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Minperion Ykpainu, 20XX



np JICTY — H b EN 1993-1-3:20XX

HAIIIOHAJIbHUHM BCTYII

Lleit cranmapt € ToroskauM nepekimagom EN 1993-1-3:2006 Eurocode 3 - Design of Steel
Structures — Part 1-3: General rules. Supplementary rules for cold-formed members and sheeting
(EBpokon 3. [IpoexTyBaHHs cTaneBUX KOHCTpyKiii. Yactuna 1-3. 3aranbHi npaBuia. JlogaTkosi
MpaBwIIa JJIs XOJ0JHOPOPMOBAHUX €IIEMEHTIB 1 PO i THOBAHKX JIUCTIB).

EN 1993-1-3:2006 miarorosneno TexHiuaum komiterom CEN TC 250, cekperapiaTom sSIKOTro
kepye BSI.

Jlo HaIiOHALHOTO CTaHJAPTY JOJIYUYEHO aHTJIOMOBHHM TEKCT.

Ha Tepuropii Ykpainu sik HallioHaapHUI cTaHaapt aie jiBa konoHka Tekcty JICTY-H b EN
1993-1-3:201X Eurocode 3 - Design of Steel Structures — Part 1-3: General rules. Supplementary rules
for cold-formed members and sheeting (€Bpokon 3: IIpoekTyBaHHs CTaJeBUX KOHCTPYKIii. YacTuHa
1-3: 3aranpHi npaBuia. [JonaTkoBi mpaBuia s X0JI0JHOPOPMOBAHUX €IEMEHTIB 1 PO 1TbOBAHUX
JUCTIB), SIKa BUKJIAJICHA YKPATHCHKOIO MOBOIO.

Binmosigno no JIBH A.1.1-1-2009 «Cucrema cranmapTu3aiiii Ta HOpMyBaHHS B OyIiBHUIITBI.
OCHOBHI TIOJOKEHHS» e CTaHAAPT BiTHOCUTHCA 10 KoMIuiekcy B.2.6 «KoHcTpykiii OyInHKIB 1
CIOPYI».

CraHgapT MICTUTh BUMOTH, SIKi BiJIIIOBIIal0Th YNHHOMY 3aKOHOJIABCTBY.

HaykoBo-TexHiuHa opraHi3allis, BiIIOBi1ajibHA 3a [IEH CTaHIapT, — TOBAPUCTBO 3 0OMEKEHOIO
BiJIMIOBIJAJIBHICTIO «YKPaiHChKUH IHCTUTYT CTAJIEBUX KOHCTPYKIii iM. B. M. I1lnMaHOBCHKOTOY.

Jlo cranmapTy BHECEHO TaKi pelaKIliiiHi 3MIHHU:

— CIIOBA «1IeH €BPOTNEHCHKUI CTaHAAPT)» 3aMIHEHO Ha «IIeH CTaHIapTy;

— CTPYKTYpPHI elleMeHTH cTanaapty: « TutynpHuit apkyun, «llepenmonay, «Hamionanbawuit
BCTYI» 0()OPMIICHO 3T1JIHO 3 BUMOTaMH HalllOHAIBHOI CTaHAapTU3aIliil YKpaiHu;

— 3 «[IepeamoBu g0 EN 1993-1-3» y et «HarionanbHuii BCTym» B34Ta Ta YaCTHHA, IO
0e3MoCcepeTHbO CTOCYETHCS IILOTO CTAHIAPTY.

Komii MmixkaepkaBHUX CTaHIAPTIB, 1[0 HE IPUUHATI SK HallIOHAJIbHI CTAaHAAPTH, aje Ha 5K €
nocunanHs B EN 1993-1-3:2006, moxHa orpumatu B ['o10BHOMY OH/II HOpMATUBHUX JOKYMEHTIB
HIT «YxpHAHL.



np JICTY —H b EN 1993-1-3:20XX

3MICT

1 Beryn

1.1 Cdepa 3acTocyBarHs

1.2 HopmaTHBHI OCHIIaHHS

1.3 Tepminu Ta BU3HAUYEHHS

1.4 Ilo3nayeHHs

1.5 Tepminonorist 1 yMOBHI MO3HAYESHHS IS
napameTpiB

2 IIpaBuaa po3paxyHkiB

3 Marepiann

3.1 3arasbHi OJI0KEHHS
3.2 KoHcTpykuiiiHi crami
3.3 Tumum 3’egHaHb

4 JloBroBiuHicTh

5 KoHceTpykTUBHEI aHATI3

5.1 BIiuB KyTiB 3THHY

5.2 T'eomeTpuyHi CHiBBiIHOLICHHS

5.3 MogentoBaHHS PO3PaxXyHKOBHX CXEM

5.4 KpuBrHa nONHIIH

5.5 Btpara micuieBoi CTiHKOCTI Ta CTifiKoCTi
¢dhopmu niepepizy

5.6 CriliKiCTh METaJIeBHX JICTIB MiXK
eNIeMEHTaMH KPilUICHHS

6 'pannyHi cTaHu

6.1 Hecyua 31aTHICTh IONIEPEYHOTO MEPEPi3y
6.2 Hecy4a 31aTHICTB 32 CTIHKICTIO
6.3 OcbOBe pO3TATHEHHS 31 3TUHOM

7 'paHu4Hi cTaHu APYroi rpynu

7.1 3araibHi TOJI0XKEHHS
7.2 IInmactruni nedopmarrii
7.3 IIporuuu

8 Po3paxyHoK 3€qHaHb

8.1 3aranpHi MoNOXKEHHS

8.2 3’emHaHHS CTUCHYTHUX €JICMEHTIB KiHIIEBI
Ta BHAITYCK

8.3 3’enHaHHs HA METaNIeBUX BUPOOax
(MeTBHpOOH)

8.4 ToukoBe 3BaprOBaHH:

8.5 3BaproBaHHs BHAITyCK

9 Po3paxyHok 3a pe3yJibTaTaMu BUNPOOYBaHb
10 CnenianbHi npaBuiia 1Jjisi NIPOroHiB,
KaceTHHUX npoginis Ta npoduncris

10.1 banku po3KpiIuieHi HACTHIIOM
10.2 Kacersni ipodisii 3 po3B’s3K0K0 HACTHIIOM
10.3 BpaxyBaHnHs niadparm )KOpCTKOCTI PH

