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National annex for EN 1993-1-3

This standard gives aternative procedures, values and recommendations for classes 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 structuresto be constructed in the relevant country.

National choiceisallowedin EN 1993-1-3 through clauses:
- 2(3)

- 2(9

~3.1(4)

- 3.2.4(2)

- 5.3(4)

- 8.3(5)

- 8.3(13) (4 times)
~ 8.4(5)

~ 85.1(4)

- 9(2)

- 10.1.1(2)

~ A1) (2times)
- AB.A4)



prEN 1993-1-3 : 2004 (E)

1 Introduction

1.1 Scope

(1) Part 1-3 of EN 1993 gives design requirements for cold-formed thin gauge members and sheeting. It
appliesto cold-formed steel products made from coated or uncoated thin gauge hot or cold rolled sheet or strip,
that have been cold-formed by such processes as cold-rolled forming or press-braking. It may also be used for
the design of profiled sted sheeting for composite steel and concrete dabs at the congtruction stage, see
EN 1994. The execution of steel structures made of cold-formed thin gauge members and sheeting is covered
in EN 1090.

NOTE Therulesin this part complement the rulesin other parts of EN 1993-1.

(2) Methods are also given for stressed-skin design using steel sheeting as a structural diaphragm.

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

(4) This Part 1-3 of EN 1993 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.

(5) EN 1993-1-3 does not cover |oad arrangement for testing for loads during execution and maintenance.

1.2 Normative references

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

EN 1993 Eurocode 3 — Design of stedl structures

Part 1: General rules and rulesfor buildings
EN 10002 Metallic materials - Tensile testing:
Part 1. Method of test (at ambient temperature);

EN 10142 Continuoudly hot-dip zinc coated mild steel strip and sheet for cold-forming - Technical
delivery conditions;

EN 10143 Continuoudly hot-dip metal coated steel sheet and strip - Tolerances on dimensions and shape;
EN 10147 Secification for continuoudly hot-dip zinc coated structural steel sheet - Technical delivery

conditions;
EN 10149 Hot rolled flat products made of high yield strength steels for cold-forming:
Part 2: Delivery conditions for normalized/normalized rolled steels;
Part 3: Delivery conditions for thermomechanical rolled steels;
EN 10154 Continuoudy hot-dip aluminium-silicon (AS) coated steel strip and sheet - Technical delivery
conditions;

prEN 10162 Cold rolled steel sections - Technical delivery conditions - Dimensional and cross-sectional
tolerance;

EN 10204 Metallic products. Types of inspection documents (includes amendment A 1:1995);

EN 10214 Continuoudy hot-dip zinc-aluminium (ZA) coated steel strip and sheet - Technical delivery
conditions;

EN 10215 Continuoudy hot-dip aluminium-zinc (AZ) coated steel strip and sheet - Technical delivery
conditions;



prEN 1993-1-3 : 2004 (E)

EN 10219-1 Cold formed welded structural hollow sections of non-alloy and fine grain steels - Technical
delivery requirements,

EN 10219-2  Cold formed welded structural hollow sections of non-alloy and fine grain steels - Tolerances,
dimensions and sectional properties;

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

EN 10292 Continuoudly hot-dip coated strip and sheet of steds with higher yidd strength for cold
forming - Technical delivery conditions;

EN-I1SO 12944-2  Paints and vanishes. Corrosion protection of steel structures by protective paint systems.
Part 2: Classification of environments (1S0 12944-2:1998);

EN 1090, Part 2 Requirements for the execution of steel structures:
EN 1994 Eurocode 4: Design of composite steel and concrete structures,
EN SO 1478 (1SO 1478:1983) Tapping screws thread;

EN 1SO 1479 (1SO 1479:1983) Hexagon head tapping screws,
EN ISO 2702 (1SO 2702:1992) Heat-treated steel tapping screws - Mechanical properties;

EN ISO 7049 (1SO 7049:1983) Cross recessed pan head tapping screws,

SO 1000

1SO 4997 Cold reduced steel sheet of structural quality;

EN 508-1 Roofing products from metal sheet - Specification for self-supporting products of stedl,
aluminiumor stainless steel sheet - Part 1: Sed!;

FEM 10.2.02 Federation Europeenne de la manutention, Secion X, Equipment et proceedes de stockage,
FEM 10.2.02, The design of static steel pallet racking, Racking design code, April 2001
Version 1.02.

1.3 Definitions
Supplementary to EN 1993-1-1, for the purposes of this Part 1-3 of EN 1993, the following definitions apply:

131
basic material
Theflat sheet steel material out of which cold-formed sections and profiled sheets are made by cold-forming.

132
basicyield strength
Thetensileyield strength of the basic material.

133
diaphragm action
Structural behaviour involving in-plane shear in the sheeting.

134

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 paralel plane of profiled sheeting spanning
perpendicular to the span of the liner trays.

135

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.
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136
relative denderness
A normalized non-dimensional_slenderness ratio.

137

restraint

Restriction of the lateral or rotational movement, or the torsional or warping deformation, of a member or
element, that increasesiits buckling resistance to the same extent as arigid support.

1.38

stressed-skin design

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

1.39

support

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

1310

nominal thickness

A target average thickness inclusive zinc and other metallic coating layers when present rolled and defined by
the steel supplier (tom Not including organic coatings).

1311
stedl corethickness
A nominal thickness minus zinc and other metallic coating layers (tco)-

1312
design thickness
the steel core thickness used in design by calculation according to 3.2.4.

1.4 Symbols
(1) Inaddition to those given in EN 1993-1-1, the following main symbols are used:

Draft notez  Will be added later

(2) Additiona symbols are defined where they occur.

1.5 Terminology and conventions for dimensions

1.5.1 Form of sections

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

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

(3) Typicd forms of sections for cold-formed members are shown in figure 1.1.

NOTE: The calculation methods of this Part 1-3 of EN 1993 does not cover all the cases shown in figures
11-1.2.
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a) Single open sections

I I

b) Open built-up sections

L/
£
17

—) ()

¢) Closed built-up sections

Figurel.1: Typical formsof sectionsfor cold-formed members

(4) Examplesof cross-sections for cold-formed members and sheets areillustrated in figure 1.2.

NOTE: All rulesin thisPart 1-3 of EN 1993 relate to the main axis properties, which are defined by the main
axesy -y and z - z for symmetrical sectionsand u - u and v - v for unsymmetrical sections as e.g. angles and
Zed-sections. In some cases the bending axisis imposed by connected structural elements whether the cross-

section is symmetric or not.
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— o -——

a) Compression members and tension members

TH T XT

) L A\

) (I L\

b) Beams and other members subject to bending

AAVAAVAL VAL UERRVIRVIRYE
7/ VAU A U A WA S et B
Y N e

SV W L T

¢) Profiled sheetsand liner trays

Figure 1.2: Examples of cold-formed membersand profiled sheets

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

1.5.2 Form of stiffeners
(1) Typical formsof stiffenersfor cold-formed members and sheets are shown in figure 1.3.

10
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T N—
\J
1
a) Foldsand bends b) Folded groove and curved groove

c) Bolted angle stiffener

Figure1.3: Typical formsof stiffenersfor cold-formed membersand sheeting

(2) Longitudinal flange stiffeners may be either edge stiffeners or intermediate stiffeners.
(3) Typicd edge stiffeners are shown in figure 1.4.

—/ —3 T

a) Single edgefold stiffeners b) Double edgefold stiffeners

Figure1.4: Typical edge stiffeners

(4) Typicd intermediate longitudina stiffenersareillustrated in figure 1.5.

N/ S N

a) Intermediate flange stiffeners b) Intermediate web stiffeners

Figure1.5: Typical intermediate longitudinal stiffeners

1.5.3 Cross-section dimensions

(1) Overdl dimensions of cold-formed thin gauge members and sheeting, including overall width b, overal
height h, internal bend radius r and other external dimensions denoted by symbols without subscripts, such as
a, cor d, are measured to the face of the material, unless stated otherwise, asillustrated in figure 1.6.

11
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V;/

Figure 1.6: Dimensionsof typical cross-section

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

(3) Inthe case of doping elements, such as webs of trapezoida profiled sheets, the dant height s is measured
paralel to the dope. The dopeis straight line between intersection points of flanges and web.

(4) Thedeveloped height of aweb is measured along its midline, including any web stiffeners.
(5) Thedeveloped width of aflange is measured aong its midline, including any intermediate stiffeners.

(6) Thethickness t isasted design thickness (the steel core thickness extracted minus tolerance if needed as
specified in clause 3.2.4), if not otherwise stated.

1.5.4 Convention for member axes
(1) Ingeneral the conventions for membersisasused in Part 1-1 of EN 1993, see Figure 1.7.

Figure1.7: Axisconvention

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

- z-z axisperpendicular to the plane of sheeting.

2 Basis of design

(1) The design of cold formed thin gauge members and sheeting shall be in accordance with the general rules
given in EN 1990 and EN 1993-1-1. For a genera approach with FE-methods (or others) see EN 1993-1-5,
Annex C.

(2) Appropriate partial factors shall be adopted for ultimate limit states and serviceability limit states.

12
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(3) For verifications by calculation at ultimate limit states the partial factor y shall be taken as follows:
- resistance of cross-sections to excessive yielding including local and distortional buckling: o
- resistance of members and sheeting where failure is caused by global buckling: yu1
- resistance of net sections at bolt holes: ju2

NOTE: Numerical values for ywi may be defined in the National Annex. The following numerical values are
recommended for the use in buildings:

o = 1,00;
w1 = 1,00;
w2 =1,25.
(4) For valuesof y for resistance of connections, see Section 8 of this Part 1-3.
(5) For verifications at serviceability limit states the partial factor yu s shall be used.

NOTE: Numerica value for ju .« may be defined in the National Annex. The following numerica valueis
recommended:
'YM'ggf = 1,00 .

(6) For the design of structures made of cold formed thin gauge members and sheeting a distinction should be
made between “structural classes’ associated with failure consequences according to EN 1990 — Annex B
defined asfollows:

Structural Class |: Construction where cold-formed thin gauge members and sheeting are designed to
contribute to the overall strength and stability of a structure;

Structural Class11: Construction where cold-formed thin gauge members and sheeting are designed to
contribute to the strength and stability of individua structural elements;

Structural Class|11: Construction where cold-formed sheeting is used as an el ement that only transfers
loads to the structure.

NOTE 1: During different construction stages different construction classes may be considered.
NOTE 2: For requirements for execution of sheeting in structural classes|, 1l and I11 see EN 1090.

3 Materials

3.1 General
(1) All steels used for cold-formed members and profiled sheets shal be suitable for cold-forming and
welding, if needed. Steels used for members and sheets to be galvanized shall also be suitable for galvanizing.

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

(3) This part of EN 1993 covers the design of cold formed members and profiles sheets fabricated from steel
material conforming to the steel gradeslisted in table 3.1.

(4) Other materias and products not specified in European Product Standards may only be used if their useis
evaluated in accordance with the relevant rules in this standard and the applicable National Annex.

NOTE: For other steel materials and products see National Annex. Examples for steel grades that may
conform to the requirements of this standard are given in Table 3.1b. It is assued that for materials for which
the nominal ultimate tensile strength is higher than 550 N/mm? the resistance and ductility is verified by
testing.

13
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Table3.1a: Nominal valuesof basicyield strength fy, and ultimatetensile strength f,

Typeof sted Standard Grade fyo N/mm? fu N/mm?
Hot rolled products of non-aloy | EN 10025: Part 2 S235 235 360
strL_JcturaI stee!§ Part 2. Technica S275 275 430
delivery conditions for non aloy
structural stedls S355 355 510
Hot-rolled products of structurd stedls. | EN 10025: Part 3 S275N 275 370
e s 0
fine grain structural steds S420N 420 520
S460N 460 550
S275NL 275 370
S355NL 355 470
S420 NL 420 520
S460 NL 460 550
Hot-rolled products of structurd stedls. | EN 10025: Part 5 S275M 275 360
e e s 0 0
grain structural steels S420M 420 500
S460 M 460 530
S275ML 275 360
S355ML 355 450
S420 ML 420 500
S460 ML 460 530

1) Minimum values of the yield strength and ultimate tensile strength are not given in the standard. For all steel grades a minimum value of 140 N/mm?
for yield strength and 270 N/mm? for ultimate tensile strength may be assumed.

2) Theyidd strength values given in the names of the materials correspond to transversal tension. The values for longitudinal tension are given in thetable.

14



Table3.1b: Nominal valuesof basicyield strength fy, and ultimatetensile strength f,

prEN 1993-1-3 : 2004 (E)

Cold reduced steedl sheet of structural | 1SO 4997 CR 220 220 300
quality CR250 250 330
CR 320 320 400
Continuous hot dip zinc coated carbon | EN 10147 S220GD+Z 220 300
steel sheet of structural qudlity S250GD+Z 250 230
S280GD+Z 280 360
S320GD+Z 320 390
S350GD+Z 350 420
Hot-rolled flat products made of high | EN 10149: Part 2 S315MC 315 390
yield strength stedsfor cold forming. Part S355MC 355 430
2 Delivery conditions for
thermomechanically rolled steels S420MC 420 480
S460 MC 460 520
S500MC 500 550
S550MC 550 600
S600MC 600 650
S650MC 650 700
S700MC 700 750
EN 10149: Part 3 S260NC 260 370
S315NC 315 430
S355NC 355 470
S420NC 420 530
Cold-rolled flat products made of high | EN 10268 H240LA 240 340
yield strength micro-aloyed stedls for H280LA 280 370
cold forming
H320LA 320 400
H360LA 360 430
H400LA 400 460
Continuoudly hot-dip coated strip and | EN 10292 H260LAD 240 2) 3402)
sheet of steels with higher yield strength H300LAD 2802) 3702)
for cold forming
H340LAD 3202) 400 2)
H380LAD 360 2) 4302)
H420LAD 400 2) 460 2)
Continuoudly hot-dipped zinc-aluminium | EN 10214 S220GD+ZA 220 300
(ZA) coated stedl strip and sheet S250GD+ZA 250 230
S280GD+ZA 280 360
S320GD+ZA 320 390
S350GD+ZA 350 420
Continuoudy hot-dipped aluminium-zinc | EN 10215 S220GD+ZA 220 300
(AZ) coated stedl strip and sheet S250GD+ZA 250 230
S280GD+ZA 280 360
S320GD+ZA 320 390
S350GD+ZA 350 420
Continuoudly hot-dipped zinc coated | EN 10142 DX51D+Z 1401) 2701)
strip and sheet of mild sted for cold DX52D+Z 140 1) 2701)
forming
DX53D+Z 1401) 2701)

1) Minimum values of the yield strength and ultimate tensile strength are not given in the standard. For all steel grades a minimum value of 140 N/mm?

for yield strength and 270 N/mm? for ultimate tensile strength may be assumed.

2) Theyidd strength values given in the names of the materials correspond to transversal tension. The values for longitudinal tension are given in thetable.

Drafting note: Referencesto other technical specifications not included to Table 3.1 to be given.

15




prEN 1993-1-3 : 2004 (E)

3.2 Structural steel

3.2.1 Material properties of base material
(1) Thenominal values of yield strength fy, or tensile strength f, shall be obtained

a) either by adopting the values f, = Ren Or Ryo2 and fy = Ry, direct from product standards, or
b)  byusingthevauesgivenin Table3.1
()] by appropriate tests.

(2) Where the characteristic values are determined from tests, such tests shall be carried out in accordance with
EN 10002-1. The number of test coupons should be at least 5 and should be taken from alot in following

way:
1. Cails: a.  For alot from one production (one pot of melted steel) at least one coupon per coil of 30% of

the number of coails;
b. For alot from different productions at least one coupon per coil;
2. Strips: At least one coupon per 2000 kg from one production.

The coupons should be taken at random from the concerned lot of steel and the orientation should be in the
length of the structural element. The characteristic values shall be determined on 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.
(4) Theductility requirements should comply with 3.2.2 of EN 1993-1-1.

(5) Thedesign valuesfor material coefficients shall be taken as givenin 3.2.6 of EN 1993-1-1
(6) Themateria propertiesfor elevated temperatures are given in EN 1993-1-2.

3.2.2 Material properties of cold formed sections and sheeting

(1) Where the yield strength is specified using the symbol f, the average yield strength f,a may be used,
unlessin (4) to (8) apply. In that case the basic yield strength fy, shall be used. Where the yield strength is
specified using the symbol fy, the basic yield strength fy, shall be used.

(2) The average yield strength fya of a cross-section due to cold working may be determined from the results
of full sizetedts.

(3) Alternatively theincreased average yield strength f,a may be determined by calculation using:

knt? f,+f
fa= o +(F,— ) Zg but fyasq

.. (32)

where:
Ay is thegrosscross-sectiona area;
k is anumerical coefficient that depends on the type of forming asfollows:
-k =7 forroll forming;
-k = 5 for other methods of forming;

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 core thickness of the steel material before cold-forming, exclusive of metal and
organic coatings, see 3.2.4.

16
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(4) Theincreased yield strength due to cold forming may be taken into account asfollows:
- in axially loaded members in which the effective cross-sectional area A« equalsthe grossarea Ag;
-indetermining A theyield strength f, should be taken as fys,.

(5) Theaverageyield strength fya may be utilised in determining:
- the cross-section resistance of an axialy loaded tension member;

- the cross-section resistance and the buckling resistance of an axially loaded compression member with a
fully effective cross-section;

- the moment resistance of a cross-section with fully effective flanges.

(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 flanges. Expression (3.1) may then be used to obtain
values of increased yield strength f,; separately for each nominal plane element i, provided that:

ip\a,i fy,i

S <f, ...(32)

where:

Agi is thegrosscross-sectional areaof nomina plane element i,

and when calculating the increased yield strength fy; using the expression (3.1) the bends on the edge of the
nominal plane el ements should be counted with the half their angle for each area Ag;.

(7) The increase in yield strength due to cold forming shall not be utilised for members that are subjected to
heat treatment after forming at more than 580°C for more than one hour.

NOTE: For further information see EN 1090, Part 2.

(8) Specid attention should be paid to the fact that some heat treatments (especially annealing) might induce a
reduced yield strength lower than the basic yield strength fyy.

NOTE: For weldingin cold formed areas see also EN 1993-1-8.

3.2.3 Fracture toughness
(1) SeeEN 1993-1-1 and EN 1993-1-10.

3.2.4 Thickness and thickness tolerances

(1) The provisions for design by calculation given in this Part 1-3 of EN 1993 may be used for stedl within
given ranges of corethickness te:

NOTE: Theranges of core thickness ter for sheeting and members may be given in the National Annex. The
following values are recommended:

- for sheetingand members:.  045mm < tor < 15 mm except where otherwise specified, e.g. for joints

in section 8 , where tcor < 4 mm.
(2) Thicker or thinner material may aso be used, provided that the load bearing resistance is determined by
design assisted by testing.
(3) The stedl corethickness tor should be used as design thickness, where
tcor = (t nom tme'(alliccoactings) if tol <5% (33&)

100 - tol
toor = (tnom - tme'(alliccoatings)T if tol >5% (33b)

17
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where tol isthe minustolerancein %.

(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 (3.38) may be used.
If the negative tolerance is beyond "specid tolerance (S)" given in EN 10143 then the design thickness
according to (3.3b) may be used.

(5) toom is the nominal sheet thickness after cold forming. It may be taken as the value to t..m of the origina
shedt, if the calculative cross-sectiona areas before and after cold forming do not differ more than 2%;
otherwise the notional dimensions should be changed.

NOTE: Fortheusual Z 275 zinc coating, tinc = 0,04 mm.

3.3 Connecting devices

3.3.1 Bolt assemblies
(1) Bolts, nuts and washers shall conform to the requirements given in EN 1993-1-8.

3.3.2 Other types of mechanical fastener
(1) Other types of mechanical fastenersas:
- self-tapping screws as thread forming self-tapping screws, thread cutting self-tapping screws or self-drilling
self-tapping screws,

- cartridge-fired pins,

- blind rivets
may be used where they comply with the relevant EN Product Standards or ETAG or ETA.

(2) The characteristic shear resistance F,rx and the characteristic minimum tension resistance Firi of the
mechanical fasteners may be taken from the EN Product Standard or ETAG ir ETA.

3.3.3 Welding consumables
(1) Welding consumables shall conform to the requirements givenin EN 1993-1-8.

4  Durability
(1) For basic requirements see section 4 of EN 1993-1-1.
NOTE: EN 1090 lists the factors affecting execution that need to be specified during design.

(2) Specid attention should be given to cases in which different materials are intended to act compositely, if
these materials are such that electrochemical phenomena might produce conditions leading to corrosion.

NOTE 1 For corrosion resistance of fasteners for the environmental class following EN-1SO 12944-2 see
Annex B

NOTE 2: For roofing products see EN 508-1.
NOTE 3: For other products see Part 1-1 of EN 1993.

5 Structural analysis

5.1 Influence of rounded corners

(1) In cross-sections with rounded corners, the notional flat widths b, of the plane el ements shall be measured
from the midpoints of the adjacent corner elements asindicated in figure 5.3.

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

18
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(3) Unless more appropriate methods are used to determine the section properties the followign approximate
procedure may be used. The influence of rounded corners on cross-section resistance may be neglected if the
internal radius r = 5t and r = 0,10 b, and the cross-section may be assumed to consist of plane elements
with sharp corners (according to figure 5.4, note b, for al flat plane elements, inclusive plane elements in
tension). For cross-section gtiffness properties the influence of rounded corners should always be taken into

account.
gr bp
‘)‘ |
X\\ i

X is intersection of midlines
P is midpoint of corner

m =1+ t/2

9r = mltan($/2) - sin(¢/2)]

a) midpoint of corner or bend

T “\

c) notional flat width b, for a web
(bp = slant height s)

)&))
|
/i AN
b) notional flat width by d) notional flat width b, of plane elements

of plane elements b, ¢ and d adjacent to stiffeners

Figure5.3: Notional widthsof plane elements b allowing for corner radii

(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 5.4, using the
following approximations:

Pg=Agsn(1- & .. (5.18)
lg= lgen(1-20) ... (5.1b)
L = lwen (1 - 46) ... (5.1¢)

with:

19
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n

()
Z ri 9(;0

§=043""0 " ... (5.1d)

where;

Z bp,i

i=1

the area of the gross cross-section;

thevalue of Ay for across-section with sharp corners;

the notional flat width of plane element i for a cross-section with sharp corners;
the second moment of area of the gross cross-section;

thevalue of 1, for across-section with sharp corners;

the warping constant of the gross cross-section;

thevalue of |,, for across-section with sharp corners;

the angle between two plane elements;

the number of plane elements;

the number of curved elements;

the internal radius of curved element | .

