting

qut P KqOeq

BN piddd bbb idybbdidyaydbdildvyil

d) As a simplification replace | e) Free flange of purlin modelled as beam on elastic foundation,
the rotational spring Cp by a | representing effect of torsion and lateral bending (including cross
lateral spring stiffness K section distortion) on single span with uplift loading.

e
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11.1.3  Design criteria
11.1.3.1 Single span purlins

(1) The single span purlins or physically continuous over more spans should satisfy the criteria for cross-
section resistance given in [11!1.4.1 and the criteria for stability of the free flange given in 11.1.4.2.

11.1.3.2 Two-spans continuous purlins with gravity load

(1) The moments due to gravity loading in a purlin that is physically continuous over two spans without
overlaps or sleeves, may either be obtained by calculation or based on the results of tests.

(2) If the moments are calculated they should be determined using elastic global analysis. The purlin
should satisfy the criteria for cross-section resistance given in 11.1.4.1. For the moment at the internal
support, the criteria for stability of the free flange given in 11.1.4.2 should also be satisfied.

(3) Alternatively the moments may be determined using the results of tests in accordance with Clause 12
and Annex'A.5 on the moment-rotation behaviour of the purlin over the internal support.

NOTE: Appropriate testing procedures are given in Annex A.

(4) The design value of the resistance moment at the supports Ms,pra for a given value of the load per unit
length grq, should be obtained from the intersection of two curves representing the design values of:

o the moment-rotation characteristic at the support, obtained by testing in accordance with Clause
12 and Annex'A.5;

e the theoretical relationship between the support moment Mgea and the corresponding plastic
hinge rotation ¢q in the purlin over the support.

To determine the final design value of the support moment Mgy, kq allowance should be made for the effect
of the lateral load in the free flange and/or the buckling stability of that free flange around the mid-support,
which are not fully taken into account by the internal support test as given in Annex A.5.2. If the free flange
is physically continued at the support and if the distance between the support and the nearest anti-sag bar
is larger than 0,5 s, the lateral load gneq according to 11/1.4.1 should be taken into account in verification
of the resistance at mid-support. Alternatively, full-scale tests for two or multi-span purlins may be used to
determine the effect of the lateral load in the free flange and/or the buckling stability of that free flange
around the mid-support.

(5) The span moments should then be calculated from the value of the support moment.

(6) The following expressions may be used for a purlin with two equal spans:

L 2
Qpq = 12E1,,, (9pal® — 8 Mgyp ) (11.1)
2 2
" _ (qgal? = 2 Mgy pa) @12
span,Ed — 8 I5a 12 :
where:

Lese is the effective second moment of area for the moment Mgpneq;
L is the span;

Mgpnea  is the maximum moment in the span.
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(7) For a purlin with two unequal spans, and for non-uniform loading (e.g. snow accumulation), and for
other similar cases, the Formulae [(11.1) and [(11.2) are not valid. Appropriate analysis should be made for
these cases.

(8) The maximum span moment Mspneq in the purlin should satisfy the criteria for cross-section resistance
given in 11.1.4.1. Alternatively, the resistance moment in the span may be determined by testing. A single
span test may be used with a span comparable to the distance between the points of contraflexure in the
span.

11.1.3.3 Two-span continuous purlins with uplift loading

(1) The moments due to uplift loading in a purlin that is physically continuous over two spans without
overlaps or sleeves, should be determined using elastic global analysis.

(2) The moment over the internal support should satisfy the criteria for cross-section resistance given in
11.1.4.1. Because the support reaction is a tensile force, account need not be taken of its interaction with
the support moment. The mid-support should be checked also for interaction of bending moment and shear
forces.

(3) The moments in the spans should satisfy the criteria for stability of the free flange given in 11.1.4.2.

11.1.3.4 Purlins with semi-continuity provided by overlaps or sleeves

(1) The purlins, in which continuity over two or more spans is provided by overlaps or sleeves at internal
supports, should satisfy the criteria for cross-section resistance given in 11.1.4.1 and the criteria for
stability of the free flange. In this case the stability criteria given in 11.1.4.2 may be applied.

(2) Tests should be carried out on the support details to determine:
o the flexural stiffness of the overlapped or sleeved part;

e the moment-rotation characteristic for the overlapped or sleeved part: This is in general non
linear, if a linear behaviour is assumed in the calculations, minimum and maximum values should
be used (see A8:3). Only when failure occurs at the support with cleat or similar preventing
lateral displacements at the support, then the redistribution of bending moments may be used for
sleeved and overlapped systems;

e the resistance of the overlapped or sleeved part to combined support reaction and moment;
e the resistance of the overlapped or sleeved part to combined shear force and bending moment;

Alternatively, the characteristics of the mid-support details may be determined by numerical methods if the
design procedure is at least validated by a relevant number of tests.

B34 deleted

11.1.3.5 Serviceability criteria

(1) The serviceability criteria relevant to purlins should be satisfied.
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11.1.4 Design resistance

11.1.4.1 Resistance of cross-sections

(1) For a purlin subject to axial force and transverse load the resistance of the cross-section should be
verified as indicated in Figure 11.1 by superposing the stresses due to:

o the in-plane bending moment My gg;

e the axial force Ngg;

e an equivalent lateral load gnrq acting on the free flange, due to torsion and lateral bending, see (3).

(2) The maximum stresses in the cross-section should satisfy the following:

o restrained flange:

Omax,Ed = 2

o free flange:

Omax,Ed = 2

where:
Aesr
5
Mtz Ea
Wesey
sz

N M
Ed y,Ed<f_y

< 15%)
eff Werry Vm

Neg M M
ea | Mysa  Mreea Jy )
eff Weff,y sz Ym

is the area of the effective cross-section in uniform compression;

is the yield strength as defined in 5:2.1(5);

is the bending moment in the free flange due to the lateral load g4, see Formula/(11.5);
is the section modulus of the effective cross-section in bending about the y -y axis;

is the elastic section modulus of the gross cross-section of the free flange plus the
contributing part of the web for bending about the z-z axis; unless a more sophisticated
analysis is carried out the contributing part of the web may be taken equal to 1/5 of the
web height from the point of web-flange intersection in case of C- and Z-sections and
1/6 of the web height in case of X-section, see Figure 11.1;

W = Mo if Aer=A4 or if Weff_y = Wel,y and Ngq = 0, otherwise M= 1.
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Figure 11.1 - Superposition of stresses
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(3) The equivalent lateral load gnea acting on the free flange, due to torsion and lateral bending, should be

obtained from:

qnEd = KknQra (11.5)

(4) The coefficient ki, should be obtained as indicated in Table 11.2 for common types of cross-section
otherwise it should be justified by appropriate analysis..

Table 1.2 - Conversion of torsion and lateral bending into an equivalent lateral load k: geq

Knho factor for lateral load on free bottom flange (Ko corresponds to loading in the shear centre)

shear
centre
I

shear

«gsj

' \j’ — < centre IS
e = N A
v L ° I
b+ 2
w0 T 13
ht(b* +2cb—2c*b/h) Iyz 9.
khO = 41 khO = — 7
y Iy
(a) Simple symmetrical Z-section (b) Z-, C- or - sections
Equivalent lateral load factor Kp,
Oed Oeg GEd TQEd f A ge f‘;qu
4
I B T | P | 1 ﬂ' DT L
o ,
Shear g" Shear Shear Shear
centre <= centre centre < centre
k
K OEq J Kh QEd Kn OEd hQEd
L P kn OEd «—— - L <= ki Qed e

kn=kno+e/n(**) | kn=kio—alh () kn=kno+f/h (") kn=knotf/h (™)

kn= Kno kn=kno+e/h
Z-, C- or 2— sections Z-, C- or 2— sections
(a) Gravity loading (b) Uplift loading

™ If a/h > kno then the load kn ged is acting in the opposite direction.

(**)  The value of fis limited to the position of the load grd between the edges of the top flange.

(***)  Ifthe shear centre is at the right hand side of the load gra then the equivalent lateral load is acting in
the opposite direction.

(5) The lateral bending moment Mg,gq may be determined from Formula (11.6) except for a beam with the
free flange in tension, where, due to positive influence of flange curling and second order effect moment

Mt g4 may be taken equal to zero:

Mgz pa = Kr Mo fpa = (116)

where:
Mos,ra is the initial lateral bending moment in the free flange without any spring support;

KR is a correction factor for the effective spring support.

94



1st draft prEN 1993-1-3: 2018 (E)

(6) The initial lateral bending moment in the free flange Mos,rq may be determined from Table 11.3 for the
critical locations in the span, at supports, at anti-sag bars and between anti-sag bars. The validity of the
Table 11.3 is limited to the range R <40.

(7) The correction factor xr for the relevant location and boundary conditions, may be determined from
Table 11.3 (or using the theory of beams on the elastic Winkler foundation), using the value of the coefficient
R of the spring support given by:

R = K Lg 11.7
- n*Elp, (E=D
where:

I, is the second moment of area of the gross cross-section of the free flange plus the
contributing part of the web for bending about the z-z axis, see 11.1.4.1(2); when numerical
analysis is carried out, see 11.1.2(5);

K is the lateral spring stiffness per unit length from 11.1.5;

La is the distance between anti-sag bars, or if none are present, the span L of the purlin.
Table 11.3 - Values of initial moment My a4 and correction factor xx

System Location Mo,fE4 KR
Py om
4 | L 1 1—-0,0225R
%L/Z—%le—ﬁ m g dnkd L KR= TT1013R
(L,=1)
y 5 1—-0,0141R
m —_— L S R —
i x O T 128 InEd ta R = 1Y0416R
F3/8La»F—5/8La—> 1 1+ 00314 R
anti-sag bar or support e 3 qna L Kr = m
1 1—-0,0125R

y 2 ’

e m e m — L SR —
LXI = e 24 Ind fa R = 110198R
fo,sLa#o,SLa 1 ] 1400178 R
anti-sag bar or support e - E 4n,Ed Lg Kr = m
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11.1.4.2 Buckling resistance of the free flange

(1) If the free flange is in compression, its buckling resistance should be verified using:

1 (N M M
< Ed y,Ed>+ fz,Ed<fy_b ({8

Xer \Aerr Werry Wy Y

where:

yir  isthe reduction factor for lateral torsional buckling (flexural buckling of the free flange).
NOTE: The y L1 - value can be set by the National Annex for use in a country. The use of EN 1993-1-1: 2010, Clause
6.3.2.3, using buckling curve b (awr = 0,34, =0,75 , 4,70 = 0,4 ) is recommended for the relative slenderness A,
given in (2).
PT-Comment on the NOTE: Original content of EN 1993-1-3 kept, new AMD-88 specifying the buckling
curve to be confirmed by SC3.

In the case of an axial compression force Ngg, when the reduction factor for buckling around the strong axis
is smaller than the reduction factor for lateral flange buckling, e.g. in the case of many anti-sag bars, flexural
buckling should also be checked following EN 1993-1-1.

(2) The relative slenderness At for flexural buckling of the free flange should be determined from:

Ty =2 ZA/ £ (%)
1
with:
1 = E
1 =T E
where:

I, is the buckling length for the free flange from (3) to (7);
it is the radius of gyration of the gross cross-section of the free flange plus the contributing
part of the web for bending about the z-z axis, see 11.1.4.1(2).

(3) Provided that 0 <R <200, the buckling length of the free flange with varying compressive stress over
the length L as shown in Figure 11.2 and 11.3|may be obtained from:

lgz =M1La(1 4+ nRM)M (11.10)
where:
La is the distance between anti-sag bars, or if none are present, the span L of the purlin;
R is as given in 11.1.4.1(7);

m to 74 are coefficients that depend on the number of anti-sag bars, as given in Table 11.4 for gravity
loading and Table 11.5 for uplift loading.