(\Y}

CONTENT

1 Introduction

1.1 Scope

1.2 Normative references

1.3 Terms and definitions

1.4 Symbols

1.5 Terminology and conventions for
dimensions

2 Basis of design

3 Materials

3.1 General
3.2 Structural steel
3.3 Connecting devices

4 Durability

5 Structural analysis

5.1 Influence of rounded corners

5.2 Geometrical proportions

5.3 Structural modelling for analysis
5.4 Flange curling

5.5 Local and distortional buckling

5.6 Plate buckling between fasteners

6 Ultimate limit states

6.1 Resistance of cross-sections
6.2 Buckling resistance
6.3 Bending and axial tension

7 Serviceability limit states

7.1 General
7.2 Plastic deformation
7.3 Deflections

8 Design of joints

8.1 General

8.2 Splices and end connections of members
subject to compression

8.3 Connections with mechanical fasteners

8.4 Spot welds

8.5 Lap welds
9 Design assisted by testing
10 Special considerations for purlins, liner
trays and sheetings

10.1 Beams restrained by sheeting
10.2 Liner trays restrained by sheeting
10.3 Stressed skin design

NN R e

13

15

15
19
24

24

25

25
29
30
32
33

61

61

61
85
91

91

91
92
92

93
93
93
94
107
110
116

117

117
147
152



MIPOCKTYBaHH1
10.4 IepdopoBanuii HacTHII

JonaTox A (000B’A3K0BHIA)
Metoau BUno0yBaHb

A.1 3arajibHi MOJIOKEHHS

A.2 BunpoOyBaHHsI TPOQIINCTIB 1 KACETHUX
npodimin

A.3 BunpoOyBaHHS X010AHO(OPMOBAHIX
CJIEMEHTIB

A.4 BunipoOyBaHHS KOHCTPYKIIIH Ta X YaCTHH

A.5 BunpoOyBanHsI 0aJIOK, 3aKPITUICHUX BiJl
CKpYy4YyBaHHS
A.6 O6pobka pe3ynbTaTiB BUIPOOyBaHb

HMonartok B (moBinkoBwuii)
JoBrosiunictb MeTBUPOOiB

Honatok C (moBigKoBHii)
KoncranTn nonepe4nux nepepisis
TOHKOCTiIHHUX npo(inis

C.1 BiagxpuTuii npodias

C.2 KoHcTaHTH TIOTIEpEYHUX MEPepi3iB IS
npo(diIiB 3 BiArMHAMU

C.3 KpyTuibHi KOHCTAHTH 1 LIEHTP 3CYBY
po(ito 3 3aMKHEHOK) YaCTHHOIO

Honartok /I (1oBigKkoBmii)
BuszHayeHHs1 e(peKTHBHUX IIMPHHHU i TOBIIMHI
KPaloOBHX eJIeMEeHTIB 3MIillIAHUM METO0M

Honartok E (moBinkoBwuii)
Ha0anxennii po3paxyHoK NPOroHiB

np JICTY — H b EN 1993-1-3:20XX

10.4 Perforated sheeting

Annex A [normative] — Testing procedures

A.1 General
A.2 Tests on profiled sheets and liner trays

A.3 Tests on cold-formed members

A.4 Tests on structures and portions of
structures
A.5 Tests on torsionally restrained beams

A.6 Evaluation of test results

Annex B [informative] — Durability of
fasteners

Annex C [informative] — Cross section
constants for thin-walled cross sections

C.1 Open cross sections

C.2 Cross section constants for open cross
section with branches

C.3 Torsion constant and shear centre of cross
section with closed part

Annex D [informative] — Mixed effective
width/effective thickness method for outstand
elements

Annex E [Informative] — Simplified design for
purlins

158
160

160
160

167

174

178

185
193

197

197
200

201

202

204



np JICTY —H b EN 1993-1-3:20XX

Beryn

et €Bpocrangapt EN 1993-1-3 «E€Bpoxkon 3:
[IpoekTyBaHHs CTaleBUX KOHCTPYKIIii:
Yacrtuna 1-3: 3aranbhi npaBuia. JlogaTkosi
MpaBujIa I X0JIOAHO(POPMOBaHUX TPODLTIB 1
npo¢TLOBAHKX JIUCTIBY PO3POOICHHIA
texHiuHuM komitetoM CEN/TC 250
«byniBenbHI €BpOKOAN», CEKpETapiaT SIKOTO
3HaxoauThes pu BS1. CEN/TC 250 nece
MOBHY BiJIMOBIIJIbHICTG 32 YCi Oy/liBebHI
€Bpokoau.

Leit €BpocTaHaapT MOKE OTPUMATH CTATYC
HAI[IOHAIBHOTO CTAHIAPTY HUITXOM ITyOJTiKaIii
IJIGHTUYHOTO TEKCTY a00 Yepe3 OTpUMaHHS
migTBepKeHHs 10 kBiTHS 2007 poky. Bei
HalllOHAJIbHI CTaHJAPTH, 110 HE
KOPECIOHAYIOThCS 3 HUM, TIOBHHHI OyTH
ckacoBaHi 110 6epe3nst 2010 poky.

Leii crangapT 3aMiHIOE MONIEPEAHIN CTaHAAPT
ENV 1993-1-3.

3rigno 3 pernmamenrom CEN/CENELEC npo
MPUUHATTA IOTO €BpOCTaHAAPTY
JIOMOBUJIMCH HalllOHAJIbHI IHCTUTYTH 31
CTaHJapTHU3allil HACTYMHUX JepxKaB: ABCTpis,
benerisa, Kinpy, anis, Ecronis, @innsumis,
Opanisa, Himeunna, ['peris, Yropmmaa,
Icnannis, Ipnannis, Itams, Jlatsis, JIutsa,
JIrokcemOypr, Manbta, Higepnannu,
Hopgeris, [onbma, [Moptyranis, Pymynis,
CnoBauunna, CnoBenis, Icnanis, [lIBemis,
Belinapis, Benukobpuranis.