(5) Thereductions given by expression (5.1) may also be applied in calculating the effective section properties
Agi, lyer, lzer @nd lugr, provided that the notiona flat widths of the plane elements are measured to the
points of intersection of their midlines.

bpi

<>

ﬂ
I
I
)
)
I
I
/

==

4

F===

]
0
(
f
0
0
\

Actual cross-section ldealized cross-section

Figure5.4: Approximate allowancefor rounded corners

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

tests.

5.2 Geometrical proportions

(1) The provisions for design by calculation given in this Part 1-3 of EN 1993 shall not be applied to cross-
sections outside the range of width-to-thicknessratios b/t and h/t givenin Table 5.1.
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NOTE Theselimits b/t and h/t givenin table 5.1 may be assumed to represent the field for which
sufficient experience and verification by testing is aready 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.

Tableb5.1: Maximum width-to-thicknessr atios

Element of cross-section Maximum value
< <2 > b/t< 50
t
—>j<—
<2 > M <2 > N b/t<60
1 c 4

c/t<50
Sl A 4

Mi K#"_{ b/t<90
. j—fc_“ Tc_“ c/t<60
T »Idp Jdle d/t<50
<2 > <2 > b/t < 500
t
>l<—

45° < ¢ < 90°
h h
o o h/t <500 sing
(2) In order to provide sufficient stiffness and to avoid primary buckling of the stiffener itself, the sizes of
stiffeners should be within the following ranges:

02<c/b<06 ... (5.29)
01<d/b<03 ... (5.2b)

in which the dimensions b, ¢ and d areasindicated intable5.1. If ¢c/b< 0,20rd/b< 0,1 thelip should be
ignored (c=0o0r d=0).

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

NOTE 2: Thelip measure c isperpendicular to the flangeif thelip is not perpendicular to the flange.

21



prEN 1993-1-3 : 2004 (E)

NOTE 3 For FE-methods see Annex C of EN 1993-1-5.

5.3 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 asindicated in table 5.2.

(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 5.1 of
EN 1993-1-1

NOTE Seedsoclause5.3.4 of EN 1993-1-1.

(4) For imperfections related to lateral torsional buckling an initial bow imperfections e, of the weak axis of
the profile may without assumed taking account at the sametime aninitial twist

NOTE The magnitude of the imperfection may be taken from the National Annex. Thevalue L/ey =600 is
recommended for sections assigned to LTB buckling curve b;

Table5.2: Modélling of elements of a cross-section

Type of dement Model Type of element Model

[ | "
[P — | [ 7
1 | — | [7]

ed

5.4 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.

NOTE: For liner trays this effect has been taken into account in 10.2.2.2.
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(2) Caculation of the curling may be carried out as follows. The formulae apply to both compression and
tensile flanges, both with and without stiffeners, but without closely spaced transversal stiffeners at flanges. For
aprofile which is straight prior to application of loading (see figure 5.5),

c.’b’
u= ZE_aZtZSz ... (5.39)
For an arched beam:
O-a b54
u= ZEtzr (53b)

where:

u isbending of the flange towards the neutral axis (curling), seefigure 5.5;

bs isone haf the distance between webs in box and hat sections, or the width of the portion of flange
projecting from the web, see figure 5.5

t isflangethickness;
z isdistance of flange under consideration from neutral axis;
r isradiusof curvature of arched beam;

oa 1S mean dtress in the flanges calculated with gross area. 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 theratio of the effective flange areato the gross flange area.

‘ Bbg ‘ bg

Figure5.5: Flange curling

5.5 Local and distortional buckling

5.5.1 General

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

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

(3) Indetermining resistanceto local buckling, the yield strength f, should be taken as fys.

(4) For serviceability verifications, the effective width of a compression element should be based on the
compressive Stress  geomedser 1N the element under the serviceability limit state loading.

(5) Thedistortional buckling for elements with edge or intermediate stiffeners as indicated in figure 5.6(d) are
considered in Section 5.5.3.
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b)
Figure5.6: Examples of distortional buckling modes

(6) Theeffects of distortional buckling should be allowed for in cases such as those indicated in figures 5.6(a),
(b) and (c). In these cases the effects of distortiona buckling should be determined performing linear (see
5.5.1(8)) or non-linear buckling analysis (see EN 1993-1-5) using numerical methods or column stub tests.

(7) Unlessthe simplified procedure in 5.5.3 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 actual member length, calculate the elastic buckling stress and identify
the corresponding buckling modes, see figure 5.7a.

2) Caculate the effective width(s) according to 5.5.2 for locally buckled cross-section parts based on the
minimum local buckling stress, seefigure 5.7b.

3) Cadlculate the reduced thickness (see 5.5.3.1(7)) of edge and intermediate stiffeners or other cross-
section parts undergoing distortional buckling based on the minimum distortional buckling stress, see
figure 5.7b.

4) Calculate overall buckling resistance according to 6.2 (flexural, torsiona or lateral-torsional buckling
depending on buckling mode) for actual member length and based on the effective cross-section from
2) and 3).

4 c) Overall

buckling

Buckling stress

b) Distorsional
buckling

a) Local
buckling

c)

>

Halve-wave length

Figure5.7a: Examples of elastic critical stressfor various buckling modes as function of halve-
wave length and examples of buckling modes.
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. —
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Figure5.7b: Examples of elastic buckling load and buckling resistance as a function of member
length

5.5.2 Plane elements without stiffeners
(1) The effective widths of unstiffened elements should be obtained from EN 1993-1-5 using the notional flat
width by, for b.

(2) The notional flat width b, of a plane element should be determined as specified in figure 5.3 of section
5.1.4. Inthe case of plane dementsin a doping webs, the appropriate ant height should be used.

NOTE For outstands a more refined method for calculating effective widthsis given in Annex D.
(3) Inapplying the method in EN 1993-1-5 the following procedure may be used:

- Thestressratio y, from tables 5.3 and 5.4 used to determine the effective width of flanges of a section
subject to stress gradient, may be based on gross section properties.

- Thestressratio y, from table 5.3 and 5.4 used to determine the effective width of web, may be obtained
using the effective area of compression flange and the gross area of the web.

- The effective section properties may be refined by repeating (7) an (8) iteratively, but using in (7) the stress
ratio y based the effective cross-section already found in place of the gross cross-section. The minimum
stepsin the iteration dealing with the stress gradient are two.

- The simplified method given in 5.5.3.4 may be used in the case of webs of trapetzoidal sheeting under
stress gradient.

5.5.3 Plane elements with edge or intermediate stiffeners
5531 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 partia 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 per unit length u as
illustrated in figure 5.8. The spring stiffness K per unit length may be determined from:

K=ul/¢é ..(5.9
where:

J isthe deflection of the stiffener due to the unit load u acting in the centroid (b;) of the effective
part of the cross-section.
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“

a) Actual system

A

b) Equivalent system

u

Compression Bending Compression Bending

c) Calculation of § for C and Z sections
Figure5.8: Determination of spring stiffness

(3) In determining the values of the rotational spring stiffnesses C,, C,1 and Cgy2 from the geometry of the
cross-section, 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 obtained from:

ub ® iy
o

... (56.10)
with:

e = pr/Cg

(5) In the case of the edge stiffeners of lipped C-sections and lipped Z-sections, C, should be determined
with the unit loads u applied as shown in figure 5.8(c). This results in the following expression for the spring
stiffness K; for the flange 1.

Et® 1

K= : ... (5.10b
' 4@1-v?) bZh, +b3+05b, b, h, k, (5.100)
where:
by is thedistance from the web-to-flange junction to the center of the effective area of the edge
stiffener (including effective part be of the flange) of flange 1, seefigure 5.8(a);
b, is the distance from the web-to-flange junction to the center of the effective area of the edge
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stiffener (including effective part of the flange ) of flange 2;

hw is theweb depth;

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

ki = '2’:2 if flange 2 isalso in compression (e.g. for abeamin axial compression);
Tl

ki=1 for a symmetric section in compression.

A«rn and Agrz S the effective area of the edge stiffener (including effective part be of the flange, see figure
5.8(b)) of flange 1 and flange 2 respectively.

(6) For an intermediate stiffener, as a conservative aternative the values of the rotational spring stiffnesses
Cq1and Cy, may be taken as equal to zero, and the deflection § may be obtained from:

5 b’ 121-v°)
~3b,+b,) Et

(7) Thereduction factor y 4 for the distortional buckling resistance (flexural buckling of a stiffener) should be
obtained from the relative slenderness A4 from:

.. (5.12)

Z4=10 if A4<0,65 ... (5.123)
4 =147-0,72314 if 0,65<4d<138 ... (5.12b)
0,66 L=
Ad
where:
Aa=T/00s ... (5.12d)
where:

oxs 1S theeadtic criticd stressfor the stiffener(s) from 5.5.3.2, 5.5.3.3 or 5.5.3.4.

(8) Alternatively, the elastic critical buckling stress awrs may be obtained from dagtic first order buckling
analysis using numerical methods (see 5.5.1(11)).

(9) Inthe case of a plane eement 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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5532 Planeedementswith edge stiffeners

(1) Thefollowing orocedure is applicable to an edge stiffener if the requirementsin 5.2 are met and the angle
between the stiffener and the plane element is between 45° and 135°.

- - - b .
}‘7 bel;’( Da— be2—> l—— be14> / < beng>
b
. . ) Y > LA
g " £ T
i o a-- e |
o O
%7b14> / S i
b \ bi . 7 OCU l
\ 1 — V‘& [
As Is\"\ AS, |S‘ % K
b/t < 60 b/t < 90 v degs 4
a) single edge fold b) double edge fold <Dpg

Figure5.9: Edge stiffeners

(2) The cross-section of an edge stiffener should be taken as comprising the effective portions of the stiffener,
dement ¢ or dements ¢ and d as shown in figure 5.9, plus the adjacent effective portion of the plane
element b,

(3) The procedure, which isillustrated in figure 5.10, should be carried out in steps as follows:

- Step 1: Obtain an initid effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint and that geomed = fyb/ 0, See (3) to (5);

- Step 22 Use the initial effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of a diffener), alowing for the effects of the
continuous spring restraint, see (6) and (7);

- Step 3: Optionally iterate to refine the value of the reduction factor for buckling of the stiffener, see
(8) and (9).

(4) Initial values of the effective widths b and be shown in figure 5.9 should be determined from clause
5.5.2 by assuming that the plane element b, is doubly supported, see table 5.3.
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(5) Initial values of the effective widths ¢ and dg shown in figure 5.9 should be obtained as follows:

a) forasingleedgefold stiffener:
Cett = p B ..(5.133)
with p obtained from 5.5.2, except using avalue of the buckling factor k; given by the following:
- if bpe/by < 0,35:

k;=0,5 ... (5.13b)
- if 0,35 < bye/by, < 06:

k, =05 + 083 Y(bye /by-035)*

..(5.13¢)
b) for adouble edgefold stiffener:
with p obtained from 5.5.2 with abuckling factor k, for adoubly supported element from table 5.3;
dett = p bpa .. (5.13¢)
with p obtained from 5.5.2 with abuckling factor k; for an outstand element from table 5.4.
(6) The effective cross-sectional area of the edge stiffener A should be obtained from:
As=1t(be + Cer) or ... (5.14a)
As =1 (e2 + Cer + Cep + Clerr) ...(5.14b)
respectively.
NOTE: The rounded corners should be taken into account if needed, see 5.1.
(7) Theéastic critical buckling stress g s for an edge stiffener should be obtained from:
2 JKEIg
Ogs=—
As ... (5.15)
where:
K is the spring stiffness per unit length, see 5.5.3.1(2).
ls is the effective second moment of area of the stiffener, taken as that of its effective area As

about the centroidal axis a- a of its effective cross-section, see figure 5.9.

(8) Alternatively, the eastic critical buckling stress gws may be obtained from elastic first order buckling
analyses using numerical methods, see 5.5.1(8).

(9) The reduction factor yq4 for the distortional buckling (flexural buckling of a stiffener) resistance of an
edge stiffener should be obtained from the value of s using the method givenin 5.5.3.1(7).
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a) Gross cross-section and boundary conditions

b) Step 1. Effective cross-section for K=o
based on geomed = fyb/ 10

c) Step 2: Eladtic critical stress gy s for
effective area of stiffener As fromstep 1

d) Reduced strength 4 fyn/ymo for effective
areaof stiffener As, with reduction factor y q
based on x5

€) Step 3: Optionally repeat step 1 by
calculating the effective width with areduced
compressive Stress geomedi = d fyo / 0 With g
lteration n ; from previousiteration, continuing until yan~ y
d(n-1 Ut yan< yam-1).

f./
who 3 o/ Bno . o
R Y f) Adopt an effective cross-section with be, Cer
b 1{1? * b, ‘ and reduced thickness te corresponding to jan
e l«— ~e2,n

Figure5.10: Compression resistance of a flange with an edge stiffener
(10)If 4 <1 it may be refined iteratively, starting the iteration with modified values of p obtained using
5.5.2(5) with Ocom,Ed,i equal to Xd fyb/}/MO, s0 that:

zp,red :zp Xd ... (5.16)
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(12)The reduced effective area of the stiffener Asres @lowing for flexural buckling should be taken as:

fun /7
As,red :Zd&m bUtAsred = As (517)

com,Ed
where

Oomed 1S compressive stress at the centreline of the stiffener calculated on the basis of the effective
Cross-section.

(12)In determining effective section properties, the reduced effective area Asres Should be represented by using
areduced thickness tieq =t Asred / As for all the elementsincluded in As.

55.3.3 Planedementswith intermediate stiffeners

(1) The following procedure is applicable to one or two equal imtermediate stiffeners formed by grooves or
bends provided that al plane e ements are calculated accorrding to 5.5.2.

(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,; and by> showninfigure5.11.

(3) The procedure, which isillustrated in figure 5.12, should be carried out in steps as follows:

- Step 1: Obtain an initial effective cross-section for the stiffener using effective widths determined
by assuming that the stiffener gives full restraint and that geomed = fyn/ 10, Se€ (3) and (4);

- Step 22 Usetheinitia effective cross-section of the stiffener to determine the reduction factor for
distortional buckling (flexural buckling of an intermediate stiffener), allowing for the effects of the
continuous spring restraint, see (5) and (6);

- Step 3: Optionaly iterate to refine the value of the reduction factor for buckling of the stiffener, see
(7) and (8).

(4) Initial values of the effective widths by, and bye; shownin figure 5.11 should be determined from 5.5.2
by assuming that the plane elements b,: and b, are doubly supported, see table 5.3.

b1 -~ 1: T~ b2
bp1 \ Pp,2
b /b b
PRl Y JPadiit <24\ 228

~ — s’

Figure5.11: Intermediate stiffeners

(5) The effective cross-sectional area of an intermediate stiffener As should be obtained from:
As=1(bre2 + boer + bs) ... (5.18)
in which the stiffener width bs isasshownin figure 5.11.
NOTE: The rounded corners should be taken into account if needed, see 5.1..
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(6) Thecritical buckling stress grs for an intermediate stiffener should be obtained from:

Oos= "El .. (5.19)
’ A
where:
K isthe spring stiffness per unit length, see 5.5.3.1(2).
ls is the effective second moment of area of the stiffener, taken as that of its effective area As

about the centroidal axis a- a of its effective cross-section, seefigure 5.11.

(7) Alternatively, the elastic critical buckling stress gws may be obtained from elastic first order buckling
analyses using numerical methods, see 5.5.1(11).

(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 givenin 5.5.3.1(7).

(9) If ya<1 itmay optionally be refined iteratively, starting the iteration with modified values of p obtained
using 5.5.2(5) with geomedi €qual to y afyw/ gm0, SO that:

zp,red :zp Xd (520)

(10)The reduced effective area of the stiffener Ageq allowing for distortional buckling (flexura buckling of a
stiffener) should be taken as:

fu /7
As,red :Zd&m bUtAsred = As (521)
com,Ed
where
Oomed 1S compressive stress at the centreline of the stiffener calculated on the basis of the effective
Cross-section.

(11)In determining effective section properties, the reduced effective area Asres Should be represented by using
areduced thickness treq =t Agred / As or all the elementsincluded in As.
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a) Gross cross-section and boundary conditions

b) Step 1. Effective cross-section for K =« based on
OcomEd = fyb/ 00

c) Step 2: Elastic critical stress g for effective area
of stiffener As fromstep 1

d) Reduced strength  y 4 fyo /ymo0 for effective area of
stiffener As, with reduction factor y 4 based on o s

€e) Step 3: Optionaly repeat step 1 by calculating the
effective width with areduced compressive Stress  geomed;
= ydafyo / o With yg from previous iteration, continuing
until yan= yam-1 bUt yan< yam-1).

f) Adopt an effective cross-section with bye , b2er and
reduced thickness teq correspondingto ydn

Figureb5.12: Compression resistance of a flange with an intermediate stiffener
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5534 Trapezoidal sheeting profileswith intermediate stiffeners

55341 General

(1) This sub-clause 5.5.3.4 should be used for trapezoidal profiled sheets, in association with 5.5.3.3 for
flanges with intermediate flange stiffeners and 5.5.3.3 for webs with intermediate stiffeners.

(2) Interaction between the buckling of intermediate flange stiffeners and intermediate web stiffeners should
a so be taken into account using the method given in 5.5.3.4.4.

5.5.34.2 Flangeswith intermediate stiffeners

(1) If it issubject to uniform compression, the effective cross-section of a flange with intermediate stiffeners
should be assumed to consist of the reduced effective areas Asred and two strips of width 0,5bes (or 15t, see
figure 5.13) adjacent to the stiffener.

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

42k E ls t3
O-cr,s = As 4 b 2 ( 2 b + 3 b )
P b ° .. (5.22)

where:
(o isthe notional flat width of plane element shown in figure 5.13;
bs isthe stiffener width, measured around the perimeter of the stiffener, see figure 5.13;

A, ls  are the cross-section area and the second moment of area of the stiffener cross-section
according to figure 5.13;

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 equation 5.22 may be used for wide grooves provided that flat part of the stiffener is reduced due to local
buckling and b, in the equation 5.22 is replaced by the larger of by and 0,25(3by+by), seefigure 5.13. Similar
method isvalid for flange with two or more wide grooves.

h— /S Cross section to w—
o,5beﬂH k»ko,sbeff o,5b2,eﬂﬁ %ﬁo,sblyeff

calculate A

% Lot ﬂ\/‘eﬁt ﬂ Cross section to w

calculate I min(15t 0,5bp,2)

LEN LN LN
R

o
N

b

S

Figure5.13: Compression flange with one, two or multiple stiffeners
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(3) For two symmetricaly placed flange stiffeners, the elastic critical buckling stress s should be obtained
from:

42 k, E s t°
Tos A 8h’ (3be-4bn)
s br e - 4 ... (5.239)

with:
De = 20,1 + by + 2bs
by =bp1+0,5b
where:
Bp1 isthe notional flat width of an outer plane element, as shown in figure 5.13;
by isthe notional flat width of the central plane element, as shownin figure 5.13;

by isthe overal width of a stiffener, see figure 5.13;

A, ls  are the cross-section area and the second moment of area of the stiffener cross-section
according to figure 5.13.

(4) For amultiple stiffened flange (three or more equal stiffeners) the effective area of the entire flange is
At = pbet ...(5.23h)

where p isthe reduction factor according to expression (5.4b) for the denderness zp based on the elastic
buckling stress

.t Et?
O-cr,s :lv8E bogsbez +3’6¥ (5230)
where:
I is the sum of the second moment of area of the stiffeners about the centroidal axis a-a,

neglecting the thickness terms bt3/12 :

b, isthe width of the flange as shown in 5.13;
b, is the developed width of the flange as shown in figure 5.13.
(5) Thevaueof k, may be calculated from the compression flange buckling wavelength 1, asfollows:
- if /sy > 2:
ko = Ko ...(5.24a)
-if lp/sy < 2
2
2l I
kw = kwo - (kwo -1) - £_bj (524b)
Sw Sw
where:
Sw is the slant height of the web, see figure 5.3(c).

(6) Alternatively, the rotational restraint coefficient k, may conservatively be taken as equal to 1,0
corresponding to a pin-jointed condition.
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(7) Thevaluesof I, and ky, may be determined from the following:
- for acompression flange with one intermediate stiffener:

lsby (20, +3bs )
Ib:3,o7i/ i t;’

.. (5.25)
K = | Sw + 2 by
\'sw + 05 by ... (5.26)
with:
bd:2bp+bs
- for acompression flange with two or three intermediate stiffeners:
— 4 2 - 3
1,=365 4 1o b’ (3be-4by )/t .. (5.27)
k:\/ (2be+sv) (3be-41 )
bi (4be-6b )+ sy (3be-4b ) .. (5.28)

(8) The reduced effective area of the stiffener Asrea allowing for distortional buckling (flexural buckling of an
intermediate stiffener) should be taken as:

foo !
Ao = Xa A2 but Ares < As ... (5.29)

o-oom,ser

(9) If the webs are undgtiffened, the reduction factor 4 should be obtained directly from ows using the
method givenin 5.5.3.1(7).

(10)If the webs are aso stiffened, the reduction factor y 4 should be obtained using the method given in
5.5.3.1(7), but with the modified elastic critical stress gemod givenin5.5.3.4.4.