Tables 11.4 and 11.5 are only valid for:
e equal spans;
e equal distances between anti-sag bars;
e uniformly transverse loaded beam systems without overlap or sleeve and without normal load;
e systems with sleeves and overlaps provided that the connection system may be considered as
fully continuous with constant second moment of area
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e purlins with anti-sag bars that provide lateral rigid support for the free flange.
In other cases the buckling length should be determined by more appropriate calculations or, except
cantilevers, the values of the Table 11.4 for the case of 3 anti-sag bars per field may be used:
e for gravity loading the values of the Table 10.4 for the case of 3 and 4 anti-sag bars per field may
be used, however with 7 coefficient increased by 0.05 and 72 = 773 = 174 =0;

o for uplift loading the values of the Table 10.5 for the case of 3 and 4 anti-sag bars per field may be
used, however with 7; coefficient increased by 0.05 and 7, = 73 = 74 =0.

NOTE: In some cases, due to rotations in overlap or sleeve connection, the field moment changes resulting in
modified buckling lengths. Neglecting the real moment distribution in these cases leads to unsafe design.

SR

NOTE: Dotted areas show regions in compression

Figure 11.2 - Varying compressive stress in the free flange for gravity load cases

NOTE: Dotted areas show regions in compression

Figure 11.3: Varying compressive stress in the free flange for uplift load cases

Table 11.4 - Coefficients 7 for gravity load with 0, 1, 2, 3, 4 anti-sag bars

Situation AI;\:ZL:;IE:;E]I‘ m n2 n3 N4

End span 0 0.414 1.72 1.11 -0.178
Intermediate span 0.657 8.17 2.22 -0.107
End span 1 0.515 1.26 0.868 -0.242
Intermediate span 0.596 2.33 1.15 -0.192
End and intermediate span 2 0.596 2.33 1.15 -0.192
End and intermediate span 3and 4 0.694 5.45 1.27 -0.168
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Table 11.5 - Coefficients 7; for uplift load with 0, 1, 2, 3, 4 anti-sag bars

Situation Al;\lt:l:lg’:;ar m n2 n3 a4

Simple span 0.694 5.45 1.27 -0.168
End span 0 0.515 1.26 0.868 -0.242
Intermediate span 0.306 0.232 0.742 -0.279
Simple and end spans 1 0.800 6.75 1.49 -0.155
Intermediate span 0.515 1.26 0.868 -0.242
Simple span 5 0.902 8.55 2.18 -0.111
End and intermediate spans 0.800 6.75 1.49 -0.155
Simple and end spans 3 and 4 0.902 8.55 2.18 -0.111
Intermediate span 0.800 6.75 1.49 -0.155

11.1.5 Lateral spring stiffness provided to the free flange of a purlin

(1) The lateral spring support provided to the free flange of the purlin by the sheeting should be modelled
as a lateral spring acting at the free flange, see Table 11.1: The total lateral spring stiffness K per unitlength
should be determined from:

1—1+1+1 11.11
K Ky, Kz K (31D

where:
Ka is the lateral stiffness corresponding to the rotational stiffness of the joint between the
sheeting and the purlin;
Kz is the lateral stiffness due to distortion of the cross-section of the purlin;
Kc is the lateral stiffness due to the flexural stiffness of the sheeting.

(2) -It may be assumed to be safe as well as acceptable to neglect 1/Kc because K¢ is very large compared
to Kx and Kg.---

(3) The value of K should be obtained form the rotational spring stiffnesses using:

L L ([@042)
K CD CD,A CD,B CD,C .

where:

Cpa, Cpp,Cpc  are the rotational stiffnesses according to Clause 1T155:2.

98



1st draft prEN 1993-1-3: 2018 (E)

(4) The rotational stiffness Cpp due to distortion of the cross-section of the purlin may also be determined
by calculation using:
hZ _ 4 h2(1 - VZ)(hd + bmod)
o Et3

@3

in which the dimension bm.q is determined as follows:

o for cases where the equivalent lateral force gnrq bringing the purlin into contact with the sheeting
at the purlin web:
bmod = a
o for cases where the equivalent lateral force gnrq bringing the purlin into contact with the sheeting
at the tip of the purlin flange:

where:
t is the thickness of the purlin;
is the distance from the sheet-to-purlin fastener to the purlin web, see Figure 11.4;
is the width of the purlin flange connected to the sheeting, see Figure 11.4;
h is the overall height of the purlin;
hq is the developed height of the purlin web, see Figure 11.4.
b b
b-a, a
———
/ 1
2
h
Y J
Key
1 Sheet
2 Fastener

Figure 11.4 - Purlin and attached sheeting

PT comment: old 10.1.5.2 transferred to new 11.5.2

11.1.6 Forces in sheet/purlin fasteners and reaction forces

(1) Fasteners fixing the sheeting to the purlin should be checked for a combination of shear force gse,
perpendicular to the flange, and tension force g e where gs and g: may be calculated using Table 11.6
and e is the pitch of the fasteners. Shear force due to stabilising effect, see EN1993-1-1, should be added
to the shear force. Furthermore, shear force due to diaphragm action, acting parallel to the flange, should
be vectorially added to gs.
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Table 11.6 - Shear force and tensile force in fastener along the beam

Beam and loading Shear force per unite length ( Tensile force per unit length

Z-beam, gravity loading | (1 + &) kpqgg, maybetakenasO | O

Z-beam, uplift loading (1+¢&) (kp—a/h) qgq | € kp qga h/a |+ qga (@ =b/2)
C-beam, gravity loading | (1 — &) kpqgq Eky qgqg h/a
C-beam, uplift loading (1-¢&) (kp, —a/h) qgq ¢Ekpqpa h/(b—a) + qgq

(2) The fasteners fixing the purlins to the supports should be checked for the reaction force R. in the plane
of the web and the transverse reaction forces R; and R; in the plane of the flanges, see Figure 11.5. Forces
R: and R; may be calculated using Table 11.7. Force R. should also include loads parallel to the roof for
sloped roofs. If R;is positive there is no tension force on the fastener. R, should be transferred from the
sheeting to the top flange of the purlin and further on to the rafter (main beam) through the purlin/rafter
connection (support cleat) or via special shear connectors or directly to the base or similar element. The
reaction forces at an inner support of a continuous purlin may be taken as 2,2 times the values given in
Table 11.7)

NOTE: For sloped roofs the transversal loads to the purlins are the perpendicular (to the roof plane) components
of the vertical loads and parallel components of the vertical loads are acting on the roof plane.

Figure 11.5: Reaction forces at support

(3) The factor ¢ may be takenas ¢ = 1 — 3/ k% ,where & is the correction factor given in Table 11.3, and
the factor £ may be takenas £ =1,5¢

Table 11.7 -- Reaction force at support for simply supported beam

Beam and loading Reaction force on bottom flange R, | Reaction force on top flange R,
Z-beam, gravity loading (1 = ¢)knqral/2 (1 + ¢)kpqral/2
Z-beam, uplift loading — (1 =¢)knqpqal/2 — (1 +¢)kpqpal/2
C-beam, gravity loading (1 —-¢)knqeqal/2 — (1 —¢)knqgqL/2
C-beam, uplift loading — (1 —¢)knqgqL/2 (1 —-¢)knqeql/2
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11.2 Liner trays restrained by sheeting
11.2.1 General

(1) Liner trays should be large channel-type sections, with two narrow flanges, two webs and one wide
flange, generally as shown in Figure 11.6. The two narrow flanges should be laterally restrained by attached
profiled steel sheeting or by steel purlin or by similar component.

N
N A
v 2/74

< >|

o<

Figure 11.6: Typical geometry for liner trays

(2) The resistance of the webs of liner trays to shear forces and to local transverse forces should be obtained
using 8:1.5 to 8/1.11, but using the value of M.rq given by (3) or (4).
(3) The moment resistance Mcrq of a liner tray may be obtained using 11.2.2 provided that:

e the geometrical properties are within the range given in Table 11.8;

o the depth h, of the corrugations of the wide flange does not exceed h/8, where h is the overall
depth of the liner tray.

(4) Alternatively, the moment resistance of a liner tray may be determined by testing provided that it is
ensured that the local behaviour of the liner tray is not affected by the testing equipment.

NOTE: Appropriate testing procedures are given in annex A.

Table 11.8: Range of validity of Clause 11.2.2

0,75mm <  twom < 1,5 mm
30mm < b < 60 mm
60mm < h < 200 mm

300mm < by < 600 mm

L/by, < 10 mm*/ mm
51 < 1000 mm
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11.2.2 Moment resistance
11.2.2.1 Wide flange in compression

(1) The moment resistance of a liner tray with its wide flange in compression should be determined using
the step-by-step procedure outlined in Figure 1.7 as follows:

o Step 1: Determine the effective areas of all compression elements of the cross-section, based on
values of the stress ratio = 02/ o1 obtained using the effective widths of the compression flanges
but the area of the gross cross-section of the webs;

o Step 2: Find the centroid of the effective cross-section, then obtain the moment resistance Mcrq
from:

fyp
Mcra =08 Weff,min )/ym (11:14)

with:
Wettmin = Iy,eff/Zc but Wettmin < Iy,eff/Zt H
where:

zc and z;  are as indicated in Figure 11.7

-0
\

u — N
s 1 ¥
N 4L i or 4*‘ _____
o B - v
v "y - IR
«b, /2 <Dyl 2> bl 2
Step 1

o, = 0,8 /%0 o, < 0,8f,/no [
—

r 3
’\I or __._’—}:

A | oy
2 2 B e_ v
o, < O,8fyb/)/MO (T o, = O,Sfyblj/MO MM
Step 2

Figure/11.7 - Determination of moment resistance — wide flange in compression
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11.2.2.2 Wide flange in tension

(1) The moment resistance of a liner tray with its wide flange in tension should be determined using the
step-by-step procedure outlined in Figure 11.8 as follows:

o Step 1: Locate the centroid of the gross cross-section;

e Step 2: Obtain the effective width of the wide flange bu.fr, allowing for possible flange curling, from:

53,3:10% ef t3 t,,

weff = s (£1.15)
where:
bu is the overall width of the wide flange;
€o is the distance from the centroidal axis of the gross cross-section to the centroidal axis
of the narrow flanges;
h is the overall depth of the liner tray;
L is the span of the liner tray;
teq is the equivalent thickness of the wide flange, given by:
teqq = (121,/by)13
I is the second moment of area of the wide flange, about its own centroid, see Figure 11.6.

o Step 3: Determine the effective areas of all the compression elements, based on values of the stress
ratio = oz / o1 obtained using the effective widths of the flanges but the area of the gross cross-
section of the webs;

o Step 4: Find the centroid of the effective cross-section, then obtain the buckling resistance moment
Myra using:

fyp fyb
Mb,Rd = 0,8 Bb Weff,com i but Mb,Rd = 0,8 Weff,t }/LMO (1116)

with:
Wettcom = Iyett [/ Zc
Weste = Iyete [ Zt
in which the correlation factor £ is given by the following:
o if 59<300 mm:
Po =10
e if 300 mm <51 <1000 mm:
Po = 1,15-s1 /2000
where:
s1 is the longitudinal spacing of fasteners supplying lateral restraint to the narrow flanges,

see Figure 11.6.

(2) The effects of shear lag need not be considered if L / buerr > 25. Otherwise a reduced value of p should
be determined as specified in 8:1.4.3.

103



15t draft prEN 1993-1-3: 2018 (E)

0
\

f EN KR
CI)c> N N‘ —_— =
& ¢ or
R - N
Y - v ...
« b,/ 2H‘ b, o 2»‘ ~ mbl2
Step 1 Step 2

0y < 0,8f/ %o [N o1 =0,8f,/ 7o MMM

Step 3 and 4

Figure 11.8 - Determination of moment resistance — wide flange in tension

(3) Flange curling need not be taken into account in determining deflections at serviceability limit states.