Haunionaasuuii nogaToxk 1o EN 1993-1-3

B monmaTtkax mporo craHAapTy BKa3aHO [, K
aJIbTepHATHBA HABEJICHUM TIPOIICypaM, MOXKE
OyTH 3po0sieHni HaIliOHATBHUI BUOIp. [
L[bOTO B HAIlIOHAJIBHOMY CTaHAApPTI,
ineaTuuHomy EN 1993-1-3, noBuneH 0ytu
HaI[lIOHAJIHUH JI0JaTOK 3 BU3HAYCHUMU
HaI[lOHAJILHUMU TapaMeTpaMu, K1 He0OX1THO
BHKOPUCTOBYBATH IPH NIPOCKTYBaHHI
CTaJIeBUX KOHCTPYKLiH OyiBeNb 1 CHOPYA.

EN 1993-1-3 nomyckae HallioHaNBLHUIN BUOIp B
TaKHX MyHKTaX:

\4

Foreword

This European Standard EN 1993-1-3,
Eurocode 3: Design of steel structures: Part 1-
3 General rules — Supplementary rules for cold
formed members and sheeting, has been
prepared by Technical Committee
CEN/TC250 « Structural Eurocodes », the
Secretariat of which is held by BSI.
CEN/TC250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the
status of a National Standard, either by
publication of an identical text or by
endorsement, at the latest by April 2007, and
conflicting National Standards shall be
withdrawn at

latest by March 2010.

This Eurocode supersedes ENV 1993-1-3.

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

National annex for EN 1993-1-3

This standard gives alternative procedures,
values and recommendations 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 structures to be
constructed in the relevant country.

National choice is allowed in EN 1993-1-3
through clauses:
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—2(3)P - 2(3)P

—2(5) - 2(5)
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—3.2.4(1) —3.2.4(1)

-5.3(4) —-5.3(4)

- 8.3(5) -8.3(5)

— 8.3(13), tabumums 8.1 —8.3(13), Table 8.1
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HAITHAJILHUT CTAHIAPT YKPATHHA

€BPOKO/JI 3. MPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIIH
Yacruna 1-3. 3araabhi npaBuia. [o1aTkoBi npaBujia st X010 1HOGOPMOBAHUX €JIeMEHTIB i
npo¢iibOBAHUX JHUCTIB

EBPOKO/I 3. IPOEKTUPOPOBAHUE CTAJIbHBIX KOHCTPYKIUH
Yactp 1-3. O0mume npaBuia. JlonomHUTENbHBIE IPABUIIA IS XOJIOAHO(POPMOBAHBIX FJIEMEHTOB U
npopINPOBAHHbBIX JIHCTOB

EUROCODE 3 - DESIGN OF STEEL STRUCTURES
Part 1-3: General rules. Supplementary rules for cold-formed members and sheeting

1 BCTYII
1.1 Cdepa 3acTtocyBaHHs

(1) Cramgapr EN  1993-1-3  BCTaHOBIIOE

BUMOT'H hi (6] IPOEKTYBaHHS
X0J0AHO(OPMOBAHUX TOHKOCTIHHHUX
€JIEMEHTIB 1 MpoQiIbOBaHUX JHUCTIB. Bumorn
MO>KHa 3aCTOCOBYBATU 1 IS

XOJIONHO(POPMOBAHUX CTaJIEBUX BHUPOOIB 13
TOHKHUX Taps4o- ab0 XOJOAHOKATaHUX JIUCTIB
abo0 nosioc 6e3 MOKPUTTS a00 3 MOKPUTTSM, 1110
BUTOTOBJISIFOTHCS IIJISIXOM XOJIOJHO1 MPOKATKU
abo mpecyBaHHs. BuMoramu 11,0ro cTaHaapTy
MOKHa KOPHUCTYBAaTHUCh 1 JJNS PO3PaxyHKY
npodiTbOBaHUX  CTAJIEBUX  JIUCTIB,  SKI
BUKOPUCTOBYIOThCSL ~ SIK  omanyOka  mpu
BIIAIITYBaHHI  CTaje3ali300€TOHHUX  TUIUT,
quB. EN 1994, BuMoru mono BUTOTOBJIEHHS
CTaJIEBUX KOHCTPYKIIIH 3
XOJOMHO(POPMOBAHUX EJIIEMEHTIB 1 JIUCTIB
HaBeneHno B EN 1090.

Hpumitka: [Ipasmia i€l YaCTUHHU
JIONOBHIOOTH 101 yacTuHu EN 1993-1.

(2) B mpoMy craHgapTi HAJAa€ThCS TaKOXK
METOJMKA IMPOCKTYBaHHS IpPU BHKOPUCTaHHI
CTaJIeBOTO HACTUIy B SKOCTI AlapparMu
AKOPCTKOCTI.

YuHuuii Big

1 INTRODUCTION
1.1 Scope

(1) EN 1993-1-3 gives design requirements for
cold-formed thin gauge members and sheeting.
It applies to 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 steel sheeting for
composite steel and concrete slabs at the
construction stage, see EN 1994. The
execution of steel structures made of cold-
formed thin gauge members and sheeting is
covered in EN 1090.

NOTE: The rules in this part complement the
rules in other parts of EN 1993-1.

(2) Methods are also given for stressed-skin
design using steel sheeting as a structural
diaphragm.
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(3) Ll yactuHa HE PO3MOBCIOUKYETHCA Ha
xonomHopopMoBani mpodin Kpyrioro abdo
NPSIMOKYTHOTO —TIepepidy, IO BKJIKOYEHI B
EN 10219, nocunanus Ha ski HaBeaeHo B EN
1993-1-1 ta EN 1993-1-8.