(11)In determining effective section properties, the reduced effective area Asres Should be represented by using
areduced thickness treq =t Agrea / As for al the elementsincluded in As.

5.5.3.4.3 Webswith up totwo 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 Ased Of 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, seefigure 5.14.

(2) The effective cross-section of aweb as shown in figure 5.14 should be taken to include:

a) astrip of width s 1 adjacent to the compression flange;
b) thereduced effective area Agreq Of €ach web stiffener, up to a maximum of two;
c) astrip of width s« adjacent to the effective centroidal axis;

d) thepart of thewebintension.

36



prEN 1993-1-3 : 2004 (E)

Figure5.14: Effective cross-sections of webs of trapezoidal profiled sheets

(3) Theeffective areas of the stiffeners should be obtained from the following:
- for asingle stiffener, or for the stiffener closer to the compression flange:

Ac= 1t (Sur2 + Suf3 + Sxa) ... (5.30)
- for asecond stiffener:
As=t(Sett 4 + Setrs + Sw) .. (5.31)

inwhich thedimensions sg1 10 S#n and Sy and sy areasshowninfigure 5.14.

(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« should be obtained
from:

Sero = 0,76t \/ E/ (?’MoO'oom,Ed )

..(6.32)
where:
oomed  ISthe stress in the compression flange when the cross-section resistance is reached.
(5) If thewebisnot fully effective, the dimensions ssr1 t0 Ssin Should be determined asfollows:
Seff,1 = Seff,0 ... (5.339)
Ser2= (1 + 0,5n./ &) Sero ... (5.33b)
Sera= [1 + 0,5(ha + ha)/ €] Seo ... (5.330)
Ssra= (1 +0,5h,/ &) Seto ... (5.33d)
Sers=[1+0,5(hy + he )/ €] Seir0 .. (5.33¢)
Sn= 1,550 ... (5.33f)
where:
= is the distance from the effective centroidal axis to the system line of the compression flange,

seefigure 5.14;

and thedimensions h,, hy, hey and hg, areasshowninfigure 5.14.
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(6) Thedimensions s«1 t0 S«n Should initially be determined from (5) and then revised if the relevant plane
element isfully effective, using the following:

- inanungtiffened web, if ss#1+ Ssern > S the entire web is effective, so revise asfollows:
Sef1= 0,4, ... (5.34a)
Setn= 0,65 ... (5.34b)
- indiffened web, if Ssi1+ Ssr2 > Su thewhole of s, iseffective, so revise asfollows:

S
Sy =——=>——
i1 = o 0,5h, /e, ... (5.3539)

_ _(1+05h /e)

Stz = S 2+05h /e, ... (5.35b)

- inaweb with one stiffener, if s¢3+ Sern > S thewholeof s, iseffective, so revise asfollows:

[1+05(h, +h,)/e,]

Sgrz = S, ... (5.36
a3 ™ 25405(h, +h,)/e, (5:362)
15s,
Sefn = ... (5.36b
" 25+05h +h,)/e (5.360)
- inaweb with two stiffeners:
- if sqr3+Ser4 > S thewholeof s, iseffective, so revise asfollows:
s s 1+05(h, + hy)/e, .
3 2105h, +hg, +h,)/e, - (5379)
« _s 1+0,5h, /e, g
4™ 2405, +h, +h,)/e, - (5370)
- if ssi5+Setn > S thewholeof s, iseffective, so revise asfollows:
1+0,5(h, + hy)/e,
Setts = S, ... (5.38
S T 25405(h, +hy)/e. (5:389)
15s,
... (5.38b)

S =
an 25405, +hy)/e,
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(7) For asingle stiffener, or for the stiffener closer to the compression flange in webs with two stiffeners, the
dadtic critical buckling stress agersn should be determined using:

crsa

_1105 ka |S tgsl

Aa sz (s-s2) ... (5.3%)

inwhich s, isgiven by the following:

- for asingle tiffener:

$=09(sat+sats) ... (5.39b)

- for the stiffener closer to the compression flange, in webs with two stiffeners:

SI=S%+tSatSH+05(sp+ ) ... (5.39¢)
with:

$=51-%- 058 ... (5.39d)
where:

ke isacoefficient that allowsfor partial rotational restraint of the stiffened web by the flanges;

Is

is the second moment of area of a gtiffener cross-section comprising the fold width s, and two
adjacent strips, each of width s« , about its own centroidal axis parallel to the plane web
dements, seefigure 5.15. In calculating |s the possible difference in slope between the plane
web elements on either side of the stiffener may be neglected.

(8) In the absence of amore detailed investigation, the rotational restraint coefficient ki may conservatively be
taken asequal to 1,0 corresponding to a pin-jointed condition.

iseff 2
\Z\ eff 3

Cross-section for
S, determining Ag
S4
Setf,1

Zseff,1

Cross-section for

determining |g

Figure5.15: Web stiffenersfor trapezoidal profiled sheeting

(9) For asingle stiffener in compression, or for the stiffener closer to the compression flange in webs with two
gtiffeners, the reduced effective area Asreq Should be determined from:

Asa,red =

Xa Aa

1-(h, +0,5h )/e,

but Asred < Aa ... (5.40)
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(10)If the flanges are unstiffened, the reduction factor y 4 should be obtained directly from ows using the
method given in 5.5.3.1(7).

(11)If the flanges are also stiffened, the reduction factor y 4 should be obtained using the method given in
5.5.3.1(7), but with the modified elastic critical stress gumea givenin5.5.3.4.4.

(12)For asingle stiffener in tension, the reduced effective area Asreq Should be taken as equal t0 As.

(13)For webs with two stiffeners, the reduced effective area Agrea fOr the second stiffener, should be taken as
equal to Ay .

(14)In determining effective section properties, the reduced effective area Asxres Should be represented by
using areduced thickness teq = yq4t for al the elementsincludedin As.

(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 ty for al the elements included in the
flange stiffener areas As. This iteration should be based on an increased basic effective width s« obtained
from:

Seﬁ:’o = 0,95t L
V' 700 comes . (5.41)

5.5.3.4.4 Sheeting with flange stiffenersand web stiffeners

(2) In the case of sheeting with intermediate stiffeners in the flanges and in the webs, see figure 5.16,
interaction between the distorsiona buckling (flexural buckling of the flange stiffeners and the web stiffeners)
should be allowed for by using a modified elastic critical stress O moq for both types of stiffeners, obtained

from:

(9

cr,s

4
GCFS
1/14{[35 ’ }
Gcr,sa

.. (5.42)

Gcr,mod =

O4s isthedadtic critica stressfor an intermediate flange stiffener, see 5.5.3.4.2(2) for aflange with
asingle stiffener or 5.5.3.4.2(3) for aflange with two stiffeners;

asa ISthe eastic critical stress for a single web dtiffener, or the stiffener closer to the compression
flange in webs with two stiffeners, see 5.5.3.4.3(7);

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

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

1-(ha+05hy) /e foraprofilein bending;

1 for aprofilein axial compression.

R PP
1l
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Figure5.16: Trapezoidal profiled sheeting with flange stiffenersand web stiffeners

5.6 Buckling between fasteners

(1) Buckling between fasteners should be checked for composed elements of plates and mechanical fasteners,
see Table 3.3 of EN 1993-1-8.

6 Ultimate limit states
6.1 Resistance of cross-sections

6.1.1 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 shall be taken into account by using effective
section properties determined as specified in Section 5.5.

(3) The buckling resistance of members shall be verified as specified in Section 6.2.

(4) In members with cross-sections that are susceptible to cross-sectiona distortion, account shall be taken of
possible lateral buckling of compression flanges and lateral bending of flanges generally, see 5.5, and 10.1.

6.1.2 Axial tension
(1) Thedesign resistance of across-section for uniform tension N;r¢ should be determined from:

f
Nira = LAJ but Nird < Fngrd .. (6.2)
Mo

where:
Ay isthe gross area of the cross-section;
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Fnrd is the net-section resistance from 8.4 for the appropriate type of mechanical fastener;
fya isthe average yield strength, see 3.2.3.

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

6.1.3 Axial compression
(1) The design resistance of a cross-section for compression Ngrq should be determined from:

- if the effective area Ay islessthan the grossarea Ay (section with reduction due to loca and/or
distortional buckling)

Nera = Aut Tyo / 7m0 ...(6.2)

- if the effective area Ay is equal to the gross area A, (section with no reduction due to loca or
distortional buckling)

Nera = Ay (fyb +(fa — fy)41- A1 A4 ))/ 7wo but not morethanAgfya Yo ...(6.3)
where
A is the effective area of the cross-section, obtained from Section 5.5 by assuming a uniform
compressive stress equal to fy, / Vo ;
fra isthe average yield strength, see 3.2.2;
fyo isthe basic yield strength.;
A is the Slenderness of the element which correspond to the largest value of A/ Ay ;

For plane elements 4= /Tp and A4 =0,673, see55.2:
For stiffened dements 4=44 and A4 =0,65, see5.5.3.

(2) Theinternal normal force in a member should be taken as acting 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
realigtic situation of the internal forces for instance in case of uniformly building-up of normal force in the
compression element.

(3) The design compression resistance of a cross-section refers to the axia load acting in the centroid of its
effective cross-section. If this does not coincide with the centroid of its gross cross-section, the shift ey of the
centroidal axes (see figure 6.1) should be taken into account, using the method given in 6.1.9. When the shift
of the neutral axis gives a favourable result in the stress/unity check, then that shift should be neglected only if
the shift has been calculated at yield strength and not with the actual compressive stresses.

i
|
|
i
!
4, _____________
!
|
i

i |
Gross cross-section Effective cross-section
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6.1.4 Bending moment
6.1.4.1 Elagtic and élastic-plastic resistance with yielding at the compressed flange

(2) The design moment resistance of a cross-section for bending about one principal axis Mcgrq IS determined
asfollows (seefigure 6.2):

- if the effective section modulus W,  islessthan the gross elastic section modulus Wy

M cra =Wetr fyn / Ym0 .(6.4)

- if the effective section modulus W, is equal to the gross elastic section modulus Wy

M g = Fyo (Wi + Wy =W, )AL= 2/ 24))/ 7o but not more than Wy Ty, / o .(6.5)
where

A is the slenderness of the element which correspond to the largest value of A/ A4 ;

For double supported plane dements A=4,and 44 =05+/0,25—0,055(3+ ) where ¥
isthe stressratio, see5.5.2;

For outstand elements 4 = /Tp and A4 =0,673, see55.2:

For stiffened dlements =44 and A4 =0,65, see 5.5.3.

The resulting bending moment resistance as a function of a decisive element isillustrated in the figure 6.2.

MC,R
Wpl fyb
WE' fyb Weff fyb
0
0 A A

el

Figure6.2: Bending moment resistance as a function of denderness

(2) Expression (6.5) is applicable provided that the following conditions are satisfied:
a) Bending moment is applied only about one principal axes of the cross-section;

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

c) Theangle ¢ between the web (see figure 6.5) and the flange islarger than 60°.
(3) If (2) isnot fulfilled the following expression may be used:

M ¢ra =W fya ! Ym0 ...(6.6)
(4) The effective section modulus W should be based on an effective cross-section that is subject only to
bending moment about the relevant principa axis, with a maximum stress gmaces €qual to fyn/ 0, alowing

for the effects of local and distortional buckling as specified in Section 5.5. Where shear lag is relevant,
alowance should also be made for its effects.
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(5) Thestressratio w= o2/ o1 used to determine the effective portions of the web may be obtained by using
the effective area of the compression flange but the gross area of the web, see figure 6.3.

(6) If yielding occurs first at the compression edge of the cross-section, unless the conditions given in 6.1.4.2
are met the value of W should be based on alinear distribution of stress across the cross-section.

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

M M
YR 2H < .. (6.7)
M cy,Rd M cz,Rd

where:
Myes  istheapplied bending moment about the magjor main axis;
M,eq  isthe applied bending moment about the minor main axis;
Mqra  IStheresistance of the cross-section if subject only to moment about themain y —y axis,

Mgra  istheresistance of the cross-section if subject only to moment about the main z—z axis.
bets /2 bets /2 bett /2 bett /2

fo/ Ym

Figure6.3: Effective cross-section for resistance to bending moments

(8) If redistribution of bending moments is assumed in the global analysis, it should be demonstrated from the
results of tests in accordance with Section 9 that the provisions givenin 7.2 are satisfied.

6.1.4.2 Elagtic and dastic-plastic resistance with yielding at the tension flange only

(1) Provided that bending moment is applied only about one principa axis of the cross-section, and provided
that yielding occurs first at the tension edge, plastic reserves in the tension zone may be utilised without any
strain limit until the maximum compressive Stress  geomed eaches fyn/ 0. 1N this clause only the bending case
is considered. For axia load and bending the clause 6.1.8 or 6.1.9 should be applied.

(2) In this case, the effective partialy plastic section modulus Wy, 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 by of an element subject to stress gradient
may be obtained using 5.5.2 by basing b. on the bilinear stress distribution (see figure 6.4), by assuming

Figure 6.4: Measure b for determination of effective width

(4) If redistribution of bending moments is assumed in the global analysis, it should be demonstrated from the
results of testsin accordance with Section 9 that the provisions given in 7.2 are satisfied.

a4
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6.1.4.3 Effectsof shear lag
(1) Theeffects of shear lag shall be taken into account according to EN 1993-1-5.

6.1.5 Shear force
(1) The shear resistance Vpra should be determined from:
h

..(68)

Vb, Rd =
¥mo

where:
fow  isthe shear strength considering buckliong according to Table 6.1;
hy istheweb height between the midlines of the flanges, see figure 5.3(c);
¢ isthesope of the web relative to the flanges, see figure 6.5.

Table6.1: Shear buckling strength fy,y

Relative web denderness | Web without stiffening at the support | Web with stiffening at the support Y
A =083 0,58 fy 0,58 fys
083< Aw <140 0,48,/ Aw 048f, /2
Aw 21,40 067f,,) A’ 048f,, /4
3 yb w

Y Stiffeni ng at the support, such as cleats, arranged to prevent distortion of the web and designed to resist the
support reaction.

(2) Therdative web slenderness Aw should be obtained from the fol lowi ng:
- for webs without longitudina stiffeners:

_ f

A =0,346% %’ .. (6.108)
- for webs with longitudinal stiffeners, seefigure 6.5:

_ f — s, [f

T = 0,346% 5’34—éb but 7 20346 |2 ...(6.10b)
with:

1/3
kz' = 5,34+ _2,10 [z I s J
t | s,

where:

Is isthe second moment of area of theindividual longitudinal stiffener as defined in 5.5.3.4.3(7), about
theaxisa—aasindicated in figure 6.5;

s isthetotal developed dant height of the web, asindicated in figure 6.5;
S isthedant height of the largest plane element in the web, seefigure 6.5;

sy isthe dant height of the web, as shown in figure 6.5, between the midpoints of the corners, these
points are the median points of the corners, see figure 5.3(C).
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Figure 6.5: Longitudinally stiffened web

6.1.6 Torsional moment

(1) Where loads are applied eccentric to the shear centre of the cross-section, the effects of torsion shall 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) Thedirect stresses due to the axia force Neq and the bending moments Myeq and M eq should be based
on the respective effective cross-sections used in 6.1.2 to 6.1.4. The shear stresses due to transverse shear
forces, the shear stress due to uniform (St. Venant) torsion and the direct 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 (average yield strength is
dlowed here, see 3.2.1(5)):

owe < fal o .. (6.113)
o fa /3
tot,Ed —

Yo ... (6.11b)

\/ Croed +3Tmed S 11 e
Vo .. (6.11c)

where:

owed ISthetota direct stress, calculated on the relevant effective cross-section;

Twted  ISthetotal shear stress, calculated on the gross cross-section.
(5) Thetotal direct stress oioed and the total shear stress 7eq Should by obtained from:

Otted = ONEdT OMyEdt OMzEd + OwEd ... (6.12a)

Toted = TVyEd T Tvzed t TiEd t Twed ... (6.12b)
where:

owyed ISthedirect stress due to the bending moment My gq (Using effective cross-section);
owmzed iSthedirect stress due to the bending moment M gq (Using effective cross-section);
oned  iSthedirect stress dueto the axia force Ngqg(using effective cross-section);

owed iSthedirect stress due to warping (using gross cross-section);

Tvyed  ISthe shear stress dueto the transverse shear force Vygq (USiNG gross cross-section);

Tvzed  I1Sthe shear stress dueto the transverse shear force V,gq(Using gross cross-section);
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TtEd isthe shear stress due to uniform (St. Venant) torsion (using gross cross-section);

Twed  1Sthe shear stress due to warping (using gross cross-section).

6.1.7 Local transverse forces
6.1.7.1 General

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

Feg < RW,Rd (6.13)
where:
Rvrd  isthelocal transverse resistance of the web.
(2) Thelocal transverse resistance of aweb Ryrq should be obtained as follows:
a) for an ungtiffened web:
- for across-section with asingle web: from6.1.7.2;
- for any other case, including sheeting: from6.1.7.3;
b) for astiffened web: from6.1.7.4.

(3) Where the local load or support reaction is applied through a cleat that is arranged to prevent distortion of
the web and is designed to resist the local transverse force, the local resistance of the web to the transverse
force need not 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 interconnected through their webs, the connections between the webs should be located as
close as practicable to the flanges of the beam.

6.1.7.2 Cross-sectionswith asingle unstiffened web

(1) For across-section with a single unstiffened web, see figure 6.6, the local transverse resistance of the web
may be determined as specified in (2), provided that the cross-section satisfies the following criteria:

ho/t < 200 ... (6.149)

r/t < ... (6.14b)

45° < ¢ < 9P ... (6.14c)
where:

hy isthe web height between the midlines of the flanges;
r istheinterna radius of the corners;

¢ isthesope of the web relative to the flanges [degrees].

| ] ! 1 ] 1
) L I J L )
A A AR
Rw,Rd Rw,Rd Rw,Rd Rw,rd '! Rw,Rd Rw,Rd 2Ry Rd

Figure 6.6: Examples of cross-sectionswith a single web

(2) For cross-sections that satisfy the criteria specified in (1), the local transverse resistance of aweb Ry rq
may be determined as shown if figure 6.7.
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(3) Thevalues of the constants k; to ks should be determined as follows:
ki=1,33-0,33k
k,=1,15-0,15r/t but ko> 0,50 and k,< 1,0
ks=0,7 + 0,3 (¢/ 90)°

ke=1,22-0,22k

ks=1,06-0,06r/t  but ks<1,0
where:

k=fy/228 [with fy, in N/mm’;

s istheactua length of stiff bearing.

In the case of two equal and opposite local transverse forces distributed over unequal bearing lengths, the
smaller value of s; should be used.

(4) If the web rotation is prevented either by suitable restraint or because of the section geometry (e.g. I-beams,
see fourth and fifth from the left in the figure 6.6) then the local transverse resistance of aweb Ryrg may be
determined asfollows:

a) forasingleload or support reaction
i) c<15h, (near or at free end)
for a cross-section of stiffened and unstiffened flanges

S
k{8,8+LL\/F}t2fyb

Rurd = .. (6.16a)
VM1
ii) c> 1.5 hy (far from free end)
for a cross-section of stiffened and unstiffened flanges
Kok {13,2 + 2,87\/5? }tz fyo
Rurd = .. (6.16b)
Vw1
b) for opposite loads or reactions
i) c<1.5hy (near or at free end)
for a cross-section of stiffened and unstiffened flanges
Ss .2
Ko k11{8,8+ LL\E }t fuo
Rurd = .. (6.16¢)
Vw1
i) c>1.5h, (loads or reactions far from free end)
for across-section of stiffened and unstiffened flanges
kgKq {13,2 + 2,87\/875 } t*f,,
Rurd = ... (6.16d)
Vv
Where the values of constants Ks to ky should be determined as follows:
Ks=149-053k  but ks =06
ke=0,88-0,12t/1,9
k;=1+s/t/750 when s/t<150; k;=1,20 whens;/t > 150
ke=1/k when s/t<66,5; ks=(1,10-s/t/665)/k when s/t > 66,5
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ko= (0,98 -s/t/865)/k

ki1=064+0,31t/1,9

where:
k=fy,/228
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[with f,, in N/mm?);
s istheactua length of stiff bearing.

S
Wi

=

|t C -

—>
—>
—p

a) For asingle local load or support reaction
i) ¢ < 1,5h, clear fromafreeend:
- for across-section with gtiffened flanges:

h, /t S
klkzk{g,m— gé }[uo,m:}tzfyb

Rw,Rd =
Ym1

- for across-section with ungtiffened flanges:
- if s/t < 60:

h, /t S |2
k k,k,| 592 -~ 1+0,01—= |t f
kfsez- et leom® e,

(6.159)

Rw,Rd =
Ym1

- if s/t > 60:

(6.15b)

kkoky 5.92— M/t 0714 0015 2
132 {

Rw,Rd =
Ym1

(6.15¢)

l«———C——»

A

ii) ¢ > 1,5h, clear fromafree end:
- if sft < 60:

kakoke| 147 M/t 4 0,007 2
495 t

Rw,Rd =

yb

Ym1

- if s/t > 60:

(6.15d)

kakoke| 147 /U075 0,011 2
495 t

Rw,Rd =
Ym1

(6.15€)
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LS 4 b) For two opposing local transverse forces closer together than 1,5 hy,:
lllll i) ¢ < 1,5h, clear fromafreeend:
<c+ ~e klk2k3{6,66—hgf}{l+ 0,013‘;}21‘yb
il Rura = (6.15f)
Vw1
(NERN]
<5
W
<cﬂ ke»
S T
T
‘ 54 ii) ¢ > 1,5hy clear fromafreeend:
Wil kokok| 20— M/t 14 000135 2
J 3™M4 M5 16.3 t yb
« ¢ <€ Rird = : (6.159)
ﬁ ‘ ‘<Ss%$
(NERN)
‘4354
W ;
<—C—¢S »re»l 2 51
(i

Figure6.7: Local loadsand supports— cross-sectionswith a single web

6.1.7.3 Cross-sectionswith two or mor e unstiffened webs

(1) In cross-sections with two or more webs, including sheeting, see figure 6.8, the local transverse resistance
of an unstiffened web should be determined as specified in (2), provided that both of the following conditions

are satisfied:

- the clear distance ¢ from the actual bearing length for the support reaction or local load to a free

end, seefigure 6.9, isat least 40 mm;
- the cross-section satisfies the following criteria:

rit < 10

hw/t < 200sng

45° < ¢ < W
where:

hy  istheweb height between the midlines of the flanges;
r istheinterna radius of the corners;
¢ isthedope of the web relative to the flanges [degrees].
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Rw,Rd Rw,Rde,Rd Rw,Rd Rw,Rd Rw,Rd

” L_ A N\

Rw,Rd ? ? Rw,Rd Rw,Rd Rw,Rd f Rw,Rd Rw,Rd?