(4) As a simplified alternative, the moment resistance of a liner tray with an unstiffened wide flange may be
approximated by taking the same effective area for the wide flange in tension as for the two narrow flanges
in compression combined.
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11.3 Perforated sheeting

(1) Perforated sheeting with the holes arranged in the shape of equilateral triangles may be designed by
calculation, provided that the rules for non-perforated sheeting are modified by introducing the effective
thicknesses given below.

NOTE: These calculation rules tend to give rather conservative values. For more economical solutions see design
assisted by testing in Clause 12 and Annex A.

(2) Provided that 0,2< d /a <0,9, the section properties of the gross cross-section may be calculated using
Clause 7.1, but replacing t by t.. obtained from:

t =1,18¢ (1 — ) 11.17
a,eff 0'9 a ( )
where:
d is the diameter of the perforations;
a is the spacing between the centres of the perforations.

(3) Provided that 0,2 <d/a<0,9 effective section properties may be calculated using Clause 7, but replacing
t by tyerr obtained from:

sf d

(4) The resistance of a single web to local transverse forces may be calculated using Clause 8!1.7, but
replacing t by t..r obtained from:

3/2

d\’s
teerr =t (1 - (—) ﬂ) (@119)

al sy

where:
Sper is the slant height of the perforated portion of the web;
Sw is the total slant height of the web.
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- Trapezoidal sheeting with overlap at support
- Moment resisting overlap

- General

(1) Overlapping of ends of sheets designed to be statically effective should only be used in the area of the

inner supports of continuous systems. Different overlapping systems are shown in Table -They should
be dimensioned according to the present Clause and Clauseg_, respectively.

Table - Static system of the overlapping sheeting with single or double
overlap or reinforcement

Single overlap /+

with
Clause

cantilevered — . U I

. _ L L L |

- lower sheeting f i 7 :‘*M
r’ ¥

SOL-L

Single overlap
with
Clause | cantilevered

?’/
=
R
| - \
. = T, g A
- upper sheeting %I i Ry
[

SOL-U

Clause | Double overlap

i | oot .

+ 4
1%

Continuous — = = !
sheeting /+ S . i
. I |
Clause | reinforced J— — s ' -
: ! ! ¥ 7\
- above the ~ — 3 = AR
/ o+ + + LN
support / i —
CR -

(2) For profiled sheeting thicker than 1,0 mm, depending on the cross section (e.g. steep webs, @ > 75° and
flat trough, see Figure flats sheets may be considered to be inserted in the bottom flange in the area
of the support.

(3) In the case of profiled sheeting partially perforated in the web, the fasteners should be arranged in the
unperforated areas of the web.

(4) Overlapping may not be assessed as being statically effective in liner trays.
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-1.2 Overlap region considered as continuous sheeting

(1) The overlapping region may be considered as that of continuous sheeting if the overlapping length is at
least 0,08L and the fasteners are arranged as in Figure - The lengths of the spans should be about the
same.

(2) For the fasteners, the edge and spacing of Figure -apply.
3

—» D -
230 mm e
e~

F=r—f-—---—--—----=-= ==t
"“"Qir T+
+ |+ +

FyEa T j *

4d<p<10d

p =40 mm =P T

*>15 mm

Key
1. Shim of flat sheet

Figure - - Trapezoidal sheeting with single overlap at support

(3) Minimum two fasteners in each vertical row on each side of the free edge of the upper sheeting should
be used.

-1.3 Static system considering deformation in the overlaps and the connections

(1) A static system according to Figure -should be used where the fasteners are modelled as springs
with spring constant Stor Sy according to (5).

Figure @0} Static system for trapezoidal sheeting with single overlap at supports

(2) The overlapping length should be in the interval 0,065L to 0,11L where L is the larger of the adjacent
span but the overlapping length should not be larger than 0,15 times the shortest adjacent span.

(3) End and edge distances and spacing of fasteners should fulfil the conditions in Clause 8.3 and, for
fasteners in the crest or trough, in Table i

(4) The spring stiffness of the connections should be taken as:

3

e for fasteners in the trough (bottom flange): Sf =0,5 ka 2 Czw [-)
wPp

e for fasteners in the crest (top flange) above the

2S¢ acc.to (11.22)
support:
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e for fasteners in the webs: the deformation may be

omitted i.e. Sw =
where:

Ke is a coefficient according to Table -

d is the diameter of the fastener

dw is the diameter of the washer

hw is the height of the profile
by is the width of the flat part of the flange according to Table-

Table -— Arrangement of fasteners at support and coefficient for deformation

e1>bp, 22 40 mm ei1>bp, 22 40 mm
ke = 0,07 ke =0,13

(5) For single overlap with the cantilevered end of the profiled sheets underneath (SOL-L according to
Table G.1), the different parts of the overlapping region should be checked for bending moment, shear
force and support reaction force in sections A to D in Figure
Section A Bending moment Mggq= Msgkd- Ragals /4 in the lower sheeting

Fasteners in tension (TF, BF) or shear (W)

Section B Alternative W and TF: Bending moment Mggq = Msgd - Ragals / 8 in the lower sheeting
Alternative BF: Bending moment Mggq= Msgd- Ragals /8 and support reaction Raga in
the lower sheeting

Section C  Alternative W: Bending moment in the lower sheeting (no interaction with reaction force)

Alternative TF: Interaction between bending moment in the lower sheeting and the reduced
reaction force Ragd - S1, see Figure -

Alternative BF: Interaction between bending moment in the lower sheeting and the
increased reaction force Raga + S1, see Figure -

Section D Bending moment and shear force in the upper sheeting due to spring force S1 and loading
on the overlap part of the upper sheeting.

(6) The fasteners at the ends of the overlaps should be distributed over the height of the web in the
order 1, 2, 3 ... according to Figure -; if needed in two vertical rows.

108



1st draft prEN 1993-1-3: 2018 (E)

- Single overlap with overlapping lower sheeting (SOL-L)

(1) The fasteners are designed for the force in the springs of the static system according to Figure -
with allowance for the slope of the web.

(2) If the gravity load is dominating, the fasteners at the cantilevered end (section D in Figure -)

may be omitted in alternative SOL-L. For uplift loading the sheeting should then be considered as
simply supported.

Fi S a . - br =

(a) Single overlap type SOL-L (b) Alternative positions of fasteners

Figure -— Trapezoidal sheeting with single overlap at support (SOL-L)

(3) The lower sheeting should be designed according to -.1.3(5) depending on position of fasteners
W, FT or BF according to Figure i

LS L.
S1T T Sl% T
- 4 [

=
Raga— 51
RA,Ed RA,Ed +51

(a) Alternative W or TF (b) Alternative BF
(fasteners in the webs or crests) (fasteners in the trough)

Figure - Support reaction force on overlapping lower sheeting (SOL-L)

(3) The fasteners should be designed for a shear force per web using:

M
Fypa = —zlai'ff(',, by for SOL-L (11.21)

where:

Msgqa  is the bending moment at the support;
Viea  is the shear force to the left of the support;
7} is the slant of the web;

br is the pitch of the profile.
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-.3 Single overlap with overlapping upper sheeting (SOL-U)

(1) In the case of overlapping upper sheeting (SOL-U according to Table-) the support reaction is
divided by the two sheeting according to Figure

e
A C D
|

T~RA,Ed/2 + 51+ qgqa gSl

I ]

-
Ragd/2- 51
RaEd

Figure-Support reaction force on overlapping upper sheeting (SOL-U)

(2) The fasteners should be designed for a shear force per web using:

Fypa = |MS‘E; LJ;‘; !ZL'”' bg for SOL-U (11.22)

where:

Msgq  is the bending moment at the support;

y

Vi,ed  is the shear force to the left of the support;

7} is the slant of the web;
br is the pitch of the profile.

-.4 Double overlap -

(1) The resistance of a double overlap region (interaction of bending moment and support reaction)
(DOL according to [FaBIERRY) should be taken as the sum of the resistance of the bottom sheeting at the
support and a bending moment in the upper sheeting taken as the resistance Ryeq according to (5) times
a, but not more than the bending moment resistance of the sheeting itself, see Figure - The
bending moment and the support reaction should be increased due to the double sheeting but not less
than 1,1 times the moment for that of a continuous sheeting.

(2) If the moment is calculated with a model as in Figure-, the moment resistance may be taken as
the sum of the resistance of the two sheeting at the support.

(3) The screws at the end of the overlap should be checked for the shear force using:

|M5Ed|/2 + qgqa® /2
= ) for DOL -
51 2asing br

where:

Msgrq  is the bending moment at the support;

0] is the slant of the web;
br is the pitch of the profile.
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E-E SlI T"’RA,Ed/2 L
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Figure-- Support reaction force and bending moment in double overlapping sheeting
(DOL)

(4) The sheeting outside the ends of the overlap (D and E in Figure-) should be checked for the
bending moment at that section without interaction with the reaction force between the two sheeting.

(5) The end of the upper sheeting should be checked for reaction force Si and resistance Rweqa based on
loaded length equal to the vertical distance between the fasteners in section E.

(6) If the gravity load is dominating and there is no resulting upward load, the fasteners at the
cantilevered end D in Figure G.6 may be omitted.

-.5 Local reinforcement (CR)

(1) The resistance of sheeting reinforced with an extra sheeting above the continuous sheeting (CR
according to Table 11.9 and Figure-) may be set to the same as for double overlap in

W)

E a A a

o

AVE! g 3
E-E SlI T“’RA,Ed /2 Tsl
D-D

4
A ~RaEd/2

Figure-Support reaction force on continuous sheeting with reinforcement (CR)

(2) Fasteners should be mounted in the webs at the cantilevered ends D and E and above the support A.

(3) If the reinforcing sheeting is lying under the continuous sheeting the resistance above the support
may be stet to the sum of the resistances of the two sheeting. The sheeting outside the ends of the
overlap should be checked according to -4(4).
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11.5 Lateral and torsional restraints provided by sheeting or sandwich panels
11.5.1 Lateral restraints

(1) If sheeting or sandwich panels are connected to a purlin and the condition expressed by the Formula
(11.24) is met, the purlin at the connection may be regarded as being laterally restrained in the plane of the
sheeting or sandwich panels:

w2 w2 70
S= <EIWL—2+ GIT+EIZL—20,25 h2> 7z (11.24)
where:
S is the portion of the shear stiffness provided by the sheeting for the examined member
connected to the sheeting at each rib or by sandwich panels.
Ly is the warping constant of the purlin;
It is the torsion constant of the purlin;
I is the second moment of area about the minor axis of the cross-section of the purlin;
L is the span of the purlin;
h is the height of the purlin.

Formula [(11.24) may also be used to determine the lateral stability of member flanges used in combination
with other types of cladding than sheeting or sandwich panels, provided that the connections are of suitable
design.

(2) The shear stiffness of trapezoidal sheeting connected to the purlin at each rib and connected in every
side overlap may be calculated as follows:

S =1000 \/t_3<50 +10 3/bmof) hi in [N] (11.25)
w

where:
t is the design thickness of sheeting in [mm];
Droof is the overall length of the steel diaphragm of the roof in [mm];
s is the distance between the purlins in [mm];
hyw is the profile depth of sheeting in [mm].

Formula (11.25) only applies, if shear connectors are set between shear sheets and end rafters (but not at
internal rafters).

If the sheeting is connected to a purlin only every second rib, then S should be reduced and multiplied by
0,20.

For liner trays the shear stiffness is S, times distance between purlins, where S, is calculated according to
11.6.5(6).

NOTE: For additional information about the shear stiffness S for trapezoidal sheeting, see ECCS guidance (NOTE
in 11.6/1(3)) or design by testing.

112



1st draft prEN 1993-1-3: 2018 (E)

(3) The shear stiffness of sandwich panels connected to the purlin using at minimum one pair and in
maximum 4 pairs of fasteners may be calculated as

ky
g = _”Z c2 11.26
2BL. (11.26)
k=1
where:
kv is the shear stiffness determined from Table 11.11.
B is the panel width;
Ck is the distance between the two fasteners of a pair k;
Nk is the number of pairs of fasteners;
The sandwich panels should locate perpendicular to the connected purlins.
NOTE: Additional information about the shear stiffness S for sandwich panels (e.g. depending on the edge distance

of connectors) see ECCS Publication 135/CIB Publication 379: European Recommendations on the Stabilization of

Steel Structures by Sandwich Panels (2014) [2].