(4B EN 1993-1-3 mHaBemeHO METOIH
MIPOEKTYBAHHS 3a Pe3yJbTaTaMH PO3PaXyHKY i
BUIpoOyBaHb. MeTon  NPOEKTYBaHHS  3a

pe3yabTaTaMu PO3paxyHKy MOXKHA
3aCTOCOBYBAaTH TUIBKM JUIS  KOHCTPYKIIiH,
SKOCTI1 marepiaiiB i reoMeTpHYHI

XapaKTePUCTHKHU SKUX 3HAXOJATHCS B 00J1acCTi,
JIe HAaKOMWYCHWH 3HAYHUU JOCBIJ 1 TOCTYIHI
eKcIiepuMeHTalbHI JnaHi. [li oOMexeHHs He
CTOCYIOTBCSL ~ NPOCKTYBaHHS  Ha  OCHOBI
BUNIPOOYBaHb.

(5) EN 1993-1-3 He pO3MOBCIOKYETHCS Ha
IPUCTPOT ISl TIepeaayl HaBaHTAXEHb ITiJ Yac
BUNIPOOYBaHb Ta HaBaHTa)KCHb, 110
BUHUKAIOTh B TMPOIECI BUTOTOBJICHHS 1
TEXHIYHOTO OOCITYTOBYBaHHSI.

(6) IlpaBua po3paxyHKy, IO HaBeACHI B
[[bOMY CTaHIApTi, MOYKHAa 3aCTOCOBYBATH,
SKIIO  XOJOJHO(OPMOBAHI  €JIEMEHTH 32
TPAaHUYHUMH BigXwiamud BignoBigaroTe EN

1090-2.
1.2 HopMaTHBHi NOCHJIAHHSA

Ile#t €BpocTaHmapT MICTUTH YMOBHU 1HIIMX
CTaHJApTIB, AKI HABOASATHCA B TeKCTl. [lms
JAaTOBaHWX TMOCHJIaHb Ha myOmikamii ix
MOJAJIbIIIl 3MIHU 1 JOTIOBHEHHS HE MpHUIATHI
JUTSI BAKOPUCTAHHI.

TuM HE MEHII B YaCTUHI yroj, 10 0a3ylThCs
Ha  1pOMYy  €BpOCTaHIApTi, BHU3HAYCHA
MOXJIMBICTh 3aCTOCYBaHHSI OUIBIIOCTI BUIaHBb
HIUOKYCHABEJICHNX JIOKYMEHTIB, Ha SKI €
rnmocuianHsa.  [[1f1 HemaToBaHMX — TOCHIIAHBb
JificHe OCTaHHE BUJAHHS JOKYMEHTA, Ha KU
MMOCHJIAIOTHCH.

EN 1993 €spokoo 3 — IIpoexmyeanns
cmanesux KOHCMpYKyitl

Yactunu Big 1-1 no 1-12

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

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

(6) The calculation rules given in this standard
are only valid if the tolerances of the cold
formed members comply with EN 1090-2.

1.2 Normative references

The following normative documents contain
provisions which, through reference in this
text, constitute provisions of this European
Standard. For dated references, subsequent
amendments to, or revisions of, any of these
publications do not apply.

However, parties to agreements based on this
European Standard are encouraged to
investigate the possibility of applying the most
recent editions of the normative documents
indicated below. For undated references, the
latest edition of the normative document
referred to applies.

EN 1993 Eurocode 3 — Design of steel
structures

Part 1-1 to part 1-12



EN 10002 Memanu. Bunpobysanns Ha
PO3MACHEHHSA:
Yactuna 1. Memoo eunpobysans (npu

memnepamypi HaBKOIUUHbO20 CepPed0sUYA);

EN 10025-1

EN 10025-2

EN 10025-3

EN 10025-4

EN 10025-5

EN 10143

EN 10149

Yacrtuna 2: Ymosu

Bupobu i3  eapauexamanux
KOHCMPYKYIUHUX  cmaneu  —
Yacmuna 1: 3acanvui ymosu
HOCMAYaHHSL,

Bupobu i3 capauexamanux
KOHCMPYKYIUHUX — cmaneu  —
Yacmuna 2. Texuiuni ymosu
NOCMAYAHHSL HeNe2o8aHuUx

KOHCMPYKYIUHUX cmaneu,

Bupobu i3 capauexamanux
KOHCMpPYKYIUHUX ~ cmanet  —
Yacmuna 3: Texuiuni ymosu
NOCMAYaHHsi HOpManizoeanux |
HOpMANi308aHUX nio yac
NpOKAmMKuU 36apPI0BAHUX
OpibHO3epHUCMUX cmaiell;

Bupobu i3  eapauexamanux
KOHCMPYKYIUHUX ~ cmaneu  —
Yacmuna 4: Texwuiuni ymosu
NOCMAYaHHA  MEPMOIMIYHEHUX
Kamanux 36aprOGaHUX
OpibHO3epHUCMUX
KOHCMPYKYIUHUX cmanet;

Bupobu i3  eapauexamanux
KOHCMPYKYIUHUX ~ cmaneu  —
Yacmuna 5: Texuiuni ymosu
HOCMAYAHHA — KOHCMPYKYIUHUX

cmaneii niosuuieHoi cmitkocmi
00 ammocgheproi Kopo3ii;

Jlucmosa i wmabosa cmanv 3
memanesum HenepepeHum
2apAvum NOKPUMMAM -
Jonycku pozmipis i hopmu,

T'apsiuekamani naocki aucmu i3
BUCOKOMIYHOT cmani ons

XOJI00H020 NPOQPINIOBAHHS.

nocmavanHs /

HOpMCl]Zi?O@CZHux npoKamxux cmaﬂeﬁ;

EN 10002

Part 1:
temperature);

EN 10025-1

EN 10025-2

EN 10025-3

EN 10025-4

EN 10025-5

EN 10143

EN 10149

Part 2:
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Metallic materials - Tensile
testing:

Method of test (at ambient

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

Hot-rolled products of
structural steels - Part 2:
Technical delivery conditions

for non-alloy structural steels;

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

Hot-rolled products of
structural steels - Part 4:
Technical delivery conditions

for thermomechanical rolled
weldable fine grain structural
steels;

Hot-rolled
structural
Technical

products of
steels - Part 5:
delivery conditions
for structural steels with
improved atmospheric
corrosion resistance;

Continuously  hot-dip  metal
coated steel sheet and strip -
Tolerances on dimensions and
shape;