Figure6.8: Examplesof cross-sectionswith two or more webs

(2) Where both of the conditions specified in (1) are satisfied, the local transverse resistance Ryra per web of
the cross-section should be determined from

Rupa =@t/ T, E (1 -0t )05+ 0021, /t [(24 + (9/90) )17,

... (6.18)
where;

l. isthe effective bearing length for the relevant category, see (3);
o« isthe coefficient for the relevant category, see (3).

(3) Thevauesof |, and ¢ should be obtained from (4) and (5) respectively. The maximum design value for
I, = 200 mm. When the support is a cold-formed section with one web or round tube, for s; should be taken a
value of 10 mm. Therelevant category (1 or 2) should be 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 figure
6.9.

(4) Thevalue of the effective bearing length 1, should be obtained from the following:

a) for Category 1. la = 10mm ... (6.199)
b) for Category 2:
- By 0,2: . = s ... (6.19b)

<

- By > 03 la 10 mm ... (6.19¢)
-02 < pv < 03 Interpolatelinearly between the valuesof |, for 0,2 and 0,3

with:

_ |VEd,1|'|VEd,2|

_|VEd,1|+|VEd,2|

B,

inwhich |Veq1| and [Veqo| arethe absolute values of the transverse shear forces on each side of the local 1oad
or support reaction, and [Veq1| > [Med2| @nd ss isthe actual length of stiff bearing.

(5) Thevalue of the coefficent ¢ should be obtained from the following:
a) for Category 1.

- for sheeting profiles: a = 0,075 ... (6.20a)

- for liner traysand hat sections:. o = 0,057 ... (6.20b)
b) for Category 2:

- for sheeting profiles: a = 015 ... (6.20c)

- forliner traysand hat sections:. o = 0,115 ... (6.20d)
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Category 1
- local load applied with e < 1,5 h,, clear from the nearest support;

5]
W

g Fe+<ss> <

—>
—
—

s Category 1

llIIl - local load applied with ¢ < 1,5h,, clear from afree end;
l«——C—»
$
Category 1
2 1 - reaction at end support with ¢ < 1,5h,, clear from afree end.
l« ——— C——— > i

s, Category 2
- local load applied with e > 1,5 h,, clear from the nearest support;

S, Category 2
uul - local load applied withc > 1,5h,, clear from afree end;
l«—— C—»
S
? Category 2
= - reaction at end support withc > 1,5h,, clear fromafreeend;
j«——C——» #
s
Category 2
2 J - reaction at internal support.

—
—
—>

Figure6.9: Local loadsand supports—categories of cross-sectionswith two or mor e webs
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6.1.74 Stiffened webs

(1) The local transverse resistance of a stiffened web may be determined as specified in (2) for cross-sections
with longitudinal web stiffeners folded in such away that the two folds in the web are on opposite sides of the
system line of the web joining the points of intersection of the midline of the web with the midlines of the
flanges, seefigure 6.10, that satisfy the condition:

2<eTmaX<12 . (621)

where:
emnx iSthelarger eccentricity of the foldsrelative to the system line of the web.

(2) For cross-sections with stiffened webs satisfying the conditions specified in (1), the loca transverse
resistance of a stiffened web may be determined by multiplying the corresponding value for a similar
unstiffened web, obtained from 6.1.7.2 or 6.1.7.3 as appropriate, by the factor xzs given by:

Kas=145-0,05 e/t bUt xas< 0,95+ 35000t €min/ (b’ S) .. (6.22)
where:

by isthe developed width of the loaded flange, see figure 6.10;

enin 1Sthe smaller eccentricity of the folds relative to the system line of the web;

S isthedant height of the plane web element nearest to the loaded flange, see figure 6.10.

by

Figure6.10: Stiffened webs

6.1.8 Combined tension and bending
(1) Cross-sections subject to combined axial tension Neq and bending moments Myegs and M,eq should
satisfy the criterion:

M M
NEd + y,Ed + z,Ed <1

Nt,Rd M cy,Rd,ten M cz,Rd,ten (6 23)

where:
Nira is the design resistance of a cross-section for uniform tension (6.1.2);

Mey,raten 1S the design moment resistance of a cross-section for maximum tensile stress if subject only to
moment about they -y axis (6.1.4);

M rdaten 1S the design moment resistance of a cross-section for maximum tensile stressif subject only to
moment about thez - z axis (6.1.4).
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(2) If Mcy,Rd,oom = Mcy,Rd,ten or Mcz,Rd,com = Mcz,Rd,ten (Where Mcy,Rd,com and Mcz,Rd,com are the moment
resistances for the maximum compressive stress in a cross-section that is subject only to moment about the
relevant axis), the following criterion should also be satisfied:

M y,Ed + M z,Ed _ N Ed < 1

Moracom — Mapaeom — Nigg .. (6.24)

6.1.9 Combined compression and bending

(1) Cross-sections subject to combined axial compression Neq and bending moments Mygq and M g4 should
satisfy the criterion:

Ned Myedt AM yeq + M zed T AM 2eq <1
Nc,Rd M cy,Rd,com M cz,Rd,com (6 25)

inwhich Ngrq isasdefinedin6.1.3, Mgyrdcom and Meracom are asdefinedin 6.1.8.

(2) The additional moments AMyes and AM,eq due to shifts of the centroidal axes should be taken as:
AMyes = Neg€ny
AMzes = Ned€n:

inwhich ey, and e\, arethe shiftsof y-y and z-z centroidal axis dueto axial forces, see 6.1.3(3).

(3) If Mgrden = Mg Rracom OF Mezrden = Meracom the following criterion should also be satisfied:

MyedtTAM yed N Mzea* AMzed  Ned <1
M M

cy,Rd,ten

cz Rl ten Ne ra .. (6.26)

inwhich Mgy rdten; Mezrdten @reasdefinedin 6.1.8.

6.1.10 Combined shear force, axial force and bending moment

(1) Cross-sections subject to the combined action of an axial force Neq, a bending moment Mgy and a shear
force Veq no reduction due to shear force need not be done provided that Veg = 0,5 Viwrg. If the shear forceis
larger than half of the shear force resistance then following equations should be satisfied:

N M M 2V,
Ed y.Ed + (1_ f,Rd )( Ed _1)2 <10 ...(6.27)
NRd M y,Rd M pl,Rd VW,Rd
where:
Nrd is the design resistance of a cross-section for uniform tension or compression given in 6.1.2 or
6.1.3;

Myrs  iSthe design moment resistance of the cross-section givenin 6.1.4;
Vwrd  iSthedesign shear resistance of the web givenin 6.1.5(1);

Mira  iSthe design plastic moment resistance of a cross-section consisting only flanges, see EN 1993-
1-5;

Mpra  iSthe plastic moment resistance of the cross-section, see EN 1993-1-5.

For members and sheeting with more than one web V,,rq is the sum of the resistances of the webs. See also
EN 1993-1-5.
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6.1.11 Combined bending moment and local load or support reaction

(1) Cross-sections subject to the combined action of a bending moment Mgy and a transverse force due to a
local load or support reaction Fgy should satisfy the following:

MEd/ Mcde < 1 (628&)
Fea/ Rura < 1 ... (6.28b)
MEgd + Fed < 125
Mcrd  Rwrd ... (6.28¢c)
where:

Mqra  iSthe moment resistance of the cross-section givenin 6.1.4.1(1);
Ryvrd  iStheappropriate value of the local transverse resistance of the web from 6.1.7.
In equation (6.2.8¢) the bending moment Mgy may be calculated at the edge of the support.

6.2 Buckling resistance

6.2.1 General

(1) In members with cross-sections that are susceptible to cross-sectiona distortion, account shall be taken of
possible lateral buckling of compression flanges and lateral bending of flanges generally, see 6.2.4.

(2) Theeffectsof local and distortional buckling shall be taken into account as specified in Section 5.5.

6.2.2 Flexural buckling

(1) The design buckling resistance Nyrq for flexural buckling should be obtained from EN 1993-1-1 using the
appropriate buckling curve from table 6.3 according to the type of cross-section and axis of buckling.

(2) The buckling curve for a cross-section not included in table 6.3 may be obtained by analogy.
(3) The buckling resistance of a closed built-up cross-section should be determined using either:

- buckling curve b in association with the basic yield strength fy, of the flat sheet material out of which the
member is made by cold forming;

- buckling curve c¢ in association with the average yield strength fya of the member after cold forming,
determined as specified in 3.2.3, provided that A« = Ag.

6.2.3 Torsional buckling and torsional-flexural buckling

(1) For members with point-symmetric open cross-sections (e.g Z-purlin with equal flanges), account shall 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 6.12, account shall be taken of the
possibility that the resistance of the member to torsional-flexural buckling might be less than its resistance to
flexural buckling.

(3) For members with non-symmetric open cross-sections, account shall be taken of the possibility that the
resistance of the member to either torsional or torsional-flexural buckling might be less than its resistance to
flexural buckling.

(4) The design buckling resistance Nprq for torsiona or torsional-flexural buckling should be obtained from
6.2.1 using the relevant buckling curve for buckling about the z-z axis obtained from table 6.3.
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Table6.3: Appropriate buckling curvefor varioustypes of cross-section

/

S

Type of cross-section Buckling | Buckling
about axis curve
if fyp isused Any b
if f,a isused” Any c
y-y a
zZ-2Z b
| Any b
| il ,/ I]
| .V
- __|_._._ ’ ~.
| 4 BN
Q u
| Any c
I |
| |
._.!_._ - _.!_._._
!
I |
L
'/ or other
—. / cross-section

" The averageyield strength f,, should not be used unless Agr = Aq
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Figure 6.12: Cross-sections susceptibleto torsional-flexural buckling

(5) The eastic critical force Nt for torsional buckling of simply supported beam should be determined

from:
1 72El
Ncr,T :_2[6 It +|—2Wj
lo T .. (6:339)
with:
io2 =i, 41,24y, + 2, ... (6.330)
where:

G istheshear modulus,

I; isthetorsion constant of the gross cross-section;

lw isthewarping constant of the gross cross-section;

istheradius of gyration of the gross cross-section about the y -y axis,

i, istheradiusof gyration of the gross cross-section about the z -z axis,

I+ isthebuckling length of the member for torsiona buckling;

Vor Zo  arethe shear centre co-ordinates with respect to the centroid of the gross cross-section.

(6) For doubly symmetric cross-sections (e.g. Yo =2,=0)
Ncr’TF = Ncr’T can (634)
pI’OVIded Ncr’T < Ncr’y and Ncr’T < NCI’,Z-

(7) For cross-sections that are symmetrical about the y -y axis(e.g. z, = 0), the elastic critical force Ng.1e for

torsional-flexural buckling should be determined from:

N _ Ncr,y 1+ Ner - NCTvT)Z +4(£)2h
T2 B Nery N lo Nory (6.35)

cry

with:
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(8) The buckling length I+ for torsiona or torsional-flexural buckling should be determined taking into
account the degree of torsional and warping restraint at each end of the system length L.

(9) For practical connections at each end, thevalue of I+/Ly may be taken asfollows:
- 1,0 for connections that provide partial restraint against torsion and warping, see figure 6.13(a);
- 0,7 for connections that provide significant restraint against torsion and warping, see figure 6.13(b).

T7T TT we ] T Twen
- | Ak
. | |
A Ay Al

| I

| L | L L]

Column to be considered

a) connections capable of giving partial torsional and warping restraint

T T AT

I
Hollow sections I
or sections with :
bolts passing __4|

I
I
I
|

|
|
through two h‘"‘;
webs per I
member LI

Column to be considered

b) connections capable of giving significant torsional and warping restraint

Figure6.13: Torsional and war ping restraint from practical connections

6.2.4 Lateral-torsional buckling of members subject to bending

(1) The design buckling resistance moment of a member that is susceptible to lateral-torsional buckling should
be determined according to EN 1993-1-1, section 6.3.4 using lateral buckling curve awith oq. 1 =0,21.

(2) This method should not be used for the sections that have a significant angle between the principal axes of
the effective cross-section, compared to those of the gross cross-section.

6.2.5 Bending and axial compression

(1) Theinteraction between axia force and bending moment may be obtained from a second-order anaysis of
the member as specified in EN 1993-1-1, based on the properties of the effective cross-section obtained from
Section 5.5. Seeadso 5.3.

(2) Asan dternative the interaction formula (6.38) may be used

N 0,8 M 0,8
Bd | | B J <10 ...(6.38)
[ Ny j ( My R
where Nyhra IS the design buckling resistance of a compression member according to 6.2.2 (flexural, torsional
or torsional-flexural buckling) and Myrq isthe design bending moment resistance according to 6.2.3.

6.3 Bending and axial tension
(2) Theinteraction equations for compressive forcein 6.2 are applicable.
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7  Serviceability limit states

7.1 General

(1) The rules for serviceability limit states given in Section 7 of EN 1993-1-1 shall also be applied to cold-
formed thin gauge members and sheeting.

(2) The properties of the effective cross-section for serviceability limit states obtained from Section 5.1 should
be used in all serviceahility limit state calculations for cold-formed thin gauge members and sheeting.

(3) The second moment of area may be calculated alternatively by interpolation of gross cross-section and
effective cross-section using the expression

Ific = Igr_%(lgr_l(o-)eﬁ) (71)

where
lg¢ is second moment of area of the gross cross-section;

oy IS maximum compressive bending stress in the serviceability limit state, based on the gross cross-
section (positive in formula);

I(o)sr s the second moment of area of the effective cross-section with allowance for local buckling
calculated for amaximum stress ¢ = gy, in which the maximum stress is the largest absolute
value of stresses within the calculation length considered.

(4) The effective second moment of area l« (Or lsic) may be taken as variable aong the span according to
most severe locations. Alternatively a uniform value may be used, based on the maximum absolute span
moment due to serviceability loading.

7.2 Plastic deformation

(1) In case of plagtic globa 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 g ser -

(2) The combined design resistance may be determined from 6.1.11, but using the effective cross-section for
serviceability limit states and  yu ser -

7.3 Deflections
(1) The deflections may be calculated assuming elastic behaviour.

(2) Theinfluence of dip in the connections (for example in the case of continuous beam systems with sleeves
and overlaps) should be considered in the cal culation of deflections, forces and moments.

8 Design of joints

8.1 General
(1) For design assumptions and requirements of joints see EN 1993-1-8.

8.2 Splices and end connections of members subject to compression

(1) Splicesand end connections in members that are subject to compression, shall 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 Neg and the internal
moments Mygq and M,gq Obtained from the global analysis.
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(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 5 for flexural
buckling, see 6.2.2.1(2), with a value determined from:

AM gy = Neg (11 j Weit sinﬂl—a
X ) P ..(8.1a)
where:
At is the effective area of the cross-section;
a is thedistance from the splice or end connection to the nearer point of contraflexure;
I is thebuckling length of the member between points of contraflexure, for buckling about the
relevant axis;
W is thesection 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

f
...(8.1b)

(3) Splices and end connections should be designed in such away 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 axia
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 thereisone.

8.3 Connections with mechanical fasteners

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

NOTE Moreinformation see Part 1-8 of EN 1993,

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

- the fasteners have sufficient ductility;

- shear is not the critical failure mode.

(3) For design the resistances of mechanical fasteners subject to predominantly static loads should be
determined from:

- table 8.1 for blind rivets;

- table 8.2 for salf-tapping screws;
- table 8.3 for cartridge fired pins;
- table 8.4 for bolts.

(4) Intables 8.1 10 8.4 the meanings of the symbols shall be taken as follows:

A is thegrosscross-sectiona areaof abolt;

As is thetensile stress areaof abolt;

Anet is thenet cross-sectiona area of the connected part;

i is thereduction factor for long joints according to EN 1993-1-8;

60



P1
P2

tgjp

prEN 1993-1-3 : 2004 (E)
is thenominal diameter of the fastener;
is thenomina diameter of the hole;
is thediameter of the washer or the head of the fastener;

is theend distance from the centre of the fastener to the adjacent end of the connected part, in
the direction of load transfer, seefigure 8.1,

is 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 8.1;

is theultimate tensile strength of the bolt material;

is theultimate tensile strength of the supporting member into which a screw isfixed,

is thenumber of sheetsthat are fixed to the supporting member by the same screw or pin;
is  the number of mechanical fastenersin one connection;

is the spacing centre-to-centre of fastenersin the direction of load transfer, see figure 8.1;

is the spacing centre-to-centre of fasteners in the direction perpendicular to the direction of
load transfer, seefigure 8.1,

is thethickness of the thinner connected part or shest;
is thethickness of the thicker connected part or shest;

is thethickness of the supporting member into which ascrew or apinisfixed.

(5) Thepartia factor x4 for calculating the design resistances of mechanical fasteners shall be taken as ju2:

NOTE The value y> may be given in the National Annex. Thevalue 2 = 1,25 isrecommended.

load transfer| | ﬂ |

p €4

< >

! H !
| ﬂ | eo

Figure8.1: End distance, edge distance and spacingsfor fastenersand spot welds

(6) If the pull-out resistance Forq Of a fastener is smaler than its pull-through resistance Fyrs the
deformation capacity should be determined from tests.

(7) The pull-through resistances given in tables 8.2 and 8.3 for self-tapping screws and cartridge fired pins
should be reduced if the fasteners are not located centrally in the troughs of the sheeting. If attachment isat a
quarter point, the design resistance should be reduced to 0,9F,rs and if there are fasteners at both quarter
points, the resistance should be taken as 0,7F,rq per fastener, seefigure 8.2.
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(8) For afastener loaded in combined shear and tension, provided that both Firq and Fyra are determined by
calculation on the basis of tables 8.1 to 8.4, the resistance of the fastener to combined shear and tension may be
verified using:
: I:t,Ed T I:v,Ed <
Min(F,rqs Fora)  MIN(Fyras Fogra)

(82

(9) The gross section distortion may be neglected if the design resistance is obtained from tables 8.1 to 8.4,
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

- the applied torque should be just higher than the threading torque;
- the applied torque should be lower than the thread stripping torque or head-shearing torque;

- the threading torque should be smaller than 2/3 of the head-shearing torque.
(11)For long joints areduction factor /¢ should be taken into account according to EN 1993-1-8.

(12)The design rules for blind rivets are valid only if the diameter of the hole isnot 0,1 mm larger than the
diameter of therivet.

(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.

| | |
| |
| |
l Fp,Rd lo’ng,Rd O’7Fp,Rd l l O’7Fp,Rd

Figure 8.2: Reduction of tension resistance dueto the position of fasteners
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Table8.1: Design resistancesfor blind rivets”

Rivetsloaded in shear:

Beari . ]
Ford = afudt/;mz but Fpra = fuelt/(l,z }MZ)

Inwhich ¢ isgiven by the following:

Sift =t a=36,t/d but a< 21
- if t1 > 2,5t: a=21
-ift <t < 25t obtain ¢ by linear interpolation.
Fn,Rd = Ane[fu/ Wz
Shear resistance:
Shear resistance Furq to bedetermined by testing*and ~ Furg = Furc/ i

Conditions * Furs > 12Fops/ (WA O Fupa > 1.2Fnre

Rivetsloaded in tension: 2

Bull-through resistance: Pull-through resistance Fprq to be determined by testing * .
Pull-out resistance: Not relevant for rivets.
Tensionresistance: ~ Tension resistance Firy to be determined by testing *”

itions:

Fira = NFpgra

Range of validity: ¥

e > 1,5d p: > 3d 26mm < d < 6,4mm
e > 15d p. > 3d
f,= 550 MPa

Y Inthistable it is assumed that the thinnest sheet is next to the preformed head of the blind rivet.

2 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.

* The required conditions should be fulfilled when deformation capacity of the connection is needed. When
these conditions are not fulfilled there should be proved that the needed deformation capacity will be

provided by other parts of the structure.

NOTE*" The National Annex may give further information on shear resistance of blind rivets loaded in

shear and pull-through resistance and tension resistance of blind rivetsloaded in tension.
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Table82: Desian resigancesfor self-tappina screws
Screwsloaded in shear:

Bearing resistance: Fora = afudt/ 2

Inwhich ¢ isgiven by the following:

Sift o= b a=32+t/d bt g=21
Sif tp = 25t and t<10mm: =32Vt/d bt g =21
-ifty =2 25tand t=10mm: =21
-ift <t < 25t obtain ¢ by linear interpolation.
Net-sectionresisance: Fora = Anefu/ g2
Shear resistance: Shear resistance Fyrqg to be determined by testing *?

Fuvrd = Fure / w2

Conditions. ¥ Fyrs > 1,2Fsra / (% B or Fura 2 1.2Fnra

Screwsloaded in tension:
Pull-through resistance: 2
- for static loads: Fora = dwtfu/ 2

- for screws subject to wind loads and combination of wind loads and static loads. Fpra = 0,5dwt fu/ 2
Pull-out resistance: I tgp/S<1: Ford = 045dtspfusp/ 2 (sisthethread pitch)

If thp/ S 2 1 FO,Rd

0,65 d thp fu’gjp / %/]2

Tension resistance: Tension resistance Firq to be determined by testing *2.