Table 11.11 - Shear stiffness k, [KN/mm] of fasteners :*1)

thickness of inner face sheet 522060 528060 —
0.40 mm 1.6 1.9 2.0
0.50 mm 2.0 23 2.5
0.63 mm 2.4 29 31
0.75 mm 2.8 33 3.6
NOTE:*) Linear interpolation is allowed with respect to steel grade and nominal thickness of inner face

sheet.

The application range of Table 11.11 is given in Table 11.12. The core material has no effect to k, values.

Table 11.12 -- Application range of Table 11.1

Nominal diameter d of fastener

5.5 mm < d < 8.0 mm

Total panel thickness D

D >40 mm

Nominal thickness trz of inner face sheet

0.40 mm < trz < 1.00 mm

Nominal thickness tsuy of supporting structure

1.50 mm < tsp
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11.5.2 Rotational restraint

(1) The rotational restraint provided to the purlin by the sheeting or sandwich panels thatis connected to
its top flange, should be modelled as a rotational spring acting at the top flange of the purlin, see Figure
11.16. The total rotational spring stiffness Cp should be determined from:

1
Cp = L1 1 (11.27)
Cpa Cpp  Cpc
where:

Cpa is the rotational stiffness of the connection between the sheeting or sandwich panel and the
purlin;

Cog is the rotational stiffness due to distortion of the cross-section of the purlins;

Coc is the rotational stiffness corresponding to the flexural stiffness of the sheeting or sandwich
panel.

(2) The values of Cpa, Cpr, Cpcmay be may be obtained either by calculation or testing (see Clause 12 and
AnnexiAl5) or by a combination of testing and calculation.

(3) The value of Cpc may be taken as the minimum value obtained from calculational models of the type
shown in Figure 11.16, taking account of the rotations of the adjacent purlins and the degree of continuity
of the sheeting or sandwich panels, using:

Coc= m/0 (11.28)
where:
m is the applied moment per unit width of sheeting or sandwich panels, applied as indicated in
Figure 11.16;
0 is the resulting rotation, measured as indicated in Figure 11.16 [radians].

Figure 11.16 - Model for calculating Cpc

(4) Alternatively a conservative value of Cpc may be obtained from:

Coc = (11.29)

in which k is a numerical coefficient, with values as follows:
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e end, upper case of Figure 11.16 k=2;
e end, lower case of Figure 11.16 k=3;
e mid, upper case of Figure 11.16 k=4
e mid, lower case of Figure[11.16 k=6;
where:
Loy is the effective second moment of area per unit width of the sheeting or sandwich panel;
s is the spacing of the purlins.

(5) For trapezoidal sheeting connected to the top flange of the purlin, provided that the sheet-to-purlin
fasteners are positioned centrally on the flange of the purlin, the value of Cp4 may be determined as follows
(see Table 11.13):

Cp,a = Cio0 "kpa " ke " Kpr " ko kpe (11.30)
where:
kba = (ba / 100)2 if ba<125mm;
kva=1,25 (ba / 100) if 125 mm <b, <200 mm;
ki = (taom / 0,75)11 if thom > 0,75 mm ; positive position;
ki = (toom / 0,75)15 if thom > 0,75 mm ; negative position;
kt = (tnom / 0,75)1'5 lf tnom < 0,75 mm,
ke = 1,0 if bR <185 mm;
kor = 185/ br if bg > 185 mm;
For gravity load:
ka=1,0 + (4-1,0)-0,08 if thom =0,75 mm ; positive position;
ka=1,0 + (4-1,0)-0,16 if thom = 0,75 mm ; negative position;
ka=1,0 + (4-1,0)-0,095 if thom =1,00 mm ; positive position;
ka=1,0 + (4-1,0)-0,095 if tom = 1,00 mm ; negative position;

e linear interpolation between £ = 0,75 and ¢ = 1,0 mm is allowed
e fort<0.75 mm the Formula is not valid;

e for t>1 mm, the Formula should be used with t =1 mm

For uplift load:

ka=1,0;
b
kpe = Témax if bt > bt max, otherwise kpr = 1;
T
A[KN/m]<12KkN/m load introduced from sheeting to beam;
where:
ba is the width of the purlin flange [in mm];
br is the corrugation width [in mm];
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br is the width of the sheeting flange through which it is fastened to the purlin;
brmax  is givenin Table 11.13;
C1o0 is a rotation coefficient, representing the value of Cpa if b, =100 mm.

Provided that there is no insulation between the sheeting and the purlins, the value of the rotation
coefficient Cioo may be obtained from Table 11.13.

Table 11.13 - Rotation coefficient Cioo for trapezoidal steel sheeting

Positioning of Sheet fastened Pitch of fasteners Washer C100 b1 max
sheeting through diameter
Positive 2 [ Negative 2 | Trough Crest e=br | e=2br [mm] [kNm/m] | [mm]
For gravity loading:
X X X 22 5,2 40
X X X 22 3,1 40
X X X Ka 10,0 40
X x X Ka 5,2 40
X X X 22 3,1 120
X X X 22 2,0 120
For upliftloading:
X X X 16 2,6 40
X X X 16 1,7 40
Key

br isthe corrugation width;
br is the width of the sheeting flange through which it is fastened to the purlin.

K. indicates a steel saddle washer with t> 0,75 mm, see below | Sheet fastened:

\ o through the trough:
N / bT

e through the crest:

The values in this Table are valid for:

e sheet fastener screws of diameter: @ = 6,3 mm; (b;
e steel washers of thickness: tw > 1,0 mm. X
< PR

a The position of sheeting in positive when the narrow flange is on the purlin and negative when the wide
flange is on the purlin.

(6) For liner trays with tnpom > 0,75 mm and b, < 600 mm, a connection rigidity of Cpa =1,7 kNm/m may
be used if a more precise analysis has not been carried out. The liner tray shall be fixed with at least two
fasteners per panel and support, with a distance <75 mm between the fastener and the web, see EN 1090-
4, Figure 5.

NOTE: This also applies to-fer liner trays with perforation according to Clause 11.3.
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(8) For sandwich panels, uplift loading causes an indentation of the fastener and gap between the upper
flange of the purlin and the inner face of the sandwich panel, so reduced rotational stiffness Cp4 should be
used based on testing. For gravity loading the rotational stiffness Cpa is:

o for purlins symmetric about minor axis:

CD,A = 0,75 C1 Ecytﬂ bz (11.31)

e for)-,Z-, U- or C-purlins:

CD,A = 0,75 C2 EC,t,H (11.32)
where:
Ec
Ecro=7—— /k3
Cte = 11 Do\t
Ow,+80°C .
ki =——— (for defining the factor k; see EN 14509:2013, A.5.5.5)
Ow,+20°C
c1and c; are given in Table 11.14.

Other parameters and the application range is given in Table 11.15.

Table 11.14 - Parameters c; and cz.

Core material Geometry of outer face (at the head of fastener) ca -] cz [m?]
PUR/PIR and profiled 2 0.180 6.48x10*
XPS/EPS slightly profiled/flat 0.142 5.11x10+
: profiled 2 0.089 3.20x10*
Mineral wool - -
slightly profiled/flat 0.048 1.73x10+
2 Depth of profiling = 30 mm.

Table 11.15 - Application range of Table 11.14

Parameter depending on the duration of loading Pot

Core materials PUR/PIR and XPS/EPS @po2000 = 1.29
Core materials PUR/PIR and XPS/EPS o100000 = 1.83 2
Core material mineral wool ®o2000 = 1.35

Core material mineral wool

®s,100000 = 2.13 2

Width b [mm)] of the flange of the purlin symmetric about minor axis

60 mm < b £ 180 mm

Width b [mm)] of the flange of }’-, Z-, U- and C-purlin

60 mm < b <80 mm

Elastic modulus of the core, mean value Ec of compressive modulus Ecc
and tensile modulus Ect. Ec = 0.5 (Ecc + Ec)) [N/mm?]

2.0 MPa < Ec< 6.0 MPa

Sheet thickness tcor of both faces of panel

0.38< teor < 0.71 mm

Characteristic compression strength fcc of the core material

core materials PUR/PIR and
XPS/EPS: fcc 2 0.08 MPa
core material mineral wool:

fece2 0.05 MPa
Characteristic tensile strength fc: of the core material fee20.06 MPa
Diameter of washer dw dw=16 mm

a  Values given for a duration loading of t = 100 000 hours may also be applied for longer durations.

according EN 14509-2 shall be performed.

If higher values of parameters b, Ec and tcor occur, the calculation procedure is applicable, but the values
should be reduced to the corresponding upper limits of the application range. If lower values occur, tests
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11.6 Stressed skin design
11.6.1 General

(1) The interaction between structural members and sheeting panels that are designed to act together as
parts of a combined structural system, may be allowed for as described in this Clause 11.6.

(2) The provisions given in this Clause should be applied only to sheet diaphragms that are made of steel.

(3) Diaphragms may be formed from profiled sheeting used as roof or wall cladding or for floors. They may
also be formed from wall or roof structures based upon liner trays.

NOTE: Additional information on the verification of such diaphragms are given in ECCS Publication No. 88 (1995):
European recommendations for the application of metal sheeting acting as a diaphragm. [1]

11.6.2 Diaphragm action

(1) In stressed skin design, advantage may be taken of the contribution that diaphragms of sheeting used
as roofing, flooring or wall cladding make to the overall stiffness and strength of the structural frame, by
means of their stiffness and strength in shear.

(2) Roofs and floors may be treated as deep plate girders extending throughout the length of a building,
resisting transverse in-plane loads and transmitting them to end gables, or to intermediate stiffened frames.
The panel of sheeting may be treated as a web that resists in-plane transverse loads in shear, with the edge
members acting as flanges that resist axial tension and compression forces, see Figures 11.17 and 11.18.

(3) Similarly, rectangular wall panels may be treated as bracing systems that act as shear diaphragms to
resist in-plane forces.

(@)

Key

() Sheeting

(b) Shear field in sheeting

(c) Flange forces in edge members

Figure 11.17 - Stressed skin action in a flat-roof building
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11.6.3 Necessary conditions

(1) Methods of stressed skin design that utilize sheeting as an integral part of a structure, may be used only
under the following conditions:

the use made of the sheeting, in addition to its primary purpose, is limited to the formation of shear
diaphragms to resist structural displacement in the plane of that sheeting;

the diaphragms have longitudinal edge members to carry flange forces arising from diaphragm
action;

the diaphragm forces in the plane of a roof or floor are transmitted to the foundations by means of
braced frames, further stressed-skin diaphragms, or other methods of sway resistance;

suitable structural connections are used to transmit diaphragm forces to the main steel framework
and to join the edge members acting as flanges;

the sheeting is treated as a structural component that cannot be removed without proper
consideration;

the project specification, including the calculations and drawings, draws attention to the fact that the
building is designed to utilize stressed skin action;

in sheeting with the corrugation oriented in the longitudinal direction of the roof the flange forces
due to diaphragm action may be taken up by the sheeting.

(2) Stressed skin design may be used in the roofs, floors and facades of buildings.

(3) Stressed skin diaphragms may be used predominantly to resist wind loads, snow loads and other loads
that are applied through the sheeting itself. They may also be used to resist small transient loads, such as
surge from light overhead cranes or hoists on runway beams, but may not be used to resist permanent
external loads, such as those from plant.

an
d
J/ @ |
Key

(a) Sheeting

(b) Flange forces in edge members

(c) Shear field in sheeting

(d) Gable tie required to resist forces in roof sheeting

Figure 11.18 - Stressed skin action in a pitched roof building
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11.6.4 Profiled steel sheet diaphragms

(1) In a profiled steel sheet diaphragm, see Figure 11.19, both ends of the sheets should be attached to the
supporting members by means of self-tapping screws, cartridge fired pins, welding, bolts or other fasteners
of a type that will not work loose in service, pull out, or fail in shear before causing tearing of the sheeting,
All such fasteners should be fixed directly through the sheeting into the supporting member, for example
through the troughs of profiled sheets, unless special measures are taken to ensure that the connections
effectively transmit the forces assumed in the design.