Hot rolled flat products made of
high yield strength steels for
cold-forming:

Delivery conditions for
normalized/normalized
steels;

rolled
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Yacrtuna 3: Ymosu

nocmavdarHA

mepMoamiuHeHux npoOKamHux cmaﬂeﬁ;

EN 10204

EN 10268

EN 10292

EN 10326

EN 10327

EN-1SO 12944-2 ®@apou i

EN 1090-2

EN 1994

Memanu. Buou xoumpoivHux

ookymenmis (exnouaiouu 3miny
A 1:1995);

Xonoonokamaui naoCKi aucmu 3
BUCOKOMIYUHUX HU3LKONE208AHUX

cmaneu ons XOJI0OHO020
npoghintosanns  —  3acanvhi
VYMOBU NOCMAYAHHSL,

Jlucmosa i wmaboea

BUCOKOMIYHA CMANL 3 2APAYUM
noKpummsm  OJsL  X0J0OHO20
npoghiniosanns  —  Texuiumi
VMOBU NOCMAYAHHSL,

Jlucmosa i wmabosa cmanb 3
HenepepeHuM  NOKpUMMAM —
Texniuni ymosu nocmadaumsi;

Jlucmosa i wmabosa
manogyeneyesa cmanb 3
HenepepeHuM NOKpUMmsm Ois
X0N00H020  NpoinoeanHs —
Texniuni ymosu nocmadamms,

emani. 3axucm
KOHCMPYKYIU  8I0
naxkogapbosumu

cmanesux
Kopo3ii
NOKPUMMAMU.

Yacmuna 2: Knacugirxayis
HABKONUWHB020 — Cepedosuya

(1SO 12944-2:1998);

Bucomoenenna  cmanesux i
ANIOMIHIEBUX KOHCMPYKYIU.
Yacmuna 2. Texuiuni 6umocu
00 cmanesux KOHCMPYKYil:

€spoxoo 4. Ilpoexmysanns
cmane3anizooemonHHux
KOHCMPYKYIU;

18EN ISO 1478 Pizs camonapizHux e6unmis;

EN ISO 1479 Camonapisni

26UHMU 3
wecmuepaHHor 20J1IBKOM0 ;

Part 3:

EN 10204

EN 10268

EN 10292

EN 10326

EN 10327

EN-1SO 12944-2

EN 1090-2

EN 1994

Delivery conditions for
thermomechanical rolled steels;
Metallic products. Types of
inspection documents (includes
amendment A 1:1995);

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

Continuously hot-dip  coated
strip and sheet of steels with
higher yield strength for cold
forming - Technical delivery
conditions;

Continuously hot-dip coated
strip and sheet of structural
steels - Technical delivery
conditions;

Continuously hot-dip  coated
strip and sheet of low carbon
steels for cold forming -
Technical delivery conditions;

Paints and vanishes.
Corrosion protection of steel
structures by protective paint
systems.

Part 2: Classification of
environments  (ISO  12944-
2:1998);

Execution of steel structures
and aluminium  structures.
Part 2: Technical requirements
for steel structures:

Eurocode 4: Design  of
composite steel and concrete
structures;

EN ISO 1478 Tapping screws thread;

EN ISO 1479 Hexagon head tapping screws;



EN ISO 2702 Tepmoobpobreni cmanesi
CaAMOHAPI3HI 28UHMU -
Mexaniuni enacmusocmi;

EN ISO 7049 Camonapizni eeunmu 3 Kpyanoio
20/1I6KOI0 I XpeCcmosuM wiiiyem,

EN ISO 10684 Memeupoou — Ilokpumms

2nUOOKOI0 2apa4oio
2anbB8AHI3AYIEI0

ISO 4997 Xonoonoxkamawni  aucmu i3
KOHCMPYKYIUHOI cmai,

EN 508-1 Bupobu i3 memanesux nucmis

ons noxpieni — Texuiuni ymosu
0Nl camoHecyuux 6upooie i3
cmai, ANIOMIHIIO abo
HepoHcasitoyuol cmani —
Yacmuna 1: Cmanw;

FEM 10.2.02 €Esponeticvra Dedepayis
cmenasicis, Cexyis X,
Obnaonamnms i npoyecu
cknaodysanns, FEM  10.2.02,
Ilpoexmyesanns noauYb
cmanesux cmenaxcie, Hopmu
NPOEKMmMy8aHHs cmenaicis,

Ksimenv 2001. Bepcisa 1.02.

1.3 Tepminu Ta BU3BHAYCHHS

JlonatkoBo 110 TEpMiHIB, HaBEACHUX B
EN 1993-1-1, B mpoMy craHaapTi HOpUHAHATI
TaKi TepMIHHU Ta BU3HAUEHHS:

131

OCHOBHI MaTepiaau

IInockuit crTajmeBHMii JIMCT, 3 SKOTO IIJISXOM
XOJOAHOTO  (OPMYBaHHS  BHUTOTOBIIAIOTH
xoJotHoQopMoBaHi Tpodial 1 npodiiboBaH1
JIUCTH.

1.3.2

OCHOBHA IPAHMUS TEKY4O0CTi

I'panu1g TeKy4oCTi OCHOBHOTO MaTepiaity npu
PO3TATHEHHI.

133
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EN ISO 2702 Heat-treated steel  tapping
screws - Mechanical properties;

EN ISO 7049 Cross recessed pan head
tapping screws;

EN ISO 10684 Fasteners — hot deep
galvanized coatings

ISO 4997 Cold reduced steel sheet of
structural quality;
EN 508-1 Roofing products from metal

sheet - Specification for self-
supporting products of steel,
aluminium or stainless steel
sheet - Part 1: Steel;

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 Terms and definitions

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

1.3.1

basic material

The flat sheet steel material out of which cold-
formed sections and profiled sheets are made
by cold-forming.

1.3.2
basic yield strength
The tensile yield strength of the basic material.

1.3.3
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edexT niagparmm
PobGora mpodinboBaHoro nucra Ha 3CyB Y
BJIACHIM IUIOLIMHI.