.. .4
Conditions: ¥ Firs > NFprd or Fird > Ford

Range of validity: ¥

Generally: e > 3d p. > 3d 3,0mm < d < 8,0mm
e > 15d p. > 3d
Fortenson: O05mm <t < 1,5mm and t; > 0,9mm

fu = 550 MPa

Y Inthistable it is assumed that the thinnest sheet is next to the head of the screw.

2 These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably
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.

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

NOTE*? The National Annex may give further information on shear resistance of self-tapping skrews
loaded in shear and tension resistance of salf-tapping skrews loaded in tension.
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Pinsloaded in shear:

Fb,Rd = 3,2fudt/ ]Mz
Net-sectionresisance: Fora = Anefu/ g2
Shear resistance: Shear resistance Fyrqg to be determined by testing *?

Fuvrd = Fuvre / W2

Conditions: ¥ Fups > 15Fora /(N fAr) OF  Fupa > 15Fnrg

Pinsloaded in tension:

Pull-through resistance:

- for static loads: Awtfu/ g2

I:p,Rd =
- for wind loads and combination of wind loads and static |oads: Ford
Pull-out resistance Forq to be determined by testing *?

Tension resistance Firy to be determined by testing *

= 05dwtful 2

Conditions: Fora > NFpra or

Fira = Ford

Range of validity: ?

Generally: e > 4,5d 3,7mm <d < 6,0mm
> 4,5d for d = 3,7 mm: tgp > 40mm
p. > 4,5d for d = 45mm: tgp, > 6,0 mm
p. > 4,5d for d = 52mm: tgp > 8,0mMm
fu = 550 MPa

For tension: 05mm <t < 15mm tap > 6,0mm

Y These values assume that the washer has sufficient rigidity to prevent it from being deformed appreciably

or pulled over the head of the fastener.

2 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 needed. When
these conditions are not fulfilled there should be proved that the needed deformation capacity will be

provided by other parts of the structure.

NOTE*? The Nationa Annex may give further information on shear resistance of cartrige fired pins
loaded in shear and pull-out resistance and tension resistance of cartridge fired pins loaded in tension.
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Table8.4: Design resistancesfor bolts

Boltsloaded in shear:

Bearing resistance: ?
Ford = 2,500 ke fud t /2 with o isthesmallest of 1,0 or e,/ (3d) and
k=(08t+15)/25 for0,75mm=t=<125mm; k=10 fort>125mm
Fora = (1+3r(do/u-0.3))Anafu/ y12 but Fora < Aweful 2
with:

r [number of bolts at the cross-section] / [total number of boltsin the connection]

u = 2 but u < p

Shear resistance:
- for strength grades 4.6, 5.6 and 8.8:
Fura = 0,6fuwAs/ m2
- for strength grades 4.8, 5.8, 6.8 and 10.9:

Fura = 0,5fuwAs/ m2

Conditions: ¥ Fura > 12Fora (04 A) OF  Fupa 2 12Fnm

Boltsloaded in tension:
Bull-through resistance: Pull-through resistance Fprq to be determined by testing **.
Bull-out resistance: Not relevant for bolts.

Tensionresisance: = Fira = 0,9fbAs/ ju2

Conditions: Fira > NFpr

Range of validity: ¥

e > 10d p. > 3d 3mm>t > 0,75mm Minimumboltsize M6
e > 15d p. > 3d Strength grades. 4.6 - 10.9

f, < 550 N/mm?

Y Bolts may be used beyond this range of validity if the resistance is determined from the results of tests.
2 For thickness larger than or equal to 3 mm the rules for boltsin EN 1993-1-8 should be used.

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

NOTE*? The National Annex may give further information on pull-through resistance of bolts loaded in
tension.
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8.4 Spot welds

(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 morethan 3,0 mm thick.

(2) Spot welds may be either resistance welded or fusion welded.
(3) Thedesignresistance F,rq Of aspot weld loaded in shear should be determined using table 8.5.
(4) Intable 8.5 the meanings of the symbols should be taken as follows:

Anet is thenet cross-sectiona area of the connected part;

Nw is the number of spot weldsin one connection;

t is  thethickness of the thinner connected part or sheet [mm];
ta is thethickness of the thicker connected part or shest;

and the end and edge distances e; and e, and the spacings p. and p, are asdefined in 8.4(5).
(5) Thepartia factor x4 for calculating the design resistances of spot welds shall be taken as yu2.

NOTE The National Annex may chose the value of ju2. The value jyu2 = 1,25 is recommended.

Table8.5: Design resistancesfor spot welds

Spot weldsloaded in shear:

) bear ) _
-if t<t;<2,5t:

Fors = 27V tdsfy /7 [with t in mm]

- if t,>2,5t:

Fora = 27Vtdif, /7y, but Fyups<07d2f /7y, and Fyee<31td, f, /7,
End resistance: Ferd = Latefu/ e
Net sectionresstance: Fara = Anefu/ j2

. T
Shear resistance: Fura = de ful Ym2

Conditions:  Fyrg > 1,25Fuprd o Fura >  1,25F¢gg oo Fura > 1,25F ra/ Nw

Range of validity:

2ds< e < 60 3ds< 8ds
& < 4ds 3ds< p < 60

IN

(6) Theinterface diameter ds of a spot weld should be determined from the following:

- for fusonwelding: ds = 0,5t +5mm ..(8.39

~ for resistancewelding. & = 5 VU [with t inmm .. (8.3)
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(7) The value of ds actually produced by the welding procedure should be verified by shear tests in
accordance with Section 9, using single-lap test specimens as shown in figure 8.3. The thickness t of the
specimen should be the same as that used in practice.

£ | ‘ Fsa I W
T - 4. - = x 1 i ! -
ds L Sd ds L

—> | « 400 mm —> |

Resistance weld Fusion weld

\

| @ 6ds

e| e
3,5d; < e < 5dg I(—)I(—)I

Figure8.3: Test specimen for shear testsof spot welds

8.5 Lap welds

8.5.1 General

(1) This clause 8.6 shall be used for the design of arc-welded lap welds where the parent materia is 4,0 mm
thick or less. For thicker parent material, lap welds shall be designed using EN 1993-1-1.

(2) Theweld size shall 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 shest.

(4) Thepartia factor y for calculating the design resistances of Iap welds shall be taken as ju..
NOTE The NAtional Annex may give achoice of 2. Thevalue j2 = 1,25 isrecommended.

8.5.2 Fillet welds
(1) Thedesignresistance Fyrq Of afillet-welded connection should be determined from the following:

- for asidefillet that comprises one of a pair of sidefillets:

FW,Rd = tLW’5(0,9 = 0,45 Lwysl b) fu/ }/MZ |f LW,S = b (84&)

Furd 0,45t bfu/ 2 if Lws>b ... (8.4b)
- for an end fillet:
Furd = tlwe(1-03Lwe/b)fu/ 2 [for oneweld and if Lys < b] ... (84c)
where:
b is thewidth of the connected part or sheet, seefigure 8.4;
Lwe is theeffective length of the end fillet weld, seefigure 8.4;

Lws is theeffective length of asidefillet weld, see figure 8.4.
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Figure8.4: Fillet welded lap connection

(2) If acombination 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 redlistic assumption of the distribution of forces should be taken into account.

(3) The effective length L, of a 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, no reduction in effective length
need 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.

8.5.3 Arc spot welds
(1) Arc spot welds shall 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 >t of more
than 4 mm.

(3) Arc spot welds should have an interface diameter ds of not lessthan 10 mm.
(4) If the connected part or sheet islessthan 0,7 mm thick, aweld washer should be used, see figure 8.5.
(5) Arc spot welds should have adequate end and edge distances as given in the following:

(i) The minimum distance measured paraléel 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
forceis directed, should not be less than the value of eyin given by the following:

if fu/f, =115
FW,Sd
tfy / Vm2
if fu/f, =115
FW,Sd
, tfu /yMZ
(i) The minimum distance from the centreline of a circular arc spot weld to the end or edge of the connected
sheet should not be lessthan 1,5d,, where d,, isthe visible diameter of the arc spot weld.

(iii)  The minimum 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 lessthan 1,0 d,,.

er’nin :lv8

emin -
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Figure8.5: Arc spot weld with weld washer

(6) Thedesign shear resistance Fyrq Of acircular arc spot weld should be determined as follows:
Fura = (n/4)ds x 0,625fu/ .. (859)

where:
fw is theultimate tensile strength of the welding electrodes;
but Fyrs should not be taken as more than the peripheral resistance given by the following:
-if dy/xTt < 18(420/1,) %% :
Fwra = 15dTt ful 2 ... (8.5b)

- if 18(420/f) % < d,/ Tt < 30(420/f)* :
Furd 27 (420/1) *° (1) 2 ful 2 ... (8.50)
-if dy/Tt = 30(420/f,) % :

Fuwrd = 09dyxt fu/ W2 ... (8.5d)
(7) Theinterface diameter ds of an arc spot weld, see figure 8.6, should be obtained from:

ds = 07dy -15xt but ds = 055d, .. (8.6)
where:

O is thevisible diameter of the arc spot weld, seefigure 8.6.
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Figure8.6: Arc spot welds

(8) The effective periphera diameter d, of an arc spot weld should be obtained as follows:

- for asingle connected sheet or part of thickness t:
dp = dw -t (873)

- for multiple connected sheets or parts of tota thickness t:

do = du-23t ... (8.7b)
(9) Thedesign shear resistance Fyrq Of an elongated arc spot weld should be determined from:
Furd = [(1/4)0S + Lwds] x 0,625fu/ ju2 ..(8.83)

but Fure should not be taken as more than the peripheral resistance given by:
Fuwrd = (05Lw+1,67dy)xtf/ 2 ... (8.8b)
where:

Lw is thelength of the elongated arc spot weld, measured as shown in figure 8.7.
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Connected
part
or sheet

Figure8.7: Elongated arc spot weld

9 Design assisted by testing
(1) This Section 9 may be used to apply the principles for design assisted by testing given in EN 1990 and in
Section 2.5. of EN 1993-1-1, with the additional specific requirements of cold-formed thin gauge members and
shesting.
(2) Testing should be in compliance with Annex A.

NOTE: The National Annex may give informations on testing.

NOTE: Annex A gives standardised proceduresfor:
- tests on profiled sheets and liner trays;

- tests on cold-formed members;

- tests on structures and portions of structures;

- tests on beams torsionally restrained by sheeting;

- evaluation of test resultsto determine design values.

(3) Tensle testing of steel should be carried out in accordance with EN 10002-1. Testing of other steel
properties should be carried out in accordance with the relevant European Standards.

(4) Testing of fasteners and connections should be carried out in accordance with the relevant European
Standard or International Standard.

NOTE: Pending availability of an appropriate European or International Standard, imformation on testing
procedures for fasteners may be obtained from:

ECCS Publication No. 21 (1983): European recommendations for steel construction: the design
and testing of connectionsin steel sheeting and sections;

ECCS Publication No. 42 (1983): European recommendations for sted construction: mechanical
fastenersfor use in steel sheeting and sections.
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10 Special considerations for purlins, liner trays and sheetings
10.1 Beams restrained by sheeting

10.1.1  General

(1) The provisions given in this clause 10.1 may be applied to beams (called purlinsin this Section) of Z, C,
2, U, Zed and Hat cross-section with h/t <233, ¢/t = 20 for singlefoldand d/t = 20 for double edge
fold (other limitsasin table 5.1 and clause 5.2(5) and with continuous full lateral restraint to one flange.

NOTE The Nationa Annex may give informations on tests. Standard tests as given in Annex A are
recommended.

(2) These provisions may be used for structural systems of purlins with anti-sag bars, continuous, sleeved and
overlapped systems.

(3) These provisions may aso be applied to cold-formed members used as side rails, floor beams and other
similar types of beam that are similarly restrained by shesting.

(4) Siderails may be designed on the basis that wind pressure has a smilar effect on them to gravity loading
on purlins, and that wind suction acts on them in asimilar way to uplift loading on purlins.

(5) Full continuous lateral restraint may be supplied by trapezoidal steel sheeting or other profiled stedl
sheeting with sufficient stiffness, continuously connected to the flange of the purlin through the troughs of the
sheets. The purlin at the connection to trapetzoidal sheeting may be regarded as laterally restrained, if clause
10.1.1(6) is fulfilled. In other cases (for example, fastening through the crests of the sheets) the degree of
restraint should either be vaidated by experience, or determined from tests.

NOTE For tests see Annex A.

(6) If the trapetzoidal sheeting is connected to a purlin and the condition expressed by the equation (10.14) is
met, the purlin at the connection may be regarded as being laterally restrained in the plane of the shesting:

2 2
Sz[EIWt—Z+GIt+EIZt—20,ZSh2J£ ...(10.1a)

where

S isthe portion of the shear stiffness provided by the sheeting for the examined member connected to
the sheeting at each rib (If the sheeting is connected to a purlin every second rib only, then S
should be subgtituted by 0,20 S);

lw isthewarping constant of the purlin;

I; isthetorsion constant of the purlin;

I, isthe second moment of area of the cross-section about the minor axis of the cross-section of the
purlin;

L isthe span of the purlin;

h istheheight of the purlin.

NOTE 1: The equation (10.1a) may aso be used to determine the lateral stability of member flanges used in
combination with other types of cladding than trapetzoidal sheeting, provided that the connections are of
suitable design.

NOTE 2: The shear tiffness S may be calculated using ECCS guidance (see NOTE in 9.1(5)) or determined
by tests.

(7) Unless dternative support arrangements may be justified from the results of tests the purlin should have
support details, such as cleats, that prevent rotation and lateral displacement at its supports. The effects of
forces in the plane of the sheeting, that are transmitted to the supports of the purlin, should be taken into
account in the design of the support details.

(8) The behaviour of a laterally restrained purlin should be modelled as outlined in figure 10.1. The
connection of the purlin to the sheeting may be assumed to partially restrain the twisting of the purlin. This
partia torsional restraint may be represented by a rotational spring with a spring tiffness Cp. The stressesin
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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 given by the sheeting should be determined following 10.1.5.

(9) Where the free flange of a single span purlinisin compression under uplift loading, allowance should also
be made for the amplification of the stresses due to torsion and distortion.

(10) The shear stiffness of trapetzoidal sheeting connected to the purlin at each rib and connected in every side
overlap may be calculated as

S
S=1000~/t* (50 +103/b . ) (N),  tand by inmm ...(10.1b)

where t isthe design thickness of sheeting, broot iSthe width of theroof, s isthe distance between the purlins
and hy, isthe profile depth of sheeting. All dimensions are given in mm. For liner trays the shear stiffnessis S,
times distance between purlins, where S, iscalculated according to 10.3.5(6).

10.1.2 Calculation methods

(1) Unlessasecond order analysisis carried out, the method givenin 10.1.3 and 10.1.4 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 alateral load gheq, See figure 10.1.

(2) For use in this method, the rotational spring should be replaced by an equivaent lateral linear spring of
stiffness K. In determining K the effects of cross-sectional distortion should also be alowed for. For this
purpose, the free flange may be treated as a compression member subject to a non-uniform axia force, with a
continuous lateral spring support of stiffness K.

(3) If thefreeflange of apurlinisin compression dueto in-plane bending (for example, due to uplift loading in
asingle 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 rotationa
spring stiffness Cp obtained from 10.1.5.2. Allowance should be made for the effects of an initial bow
imperfection of (&) in the free flange, defined asin 5.3. 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 10.1.5.2 may also be used if
lateral restraint is not supplied or if its effectiveness cannot be proved. When the numerical analysisis carried
out, it shall take into account the bending in two directions, torsional St Venant stiffness and warping stiffness
about the imposed rotation axis.

6) If a 2™ order analysisis carried out, effective sections and stiffness, due to local buckling, shall be taken
into account.

NOTE: Forasimplified design of purlins made of C-, Z- and - cross sections see Annex E.
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Gravity loading Uplift loading

a) Z and C section purlin with upper flange connected to sheeting

In-plane bending Torsion and lateral
bending

b) Total deformation split into two parts
: AN Cop

[/
¢) Model purlin as laterally braced with rotationally spring restraint Cp from sheeting
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d As a dgmplification €) Free flange of purlin modelled as beam on eastic foundation. Model
replace the rotational spring representing effect of torsion and lateral bending (including cross section
Cp by a laeral spring distortion) on single span with uplift loading.

stiffness K

-

Figure 10.1: Modelling laterally braced purlinsrotationally restrained by sheeting
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10.1.3  Design criteria
10.1.3.1 Singlespan purlins

(1) For gravity loading, a single span purlin should satisfy the criteria for cross-section resistance given in
10.1.4.1. If it is subject to axia compression, it should also satisfy the criteria for stability of the free flange
givenin 10.1.4.2.

(2) For uplift loading, a single span purlin should satisfy the criteria for cross-section resistance given in
10.1.4.1 and the criteriafor stability of the free flange givenin 10.1.4.2.

10.1.3.2 Purlins continuous over two spans

(1) The moments due to gravity loading in a purlin that is physicaly continuous over two spans without
overlaps or deeves, 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 10.1.4.1. For the moment at the interna support, the
criteria for stability of the free flange given in 10.1.4.2 should also be satisfied. For mid-support should be
checked aso for bending moment + support reaction (web crippling if cleats are not used) and for bending
moment + shear forces depending on the case under consideration.

(3) Alternatively the moments may be determined using the results of tests in accordance with Section 9 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 Mgypra fOr a given value of the load per unit
length geq, should be obtained from the intersection of two curves representing the design values of:

- the moment-rotation characteristic at the support, obtained by testing in accordance with Section 9 and
Annex A.5;

- the theoretical relationship between the support moment Mgpes and the corresponding plastic hinge
rotation ¢eq in the purlin over the support.

To determine the final design value of the support moment Mgy,eq 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 clause A.5.2. When 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 ¢heq according to 10.1.4.2 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 cal culated from the value of the support moment.
(6) Thefollowing expressions may be used for a purlin with two egqual spans:

L

Pea = DEI. [ GeqL2-8M wp,Ed]

eff ... (10.29)

2
M _ ( JeqL?-2M SJp,Rd)
spnEd T 8q L2
Ed ... (10.2b)
where:

| et is the effective second moment of areafor the moment Mgneq;
L is thespan;

Mgnea 1S the maximum moment in the span.
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(7) The expressions for a purlin with two unegqual spans, and for non-uniform loading (e.g. snow
accumulation), and for other similar cases, the formulas (10.28) and (10.2b) are not valid and approriate
analysis should be made for these cases.

(8) The maximum span moment Mgnes in the purlin should satisfy the criteria for cross-section resistance
givenin 10.1.4.1. Alternatively the resistance moment in the span may be determined by testing using single
gpan tests with a span comparable to the distance between the points of contraflexure in the span.

10.1.3.3 Two-span continuous purlinswith uplift loading

(1) The moments due to uplift loading in apurlin that is physically continuous over two spans without overlaps
or seeves, should be determined using elastic global anaysis.

(2) The moment over the internal support should satisfy the criteria for cross-section resistance given in
10.1.4.1. Because the support reaction is a tensile force, no account need be taken of its interaction with the
support moment. The mid-support should be checked also for bending moment + shear forces.

(3) The momentsin the spans should satisfy the criteriafor stability of the free flange givenin 10.1.4.2.
10.1.3.4 Purlinswith semi-continuity given by overlaps or Seeves

(1) The moments in purlins in which continuity over two or more spans is given by overlaps or seeves at
internal supports, should be determined taking into account the effective section properties of the cross-section
and the effects of the overlaps or sleeves.

(2) Testsmay be carried out on the support details to determine:
- the flexural stiffness of the overlapped or deeved part;
- the moment-rotation characteristic for the overlapped or deeved part. Note, that only when the failure

occurs at the support with cleat or similar preventing lateral displacements at the support, then the plastic
redistribution of bending moments may be used for deeved and overlapped systems;

- the resistance of the overlapped or deeved part to combined support reaction and moment;

- the resistance of the non-overlapped unsleeved 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 arelevant numbers of tests.

(3) For gravity loading, the purlin should satisfy the following criteria:
- at internal supports, the resistance to combined support reaction and moment determined by testing;

- near supports, the resistance to combined shear force and bending moment determined by testing;
- in the spans, the criteriafor cross-section resistance givenin 10.1.4.1;

- if the purlin is subject to axial compression, the criteriafor stability of the free flange givenin 10.1.4.2.
(4) For uplift loading, the purlin should satisfy the following criteria:

- a internal supports, the resistance to combined support reaction and moment determined by testing, taking
into account the fact that the support reaction is atensile force in this case;

- near supports, the resistance to combined shear force and bending moment determined by testing;

- in the spans, the criteriafor stability of the free flange givenin 10.1.4.2;

- if the purlin is subjected to axial compression, the criteriafor stability of the free flangeisgivenin 10.1.4.2.
10.1.35 Serviceability criteria
(1) The servicesbility criteriarelevant to purlins should also be satisfied.
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10.1.4  Design resistance
10.1.4.1 Resistance of cross-sections

(1) For apurlin subject to axial force and transverse load the resistance of the cross-section should be verified
asindicated in figure 10.2 by superposing the stresses due to:

- the in-plane bending moment My gq;
- the axial force Ngg;

- an equivalent lateral load gnheq 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:

- restrained flange:

M

Orecea = 1 M5 ';':fd < 1,07,
oty ' ..(10.33)
- freeflange:

OmaxEd = Mygd , Nea , Mizeg SR

Wery  Aar We ... (10.30)

where:

At is theeffective area of the cross-section for only uniform compression;
fy is theyidld strength asdefined in 3.2.1(5);

Miea IS the bending moment in the free flange due to the lateral load Qheq;
Wty IS theeffective section modulus of the cross-section for only bending about the y -y axis;

W, is the gross elastic section modulus of the free flange plus 0,27 of the web height for the
point of web-flange intersection, for bending about the z- z axis;

and = o if Agt=Ag or if Wery =Wy and Neq= 0, otherwise yu = ju1.