(2) The seams between adjacent sheets should be fastened by rivets, self-drilling screws, welds, or other
fasteners of a type that will not work loose in service, pull out, or fail in shear before causing tearing of the
sheeting. The spacing of such fasteners should not exceed 500 mm.

(3) The distances from all fasteners to the edges and ends of the sheets should be adequate to prevent
premature tearing of the sheets.

(4) Small randomly arranged openings, up to 3% of the relevant area, may be introduced without special
calculation, provided that the total number of fasteners is not reduced. Openings up to 15% of the relevant
area (the area of the surface of the diaphragm taken into account for the calculations) may be introduced if
justified by detailed calculations. Areas that contain larger openings should be split into smaller areas, each
with full diaphragm action.

Key

(a) Rafter

(b) Purlin

(c) Shear connector

(d) Sheet-to-shear connector fastener
(e) Purlin

(f) Sheet-to-purlin fastener

(g) Seam fastener

Figure 11.19 - Arrangement of an individual panel

(5) All sheeting that also forms part of a stressed-skin diaphragm should first be designed for its primary
purpose in bending. To ensure that any deterioration of the sheeting would be apparent in bending before
the resistance to stressed skin action is affected, it should then be verified that the shear stress due to
diaphragm action does not exceed 0,25 fyb/ 1.
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(6) The resistance of the seam connections and the sheet-to-member connections parallel to the
corrugations should be designed for the acting design load. The shear resistance of the sheet-to-purlin
fasteners and sheet-to-rafter fasteners (for sheeting connected directly to main beams) should exceed the
acting design load by at least 50% unless the prying action due to profile distortion (see Figure 11.20(6))
and the force perpendicular to the purlin due to slip in seams (see Figure 11.20(5)) are accounted for by
appropriate calculation. Prying action due to profile distortion can be avoided by using end reinforcement,
see Figure 11.20(9)! The combination of shear force and wind uplift should be checked in accordance with
Clause 10.3(8)! For any other type of failure the resistance should exceed the acting design load by at least
25%.

(7)
(1)
l -
! (6)
m l (8)
9]
v —_—
%4
Key
1 Rafter
2 Seam fasteners
3 Purlins
4 End sheet
5 Shear force due to slip in seam fasteners
6 Shear and prying action effect at end section
7 Mid-section
8 Forces acting on the sheet-to-purlin fasteners
9 End reinforcement preventing the prying action effect at end section

Figure 11.20 - Arrangement of an individual panel
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11.6.5 Steel liner tray diaphragms
(1) Liner trays used to form shear diaphragms should have stiffened wide flanges.

(2) Liner trays in shear diaphragms should be inter-connected by seam fasteners through the web at a
spacing es of not more than 300 mm by seam fasteners (normally blind rivets) located at a distance e,
from the wide flange of not more than 30 mm, all as shown in Figure 11.21.

(3) An accurate evaluation of deflections due to fasteners may be made using a similar procedure to that
for trapezoidal sheeting.

(4) The shear flow Tveq due to ultimate limit states design loads should not exceed Tvra given by:

Tyra = 843 E \14(t/by,)° (11.33)
where:
A is the second moment of area of the wide flange about it own centroid, see Figure 11.6;

by is the overall width of the wide flange.

Figure 11.21: - Location of seam fasteners

(5) The shear flow Tyser due to serviceability design loads should not exceed Tyca given by:

Tyca = 35% (11.34)
where:
Sy is the shear stiffness of the diaphragm, per unit length of the span of the liner trays.
(6) The shear stiffness Sv per unit length may be obtained from:
5, = kb (11.35)
es(b — by)
where:
L is the overall length of the shear diaphragm (in the direction of the span of the liner trays);
b is the overall width of the shear diaphragm (b =X by );
a is the stiffness factor.

(7) The stiffness factor « may be conservatively be taken as equal to 2000 N/mm unless more accurate
values are derived from tests.
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12 Design assisted by testing

(1) Clause 12 should be applied in conjunction with the principles for design assisted by testing given in EN
1990 and EN 1993-1-1. This Clause provides additional requirements specific to cold-formed members and
sheeting.

(2) Each test specimen should be similar in all respects to the component or structure which it represents.

(3) In the case of test on an assembly (e.g. an internal support test on an overlap or sleeve system), the test
specimens shall be assembled in accordance with the execution specifications.

(4) The supporting devices used fer in the tests should preferably provide end conditions which closely
ressemble those in the actual structure. If this cannot be achieved, less favourable end conditions which
decrease the load carrying capacity or increase the flexibility should be used. If no rotational restraint from
the supports can be assumed pin and roller supports or spherical bearings should be used as applicable.

(5) Iflocal buckling governs the resistance of the cross-section, the specimen should have a length of atleast
three times the width of the widest plate element. In the case of a cross-section with edge or intermediate
stiffeners, it should be ensured that the-specimen is long enough to accommodate multiple distortional half-
waves.

(6) Before testing, the cross-sectional dimensions of the specimen should be checked to ensure that they
are within the permitted tolerances specified by the relevant product standard.

(7) If the given load combination includes forces on more than one line of action, each increment of the test
loading should be applied proportionately to each of these forces.

(8) The loads shall either be applied incrementally or continuously. When the load is applied incrementally,
the increments shall be chosen so that the behaviour that is under observation is clearly defined. When the
load is applied continuously, the rate of loading shall be slow enough to ensure that static conditions prevail.

(9) At each stage of loading, the displacements and/or strains should be measured at one or more principal
locations on the structure. Readings of displacements or strains should not be taken until the structure has
completely stabilized after a load increment.

(10) The deflections at supports at both ends of the test specimen should also be considered.

(11) The test result should be taken as corresponding to the maximum value of the loading at the time of
failure.
(12) Failure of a test specimen should be considered to have occurred in any of the following cases:

e at collapse or fracture;

e if a crack indicates in a vital part of the specimen;

o if the displacements are excessive.
(13) For each test series, formal documentation shall be prepared providing all the relevant data, so that
the test series can be accurately reproduced.
(14) The following test procedures shall be carried out as specified in Annex A:

o tests on single beams and columns, see A.2;

e tests on structures and sub-assemblies, see A.3;

o tests on profiled sheeting and liner trays, see A.4;

o tests on beams restrained by sheeting, see A.5;

o tests on fastenings, see A.6;

e tests on storage equipment, see A.7;

e evaluation of test results to determine design values, see A.8.
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Annex A [normative] - Testing procedures
A.1 General

(1) This Annex A gives additional information to Clause 12.
NOTE 1:  Further information on testing can be set by the National Annex for use in a country.

NOTE 2:  Conversion factors for existing test results to be equivalent to the outcome of standardised tests according
to this Annex can be set by the National Annex for use in a country.

(2) This Annex covers:
e tests on single beams and columns, see Clause A.2;
o tests on structures and portions of structures, see Clause A.3;
e tests on profiled sheeting and liner trays, see Clause A.4;
e tests on beams restrained by sheeting, see Clause A.5;

e tests on fastenings, see Clause A.6;

tests on storage equipment, see Clause A.7;

e evaluation of test results to determine design values, see Clause A.8;

(3) The accuracy of all measurements should be compatible with the magnitude of the measurement
concerned and in no case should the error exceed + 1% of the value to be determined. The following
accuracies should also be attained for:

o the overall dimensions (width, depth and length): + 1,0 mm;

the widths of plane elements of the cross-section: * 1,0 mm;

e the radii of bends: 1,0 mm;

e the inclinations of plane elements: * 2,0°%;

o the angles between flat surfaces: * 2,0°;

e the locations and dimensions of intermediate stiffeners: + 1,0 mm;
e the thickness of the material: * 0,01 mm;

e all cross-sectional measurements: 0,5 % of the nominal values.

In addition, the locations of fasteners and of all components relative to each other should be recorded.
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A.2 Tests on single beams and columns
A.2.1 Full cross-section compression tests
A.2.1.1 Stub column tests

(1) Stub column tests may be used to allow for the effects of local and distortional buckling in thin gauge
cross-sections, by determining the value of the ratio 1 = A/ A and the location of the centroidal axis of the
effective cross-section.

(2) The lengths of specimens with perforated cross-sections should include at least five pitches of the
perforations, and should be such that the specimen is cut to length midway between two perforations.

(3) If the overall length of the specimen exceeds 20 times the least radius of gyration of its gross cross-
section imin, intermediate lateral restraints should be supplied at a spacing of not more than 20 imin.

(4) The cut ends of the specimen should be flat, and should be perpendicular to its longitudinal axis.

(5) An axial compressive force should be applied to each end of the specimen through pressure pads at least
30 mm thick that protrude at least 10 mm beyond the perimeter of the cross-section.

(6) The test specimen should be placed in the testing machine with a ball bearing at each end. There should
be small drilled indentations in the pressure pads to receive the ball bearings. The ball bearings should be
located in line with the centroid of the calculated effective cross-section. If the calculated location of this
effective centroid proves not to be correct, it may be adjusted within the test series.

(7) In the case of open cross-sections, possible spring-back may be corrected.

(8) Stub column tests may be used to determine the compression resistance of a cross-section. In
interpreting the test results, the following parameters should be treated as variables:

o the thickness;
e theratio b,/ ¢;
e theratio f, / fin;
o the ultimate strength fu and the yield strength f}s;
¢ the location of the centroid of the effective cross-section;
o imperfections in the shape of the elements of the cross-section;
o the method of cold-forming (for example increasing the yield strength by introducing a deformation
that is subsequently removed).
A.2.1.2 Member buckling test

(1) Member buckling tests may be used to determine the resistance of compression members with thin
gauge cross-sections to overall buckling (including flexural buckling, torsional buckling and torsional-
flexural buckling) and the interaction between local buckling and overall buckling.

(2) The method of carrying out the test should be generally as given for stub column tests in Clause A.2.1.1.

(3) A series of tests on axially loaded specimens with different member lengths may be used to determine
the appropriate buckling curve for a given type of cross-section and a given grade of steel, produced by a
specific process. The values of relative slenderness to be tested and the minimum number of tests n at each
value should be as given in Table A.1.

Table A.1 - Relative slenderness values (I ) and numbers of tests (N)

A 0,2 0,5 0,7 1,0 13 1,6 2,0 3,0

N 3 5 5 5 5 5 5 5
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(4) Similar tests may also be used to determine the effect of introducing intermediate restraints on the
torsional buckling resistance of a member.

(5) For the interpretation of the test results the following parameters should be taken into account:
e the parameters listed for stub column tests in Clause A.2.1.1(8);
¢ overall lack of straightness imperfections compared to standard production output, see 12(6)

o type of end or intermediate restraint (flexural, torsional or both).

(6) Overall lack of straightness may be taken into account as follows:

a) Determine the elastic critical compression load of the member by an appropriate analysis with initial
bow equal to test sample: Ferpow,test

b) As a) but with an initial bow equal to the maximum allowed according to the product specification:

F cr,bow,max,nom

C) Addlthnal COITeCthH faCtOI‘: Fcr_bowlmax_nom/Fcr‘bow_test

A.2.2 Full cross-section tension tests
(1) This test may be used to determine the average yield strength fj, of the cross-section.

(2) The specimen should have a length of atleast 5 times the width of the widest plane element in the cross-
section.

(3) The load should be applied through end supports that ensure a uniform stress distribution across the
cross-section.

(4) The failure zone should occur at a distance from the end supports of not less than the width of the widest
plane element in the cross-section.