1.34

KaceTHU npodian

[IpodinboBaHi JUCTH 3 BEIMKUMH KPaOBUMU
BIITMHAMHM, SIKI TpHU3HAYCHI sl 3’ €IHAHHS
npodiaiB MK €000, YTBOPIOIOTH OIOpPHI
pebpa B3IOBXK MPOTiHY, a TAKOXK MIATPUMYIOTh
MIPOMDKHI pedpa, po3TamioBaHi y
MEPICHIUKYIIPHOMY HATIPSIMI.

135

YacTKOBe 3aKpilJIeHHsI

3akpirieHHs eJleMeHTa abo Horo 4YacTWHHU BiJ
JIHIMHKUX 1 KyTOBUX IepeMilieHb, aeopMaltii
BiJl KpyTiHHS a0o0 JaeraHamii mepepily, sKe
aHaJIOTIYHE  MPYKHBO-TIOJATIWBIA  omopi
MIJBUIIYE CTIMKICTh, ajl¢ B MEHIIIH Mipi HiX
YKOPCTKE 3aKPIIJICHHS.

1.3.6
Bi/IHOCHA THYYKICTh
HopMmoBane 6e3po3mipHe 3HaU€HHS THYYKOCTI.

1.3.7

3aKpinJieHHs!

3akpiryieHHs eJeMeHTa abo HWOro 4YaCcTHUHU BiJl
JHIMHUX 1 KyTOBHX IHepeMmilleHb abo
nedopmarlii  Big KpyTiHHsA abo JerutaHarii
nepepizy, sKke TMOoAIOHO JKOpCTKiil omopi
T1JIBUIIYE CTIMKICTD.

1.3.8

PO3PaxXyHOK 3 YPaXyBaHHSIM OOIIMBKH
Merox po3paxyHKy Kapkacy OymiBm 3
ypaxyBaHHSAM  BIUIUBY  Jiapparmu i3
Mpo(1ILOBAHOTO HACTHIIy Ha KOPCTKICTh 1
MIIHICTb.

1.3.9

onopa

By3on  koHcTpykmii, sKkuii  3abe3meuye
nepenady CHJIM a00 MOMEHTY Ha (yHIaMEHT
a00 1HIINH eeMeHT KOHCTPYKIIIi.

1.3.10
HOMIiHAJILHA TOBIIUHA
CepenHsi TOBIIMHA, IO BCTAHOBIIOETHCS 3

6

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

1.3.4

liner tray

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

1.35

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.

1.3.6

relative slenderness

A normalized non-dimensional slenderness
ratio.

1.3.7

restraint

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

1.3.8

stressed-skin design

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

1.3.9

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.

1.3.10
nominal thickness
A target average thickness inclusive zinc and



ypaxyBaHHSM TOBIIMHU IIApiB I[MHKOBOTO i
IHIIMX METaJeBUX TMOKPHUTTIB 1 BH3HAYAETHCSA
MOCTAYaJIbHUKOM CTaJIi IMicJs TMPOKaTKU (Tnom
TOBIIUHY OPraHiYHUX MMOKPUTTIB HE BKIIOYAE).
1.3.11

TOBILIMHA CTAJIEBOI0 JUCTA

HomiHanpHa TOBIIMHA CTaJeBOro JUcTta 0e3
ypaxyBaHHS TOBIIUHU MIApiB ITMHKOBOTO 1
IHIINX METali30BaHUX MOKPHUTTIB (tcor).

1.3.12
PO3PaxXyHKOBAa TOBIIUHA
ToBmuHa CTaJIeBOTO JUCTA, AKa

BUKOPHUCTOBYETHCSI TIPU PO3PAXyHKY 3TiAHO 3
1.5.3(6) Ta 3.2.4.

1.4 Ilo3navenHs

(1) DomatkoBo g0 HaBemenux B EN 1993-1-1,
BUKOPHUCTOBYIOTBHCSI TaKl OCHOBHI CUMBOJIU:

fy — rpaHMIs TEKy4OCTI

fya — cepeHs TpaHuIs TeKY4OCTi

fyo — OCHOBHA I'paHHMIIS TEKYYOCTI

t — po3paxyHKOBa TOBIIMHA CTAJIEBOTO JIMCTA
70 XOoJogHOro (opMyBaHHS Oe3 ypaxyBaHHS
OpraHiuYHUX 1 METaJIEBUX MOKPUTTIB

thom — HOMIHaJNbHA TOBIIMHA JIMCTA MICIsA
¢bopMyBaHHS 3 YpaxyBaHHSM IMHKOBOTO 1
IHIINX MEeTaJeBUX TIOKPUTTIB, aie 0Oe3

OpraHiuHUX MOKPUTTIB

tcor — HOMIHAJIBHA TOBIMMHA JIACTAa 0O€3
IIMHKOBOTO 1 IHIIIUX METaJIeBUX MOKPHUTTIB

K — niniitHa )OPCTKICTh B’ 531
C — KyTOBa KOPCTKICTH B 531

(2) JonatkoBi mo3HaUYEHHS BU3HAYAIOTHCS MTPU
MepIIOMY 3raJlyBaHHI.

(3) OnHe moO3HAYCHHS MOXE MAaTH JIEKiabKa
3HAYCHb.

1.5 TepmiHoJiorisi i yMOBHi O3HAYEHHS A5
napamerpis

np JICTY — H b EN 1993-1-3:20XX

other metallic coating layers when present
rolled and defined by the steel supplier (tnom
not including organic coatings).

1.3.11
steel core thickness

A nominal thickness minus zinc and other
metallic coating layers (tcor).

1.3.12

design thickness

the steel core thickness used in design by
calculation according to 1.5.3(6) and 3.2.4.

1.4 Symbols

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

fy  yield strength

fya  average yield strength

fyo  basic yield strength

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

thom nNominal sheet thickness after cold

forming inclusive of zinc and other metallic
coating not including organic coating

tcor the nominal thickness minus zinc and
other metallic coating

K spring stiffness for displacement

C  spring stiffness for rotation

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

(3) A symbol may have several meanings in
this part.