S S N A A A A R M A

Figure10.2: Superposition of stresses
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(3) The equivdent lateral load neq acting on the free flange, due to torsion and lateral bending, should be
obtained from:

O, Ed = kn Qed .. (10.4)
(4) Thecoefficient k, should be obtained asindicated in figure 10.3 for common types of cross-section.

\‘—é) — centre
¢ es’s -
|

shear !
[@)]
s centre shear
l I
h

ht(b? + 2cb—2c?b/ h) yz Os
T T h
y y
Simple symmetrical Z section Z, Cor ¥ sections

a) Kno factor for lateral load on free bottom flange. (Kno correspond to loading in the shear centre)

Oeq Oeq f f Oeq
p—a— T P H|aj=n o T
Shear Shear 4}
centre < centre <
Kp Ogq J ll Ky, Ogg J
=k, 04 -« €K, Oy >
K, = kg k, = k, o+ e/h (*) k,=kyo-alh (%) k= k- f/h
(***)
b) Gravity loading ¢) Uplift loading

Equivaent |ateral load factor Kp

(*) If the shear centreis at the right hand side of the load geq then the load is acting in the opposite
direction.

(**) If alh>kyp thentheload isacting in the opposite direction.
(***) Thevalue of f islimited to the position of the load geq between the edges of the top flange.

Figure 10.3: Conversion of torsion and lateral bending into an equivalent lateral load kn Qed

(5) The lateral bending moment M, eq should be determined from expression (10.5) except for a beam with
the free flange in tension, where, due to positive influence of flange curling and second order effect moment
Mi.ea may be taken equal to zero:

Mizes =  xrMogzed ... (10.5)
where:

Moseda IS theinitid lateral bending moment in the free flange without any spring support;

AR is acorrection factor for the effective spring support.

79



prEN 1993-1-3 : 2004 (E)

(6) Theinitid lateral bending moment in the free flange Mos.eq Should be determined from table 10.1 for the
critical locations in the span, at supports, at anti-sag bars and between anti-sag bars. The validity of the table
10.1islimited to the range R< 40.

(7) The correction factor xr for the relevant location and boundary conditions, should be determined from
table 10.1 (or using the theory of beams on the elastic Winkler foundation), using the value of the coefficient R
of the spring support given by:

KU
4
7 Ely .. (10.6)
where:

Itz is the second moment of area of the gross cross-section of the free flange plus 0,27 of the
web height, for bending about the z - z axis, when numerical analysis is carried out, see
10.1.2(5);

K is thelateral spring stiffness per unit length from 10.1.5.1;

La is the distance between anti-sag bars, or if none are present, the span L of the purlin.

Table10.1: Valuesof initial moment Mg¢,eq and correction factor xr
System Location Moyzed AR
m 1 1-0,0225R
Ty X m < OhEd La2 Kr=—"T""—5°=
e . - 8 1+1,013R
‘<—L/2—+—L/2—+
(L,=0)
y m 9 2
Px_m e — (el
Vs ' ' 128 " . _1-0014IR
F3/8La . 58, R~ 1+ 0416R
anti-sag bar or support
e 1 2
__q L
g e . _1+00314R
R 1+039%R
y m 1 2
X _£ m & =7 Oneal
Lj_ ' ' 24 MEIE . _1-00125R
‘ko,sLa#o,sLaﬂ R 1+04198R
anti-sag bar or support
e 1 2
__q L
12 e . _1+00178R
R 1+0191R
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10.1.4.2 Buckling resistance of freeflange
(1) If thefreeflangeisin compression, its buckling resistance should be verified using:

1 My,Ed+ Neg + Meed
it \Wety A Wt

< fyb o

.. (10.7)
in which  y .1 is the reduction factor for lateral torsiona buckling (flexural buckling of the free flange),
obtained from 6.2.3. using buckling curve b (imperfection factor o = 0,34) for the relative denderness

Atz givenin (2). In the case of an axial compression force Neq, 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, this failure mode should also be checked following clause 6.2.2 and 6.2.4.

(2) Therdative denderness Atz for flexural buckling of the free flange should be determined from:

z P I, / itz
Z .. (10.8)
with:
/’Ll = 7 [ E / f yb ] 00
where:
It is thebuckling length for the free flange from (3) to (7);
itz is the radius of gyration of the gross cross-section of the free flange plus 0,27 of the web

height, about the z-z axis.

(3) For gravity loading, provided that 0 < R < 200, the buckling length of the free flange for a variation of the
compressive stress over the length L as shown in figure 10.4 may be obtained from:

l, = 7;La (1"' 7, R™ )’74 ... (10.9)
where:

La is thedistance between anti-sag bars, or if none are present, the span L of the purlin;

R is asgivenin10.1.4.1(7);

and 1 to 74 are coefficients that depend on the number of anti-sag bars, as given in table 10.2a. The tables
10.2a and 10.2b are valid only for equa spans uniformly loaded beam systems without overlap or sleeve and
with anti-sag bars that provide lateral rigid support for the free flange. Due to rotations in overlap or sleeve
connection, the field moment may be much larger than support moment which results also longer buckling
lengths in span. Neglecting the real moment distribution may lead to unsafe design. The tables may be used
for systems with deeves and overlaps provided that the connection system may be considered as fully
continuous. In other cases the buckling length should be determined by more appropriate calculations or,
except cantilevers, the values of the table 10.2afor the case of 3 anti-sag bars per field may be used.

S

[Dotted areas show regionsin compression]
Figure 10.4: Varying compressive stressin freeflangefor gravity load cases
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Table 10.2a . Coefficientsy; for down load with 0, 1, 2, 3, 4 anti-sag bars

Situation Anti sag-bar n N2 N3 Na
Number

End span 0 0.414 172 111 -0.178
Intermediate span 0.657 8.17 222 -0.107
End span 1 0.515 1.26 0.868 -0.242
Intermediate span 0.596 2.33 115 -0.192
End and intermediate span 2 0.596 2.33 1.15 -0.192
End and intermediate span 3and 4 0.694 5.45 127 -0.168

Table 10.2b : Coefficientsy; for uplift load with 0, 1, 2, 3, 4 anti-sag bars

Situation Anti sag-bar n N2 N3 Na
Number

Simple span 0 0.694 5.45 1.27 -0.168
End span 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 2 0.902 8.55 218 -0.111
End and intermediate spans 0.800 6.75 1.49 -0.155
Simple and end spans 3and4 0.902 8.55 218 -0.111
Intermediate span 0.800 6.75 1.49 -0.155

(4) For gravity loading, if there are more than three equally spaced anti-sag bars, under other conditions
specified in (3), the buckling length need not be taken as greater than the value for two anti-sag bars, with L, =
L/3. Thisclauseisvalid only if thereisno axial compressive force.

(5) If the compressive stress over the length L is amost constant, due to the application of arelatively large
axial force, the buckling length should be determined using the values of 7 from table 10.2a for the case
shown as more than three anti-sag bars per span, but the actual spacing La.

(6) For uplift loading, when anti-sag bars are not used,_provided that 0 < Ry < 200, the buckling length of the
free flange for variations of the compressive stress over the length Lo as shown in figure 10.5, may be obtained
from:

l, = 07Lo(1+131 R, ) & ... (10.10a)

with;

K Lg
7' Ely,

RO =
... (10.10b)

inwhich l; and K are asdefined in 10.1.4.1(7). Alternatively, the buckling length of the free flange may be
determined using the table 10.2b in combination with the equation given in 10.1.4.2(3).

(7) For uplift loading, if the free flange is effectively held in position laterally at intervals by anti-sag bars, the
buckling length may conservatively be taken as that for a uniform moment, determined as in (5).The formula
(10.108) may be applied under conditions specified in (3). If there are no appropriate calculations, reference
should be made to 10.1.4.2(5).
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[Dotted areas show regionsin compression]
Figure 10.5: Varying compressive stressin free flangefor uplift cases

10.1.5 Rotational restraint given by the sheeting
10.1.5.1 Lateral spring stiffness

(1) The lateral spring support given to the free flange of the purlin by the sheeting should be modelled as a
lateral spring acting at the free flange, see figure 10.1. The total lateral spring stiffness K per unit length
should be determined from:

i _1,1.,1
K Ka Ke Kec .. (10.11)
where:
Ka is thelatera stiffness corresponding to the rotational stiffness of the connection between the
sheeting and the purlin;
Kg is thelatera stiffness dueto distortion of the cross-section of the purlin;
Kc is thelateral stiffness dueto the flexural stiffness of the sheeting.

(2) Normally it may be assumed to be safe as well as acceptable to neglect 1/Kc because K¢ isvery large
comparedto Ka and Kg. Thevaueof K should then be obtained from:

1
(1/Ka+1/Kg) .. (10.12)

(3) Thevalueof (1/Ka+1/Kg) may beobtained either by testing or by calculation.
NOTE: Appropriate testing procedures are given in Annex A.

(4) Thelatera spring stiffness K per unit length may be determined by calculation using:
1 4(1-v*) R (hd+bmod)+h_2

K Et® Cob

.. (10.13)

in which the dimension by IS determined as follows:

- for cases where the equivalent lateral force bringing the purlin into contact with the sheeting at the purlin
web:

bmod: a

- for cases where the equivalent latera force bringing the purlin into contact with the sheeting at thetip of the
purlin flange:
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ba= 2a+b
where:
a is thedistance from the sheet-to-purlin fastener to the purlin web, seefigure 10.6;
b is thewidth of the purlin flange connected to the sheeting, seefigure 10.6;
Co is thetotal rotational spring stiffnessfrom 10.1.5.2;
h is theoverdl height of the purlin;
hq is thedeveloped height of the purlin web, seefigure 10.6.
b b
b-a* a b-a>i<a

Fastener Fastener

Yy )
Figure 10.6: Purlin and attached sheeting

10.1.5.2 Rotational spring stiffness

(1) The rotational restraint given to the purlin by the sheeting that is connected to its top flange, should be
modelled as a rotational spring acting at the top flange of the purlin, see figure 10.1. Thetotal rotational spring
stiffness Cp should be determined from:

1
(1/Cpa+1/Cpe)

Co
..(10.14)

where:
Coa is therotational stiffness of the connection between the sheeting and the purlin;

Coc is therotationa stiffness corresponding to the flexural stiffness of the sheeting.
(2) Generally Cpa may be calculated asgivenin (5) and (7). Alternatively Cp. may be obtained by testing,
see (9).
(3) The value of Cpc may be taken as the minimum value obtained from calculational models of the type

shown in figure 10.7, taking account of the rotations of the adjacent purlins and the degree of continuity of the
sheeting, using:

Coc = mlg ...(10.15)
where:

l st is the effective second moment of area per unit width of the sheeting;

m is theapplied moment per unit width of sheeting, applied asindicated in figure 10.7;

o is theresulting rotation, measured asindicated in figure 10.7 [radiang].
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L L L

Figure10.7: Mode for calculating Cpc

(4) Alternatively aconservative value of Cpc may be abtained from:
CD,C = —k EQ Lt
= ... (10.16)

inwhich k isanumerical coefficient, with values as follows;

- end, upper case of figure 10.7 k=2
- end, lower case of figure 10.7 k=3;
- mid, upper case of figure 10.7 k=4;
- mid, lower case of figure 10.7 k=6;
where:
S is thespacing of the purlins.

(5) Provided that the sheet-to-purlin fasteners are positioned centrally on the flange of the purlin, the value of
Coa for trapezoida sheeting connected to the top flange of the purlin may be determined as follows (see table
10.3):

Coa =Cuoo " Kea - K - Ker - Ka - Kyr ...(10.17)
where

Kya = (b, /100)? if b, <125mm:

Kpa =1,25(b, /100) if 125mm<b, <200mm:

K, = (t g /0,75)"" if tom =0,75mm; positive position;

Ke = (toom /0,75)"° if toom = 0,75Mm:; negative position;

k, = (t,on /0,75)"° if tom <0,75mm:

kpr =10 if bg <185mm;

k,r =185/bg if by >185mm;

for gravity load:

ky =10+ (A-10)-0,08 if thom =0,75mMm; positive position;
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ka =10+ (A-10)-0,16 if tom =0,75mMm;: negative position;
ka =10+ (A-10)-0,095 if tom =100mm : positive position;
ka =10+ (A-10)-0,095 if toom =1,00mm ; negative position;

for uplift load:
Ko =10;

Kpr =,/bT5Tmax if br > br e, Otherwise kor = 1;

A<12kN/m |oad introduced from sheeting to beam;

where:
Da is thewidth of the purlin flange [in mm];
br is thecorrugation width [in mm];
br is thewidth of the sheeting flange through which it is fastened to the purlin;
Cio is arotation coefficient, representing the value of Cpa if by =100 mm.

(6) Provided that there is no insulation between the sheeting and the purlins, the value of the rotation
coefficient Cio0 may be obtained from table 10.3.

(7) Alternatively Cpa may be taken as equal to 130p [Nm/m], where p isthe number of sheet-to-purlin
fasteners per metre length of purlin (but not more than one per rib of sheeting), provided that:

- theflange width b of the sheeting through which it is fastened does not exceed 120 mm;
- the nominal thickness t of the sheetingisat least 0,66 mm;

- the distance a or b - a between the centreline of the fastener and the centre of rotation of the purlin
(depending on the direction of rotation), as shownin figure 10.6, isat least 25 mm.

(8) If the effects of cross-section distortion have to be taken into account, see 10.1.5.1, it may be assumed to be
realistic to neglect Cpc, because the spring stiffness is mainly influenced by the value of Cpa and the cross-
section distortion.

(9) Alternatively, valuesof Cpa may be obtained from a combination of testing and calculation.

(20)If thevalue of (1/Ka + 1/Kg) isobtained by testing (in mmy/N in accordance with A.5.3(3)), the vaues of

Coa for gravity loading and for uplift loading should be determined from:
h?/1,

(1/Ka+1/Kg)-4 (1-v?)h®(ha+bug ) [(E15)

CD,A =
... (10.18)

inwhich bmy, h and hy areasdefined in 10.1.5.1(4) and |4 isthe modular width of tested sheetingand |g is
the length of tested beam.

NOTE For testing see Annex A.5.3(3).
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Table 10.3: Rotation coefficient Cyoo for trapezoidal sted sheeting

Positioning of sheeting | Sheet fastened through | Pitch of fasteners Washer | Cio B mex
diameter
[mm]
Positive 1) | Negativel) | Trough Crest e=bg e=2br [KNm/m] | [mm]
For gravity loading:
X X X 22 52 40
X X X 22 31 40
X X X Ka 10,0 40
X X X Ka 52 40
X X X 22 31 120
X X X 22 2,0 120
For uplift loading:
X X X 16 2,6 40
X X X 16 17 40
Key:

br isthe corrugation width;
br isthewidth of the sheeting flange through which it is fastened to the purlin.

Kaindicates a steel saddle washer as shown below with t > 0,75 mm Sheet fastened:
- through the trough:

—/\ b/ \ /S
o e

- through the crest:

Thevaluesin thistable arevalid for:

- sheet fastener screws of diameter: ¢ = 6,3 mm;

- steel washers of thickness: tw> 1,0 mm.

1) The position of sheeting in positive when the narrow flange is on the purlin and negative when the wide
flangeis on the purlin.

10.1.6  Forces in sheet/purlin fasteners and reaction forces

(1) Fasteners fixing the sheeting to the purlin shall be checked for a combination of shear force ¢s e,
perpendicular to the flange, and tension force ¢ e where gs and g may be calculated using table 10.4 and e
is the pitch of the fasteners. Shear force due to stabilising effect, see EN1993-1-1, shall be added to the shear
force. Furthermore, shear force due to digphragm action, acting parallel to the flange, shall be vectorially added
to Q.
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Table 10.4 Shear forceand tensileforcein fastener along the beam

Beam and loading

Shear force per unite length Qg

Tensileforce per unit length

Z-beam, gravity loading

L+ &)knQgq , may be taken as0

0

Z-beam, uplift loading

(1+&)(kn —a/h)ggg

|Sknaegh/al+agq  (a=b/2)

C-beam, gravity loading

(1-&)kndeg

Sknaggh/a

C-beam, uplift loading

(1-8)(kn —a/h)qgq

&kngegh/(b—a) + qggq

(2) The fasteners fixing the purlins to the supports shall be checked for the reaction force R, in the plane of
the web and the transverse reaction forces Ry and R. in the plane of the flanges, see figure 10.8. Forces R,
and R, may be calculated using table 10.5. Force R2 shall also include loads parallel to the roof for sloped
roofs. If Ry ispositive there isno 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 timesthe values given in table 10.5.

NOTE: For doped 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 10.8: Reaction forcesat support

Table 10.5 Reaction force at support for smply supported beam

Beam and loading

Reaction force on bottom flange Ry

Reaction force on top flange Ro

Z-beam, gravity loading

(1-¢)knQeqlL /2

(1+¢)kpggql /2

Z-beam, uplift loading

—(1-¢)kngggL/2

—(1+¢)khgggL/2

C-beam, gravity loading

- (1-¢)knagqL/2

(1-¢)knQgqL /2

C-beam, uplift loading

(1-¢)knQgqL/2

- (1-¢)knagqL/2

(3) Thefactor ¢ may betakenas ¢ =3/kg , where &g = correction factor given in table 10.1, and the factor

¢ maybetakenas £=3/C .

10.2 Liner trays restrained by sheeting

10.2.1 General

(1) Liner trays should be large channel -type sections, with two narrow flanges, two webs and one wide flange,
generdly as shown in figure 10.9. The two narrow flanges should be laterally restrained by attached profiled

steel shesting.
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Figure 10.9: 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 6.1.5t0 6.1.11, but using the value of Mrq given by (3) or (4).

(3) The moment resistance Mqrq Of aliner tray may be obtained using 10.2.2 provided that:

- the geometrical properties are within the range given in table 10.6;

- the depth h, of the corrugations of the wide flange does not exceed h/8, where h isthe overall depth of

theliner tray.

(4) Alternatively the moment resistance of aliner 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 10.6: Range of validity of 10.2.2

0,75 mm
30 mm
60 mm

300 mm

IN NN

IN

tnom

b
h

by
la/ by
St

AN IANCIA NN

IA

1,5mm
60 mm
200 mm
600 mm
10 mm®*/mm
1000 mm
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10.2.2 Moment resistance
10.2.2.1 Wideflangein 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 10.10 asfollows:

- Step 1: Determine the effective areas of al compression elements of the cross-section, based on values of
the stressratio = o2/ o1 obtained using the effective widths of the compression flanges but the gross areas
of the webs;

- Step 2: Find the centroid of the effective cross-section, then obtain the moment resistance M¢rq from:

Mc,Rd = 08 Weff'minfyb/ Mo (1019)
with:

Wetmin - = lyet/ Z but Wetmin < lyet/ Z;

where z; and z areasindicated in figure 10.10.
<o
N
G)o

< v

or

—
J
.

«b /2> <D, o1/ 2 b2

o, = 0,8f /%0 é o, < 0,8f /%0 [TTTI1]
Y1

e
N
NH p— —_— —
’—# or
. X ol
I L y = ;_L
6, <084/ (I % = °8/e [T

Step 2

Figure10.10: Determination of moment resistance — wide flange in compression

10.2.2.2 Wideflangein tension

(1) The moment resistance of aliner tray with its wide flange in tension should be determined using the step-
by-step procedure outlined in figure 10.11 asfollows:

- Step 1: Locate the centroid of the gross cross-section;

- Step 2: Obtain the effective width of the wide flange by, alowing for possible flange curling, from:
533-10° g, t3tq

bu,eff 3
hLb, ... (10.20)
where:
by is theoveral width of the wide flange;
& is the distance from the centroidal axis of the gross cross-section to the centroidal axis of the
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narrow flanges;

h is theoveral depth of theliner tray;
L is thespan of theliner tray;
teg is theequivalent thickness of the wide flange, given by:

ty = (121a/by)"
la is thesecond moment of area of the wide flange, about its own centroid, see figure 10.9.

- Step 3. Determine the effective areas of all the compression elements, based on values of the stress ratio
w= o2/ o1 obtained using the effective widths of the flanges but the gross areas of the webs;

- Step 4: Find the centroid of the effective cross-section, then obtain the buckling resistance moment My grg
using:

Mord = 08 foWarcomfyo/ 0 DUt Mora < 0.8 Wt Fy/ ga10 .. (10.21)
with:

Wistcom = lyet/z

Wt ¢ = lyailz

in which the correlation factor 3, is given by the following:
- if s1< 300 mm:
B = 10
- if 300 mm < s; < 1000 mm:
B, = 115-s /2000
where:

S is the longitudinal spacing of fasteners supplying lateral restraint to the narrow flanges, see
figure 10.9.

(2) The effects of shear lag need not be considered if L /by« = 20. Otherwise areduced value of p should
be determined as specified in 6.1.4.3.
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Figure10.11: Deter mination of moment resistance — wide flangein tension

(3) Flange curling need not be taken into account in determining deflections at serviceability limit states.

(4) As asimplified aternative, the moment resistance of aliner 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.

10.3 Stressed skin design

10.3.1  General

(1) Theinteraction between structural members and sheeting panelsthat are designed to act together as parts of
acombined structural system, may be allowed for as described in this clause 10.3.

(2) The provisions given in this clause shall 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: Information on the verification of such diaphragms may be obtained from:

ECCS Publication No. 88 (1995): European recommendations for the application of metal sheeting acting
asadiaphragm.

10.3.2  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 10.12 and 10.13.
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(3) Similarly, rectangular wall panels may be treated as bracing systems that act as shear diaphragmsto resist
in-plane forces.

Shear field
in sheeting
<+
— > PR AN
ZR
P / Flange forces
P ot — in edge members
sici 7 ;[ /%‘
Sheeting

Figure10.12: Stressed skin action in aflat-roof building

10.3.3  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
diaphragmsto resist structural displacement in the plane of that sheeting;

- the diaphragms have longitudinal edge membersto carry flange forces arising from diaphragm action;

- the diaphragm forces in the plane of aroof or floor are transmitted to the foundations by means of braced
frames, further stressed-skin digphragms, 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 predominantly in low-rise buildings, or in the floors and facades of high-
rise buildings.