A.2.3 Full cross-section bending tests
(1) This test may be used to determine the moment resistance and rotation capacity of a cross-section.

(2) The specimen should have a length of at least 15 times its greatest transversal dimension. The spacing
of lateral restraints to the compression flange should not be less than the spacing to be used in service.

(3) A pair of point loads should be applied to the specimen to produce a length under uniform bending
moment at midspan of at least 0,2 s (span) but not more than 0,33 s (span). These loads should be applied
through the shear centre of the cross-section. The section should be torsionally restrained at the load points.
If necessary, local buckling of the specimen should be prevented at the points of load application, to ensure
that failure occurs within the central portion of the span. The deflection should be measured at the load
positions, at midspan and at the ends of the specimen.

(4) In interpreting the test results, the following parameters should be treated as variables:

the thickness;

the ratio by, / t;

the ratio fu / fyb,
the ultimate strength f, and the yield strength f;;

differences between restraints used in the test and those available in service;

the support conditions.
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A.3 Tests on structures and sub-assemblies
A.3.1 Acceptance test

(1) This acceptance test may be used as a non-destructive test to confirm the structural performance of a
structure or sub-assemblies .

(2) The test load for an acceptance test should be taken as equal to the sum of:
e 1,0 x (the actual self-weight present during the test);
e 1,15 x (the remainder of the permanent load);
e 1,25 x (the variable loads)

but need not be taken as more than the mean of the total ultimate limit state design load and the total
serviceability limit state design load for the characteristic (rare) load combination.

(3) Before carrying out the acceptance test, preliminary bedding down loading (not exceeding the
characteristic values of the loads) may optionally be applied, and then removed.

(4) The structure should first be loaded up to a load equal to the total characteristic load. Under this load it
should demonstrate substantially elastic behaviour. On removal of this load the residual deflection should
not exceed 20% of the maximum recorded. If these criteria are not satisfied this part of the test procedure
should be repeated. In this repeat load cycle, the structure should demonstrate substantially linear
behaviour up to the characteristic load and the residual deflection should not exceed 10% of the maximum
recorded.

(5) During the acceptance test, the loads should be applied in a number of regular increments at regular
time intervals and the principal deflections should be measured at each stage. When the deflections show
significant non-linearity, the load increments should be reduced.

(6) On the attainment of the acceptance test load, the load should be maintained for being no changes
between a set of adjacent readings and deflection measurements should be taken to establish whether the
structure is subject to any time-dependent deformations, such as deformations of fasteners or deformations
arising from creep in the zinc layer.

(7) Unloading should be completed in regular decrements, with deflection readings taken at each stage.

(8) The structure should prove capable of sustaining the acceptance test load, and there should be no
significant local distortion or defects likely to render the structure unserviceable after the test.

A.3.2 Strength test

(1) This strength test may be used to confirm the calculated load carrying capacity of a structure or portion
of a structure. Where a number of similar items are to be constructed to a common design and one or more
prototypes have been submitted to and met all the requirements of this strength test, the others may be
accepted without further testing provided that they are similar in all relevant respects to the prototypes.

(2) Before carrying out strength test the specimen should first pass the acceptance test detailed in Clause
A3.1.

(3) The load should then be increased in increments up to the strength test load and the principal
deflections should be measured at each stage. The strength test load should be maintained for at least one
hour and deflection measurements should be taken to establish whether the structure is subject to creep.

(4) Unloading should be completed in regular decrements with deflection readings taken at each stage.
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(5) The total test load (including self-weight) for a strength test Fs should be determined from the total
design load Frq specified for ultimate limit state verifications by calculation, using:

Fowr = pi pir Fra (A1)
where:

Ur is the load adjustment coefficient;

i is the partial factor of the ultimate limit state.

(6) The load adjustment coefficient pr should take account of variations in the load carrying capacity of the
structure, or portion of a structure, due to the effects of variation in the material yield strength, local
buckling, overall buckling and any other relevant parameters or considerations.

(7) Where arealistic assessment of the load carrying capacity of the structure, or portion of a structure, may
be made using the provisions of this Annex A for design by calculation, or another proven method of analysis
that takes account of all buckling effects, the load adjustment coefficient yur may be taken as equal to the
ratio of the value of the assessed load carrying capacity based on the averaged basic yield strength fym
compared to the corresponding value based on the nominal basic yield strength f;s.

(8) The value of fym should be determined from the measured basic strength f;1, obs 0f the various components
of the structure, or portion of a structure, with due regard to their relative importance.

(9) If realistic theoretical assessments of the load carrying capacity cannot be made, the load adjustment
coefficient ur should be taken as equal to the resistance adjustment coefficient yur defined in Clause A.8.2.

(10) Under the test load there should be no failure by buckling or rupture in any part of the specimen.

(11) On removal of the test load, the deflection should be reduced by at least 20%.

A.3.3 Prototype failure test

(1) A test to failure may be used to determine the real mode of failure and the true load carrying capacity of
a structure or assembly. If the prototype is not required for use, it may optionally be used to obtain this
additional information after completing the strength test described in Clause A.3.2.

(2) Alternatively, a test to failure may be carried out to determine the true design load carrying capacity
from the ultimate test load. As the acceptance and strength test procedures should preferably be carried
out first, an estimate should be made of the anticipated design load carrying capacity as a basis for such
tests.

(3) Before carrying out a test to failure, the specimen should first pass the strength test described in Clause
A.3.2. Its estimated design load carrying capacity may then be adjusted based on its behaviour in the
strength test.

(4) During a test to failure, the loading should first be applied in increments up to the strength test load.
Subsequent load increments should then be based on an examination of the plot of the principal deflections.

(5) The ultimate load carrying capacity should be taken as the value of the test load at that point at which
the structure or assembly is unable to sustain any further increase in load.

NOTE: At this point overall permanent distortion is likely to have occurred. In some cases overall deformation
defines the test limit.

A.3.4 Calibration test
(1) A calibration test may be used to:
e verify load bearing behaviour relative to analytical design models;

e quantify parameters derived from design models, such as strength or stiffness of members or joints.
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A4 Tests on profiled sheeting and liner trays
A.4.1 General

(1) Although these test procedures are presented in terms of profiled sheets, similar test procedures based
on the same principles may also be used for liner trays and other types of sheeting.

(2) Loading may be applied through air bags or in a vacuum chamber or by steel or timber cross beams
arranged to approximate uniformly distributed loading.

(3) To prevent spreading of corrugations, transverse ties or other appropriate test accessories such as
timber blocks may be applied to the test specimen. Some examples are given in Figure A.1.

@)

Key

(a) Rivet or screw

(b) Transverse tie (metal strip)
(c) Timber blocks

Figure A.1 - Examples of appropriate test accessories

(4) In order to comply with Clause 7.3(5) test specimens comprised of sheeting with more than two ribs
should consist of complete ribs, as measured between the centre lines of ribs. If a longitudinal edge of the
specimen is in tension, the outstand part of it should be removed, as shown in Figure A.2. If a longitudinal
edge rib is in compression, the edge rib should be removed, as shown in Figure A.3.

VAVAVAWAY

NOTE: Parts to be removed are drawn in dotted lines

Figure A.2 - Procedure to cut the longitudinal lateral edges in tension

NOTE: Parts to be removed are drawn in dotted lines

Figure A.3 - Procedure to cut the longitudinal edges in compression
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A.4.2 Single span test

(1) A test set-up equivalent to that shown in [fable A.2 may be used to determine the midspan moment
resistance (in the absence of shear force) and the effective flexural stiffness.

(2) The flexural stiffness should be determined from the load-deflection diagram as the secant stiffness
corresponding to a moment equal to 60% of the ultimate moment.

Table A.2 - Test set-up for single span tests

lF/z lF/z f/z ¢F/2 M

(a) Uniformly distributed loading (b) Distributed loading applied by an airbag
and an example of alternative (alternatively by a vacuum test rig)
equivalent line loads Key (c) Transverse tie

>h L

(c) Example of support arrangements for preventing distortion
[ i

) 4
| — |

\ \
! > ~ 1,40 |«

I =

(d) Example of method of applying a line load

(3) For the purposes of assessment (see Clause A.8.3), tests on different specimens may be grouped into
families if they consist of specimens which comply with all of the following:

e common nominal yield strength fy,
e common or different testing spans
e common or different nominal thicknesses tmom
(4) For each nominal thickness, at least two specimens shall be tested.

(5) Specimens consisting of perforated sheeting or sheeting with holes should not be grouped into the same
family with specimens consisting of unperforated sheeting or sheeting without holes.
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A.4.3 Double span test

(1) The test set-ups shown in Figures A:4|andfA.5 may be used to determine the global resistance of sheeting

or liner trays (for a given support width bg) which are continuous over two equal spans and subject to a
under uniformly distributed load:

NOTE: Clause A.2.1(3) does not apply to these set-ups.

<&

Y V.V VY VYV Y Y Y Y Y Y Y Y Y Y Y Y YNV NN

- |

<

Figure A.4 - Test setup for double span tests

(2) The uniformly distributed load (Figure A.5) may be applied using, for instance, an air bag or a vacuum
chamber.

S S N A )

= s EoN
L/8 QF L/4*F L/4*F L/4*F L/4*F L/4»F L/4»F L/4*F* L/8
«~— >« | —————————»
\
¢F iF LF LF
= i KoN

0,125L —=» 0,525L—»=0,35L »=0,35L »<—0,525L —»=»-0,125L

- | -~

Figure A.5 - Examples of equivalent line loads for two double span tests

(3) These test configurations do not provide direct information about the behaviour under the combined
action of a bending moment and an internal support reaction. To determine the moment resistance, as well
as the moment rotation behaviour at the support, and to allow for an adequate interpretation of the test
results, the support reactions at all supports should be measured.
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A.4.4 Internal support test

(1) The test set-up shown in Table/A.3 is suitable to determine the behaviour of continuous sheeting at
internal supports under combined moment and reaction force and for a given support width bg. This test is
applicable to equal or unequal spans under uniformly or not-uniformly distributed load.

Table/A.3 - Test set-up for internal support test

7

() Internal support under gravity loading

|_D 4bB>

LT
(b) Internal support under uplift loading

_LF

(c) Internal support with loading applied to tension flange (geometry of contact area
equal to geometry of fastener)

(2) In order to obtain the same ratio of the bending moment to the support reaction as in the case of two
continuous spans of length L, the test span s may be taken as:

s = 04L (A.2)

(3) To obtain the behaviour over a range of different spans s, tests should be carried out for at least 3
different spans s, preferably with equal intervals.

(4) For each value of the test span s the support reaction R should be taken as the mean of the adjusted
values of the peak load Fiax for that value of s. The corresponding value of the support moment M should

then be determined from:
SR

The influence of the dead load should be added when calculating the value of the moment M according to
Formula (A.3).
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(5) The pairs of values of M and R for each value of s should be plotted as shown in Figure A.6. Pairs of
values for intermediate combinations of M and R may then be determined by linear interpolation. Instead
of a polygonal line (b), as shown in the Figure[A.6, a conservatively chosen straight or curved may be
adopted, using appropriate interaction Formulae.

\ 4

Key
(a) test results for different test spans
(b) linear interpolation

Figure A.6 - Relation between support moment M and support reaction R

(6) The net deflection at the point of load application C in Figure[A.7 should be obtained from the overall
measured values by considering the mean of the corresponding deflections measured at the points B and
D located at a distance e from the support points A and E, see Figure[A.7.

F
A B cl D E
Ee$
-

Figure A.7 - Test set-up for internal support tests
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(7) For each test the applied load should be plotted against the corresponding net deflection, see Figure A.8!
From this plot, the rotation @ should be obtained for a range of values of the applied load using:

2(6, — 8. —6
0= ( p(;,S s e— e el) (A4)
2 (6, — 8. — 6y
0= ( p(l),S se— e lm) (A.3)
where:
Jel is the net deflection for a given load on the rising part of the curve, before Fax;
Oyl is the net deflection for the same load on the falling part of the curve, after Fmax;
Olin is the fictive net deflection for a given load, that would be obtained with a linear behaviour,
see Figure A.8;
e is the average deflection measured at a distance e from the support, see Figure/A.7;
s is the test span;
e is the distance between a deflection measurement point and a support, see Figure A.7.