1.5 Terminology and conventions for
dimensions
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1.5.1 ®opma nepepisis

(1) Xonoauohopmonani CIIEMCHTH i
npouIMCTH  MalOTh MOCTIHHY HOMIHAJIBHY
TOBIIMHY 13 BCTaHOBJICHHMH JOIMYCKaMH IO
JIOBXHHI, ajie MOIepeyHuii nepepiz Moxe OyTu
HE3MIHHUM a00 3MIHHHM.

(2) Momepeuni mepepizu X0101HO(GOPMOBAHHUX
€IEMEHTIB  NPOQUIMCTIB  CKJIQAAIOTBCA B
OCHOBHOMY 3 JEKUIBKOX TMPSAMOJIHIHHUX

IIISTHIIK, 00’ eqHaHnX KPUBOIHIHHAMH
ITHKAMU.
(3) Tumosi bopmu nepepisis

XOJIOTHO(OPMOBAHKX E€JIEMEHTIB HAaBEJCHO Ha
pucysky 1.1.

MpumiTka: Metonu po3paxyHKy, IO HaBeIeH]
B vactuHi 1-3 EN 1993 3acTocoByroThbes He s
Bcix popMm abo cknaneHux nepepisis, siki HABEACHO
Ha pucynkax 1.111.2.

—
J e
— —
— | S

1L

L L/
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L 1T

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 uniform cross section or a
tapering cross section along their length.

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

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

NOTE: The calculation methods of this Part 1-
3 of EN 1993 does not cover all the cases shown in
figures 1.1-1.2.

a) oMHOYHI POl BIAKPUTOTO TIEpepi3y
a) Single open sections

il

:Il_ L
L

b) cknaneni nmpodisi BigKpUTOro mepepisy
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b) Open built-up sections

Pucynok 1.1 — Tunosi popmu nepepiziB X0J0JHOTHYTUX MPODiiB

Figure 1.1: Typical forms of sections for cold-formed members

Kinens pucynky 1.1.

C) ckuazieHi npodii 3aMKHYTI
c) Closed built-up sections

(4) 3pasku TIOTIEPEYHHX nepepiziB
X0JOAHO(POPMOBAHUX EJIEMEHTIB 1 MPODIHCTIB
HaBeJICHO Ha PUCYHKY 1.2.

Mpumitka: B npasunax gactuau 1-3 EN 1993
BUKOPHCTOBYIOTBCS ~ XapaKTEPUCTUKU  BiJTHOCHO
TOJIOBHHUX OCEH, sIKi AJsl CUMETPHUYHHUX MepepisiB
BH3HAYAIOTHCS BiTHOCHO TOJIOBHUX OCEH Y —Y 1 Z —
Z, a A acCHUMETPHYHUX Iepepi3iB, TaKuX SK
KyTHKH 1 Z-1101i0HI ipodisii — BiJTHOCHO oceit U — U
i V—V. B okpemux BuIagkax OCi CKIaJICHHUX
MepepiziB  BU3HAYAOTHCS B 3aJIEKHOCTI  BiJl
HAsBHOCTI 200 BiJICYTHOCTI CUMETPIi.

T
'

=

(4) Examples of cross-sections for cold-
formed members and sheets are illustrated in
figure 1.2.

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

__ll_

!
T

é
i
I
]
I

=

T

a) ToTnepeyHi nmepepi3u CTUCHYTHX 1 PO3TSATHYTHX €JIEMEHTIB
a) Compression members and tension members
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Pucynoxk 1.2 — 3pa3ku X0J0JHOTHYTHX €JIEMEHTIB 1 MPO(iIbOBAaHUX JIMCTIB

Figure 1.2: Examples of cold-formed members and profiled sheets

Kinens pucynky 1.2.

b) monepeuni nepepizu GaOK 1 IHIIKX EIEMEHTIB, 10 MPAIIOIOTh HA 3THH
b) Beams and other members subject to bending

VARV VAUV YAY
IR0 OV B Y [k PV SV e P
SV VL oo
SV T

C) monepeyHi nepepizu NpodiTbOBaHUX JHCTIB 1 KACETHUX MPODiTiB
c) Profiled sheets and liner trays

(5) Momepeuni mepepizu x0101HO(GOPMOBAHHX (5) Cross-sections of cold-formed members
npodisiB i TpodIUCTIB MOXKYTh OYTH SIK Oe3 and sheets may either be unstiffened or
JOJaTKOBUX EJIEMEHTIB JKOPCTKOCTI, TaK 1 3 incorporate longitudinal stiffeners in their
MOB3JIOBKHIMH €JIEMEHTaMU KOPCTKOCTI Ha webs or flanges, or in both.

CTIHKAaX 1/a00 HA TTOJINYKAX.

10



1.5.2 ®opma ejieMeHTIB JKOPCTKOCTI

(1) TunoBi QopmMu  €IEMEHTIB  KOPCTKOCTI
xonoaHopopMoBaHux TpoduTB 1 JUCTIB
MOKa3aHi Ha pUCYHKY 1.3.

TN

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

a) BIJITMHY Ta 3TUHUA
a) Folds and bends

b) BurHyTHii 200 OKPYTJICHUI TPOMIKHHIA SIEMEHT dKOPCTKOCTI
b) Folded groove and curved groove

C) IPUKPIIUIEHUH 60ITOM KYTHK KOPCTKOCTI
c) Bolted angle stiffener

Pucynok 1.3 — Tunosi ¢popmu e1€eMEHTIB KOPCTKOCTI AJIs1 X0JI0JHO(POPMOBAHUX MPOP1TIB 1
po¢1IbOBAHUX JIUCTIB

Figure 1.3: Typical forms of stiffeners for cold-formed members and sheeting

(2) [ToB31OBXKHI €JIEMEHTH JKOPCTKOCTI Ha
MOJIKaX MOXYTb OyTH  KpaioBUMU abo
MPOMIKHUMU.

(3) TunoBi KpaiioBi €JIEMEHTH IKOPCTKOCTI
MOKa3aHl Ha PUCYHKY 1.4.

— —

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

(3) Typical edge stiffeners are shown in figure
1.4.