(3) Stressed skin digphragms may be used predominantly to resist wind loads, snow loads and other loads that
are applied through the sheeting itself. They may aso 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.
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Shear field
in sheeting

Flange forces
in edge members

Sheeting

Gable tie required
to resist forces in
roof sheeting

Figure 10.13: Stressed skin action in a pitched roof building

10.3.4  Profiled steel sheet diaphragms

(1) In a profiled steel sheet diaphragm, see figure 10.14, both ends of the sheets shall 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 shall be fixed directly through the sheeting into the supporting member, for example through the
troughs of profiled sheets, unless specia 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, sdf-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 al fasteners to the edges and ends of the sheets shall be adequate to prevent premature
tearing of the sheets.

(4) Smal randomly arranged openings, up to 3% of the relevant area, may be introduced without special
calculation, provided that the total number of fastenersis 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.

(5) All sheeting that also forms part of a stressed-skin diaphragm shall 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 0,25fyy/ 1.

(6) The shear resistance of a stressed-skin diaphragm shall be based on the least tearing strength of the seam
fasteners or the sheet-to-member fasteners parallel to the corrugations or, for diaphragms fastened only to
longitudinal edge members, the end sheet-to-member fasteners. The calculated shear resistance for any other
type of failure should exceed this minimum value by at |east the following:

- for failure of the sheet-to-purlin fasteners under combined shear and wind uplift, by at least 40%;

- for any other type of failure, by at least 25%.
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Figure 10.14: Arrangement of an individual panel

10.3.5  Steel liner tray diaphragms
(1) Liner trays used to form shear diaphragms should have stiffened wide flanges.

(2) Liner traysin shear diaphragms should be inter-connected by seam fasteners through the web at a spacing
e; of not more than 300 mm by seam fasteners (normally blind rivets) located at a distance e, from the wide
flange of not morethan 30 mm, al as shown in figure 10.15.

(3) An accurate evaluation of deflections due to fasteners may be made using a similar procedure to that for
trapezoidal profiled sheeting.
(4) Theshear flow T,gq dueto ultimate limit states design loads should not exceed T, rq given by:

Tyra = 843 E4 1. (t/n,)° .. (10.22)

where;

la is thesecond moment of area of the wide flange about it own centroid, see figure 10.9;

by is theoverall width of the wide flange.

Figure10.15: Location of seam fasteners
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(5) Theshear flow T, dueto serviceability design loads should not exceed T, cq given by:

Twea = S/375 .. (10.23)
where:

S, is theshear giffness of the diaphragm, per unit length of the span of the liner trays.
(6) Theshear tiffness S, per unit length may be obtained from:

a L b,
> T e (bby)
! ... (10.24)
where:
L is theoverdl length of the shear diaphragm (in the direction of the span of the liner trays);
b is theoverdl width of the shear diaphragm (b= X by);
o is thedtiffnessfactor.

(7) The dtiffness factor o may be conservatively be taken as equal to 2000 N/mm unless more accurate
values are derived from tests.

10.4 Perforated sheeting
(1) Perforated sheeting 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 rulestend to give rather conservative values. More economical solutions might be
obtained from design assisted by testing, see Section 9.

(2) Providedthat 0,2< d/a < 0,8 gross section properties may be calculated using 5.1.2, but replacing t by
taer Obtained from:

tir = 118t (1-09d /a) ... (10.25)
where:

d is thediameter of the perforations;

a is the spacing between the centres of the perforations.

(3) Provided that 0,2 < d/a < 10 effective section properties may be calculated using Section 4, but
replacing t by t,« Obtained from:

that = 3 118(1-d /a) ... (10.26)

(4) The resistance of asingle web to local transverse forces may be calculated using 6.1.9, but replacing t by
teer Obtained from:

teett = [1'(d /a)zsper /Sw]3/2

... (10.27)
where:
Sper is thedant height of the perforated portion of the web;

Sw is thetotal dant height of the web.
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Annex A [normative] — Testing procedures

A.1 General

(1) Thisannex A gives appropriate standardized testing and evaluation procedures for a number of tests that
arerequired in design.

NOTE 1. Inthefield of cold-formed members and sheeting, many standard products are commonly used for
which design by calculation might not lead to economical solutions, so it is frequently desirable to use design
assisted by testing.

NOTE 2: The National Annex may give further information on testing.

NOTE 3: The Nationa Annex may give conversion factors for existing test results to be equivaent to the
outcome of standardised tests according to this annex.

(2) Thisannex covers:
- tests on profiled sheets and liner trays, see A.2;

- tests on cold-formed members, see A.3;
- tests on structures and portions of structures, see A .4,
- tests on torsionally restrained beams, see A.5;

- evaluation of test results to determine design vaues, see A.6.

A.2 Tests on profiled sheets and liner trays

A.2.1 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 (e.g. sheeting mentioned in EN
508).

(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 examplesare givenin figure A.1.

Rivet or screw
Transverse tie (metal strip)

Timber blocks

_}’ ________________________ J(_

Figure A.1: Examplesof appropriatetest accessories

(4) For uplift tests, the test set-up should redligtically simulate the behaviour of the sheeting under practical
conditions. The type of connections between the sheet and the supports should be the same as in the
connections to be used in practice.

(5) To give the results a wide range of applicability, hinged and roller supports should preferably be used, to
avoid any influence of torsional restraint at the supports on the test results,
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(6) It should be ensured that the direction of the loading remains perpendicular to the initial plane of the sheet
throughout the test procedure.

(7) To diminate the deformations of the supports, the deflections at both ends of the test specimen should aso
be measured.

(8) The test result should be taken as the maximum value of the loading applied to the specimen either
coincident with failure or immediately prior to failure as appropriate.

A.2.2 Single span test

(1) A test set-up equivalent to that shown in figure A.2 may be used to determine the midspan moment
resistance (in the absence of shear force) and the effective flexura stiffness.

(2) The span should be chosen such that the test results represent the moment resistance of the sheet.
(3) The moment resistance should be determined from the test result.
(4) Theflexura stiffness should be determined from a plot of the |oad-deflection behaviour.

A.2.3 Double span test

(1) The test set-up shown in figure A.3 may be used to determine the resistance of a sheet that is continuous
over two or more spans to combinations of moment and shear at interna supports, and its resistance to
combined moment and support reaction for a given support width.

(2) Theloading should preferably be uniformly distributed (applied using an air bag or a vacuum chamber, for
example).

(3) Alternatively any number of line loads (transverse to the span) may be used, arranged to produce internal
moments and forces that are appropriate to represent the effects of uniformly distributed loading. Some
examples of suitable arrangements are shown in figure A 4.

A.2.4 Internal support test

(1) Asan dternativeto A.2.3, the test set-up shown in figure A.5 may be used to determine the resistance of a
sheet that is continuous over two or more spans to combinations of moment and shear at internal supports, and
its resistance to combined moment and support reaction for a given support width.

(2) Thetest span s used to represent the portion of the sheet between the points of contraflexure each side of
the internal support, in a sheet continuous over two equal spans L may be obtained from:

s = 04L (A

(3) If plastic redistribution of the support moment is expected, the test span s should be reduced to represent
the appropriate ratio of support moment to shear force.
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FigureA.2: Test set-up for single span tests
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FigureA.3: Test set-up for double span tests
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Figure A.4: Examplesof suitable arrangementsof alter native lineloads

(4) Thewidth bg of the beam used to apply the test load should be selected to represent the actual support
width to be used in practice.

(5) Each test result may be used to represent the resistance to combined bending moment and support reaction
(or shear force) for a given span and a given support width. To obtain information about the interaction of
bending moment and support reaction, tests should be carried out for several different spans.

(6) Interpretation of test results, see A.5.2.3.

A.2.5 End support test

(1) The test set-up shown in figure A.6 may be used to determine the shear resistance of a sheet at an end
support.

(2) Separate tests should be carried out to determine the shear resistance of the sheet for different lengths u
from the contact point at the inner edge of the end support, to the actual end of the sheet, see figure A.6.

NOTE: Vaue of maximum support reaction measured during a bending test may be used as a lower bound
for section resistance to both shear and local transverse force.

[ 7 e e ] Jn ¥ N
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b) Internal support under simulated uplift loading
F F |F
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c) Internal support with loading applied to tension flange

FigureA.5: Test set-up for internal support tests
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Figure A.6: Test set-up for end support tests

A.3 Tests on cold-formed members

A.3.1 General
(1) Each test specimen should be similar in all respects to the component or structure that it represents.

(2) The supporting devices used for tests should preferably provide end conditions that closely reproduce those
supplied by the connections to be used in service. Where this cannot be achieved, less favourable end
conditions that decrease the load carrying capacity or increase the flexibility should be used, as relevant.

(3) The devices used to apply the test loads should reproduce the way that the loads would be applied in
service. It should be ensured that they do not offer more resistance to transverse deformations of the cross-
section than would be available in the event of an overload in service. It should also be ensured that they do
not localize the applied forces onto the lines of greatest resistance.

(4) 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.

(5) At each stage of the loading, the displacements 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 aload increment.

(6) Failure of atest specimen should be considered to have occurred in any of the following cases:
- at collapse or fracture;
- if acrack beginsto spread in avital part of the specimen;
- if the displacement is excessive.

(7) The test result should be taken as the maximum value of the loading applied to the specimen either
coincident with failure or immediately prior to failure as appropriate.

(8) Theaccuracy of al measurements should be compatible with the magnitude of the measurement concerned
and should in any case not exceed + 1% of the value to be determined. The following magnitudes (in clause
(9)) must also be fulfilled.

(9) The measurements of the cross-sectional geometry of the test specimen should include:
- the overall dimensions (width, depth and length) to an accuracy of +1,0 mm;

- widths of plane elements of the cross-section to an accuracy of +1,0 mm;
- radii of bendsto an accuracy of +1,0 mm;

- inclinations of plane elementsto an accuracy of +2,0°;
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- angles between flat surfacesto an accuracy of +2,0°;
- locations and dimensions of intermediate stiffeners to an accuracy of +1,0 mm;
- the thickness of the material to an accuracy of +0,01 mm;

- accuracy of all measurements of the cross-section has to be taken as equal to maximum 0,5 % of the

nominal values.

(20)All other relevant parameters should also be measured, such as:

- locations of components relative to each other;
- locations of fasteners,

- the values of torques etc. used to tighten fasteners.

A.3.2 Full cross-section compression tests
A.32.1 Stub column test

(1) Stub column tests may be used to allow for the effects of local buckling in thin gauge cross-sections, by
determining the value of theratio S = A«t/ Aq and the location of the effective centroidal axis.

(2) If loca buckling of the plane elements governs the resistance of the cross-section, the specimen should
have alength of at least 3 times the width of the widest plate element.

(3) The lengths of specimens with perforated cross-sections should include at least 5 pitches of the
perforations, and should be such that the specimen is cut to length midway between two perforations.

(4) Inthe case of a cross-section with edge or intermediate stiffeners, it should be ensured that the length of the
specimen is not less than the expected buckling lengths of the stiffeners.

(5) If the overall length of the specimen exceeds 20 timesthe least radius of gyration of its gross cross-section
imin, intermediate lateral restraints should be supplied at a spacing of not more than 20 i i .

(6) Before testing, the tolerances of the cross-sectiona dimensions of the specimen should be checked to
ensure that they are within the permitted deviations.

(7) Thecut ends of the specimen should be flat, and should be perpendicular to itslongitudinal axis.

(8) An axial compressive force should be applied to each end of the specimen through pressure pads at |east
30 mm thick, that protrude at least 10 mm beyond the perimeter of the cross-section.

(9) Thetest specimen should be placed in the testing machine with aball 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.

(10)In the case of open cross-sections, possible spring-back may be corrected.

(11)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:

- the thickness;

-theratio by/t;

- theratio fu/fyb;

- the ultimate strength f, and theyield strength fyy;

- the location of the centroid of the effective cross-section;

- imperfectionsin the shape of the el ements of the cross-section;

- the method of cold forming (for example increasing the yield strength by introducing a deformation that is
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subsequently removed).
A.3.2.2 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-flexura
buckling) and the interaction between local buckling and overall buckling.

(2) The method of carrying out the test should be generaly as given for stub column testsin A.3.2.1.

(3) A seriesof testson axially loaded specimens 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 vaues of relative

senderness 4 to be tested and the minimum number of tests n at each value, should be asgivenin table A.1.

Table A.1: Reative dendernessvalues and numbers of tests

o

0,2 05 0,7 1,0 13 1,6 2,0 30

N 3 5 5 5 5 5 5 5

(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 theinterpretation of the test results the following parameters should be taken into account:
- the parameters listed for stub column testsin A.3.2.1(11);

- overal lack of straightnessimperfections compared to standard production output, see (6);
- type of end or intermediate restraint (flexural, torsional or both).

(6) Overdl lack of straighness may be taken into account asfollows:

a) Determine the critical compression load of the member by an appropriate analysis with initial bow equal
to test sample: Fer powtest

b) As a) but with an initial bow equal to the maximum allowed according to the product specification:
Fcr,bmv,max,nom

c) Additional correction factor: Fepow,maxnom ! Ferpow,test

A.3.3 Full cross-section tension test

(1) Thistest may be used to determine the average yield strength fy, of the cross-section.

(2) The specimen should have alength of at least 5 times the width of the widest plane element in the cross-
section.

(3) Theload 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.3.4 Full cross-section bending test
(1) Thistest may be used to determine the moment resistance and rotation capacity of a cross-section.

(2) The specimen should have alength of at least 15 timesits 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 alength under uniform bending moment
a midspan of at least 0,2 x (span) but not more than 0,33 x (pan). These loads should be applied through
the shear centre of the cross-section. If necessary, loca 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
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should be measured at the load positions, at midspan and at the ends of the specimen.
(4) Ininterpreting the test results, the following parameters should be treated as variables:

- the thickness;

- theratio b,/t;

-theratio fu/fyp;

- the ultimate strength f, and the yield strength fys;

- differences between restraints used in the test and those available in service;

- the support conditions.

A.4 Tests on structures and portions of structures

A.4.1 Acceptance test
(1) This acceptance test may be used as a non-destructive test to confirm the structural performance of a
structure or portion of a structure.

(2) Thetest load for an acceptance test should be taken as equal to the sum of:
- 1,0 x (the actual self-weight present during the test);

- 1,15 x (the remainder of the permanent load);
- 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 tota
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 equa 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 repeat. In this repeat 1oad 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
creepinthe 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.4.2 Strength test

(1) Thisstrength 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 al 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 a strength test the specimen should first pass the acceptance test detailed in A.4.1.
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(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.
(5) The total test load (including self-weight) for a strength test Fg should be determined from the total
designload Feq specified for ultimate limit state verifications by calculation, using:

Far = pr Fea (A2

inwhich 4r istheload adjustment coefficient and yu isthe partial coefficient of the ultimate limit state.

(6) The load adjustment coefficient x4+ should take account of variations in the load carrying capecity 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 aredlistic assessment of the load carrying capacity of the structure, or portion of a structure, may be
made using the provisions of this Part 1-3 of EN 1993 for design by calculation, or another proven method of
analysis that takes account of all buckling effects, the load adjustment coefficient 4+ 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 fy,).

(8) Thevaueof fym should be determined from the measured basic strength fy, s Of the various components
of the structure, or portion of a structure, with due regard to their relative importance.

(9) If redlistic theoretical assessments of the load carrying capacity cannot be made, the load adjustment
coefficient 4 should be taken as equal to the resistance adjustment coefficient ;& definedin A.6.2.

(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.4.3 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 A.4.2.

(2) Alternatively atest 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 atest to failure, the specimen should first pass the strength test described in A.4.2. 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 increasein load.

NOTE: At this point gross permanent distortion islikely to have occurred. In some cases gross deformation
might define the test limit.

A.4.4 Calibration test
(1) A calibration test may be used to:

- verify load bearing behaviour relative to analytical design models;

- quantify parameters derived from design models, such as strength or tiffhess of members or joints.
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A.5 Tests on torsionally restrained beams

A.5.1 General

(1) Thesetest procedures may be used for beams that are partially restrained against torsional displacement, by
means of trapezoidal profiled steel sheeting or other suitable cladding.

(2) These procedures may be used for purlins, side rails, floor beams and other similar types of beams that
have relevant restraint conditions.

A.5.2 Internal support test
AS521 Test set-up

(1) The test set-up shown in figure A.7 may be used to determine the resistance of a beam that is continuous
over two or more spans, to combinations of bending moment and shear force at internal supports.

NOTE: The same test set-up may be used for seeved and overlap systems.
F

Ao cy 0_c
" q

FigureA.7: Test set-up for internal support tests
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(2) Thesupportsat A and E should be hinged and roller supports respectively. At these supports, rotation
about the longitudinal axis of the beam may be prevented, for example by means of cleats.

(3) Themethod of applying theload at C should correspond with the method to be used in service.

NOTE: Inmany casesthiswill mean that lateral displacement of both flangesis prevented at C.

(4) The displacement measurements at points B and D located at adistance e from each support, see figure
A.7, should be recorded to allow these displacements to be eliminated from the results analysis

(5) The test span s should be chosen to produce combinations of bending moment and shear force that
represent those expected to occur in practical application under the design load for the relevant limit state.

(6) For double span beams of span L subject to uniformly distributed loads, the test span s should normally
betaken asequal to 0,4L. However, if plastic redistribution of the support moment is expected, the test span s
should be reduced to represent the appropriate ratio of support moment to shear force.

A.5.2.2 Execution of tests
(1) Inaddition to the genera rulesfor testing, the following specific aspects should be taken into account.

(2) Testing should continue beyond the peak load and the recording of the deflections should be continued
either until the applied load has reduced to between 10% and 15% of its peak value or until the deflection
has reached avalue 6 times the maximum elastic displacement.

A5.23 Interpretation of test results

(1) The actual measured test results Russi should be adjusted as specified in A.6.2 to obtain adjusted values
Ruij; related to the nominal basic yield strength fy, and design thickness t of the steel, see 3.2.4.
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(2) 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 Fna for that value of s. The corresponding value of the support moment M should
then be determined from:

s R
4

M =

- (A.3)
Generally the influence of the dead load should be added when calculating the value of moment M following
the expression (A.3).

(3) The pairsof vauesof M and R for each value of s should be plotted as shown in figure A.8. Pairs of
values for intermediate combinationsof M and R may then be determined by linear interpolation.

A

= * Test results for

% different test spans s
E

£

Linear interpolation

o

o

a

=2

n

>

Support reaction R

Figure A.8: Relation between support moment and support reaction

(4) The net deflection at the point of load application C in figure A.7 should be obtained from the gross
measured values by deducting 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, seefigure A.7.

(5) For each test the applied load should be plotted against the corresponding net deflection, see figure A.9.
Fromthisplot, the rotation @ should be obtained for arange of values of the applied load using:

o = 2(5pl_5e_§e|)
05s — e (A.4)
9 = 2(5pl_5e_5lin)
05s —e ... (A.4b)
where:

da is thenet deflection for agiven load on the rising part of the curve, before Fru;
JOp is thenet deflection for the same load on the falling part of the curve, after Fe;

Jdin IS the fictive net deflection for a given load, that would be obtained with a linear behaviour, see
figure A.9;

Je IS theaverage deflection measured at adistance e from the support, seefigure A.7;

s is thetest span;

e is thedistance between adeflection measurement point and a support, see figure A.7.

The expression (A.4Q) is used when analyses are done based on the effective cross-section. The expression
(A.4b) is used when analyses are done based on the gross cross-section.
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(6) The relationship between M and @ should then be plotted for each test at a given test span s
corresponding to a given value of beam span L as shownin figure A.10. The design M - g characteristic for
the moment resistance of the beam over an internal support should then be taken as equal to 0,9 times the
mean value of M for al the tests corresponding to that value of the beam span L.

NOTE: Smadler value than 0,9 for reduction should be used, if the full-scale tests are used to determine
effect of lateral load and buckling of free flange around the mid-support, see 10.1.3.2(4).
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Figure A.9: Relationship between load and net deflection

Moment M

0,9 x mean = = :—-— Mean value
value ®
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Figure A.10: Derivation of the design moment-rotation characteristic

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 given by
adequately fastened sheeting or by another member perpendicular to the span of the beam.

(2) Thistest set-up coverstwo different contributionsto the total amount of restraint as follows:

a) The latera stiffness Ka per unit length corresponding to the rotational stiffness of the connection
between the sheeting and the beam;

b) Thelatera stiffness Kg per unit length due to distortion of the cross-section of the purlin.
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(3) The combined restraint per unit length may be determined from:
(1/Ka+l/Kg)=61F

where:
F is theload per unit length of the test specimen to produce alateral deflection of h/10;
h is theoverall depth of the specimen;
J is thelatera displacement of the top flangein the direction of theload F.

(4) Ininterpreting the test results, the following parameters should be treated as variables:
- the number of fasteners per unit length of the specimen;

- the type of fasteners;

- theflexural stiffness of the beam, relative to its thickness,

- the flexural stiffness of the bottom flange of the sheeting, relative to its thickness;
- the positions of the fastenersin the flange of the sheeting;

- the distance from the fasteners to the centre of rotation of the beam;

- the overall depth of the beam;

- the possible presence of insulation between the beam and the sheeting.

Load

— >
N <«
b-a, , | &~profi
_>'_+_(_ Profile h Clamped
Fastener | =5 /support
Sheeting >2b | b =450mm |
> >

a) Alternative 1

Insulation
if present

Fastener
\‘ \Profile d
h 1
L

Timber ——
blocks N

Sheeti%“:

d b d

7777

1,5dy < d < 3dq
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FigureA.11: Experimental determination of spring stiffnesses Ka and Kg

..(A.5)
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A.6 Evaluation of test results

A.6.1 General

(1) A specimen under test should be regarded as having failed if the applied test loads reach their maximum
values, or if the gross deformations exceed specified limits.