Formula (A.4) is used when analyses are done based on the effective cross-section. Formula (A.5) is used
when analyses are done based on the gross cross-section.

If timber blocks according to Clause A.4.1(3) are used, measurement of the deflection J. at points B and D
is not necessary and ¢ . and e may be taken as zero.

Frax|” P

m
Fl*
F R /
F
F
F

Sy O, 812 5

lin,2 “el,2

Figure A.8 - Relation between load F and deflection ¢

(8) The relationship between M and € should then be plotted for each test at a given test span s
corresponding to a given actual value of span L as shown in Figure A.9! The design M - & characteristic for
the moment resistance of the sheeting over an internal support should then be taken as equal to 0,9 times
the mean value of M for all the tests corresponding to that value of the actual span L.
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Key
Mmean mean value
Ma  design value

Figure A.9 - Derivation of moment-rotation (M - @) relationship

(9) A conservative simplified design may be carried out using a constant value of the support moment Mjim
corresponding to an arbitrary chosen limit rotation 6, (Figure A.9)./As part of the design process it should
be verified in design that the rotation in the ultimate limit state does not exceed the limit rotation Gjim.

NOTE: Actual rotation 6is usually less than 0.15 Rad.
(10) For the purposes of assessment (see Clause A.8.3), tests on different specimens may be grouped into
families if they consist of specimens which comply with all of the following:
e common nominal yield strength f,
e common nominal thicknesses tnom
e common support width bg
e common or different testing spans s
For each span, at least two specimens shall be tested.

Specimens of perforated sheeting or sheeting with holes (for example sheeting used as decking for slabs of
composite beams) should not be grouped into the same family with specimens of un-perforated sheeting
or sheeting without holes.

(11) If the characteristics are obtained by tests with different support width bg, the characteristics for an
intermediate support length may be determinate by linear interpolation.
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A.4.5 End support test

(1) The test set-up shown in Figure A:10 may be used to determine the shear and web crippling resistance
of sheeting at an end support.

NOTE: End support tests performed according to the EN 1993-1-3:2016 lead to more conservative results.
u xs/3 = 2s/3
F
lZSmm
timber T
/ ~ blocv/ v h

bs

<

300 mm . >3h

AV
v
v=

A

»ld
P«

A

Key
bs support length
u length from internal edge of end support to end of sheet

Figure A.10 - Test set-up for end support tests

(2) The maximum value of the reaction R corresponding to collapse of the specimen may be considered as
the resistance at the end support.

NOTE: Despite load application onto the bottom flange using timber blocks, in some cases failure occurs by
bending in the area where the load is introduced, leading to more conservative results.

(3) If the characteristics are obtained through tests with different support lengths bs, the characteristics for
an intermediate support length may be determined by interpolation, assuming linear behaviour.

(4) For the purposes of assessment (see A.8.3), tests on different specimens may be grouped into families
if they consist of specimens which comply with all of the following:

e common nominal yield strength f;1,
e common or different nominal thicknesses tnhom
e common testing spans s
For each nominal thickness, at least two specimens shall be tested.
(5) Specimens consisting of perforated sheeting or sheeting with holes (for example sheeting used as

decking for slabs of composite beams) should not be grouped into the same family with specimens
consisting of un-perforated sheeting or sheeting without holes.
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(1) The walkability of sheeting is applicable up to the span for which the assessment criteria in Table A.4

are fulfilled.
Table A4 - Assessment criteria for walkability
Loading pattern Loa?ll(r;]}:]g i Assessment criterion
F 1,2 significant permanent
Edge loading deformation
Outermost completely 1,5 failure load
fc?rme.d o F 2,0 sudden failure without
direction of lay ’ D
significant overall
deformation
_/_\fv\/_\
Central loading 2,0 failure load 2
’\_/\_/l\F_f\_/

a  After a first sudden drop following the first load peak, membrane effects may lead to a renewed rise
in load. Assessment criteria may be applied to the second load peak, provided that the additional
criterion Fmin > 1,5 KN is satisfied by the first load peak.

(2) The test sheeting should be placed on flat rails not less than 40 mm wide. For edge loading,
representative of walkability during installation, Clause A.4.1(3) does not apply.

(3) A concentrated quasi-static loading should be applied in the direction of gravity over a 100 mm x 150
mm area, with the longer side of the area parallel to the direction of the span. In order to prevent any stress
concentrations, loading should be applied through a soft layer of about 10 mm thickness, e.g. using a felt

pad.

(4) The tests should begin with the largest span envisaged for use in practice. If the assessment criteria
given in Table A4 |are not fulfilled by all of the required number of tests, as listed-in Table A.5, the span is
reduced until the required number of tests satisfy the assessment criteria.

Table A.5 - Minimum number of tests

Number of nominal sheet thicknesses to be tested

Number of tests

>3 =2

for thom = 0,60 mm 2 >3
1 >4

for thom < 0,60 mm >4
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(5) The maximum span of sheeting Lim, which may be walked on by a single person is the smallest of the
spans Liimtest resulting from loading at the edges or central loading.

(6) The test results should be adjusted according to Clause A.8.2, but a statistical evaluation according to
clause A.8.3 need not to be done. For Ragji < Fmin, the test results may be adjusted as follows:

R .
Linin = Lmin,test * min{M; 1 } (A.6)
UR Finin

where:

Lmintest  is the span used in the tests;
Robsmin 1S the minimum value obtained from testing over both test series

7 is the adjustment coefficient according to Clause A.8.2;
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A.5 Tests on torsionally restrained beams
A.5.1 General

(1) Clause A.5 applies to cold-formed beams, such as purlins, side rails, floor beams and other similar types
of beams, where one flange is laterally and/or partially torsionally restrained by steel sheeting.

(2) Clause A.5 does not apply to beams restrained by sandwich panels, for which testing procedures and
test set-ups are specified in EN 14509-2.

(3) The set-up shown in Figure A.11 should be used for sandwich panels under gravity loading.

NOTE: Additional information on testing procedure for sandwich panels is given in: European Recommendations on
the Stabilization of Steel Structures by Sandwich Panels. ECCS Pub. No. 135/CIB Pub. No. 320 (2014) [1].

A.5.2 Internal support test

(1) Clause A.2.4.1 applies.

(2) The interpretation of the test results should be carried out according to Clause A.2.4.2. If cleats are used
at the supports, the interaction of transverse force and bending moment may be neglected.

A.5.3 Determination of torsional restraint

(1) The test set-up shown in Figure A:11 may be used to determine the amount of torsional restraint
provided by adequately fastened sheeting or by a discrete member running perpendicularly to the span of
the beam.

(d)
—
b-a» k\(c)
O~ = ©
H S i
(@) ‘22b7b > 450 mm T

Key

(a) sheeting, (b) fastener, (c) profile, (d) load, (e) clamped support
a) Alternative 1

(a) sheeting, (b) fastener, (c) profile, (d) load, (e) insulation if available, (f) timber blocks
b) Alternative 2

Figure A.11 - Experimental determination of spring stiffness values K, and Kg
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(2) The test set-up in Figure - measures two combined contributions to the total amount of restraint:

a) The lateral stiffness Ka per unit length resulting from the rotational stiffness of the connection

between the sheeting and the beam;

b) The lateral stiffness Kz per unit length resulting from distortion of the cross-section of the purlin-

(3) The evaluation of the test results should be based on:

1 1 6

+ =
KA lA KB lB F

where:
In  is the modular length of the tested sheeting;
Iz is the length of the tested beam;
is the load which produces a lateral deflection of h/10;

o0 s the lateral displacement of the top flange in the direction of the load F.

(4) The values of Cp, for gravity loading and for uplift loading should be determined from:

hZ
. i
= é _ 4(1 —v?) h? (hg + bpmoa)
F Et3lg

with:
Bmod, h and hq are defined in Clause [(iNGNA)}
Ix and Ig are defined in Clause A.5.3(3).

(A7)

(A.8)

(5) When interpreting the test results according to Clause A.8, the following parameters should be treated

as variables:
¢ the number of fasteners per unit length of the specimen;
o the type of fasteners;
o the flexural stiffness of the beam, relative to its thickness;
o the flexural stiffness of the bottom flange of the sheeting, relative to its thickness;
o the positions of the fasteners in the flange of the sheeting;
o the distance from the fasteners to the centre of rotation of the beam;
o the overall depth of the beam;

o the possible presence of insulation between the beam and the sheeting.

140



1st draft prEN 1993-1-3: 2018 (E)

A.6 Tests on fastenings

(1) Testing of fasteners is described in EAD 330046-01-0602 Fastening Screws for Metal Members and
Sheeting [7].

NOTE: Additional information on testing procedures for fastenings is given in: The Design and Testing of
Connections in Steel Sheeting and Sections: ECCS Pub. No. 124 (2009) [3].

(2) An additional-margin of safety should be provided for a brittle failure mode compared to a ductile failure
mode.

A.7 Tests on components of storage equipment

(1) Testing of components of adjustable pallet racking is described in EN 15512.

NOTE: For other types of storage equipment no standard is available, however there are a number of industry
codes of practice:

e FEM 10.2.06: Shelving [4]
e FEM 10.2.07: Drive-in and drive-through racking [5]
e FEM 10.2.09: Cantilever racking [6].

A.8 Evaluation of test results
A.8.1 General

(1) A test specimen under test should be regarded as having failed if the applied loads have reached their
maximum values, a crack has initiated to spread in a vital part of the specimen or the overall deformations
have exceeded specified limits.

(2) The overall deformations of members should generally satisfy:
o < L/50 (A9)
¢ < 1/50 (A.10)

0 isthe maximum deflection of a beam of span L;
¢ isthe sway angle of a structure.
(3) When testing connections or components in which the examination of large deformations is necessary

for accurate assessment (for example, in evaluating the moment-rotation characteristics of sleeves), no
limit needs to be placed on the overall deformation during the test.

A.8.2 Adjustment of test results

(1) Test results should be appropriately adjusted to account for differences between the actual measured
properties of the test specimens and their nominal values.

(2) The measured basic yield strength fi,0bs should not deviate by more than -25% from the nominal basic
yield strength fin:— fibobs = 0,75 fin.

(3) The measured thickness tobs should not exceed the nominal material thickness thom (see Clause 5.2.:4)
by more than 12%.

(4) Adjustments should be made with respect to the actual measured values of the core material thickness
tobscor and the basic yield strength finons for all tests, except if the values measured in tests are used to
calibrate a design model. . In the latter case the provisions of Clause A.8.2(5) do not need to be applied.
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(5) The adjusted value of resistance Ragji of the ith test result (i = 1...n) should be determined from the
measured test result Rons; as follows:

Radj,i = Robs,i/ﬂR (All)
where: s is resistance adjustment coefficient given by:
Up = (fyb.obs)a (tobs,cor)ﬁ (A.lZ)
f yb tcor
(6) The exponent « for use in Formula (A:12) should be obtained as follows:
° iff;;b,obs Sf;;b: a=0
o if fybobs > fyb: a=1

For profiled sheeting or liner trays in which compression elements have such large b/t ratios that local
buckling will clearly be the failure mode: o= 0,5.

(7) The exponent g for use in Formula (A.12) should be obtained as follows:
o if tobscor < teor: pg=1
o if tobscor > teor!
- for tests on profiled sheeting or liner trays: p=2

- for tests on members, structures or subassemblies:

“if by/t > 1,5 (by/iim: f= 2
- if (bp/t)im < bp/t < 1,5 (bp/t)iim: obtain S by linear interpolation.

with the limiting width-to thickness ratio (bp/t)im given by:

b Ek
<—”> _ o4 |k Lo/t 191 ¢k, Il V (A13)
) im fyb | Ocom,Ea Ocom,Ed

where:
by is the notional flat width of a plane element;
ks is the relevant buckling factor from Table 6.1 or 6.2 in EN 1993-1-5: 2020;
Ocom,id is the largest calculated compressive stress in the element, at the ultimate limit

state.

(8) For adjustment of the second moment of area, where linear behaviour is observed in the serviceability
limit state, the exponents in the equation (A.12) should be taken as follows: @ = 0,0 and § = 1,0.
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A.8.3 Characteristic values
A.8.3.1 General

(1) Characteristic values of tested properties may be determined statistically, provided that there are at
least 3 test results.

(2) Additional rules apply to families of tests, as specified in-Clause A.8.3.2, or to cases where only a limited
number of test results are available, as specified in Clause A.8.3.3.

(3) The statistical evaluation leading to the determination of the characteristic values should be carried out
according EN 1990: 2018, Annex D.

(4) The values of the coefficient k, should be determined from the Table D1, EN 1990: 2018, according to
the number of test results and for an unknown V, value.

(5) The conversion factor 74 for differences in behaviour under test conditions and service conditions
should be determined in dependence of the modelling for testing.

(6) For testing of

sheeting according to Clause A.4;

torsionally restrained beams according to Clause A.5;

fastenings according to Clause A.6;
e components of storage equipment according to Clause A.7;
and for other well defined standard testing procedures 74 may be taken as equal to 1.0.

A.8.3.2 Characteristic values for families of tests

(1) Generally, several series of tests carried out on a number of otherwise similar structures, sub-
assemblies, members, sheeting or other structural components, in which one or more parameters are
varied, may be treated as a single family of tests, provided that they all have the same failure mode. The
parameters that are varied may include the cross-sectional dimensions, the span length, the thickness and
the material strengths.

For the single span tests, internal support tests and end support tests the families of tests are defined in
Clauses A.4.2, A.4.4 and A.4.5, respectively.

(2) In order to calculate the characteristic value of the resistance Ry; from a test series j, each test result
should first be normalized by dividing it by the mean value of the resistance of the series j, Rm,:

Xy = % i=1.n (A14)
m,j
where:
n; is the number of individual tests in a series j;
Ragiij  is the adjusted value of the resistance of specimen i of test series j;
Rinj is the mean value of the adjusted resistance Rag;;; of series J;

(3) The value of k, , obtained from Table D1, EN 1990: 2018, should be based on the total number of tests n
in the family:

. Z n; (A.15)

j
where:

n; is the number of individual tests in the series j
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(4) The standard deviation sx should be calculated as follows:

Sy = jn i T ZZ(xi,j -1)° (A.16)
75

(5) The characteristic value of the resistance Rx should be calculated as follows:

Rk,j = Rm,] ' (1 i anx) (A17)

where:
Sy is the standard deviation, as specified in (4);
kn is the appropriate coefficient from Table D.1, EN 1990: 2018;
R is the mean value of the adjusted resistances Rug;ij;

The least favourable sign "+" or "-" should be adopted.

(6) Subclause A.8.3.2 is analogously applicable to determine characteristic values in the serviceability limit
state with respect to deformations and rotations and the stiffnesses of members, sheeting and structures.

For characteristic values of rotations, both signs should be considered in Formula (A.17).

A.8.3.3 Characteristic values based on a small number of tests

(1) If only one test is carried out, then the characteristic value of resistance Ry corresponding to this test
should be obtained from the adjusted value of the test result R.q using the following Formula:

Ry = 0,9 7kRaqj (A.18)
in which nx should be taken as follows, depending on the failure mode:
e yielding: m=009;
e excessive overall deformation: m=20,9;
¢ local buckling: m=0,8.0,9 depending on effects on global behaviour in tests ;
o overall instability: m=0,7.

(2) For a series of two tests, provided that each adjusted test result Rag;; is within # 10% of the mean value
Rm of the adjusted test results, the characteristic value of resistance Ryx should be obtained using the
following Formula:

Ry = 1xRm (A.19)
(3) If only one test is carried out, the characteristic value of the stiffness should be reduced by 0,95 in case

a higher stiffness results in a-favourable effect and increased by 1,05 in case a higher stiffness results in an
unfavourable effect.

(4) The characteristic values of stiffness properties (such as flexural or rotational stiffness) may be taken
as the mean value of at least two tests, provided that each test result is within +10% of the mean value.
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A.8.4 Design values

(1) The design value of resistance Rq should be derived from the corresponding characteristic value of
resistance Ry determined by testing, using the following Formula:

Ry
Rg = Tsys — (A.20)
Ym
where:
M is the partial factor for the resistance see Clause4;

Tsys 1S a conversion factor accounting for the differences in behaviour between-test conditions
and service conditions.

(2) The appropriate value of 7y should be determined in dependence of the modelling for testing (with the
aid of analytical or numerical models).

(3) For testing of
e single beams according to Clause A.2;
e sheeting according to Clause A.4;
e torsionally restrained beams according to Clause A.5;
¢ fastenings according to Clause A.6;
e components of storage equipment according to Clause A.7;

and for other well defined standard testing procedures, 755ys may be taken equal to 1.0.

NOTE: The partial factor ym can be set by the National Annex for use ina country. It is recommended to use the
mi-values given in Clause & unless different values result from the use of Annex D of EN 1990.
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Annex B [informative] - Durability of fasteners
B.1 Use of this Informative Annex

(1) This Informative Annex provides complementary guidance to that given in Clause 6 for durability,
accounting for different materials for sheet and fasteners acting compositely. Table B.1 defines types of
material configurations recommended in respect of corrosion.

NOTE: The way in which this Informative Annex can be used in a Country is given in the National Annex. If the National
Annex is silent on the use of this informative anney, it can be used.

B.2 Scope and field of application
(1) This Informative Annex covers sheet material and material of fasteners as given in Table B.1.

(2) The environmental classification following EN ISO 12944-2 is presented in Table B.2.
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Table B.1 - Fastener material with regard to corrosion environment (and sheeting material only
for information). Only the risk of corrosion is considered. Classification of environment
according to EN ISO 12944-2.

Material of fastener
Classification Sheet — . .
of : Electro Hot-dip zinc Stainless Stainless
environment material Aluminium | galvanized steel. | coated steel®. steel, case steel, Monel

Coat thickness Coat thickness | hardened. 1.43014 a

>7um >45 um 1.40064 1.44364
Cc1 A B,C X X X X X X
D,E, S X X X X X X
C2 A X - X X X X
C,DE X - X X X X
S X - X X X X
C3 A X - X - X X
CE X - X (X)c Xy -
D X - X - Xy X
S - - X X X X
Cc4 A X - (X)c - (X)c -
D - - X - (X)c -
E X - X - Xy -
S - - X - X X
C5-1 A X - - - (Xyc -
Df - - X - (X)c -
S - - - - X -
C5-M A X - - - Xy -
Df - - X - Xy -
S - - - - X -

NOTE: Fastener of steel without coating can be used in corrosion classification class C1.

Key

A= Aluminium irrespective of surface finish

B= Un-coated steel sheet

C= Hot-dip zinc coated (Z275) or aluzink coated
(AZ150) steel sheet

D= Hot-dip zinc coated steel sheet + coating of paint or
plastics

E= Aluzink coated (AZ185) steel sheet

S= Stainless steel
X= Type of material recommended from the corrosion
standpoint

Type of material recommended from the corrosion

standpoint under the specified condition only

-= Type of material not recommended from the
corrosion standpoint

a  Refers to rivets only

b  Refers to screws and nuts only

c Insulating washer, of material resistant to
ageing, between sheeting and fastener

d  Stainless steel EN 10088

Risk of discoloration.

Always check with sheet supplier
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Table B.2 - Atmospheric-corrosivity categories according to EN ISO 12944-2 and examples of
typical environments

Corrosivity Corrosivity Examples of typical environments in a temperate climate
category level (informative)
Exterior Interior
C1 Very low - Heated buildings with clean

atmospheres, e. g. offices, shops,
schools and hotels.

C2 Low Atmospheres with low level of Unheated buildings where conden-
pollution. Mostly rural areas sation may occur, e. g. depots, sport
halls.
C3 Medium Urban and industrial Production rooms with high

atmospheres, moderate sulphur | humidity and some air pollution, e.
dioxide pollution. Coastal areas g. food-processing plants, laundries,

with low salinity. breweries and dairies.
C4 High Industrial areas and coastal Chemical plants, swimming pools,
areas with moderate salinity. coastal ship- and boatyards.
C5-1 Very high Industrial areas with high Building or areas with almost per-
(industrial) humidity and aggressive manent condensation and with high
atmosphere. pollution.
C5-M Very high Coastal and offshore areas with Building or areas with almost per-
(marine) high salinity. manent condensation and with high
pollution.
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Annex C [normative] - Mixed effective width/effective thickness method for
outstand elements

(1) This Annex may be used for outstand elements in compression and/or bending. The outstand element
is divided into a fully effective part of the section and a reduced part of the section due to local plate buckling.
The area of the effective cross-section of the outstand element is composed of an effective width b.otimes
the full element thickness t and an element width (bp-bey) times the effective thickness t.rreduced due to
local plate buckling, see Table/Ci1.

(2) The reduction factor is given by:

~_ 20 b - if 1, > 0,749 @)
p==— = = ut > = 1 =Y J
L E I p

(3) The slenderness parameter A, is given in 75.2.

(4) The buckling factor k. for different stress distributions may be determined with numerical methods.
Conservatively, the values given in EN 1993-1-5: 2020, Table 6.2, may be used.

(5) The stressratio i used in (4) and Table €!1 should be based on the properties of the gross cross-section.

(6) The resistance of the sections should be based on the elastic stress distribution of the effective cross-
section.
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Table C.1 - Outstand compression elements

Maximum compression at free longitudinal edge

Stress distribution Effective width and thickness
o 1>y =0
vo
i
o tt b, = 0,42 bp
——Veo o _
P

Y<0

s e DO 20 0,42 b
’ D

boo = +b, <b
o WWV . N CIEY) B
A b, = Y by
<« by 5 T w-1)
b ters = (1,75 p — 0,75 — 0,159) ¢t

Maximum compression at supported longitudinal edge

Stress distribution Effective width and thickness
1=2¢yY=0
“ WWWWWWW vo
y
A b = 0,42 bp
47beo e
b teff = (1,75 P — 0,75) t
p

P <0
5 \%MMI/IO' beo = 1-9)
‘ % | b = Y b,
<D ERCESY
~ b terr = (1,75p—0,75) t

150



1st draft prEN 1993-1-3: 2018 (E)

Bibliography

[1] ECCS Publication No.088: 1995, European recommendations for the application of metal sheeting
acting as a diaphragm. ECCS European convention for steel construction. Brussels.
Available from: http://www.steelconstruct.com

[2] ECCS Publication No.135/CIB Publication No.320: 2014, European recommendations on the
stabilization of steel structures by sandwich panels. ECCS European convention for steel construction.
Brussels.

Available from: http://site.cibworld.nl/dl/publications/pub320.pdf

[3] ECCS Publication No.124; 2009, The Testing of Connections with Mechanical Fasteners in Steel
Sheeting and Sections. ECCS European convention for steel construction. Brussels.
Available from: http://www.steelconstruct.com

[4] FEM 10.2.06: Shelving. Available from: www.erfed.org
[5] FEM 10.2.07: Drive-in and drive-through racking. Available from: www.erfed.org
[6] FEM 10.2.09: Cantilever racking. Available from: www.erfed.org

[7] EAD 330046-01-0602: Fastenings Screws for Metal Members and Sheeting.
Available from: www.eota.eu

151


http://site.cibworld.nl/dl/publications/pub320.pdf
http://www.erfed.org/
http://www.erfed.org/
http://www.erfed.org/