(2) The gross deformations of members should generally satisfy:
o < L0 ... (A.6)

1/50 (A7)

<
IA

where:
6 is themaximum deflection of abeam of span L;
¢ is thesway angle of astructure.

(3) In the testing of connections, or of components in which the examination of large deformations is
necessary for accurate assessment (for example, in evaluating the moment-rotation characteristics of deeves),
no limit need be placed on the gross deformation during the test.

(4) An appropriate margin of safety should be available between a ductile failure mode and possible brittle
failure modes. As brittle failure modes do not usually appear in large scale tests, additional detail tests should
be carried out where necessary.

NOTE: Thisisoften the case for connections.

A.6.2 Adjustment of test results

(1) Test results should be appropriately adjusted to alow for variations between the actual measured properties
of the test specimens and their nominal values.

(2) The actua measured basic yield strength fy,0s Should not deviate by more than -25% from the nominal
bascyleld Strength fyb i.e fyb,obs = 0,75 fyb,

(3) The actual measured thickness tos should not exceed the nominal materia thickness tpom (See 3.2.4) by
more than 12%.

(4) Adjustments should be made in respect of the actual measured values of the core material thickness topscor
and the basic yield strength fynans for all tests, except if values measured in tests are used to cdlibrate a design
maodel then provisions of (5) need not be applied.

(5) The adjusted value Ry of the test result for test i should be determined from the actual measured test
result Robsi using:

Rec i = Rosi/ tr .. (A.8)
inwhich = isthe resistance adjustment coefficient given by:
[ fyb,obs JaLtobS,oor Jﬂ
Hr = f
v Loor . (A9)

(6) Theexponent ¢ for usein expression (A.9) should be obtained asfollows:
-if fypors < fyp: a=0
-if fypors > fyo:
- generdly: a=1

For profiled sheets or liner trays in which compression elements have such large by, / t ratios that local
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buckling is clearly the failure mode: ¢=0,5.

(7) Theexponent /3 for usein expression (A.9) should be obtained as follows:

= |f tobs'co( > tcor
- for tests on profiled sheets or liner trays: p=2

- for tests on members, structures or portions of structures:

- if bp/t < (Bp/ Dim: =1
- if bp/t > 1,5(bp/ i B=2
- if (Bp/Oim < bp/t < 1,5(bp/ i obtain 4 by linear interpolation,

in which the limiting width-to thicknessratio (b,/t)im given by:

o/ £/
(b, /1)y, = 064 /Efka- o T 191¢ Jk, - |2 A
yb

O com,Ed O com,Ed . (A10)
where:
by is thenotiona flat width of a plane el ement;
Ks is thereevant buckling factor fromtable 5.3 or 5.4;
OcomEd is the largest calculated compressive stress in that element, when the resistance of the

cross-section is reached.
NOTE: In the case of available test report concerning sheet specimens with tosscor/ teor = 1,06 readjustment of
existing value not exceeding 1,02 times the Ry value according to A.6.2 may be ommitted.

A.6.3 Characteristic values
A6.31 Genead

(1) Characterigtic values may be determined statistically, provided that there are at least 4 test results.

NOTE: A larger number is generaly preferable, particularly if the scatter isrelatively wide.
(2) If the number of test results availableis 3 or less, the method givenin A.6.3.3 may be used.

(3) The characteristic minimum value should be determined using the following provisons. If the
characteristic maximum value or the characteristic mean value is required, it should be determined by using
appropriate adaptations of the provisions given for the characteristic minimum value.

(4) Thecharacterigtic value R determined on the basis of at least 4 tests may be obtained from:

R« = Rn+- ks . (A.11)
where:

S is the standard deviation;

k is theappropriate coefficient fromtable A.2;

Rm is the mean value of the adjusted test results Ru;

The unfavourable sign "+" or "-" shall be adopted for given considered value.
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NOTE: As generd rule, for resistance characteristic value, the sign "-" should be taken and e.g. for rotation
characteristic value, both are to be considered.

(5) Thestandard deviation s may be determined using:
n 0’5 n n 2 0’5
S= Z(ij.i - Rm)2/<n_l):| ”z (ij.i )2 - n)(z Raij.iJ ]/n—l)] .. (A.12)
where:
R is theadjusted test result for test i;

n is thenumber of tests.

Table A.2: Valuesof the coefficient k
N 4 5 6 8 10 20 30 oo

k 2,63 2,33 2,18 2,00 1,92 1,76 1,73 164

A.6.3.2 Characteristic valuesfor families of tests

(1) A series of tests carried out on a number of otherwise similar structures, portions of structures, members,
sheets or other structural components, in which one or more parameters is 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
cross-sectional dimensions, spans, thicknesses and material strengths.

(2) The characteristic resistances of the members of a family may be determined on the basis of a suitable
design expression that relates the test results to al the relevant parameters. This design expression may either
be based on the appropriate equations of structural mechanics, or determined on an empirical basis.

(3) The design expression should be modified to predict the mean measured resistance as accurately as
practicable, by adjusting the coefficients to optimize the correlation.
NOTE: Information on this processisgiven Annex D of EN 1990.

(4) In order to calculate the standard deviation s each test result should first be normalized by dividing it by
the corresponding value predicted by the design expression. If the design expression has been modified as
specified in (3), the mean value of the normalized test results will be unity. The number of tests n should be
taken as equal to the total number of testsin the family.

(5) For afamily of at least four tests, the characteristic resistance R« should then be obtained from expression
(A.11) by taking Ry asequal to the value predicted by the design expression, and using the value of k from
table A.2 corresponding to avalue of n equal to the total number of testsin the family.

A.6.3.3 Characteristic values based on a small number of tests

(2) If only one test is carried out, then the characteristic resistance R¢ corresponding to this test should be
obtained from the adjusted test result Ry using:

R = 097Ryg .. (A.13)

inwhich nx should be taken as follows, depending on the failure mode:

- yidding falure: m=0,9;
- gross deformation: m=0,.9;
- local buckling: m=0,8...0,9 depending on effects on global behaviour in tests;
- overall instability: m=07.
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(2) For afamily of two or three tests, provided that each adjusted test result R iswithin +10% of the
mean value R, of the adjusted test results, the characteristic resistance R¢ should be obtained using:
R« =  7Rm .. (A.14)

(3) The characteristic values of stiffness properties (such as flexura or rotational stiffness) may be taken asthe
mean value of at least two tests, provided that each test result iswithin +10% of the mean value.

(4) In the case of one single test the characteristic value of the stiffnessis reduced by 0,95 for favourable value
and increased by 1,05 for non-favourable value.

A.6.4 Design values

(1) The design value of a resistance Ry should be derived from the corresponding characteristic value R
determined by testing, using:

R
Rd = nws_k
Y .. (A.15)
where:
M is thepartial factor for resistance;
Nsys is a conversion factor for differences in behaviour under test conditions and service
conditions.

(2) Theappropriate valuefor mssshould be determined in dependance of the modelling for testing.

(3) For sheeting and for other well defined standard testing procedures (including A.3.2.1 stub column tests,
A.3.3 tension tests and A.3.4 bending tests) ngs may be taken as equal to 1,0. For tests on torsionaly
restrained beams conformed to the section A.5, mss = 1,0 may also be taken.

(4) For other types of tests in which possible instability phenomena, or modes of behaviour, of structures or
structural components might not be covered sufficiently by the tests, the value of 15s should be assessed taking
into account the actual testing conditions, in order to achieve the necessary reliability.

NOTE: The partial factor yu may be given in the National Annex. It is recommended to use the yu-values as
chosen in the design by calculation given in section 2 or section 8 of this part unless other values result from
the use of Annex D of EN 1990.

A.6.5 Serviceability
(1) Theprovisionsgiven in Section 7 should be satisfied.
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Annex B [informative] — Durability of fasteners

B.1 Durability of fasteners
(1) In Construction Classes|, Il and 111 table B.1 may be applied.

TableB.1: Fastener material with regard to corrosion environment (and sheeting material only for
information). Only therisk of corrosion isconsidered. Classification of environment according to
EN SO 12944-2.

Classifica Material of fastener
o | e | A | o, | MASBEEOMD | sanemsohommtimet | STOE
ent m Coat thickness > >45um 1.4006¢ .
7um 1.4436
Cl A,B,C X X X X X X
D,E, S X X X X X X
Cc2 A X - X X X X
CD,E X - X X X X
S X - X X X X
C3 A X - X - X X
CE X - X (X)¢ X)© -
D X - X - X)© X
S - - X X X X
ca A X - (X)¢ - X)© -
D - - X - (X)© -
E X - X - (X)© -
S - - X - X X
c5 A X - - - (X)© -
Df - - X - (X)© -
S - - - - X -
C5-M A X - - - X)© -
Df - - X - X)° -
S - - - - X -
Anm. Fastener of sted without coating may be used in corrosion classification class C1.
A= Aluminium irrespective of surfacefinish - = Type of material not recommended from the corrosion
B=  Un-coated sted sheet standpoint
C=  Hotdipzinc coated (Z275) or aluzink coated (AZ150) steel shest a  Reestorivetsonly
D= Hot-dip zinc coated stedl sheet + coating of paint or plastics b Refersto screws and nuts only
E=  Aluzink coated (AZ185) sted sheet c ng‘gggn"(‘j’%e;g material resistant to ageing, between
S= Sanlessed d  Stainlessstesl EN 10088
X= Type of material recommended from the corrosion standpoint R Risk of discoloration.
X)= ggc?f?;d rr;(;atr:a(rj: :lorner;cr)]rlm;mmded from the corrosion standpoint under the ‘ Always check with sheet supplier

(2) The environmental classification following EN-1SO 12944-2 is presented in table B.2.
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Table B.2: Atmospheric-corrosivity categories according to EN 1 SO 12944-2 and examples of typical
environments

Corro- Corro- Examples of typical environmentsin atemperate climate (informative))

svity Svity Exterior Interior

category |leve

C1 Very low |- Heated buildings with clean atmospheres,

e. g. offices, shops, schools and hotels.

Cc2 Low Atmospheres with low level of |Unheated buildings where condensation

pollution. Mostly rural areas may occur, e. g. depots, sport halls.
C3 Medium |Urban and industrial atmospheres, | Production rooms with high humidity and
moderate sulphur dioxide pollution. | some air pollution, e. g. food-processing
Coastal areaswith low salinity. plants, laundries, breweries and dairies.

c4 High Industrial areas and coastal areas| Chemical plants, swimming pools, coastal
with moderate salinity. ship- and boatyards.

C5l Very Industrial areas with high humidity | Building or areas with almost permanent
high (in- | and aggressive atmosphere. condensation and with high pollution.
dustrial)

C5-M Very Coastal and offshore areas with high| Building or areas with almost permanent
high salinity. condensation and with high pollution.
(marine)
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Annex C [informative] — Cross section constants for thin-walled cross
sections

Drafting note: Update of Annex C received from Prof. H6glund on 1 December 2003.

C.1 Open cross sections

(1) Divide the cross section into n parts. Number the parts 1 to n.
Insert nodes between the parts. Number the nodes 0 to n.

Part i isthen defined by nodesi - 1 and i.

Give nodes, co-ordinates and (effective) thickness.

Nodesandparts  j=0.ni=1.n
z
A
Areaof cross section parts 34
2 2 t 9
lt—
dA; =[ti'\/(Yi—Y|—1) +(a—a-1)] 3 4
v
y
2 1
Cross section area S
n Figure C.1 Cross section nodes
A= z dA
i=1
First moment of area with respect to y-axis and coordinate for gravity
centre
dAI S0
So = Z Z+7-1) e =

Second moment of area with respect to origina y-axis and new y-axis through gravity centre

o = Z[ daraad D oAz

First moment of area with respect to z-axis and gravity centre

dA| S0

Sp = Z (Vi + ¥i-1)— Yoo = —

Second moment of area with respect to original z-axis and new z-axis through gravity centre

lz0 = Z [ (vi- 12+ yi-yi—l]-? |z=|zo—A-ygc2
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Product moment of areawith respect of origina y- and z-axis and new axes through gravity centre

dA; S0
lyzo0 = Z (2%—1'3—1+ 2:Yi°4 + Yi—13 + Yi'a—l)'? lyz = lyz0 - SYOA

Principal axis
2l

ylz J if (Iz—1y)#0 otherwise =0
z7ly

1
o =—arctan
2 [I

lg = %'['y"‘ |z+\/(|z— |Y)2+ 4")’22}
Iy = %'Dy"' |z—\/(|2_ 'y)2+4"y22]

Sectoria co-ordinates
wp = C @0, = Yi-13 =~ Yi'4-1 @ = O-1+ @,

Mean of sectoria coordinate

dA| ICU
= Z Wi— 1+a7 ®mean = A
Sectorial constants
n
dAj Sole
lya0 = z 2-Yi—1 0 1+2Ya)i+y|1wi+)’|wil) 6 lyw = lyap - A
i=1
d dA; S0l w
=Y oraar2zozrarat ey — - l20=za0 = =
i=1
n dA; Iw2
=Z|: wil)"'wiwil] 3 |ww=|wa0—7
Shear centre
L2001 2= lyarlyz “lywly + lzalyz )
YSC:—Z I = 2 (Iylz_lyz;‘to)
ly-lz—lyz ly-lz— lyz

Warping constant
lw = loot Zc lyw— Ysc'lza

Torsion constants

k (t)°
't= _Zl W5 ™= S
i =
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Sectorial co-ordinate with respect to shear centre

@s; = @] = Omean * Zc(¥j ~ Yae) — Yeo'(j — Zg0)

Maximum sectorial co-ordinate and warping modulus

lw
a)rmxzmax(|a)s|) Wy = ——
Wmax

Distance between shear centre and gravity centre
Ys = Ysc — Ygc 5= 2Zc— ZIgc

Polar moment of area with respect to shear centre

Ip:Iy+IZ+A(y32+z§)

Non-symmetry factors zand Y;j according to Annex F

_E i 3, (Zi—a—l)z+ 2+(yi—)’i—1)1+ .(yi—yu—l)-(a—a—l)} |
3= % > {(Zci) Zci'|:— (Ye) |+ ¥ dA

4 12 I 6
i=1
n 2 2 ,
(y Yi-1) > (a-2-) (7 - 7-1)-(vi - vi-1)
Y = ys—— Z (yc) Yo )t |t % = -dA;
where the coordinates for the centre of the cross section parts with respect to shear center are
Yi +VYi-1 3+7-1
Ye, ZT_ng Z, = e

NOTE: Zz; =0 (y;=0) for cross sections with y-axis (z-axis) being axis of symmetry, see Figure C.1.

C.2 Cross section constants for open cross section with branches

(2) In cross sections with branches, formulae in C.1 can be used. However, follow the branching back (with
thicknesst = 0) to the next part with thickness t # 0, seebranch3-4-5and 6 - 7in Figure C.2.

TN 1 R 2 R i _
LR T A /f_*_,\/ -

2

3 0 57
Ut e i Z *‘ Fte b :_
y4 - yz
0 50 o Ly - o ;4 = iz
B : : 8'_;_6,,_;7 8-4?6—*—7 ZZ=Z§
Cross section Nodes and elements Line model

Figure C.2 Nodesand partsin a cross section with branches
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C.3 Torsion constant and shear centre of cross section with closed part

Figure C.3 Cross section with closed part

(1) For asymmetric or non-symmetric cross section with a closed part, Figure C.3, the torsion constant is given
by

2
l¢ :% and W, =2 A min(t;)

where

A =05 (Vi - Yia)z +z)
i=2

S :._iz \/(Yi - yi—l)zt."'(zi ~z4)?

(t #0)
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Annex D [informative] — Mixed effective width/effective thickness method
for outstand elements

Drafting note: Update of Annex D received from Prof. Hoglund on 1 December 2003; to be checked with
background material, see Prof. Hoglund / Dr. Brune.

D.1 The method

(1) This annex gives an dternative to the effective width method in 5.5.2 for outstand elements in
compression. The effective area of the element is composed of the element thickness times an effective width
beo and an effective thickness teff timesthe rest of the element width By . See Table C.1.

(2) The denderness parameter /Tp and reduction factor £ is found in 5.5.2 for the buckling factor Ks in
TableC.1.

(3) Thestressrelation factor ¥ in the buckling factor K5 may be based on the stress distribution for the gross
Cross section.

(4) Theresistance of the section shall be based on elastic stress distribution over the section.

120




prEN 1993-1-3 : 2004 (E)

TableD.1: Outstand compression elements

Maximum compression at free longitudinal edge

Stress distribution Effective width and thickness Buckling factor
1>y >0 12y >-2
vo I @
\ beo = 0,420y, = 17
1 7 34
4
< beo »! H% teff = (1,75p - 0,75)t
<7bp4>
v<0
« b ol
! /rrrffm L 0,42b, _2>y>-3
OW eo:(l )+bt<bp -
i vb ko =331+ 1//)"'1-25!”2
< by 5 by = P
el = = _3
- b ) Vs

p

tess =(175p —0,75— 0,15p)t

Ky = 0,291 )2

Maximum compression at supported longitudinal edge

Stress distribution Effective width and thickness Buckling factor
1>y >0 12y >0
? WWWWW yo
, beo = 0,420, o - L7
Y o~ 1
+3y
< beo :5 teff = (1,75p - O,75)t
<7bp4>
y<0 02y =>-1
b
1 AV (o -27-e173?
F W =
) v<-1
<—beo—> b[ = ﬂ
(-1 Ky =598(1— )2

-« ——————»
bP

teff = (1,75p - 0,75)t
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Annex E [Informative] — Simplified design for purlins

(2) Purlins with C-, Z- and X-cross-sections with or without additional stiffeners in web or flange may be
designed dueto (2) to (4) if the following conditions are fulfilled :

- the cross-section dimension are within the range of table 10.7;

- the purlins are horizontally restraint by trapezoidal sheeting where the horizonta restraint fulfill the
conditions of the equation E.1;

- the purlins are restraint rotationally by trapezoidal sheeting and the conditions of table 10.3 are met.
- the purlins have equal spans and uniform loading
This method should not be used:
- for systems using anti-sag bars;
- for deeve or overlapping systems;

- for application of axial forces N.

TableE.1: Limitationsto be fulfilled if the smplified design method isused and other limitsasin Table
5.1 and section 5.2

(theaxis y and z are paralld respect rectangular to the top flange)

purlins t [mm] b/t hit hb clt bic L/h
b
o] _T'
Y h
2% >125| <55 | <160 | <343 | <20 | <40 >15
]

Y h
E E I >125| <55 | <160 | <343 | <20 <40 >15

(2) Thedesign value of the bending moment Mgq should satisfy

M
—8 <1 ..(E1)

LT,Rd

where

f
M 1 R :L ! Jweff,y Aur ...(E2)
1

M Kq

and
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Wy issection modulus of the effective cross-section with regard to the axis y;

Xt is reduction factor for lateral torsional buckling in dependency of At dueto 6.2.3, where
o 1 issubgtituted by & 1 ;

ALt = y ..(E3)
M cr
We|
O 16t =07 Weﬁ”); ...(E4)
ot isimperfection factor dueto 6.2.3;
Wy,  issection modulus of the gross cross-section with regard to the axis y;
Ky is coefficient for consideration of the non restraint part of the purlin due to the equation (E.5)
and table E.2;
L
kd :(al -, Fj, but >10 (E5)
a,a, coefficientsfromtable E.2;
L span of the purlin;
h overall depth of the purlin.
Table E.2: Coefficientsa;, axfor equation (E.5)
Z-purlins C-purlins T-purlins
System & & a & & &

single span beam 10 0 11 0.002 11 0.002

gravity load

single span beam 13 0 35 0.050 19 0.020

uplift load

continuous beam 1.0 0 16 0.020 16 0.020

gravity load

continuous beam 14 0.010 2.7 0.040 10 0

uplift load
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(3) The reduction factor x .+ may be chosen by equation (E.6), if a single span beam under gravity load is
present or if equation (E.7) is met

Mg
Cp2 EI'\, K, ...(E7)
where

Mgy, =Wg, f, elastic moment of the gross cross-section with regard to the mgjor axis u;...(E.8)
Iy moment of inertia of the gross cross-section with regard to the minor axis v:
Ky factor for considering the static system of the purlin due to table E.3.

NOTE: For equal flanged C-purlins and =-purlins I, = I, W, = W, and May = Mgy. Conventions used for
Cross section axes are shown in Figure 1.7 and section 1.6.4.

TableE.3: Factorsk,

Statical system Gravity load Uplift load
&% - 0.210
Lot 0.07 0.029
B L L Lot 0.15 0.066
i L FAN L AN AN AN

b L L 0.10 0.053

(4) The reduction factor xir should be caculated by equation (6.36) using At and oLter N cases which
are not met by (3). The eastic critical moment for lateral-torsiona buckling Ms may be calculated by the
equation (E.9):

k *
MchE Gl, EI, ...(E9)
where
I is the fictitious St. Venant torsion constant considering the effective rotational restraint by
equation (E.10) and (E.11):
. L
I, =1, +Cp g ...(E.10)
Iy is St. Venant torsion constant of the purlin;
1 1 1
1/Cp = + + ...(E11)

CD,A CD,B CD,C
Cpa Cpc rotational stiffnessesdueto 10.1.5.2;

Cpg rotational stiffnesses due to distorsion of the cross-section of the purlin dueto 10.1.5.1, Cpp =
Kg h?, where h = depth of the purlinand Kg according to 10.1.5.1;
k lateral torsional buckling coefficient due to table E.4.
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TableE.4: Lateral torsional buckling coefficientsk for beamsrestraint horizontally at the upper flange
Statical system Gravity load Uplift load

111 oo 10.3
A
L

[LITTT 177

L= 2
FLoL—

CILIITITT

T S
CLLLTITITTIT

o oL o
=4 spans
L Ll Ly

271.7

12.2 18.3

14.6 20.5
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