1
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a) OIMHOYHI KPaiioBi BiITMHA b) nmoxBiiiHi KpaitoBi BIATHHH

a) Single edge fold stiffeners b) Double edge fold stiffeners
Pucynox 1.4 — Tumosi kpaiioBi eJIEMEHTH KOPCTKOCTI
Figure 1.4: Typical edge stiffeners

(4) TumoBi MPOMIXHI TOB3IOBXKHI €JICMECHTH (4) Typical intermediate longitudinal stiffeners
’KOPCTKOCTI [MOKa3aHi Ha pUCYHKY 1.5. are illustrated in figure 1.5.

S\ N
N N N

) TIPOMIXKHI €JIEMEHTH KOPCTKOCTI Ha MOJIIX D) MPOMIXKHI €JIeMEHTH KOPCTKOCTI Ha CTiHKaX
a) Intermediate flange stiffeners b) Intermediate web stiffeners

Pucynoxk 1.5 — Tumnosi npoMi>kHi TOB3JIOBXKH1 €JIEMEHTH )KOPCTKOCTI

Figure 1.5: Typical intermediate longitudinal stiffeners

1.5.3 Po3mipu npodiiis 1.5.3 Cross-section dimensions

(1) BarambHi po3MipH  XOJOJHO(POPMOBAHUX
SNIEMEHTIB 1 MPOQIIUCTIB, TaKi K MUpUHA b,
BucoTa h, BHYTpilHIi paaiyc 3TuHy I Ta iHIIi
30BHIIIHI pO3MIpH, O3HAYAIOTHCS CUMBOJIAMHU
0e3 iHjeKciB, HanmpuKiIan, a, C abo d, i, mpu
B1JICYTHOCTI OKpPEMHUX 3aCTEPEKEHB,
BUMIPIOIOTBbCS BiJ] MOBEPXHI Npodiss, sK Le
MoKa3aHo Ha puc. 1.6.

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

b

h

L

Pucynoxk 1.6 — Tunose no3HaueHHst po3MipiB S-oJiOHOTO Moo

Figure 1.6: Dimensions of typical cross-section

(2) Ilpu  BiACYTHOCTI  3acCTEpPEeXKEHb  IHIII (2) Unless stated otherwise, the other cross-

12



po3Mipu  X0101HOGOPMOBaHUX TPOodUTB 1
npoUIMCTIB  MO3HAYAIOTHCS CHMBOJIAMH 3
ingexcamu, a came bg, hw abo Sw, i
BUMIPIOIOThCS @00 TIO0 OCBOBIH JIiHIT JTCTa 200
CEepe/IHBOT TOUIlI KyTa 3THHY.

(3) st mOXMIMX €JIEMEHTIB, TAKMX K CTIiHKA
TpanerieBuHoi rodpu npoduucTa, BHCOTA
CTIHKU S BUMIPIOETHCS MApaeNbHO HAXWITY TI0
npsiMiid, MDK TOYKaMH TEpPeruHy CTIHKH 1
THOJIOK.

(4) Posroptka  BHCOTH  CTiHKH  rodpu
BUMIPIOETHCS 1o CepeANHHIN TiHii,
BKJIIOUAIOYU OyJlb-sIKi €JIEeMEHTU >KOPCTKOCTI
Ha Hil.

(5) Posroptka MIMPUHH MOJKHA BHUMIPIOETHCS
[0 CEepeAVHHIN JIiHii, BKIIOYalOYM Oyab-iKi
€JIEMEHTH >KOPCTKOCTI.

(6) ToBmHa t — e poO3paxyHKOBa TOBIIHWHA
nucra (mpyu HEoOXiTHOCTI 13 30UIBIICHHSM Ha
BEJIMYMHY MIiHYCOBOTO JOITYCKY IO TOBIIMHI
3Ti1HO 3 3.2.4), SKIIO HEe OTOBOPEHO IHIIIE.

1.5.4 Tlo3HaueHHsA oceii eJileMeHTIiB
(1) IMo3HaueHHs Ocell €IEMEHTIB B OCHOBHOMY

Take Xk came, ik B EN 1993-1-1, nuB. pucyHok
1.7.

z
|
|
i

o
|
!

z
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sectional dimensions of cold-formed members
and sheeting, denoted by symbols with
subscripts, such as bg, hw or sw, are measured
either to the midline of the material or the
midpoint of the corner.

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

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

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

(6) The thickness t is a steel design thickness
(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) In general the conventions for members is
as used in Part 1-1 of EN 1993, see Figure 1.7.

v z

u L

/ \ "‘U
i 1 e |
sy u |

N |_3-J'

- N

v Z Vv

Pucynok 1.7 — ITo3HaueHHs oceit

Figure 1.7: Axis convention

(2) B npodamcrax i KaceTHHUX mHpOdiIsLX
3aCTOCOBYETHCS TaKe MO3HAYEHHS OCeil:
—Y—Y Bich napajeibHa IUIOUINHI JIUCTA,
—Z—2Z BIChb NEPHEHAUKYISpPHA  IJIOUIMHI
JHCTA.

(2) For profiled sheets and liner trays the
following axis convention is used:

—y-y axis parallel to the plane of sheeting;
—z-z axis perpendicular to the plane of
sheeting.
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2 IPABUJIA PO3PAXYHKIB

(1) Po3paxyHok X0J10JHO(OPMOBAHUX
€JIEMEHTIB 1 MPOQIIMCTIB MOBUHEH BiAMOBIIATH
3arajJpHUM INpaBuiiaM, siki HaBeaeHi B EN 1990
i EN  1993-1-1. 3aranpHi  mpaBuia
3aCTOCYBAHHS METOJa KIHIIEBUX €JIEMCHTIB
(abo iHmUMX MeToAiB) HaBeneHO B nojatky C
EN 1993-1-5.

(2)P lnsa  rpaHuYHUX CcTa”HIB mepmioi  abo
JIPYroi rpyln  TMOBHHHI  BCTAHOBJIFOBATHCH
BiJIMOBiAHI Koe(iliEHTH 3a HATIHHICTIO.

(3)P IIpn mepeBipoyHHX pO3paxyHKax 3a
IPAaHMYHUMH CTaHaMH KOE(IIIEHT HAIIHHOCTI
YM TIPUHAMAETHCS PIBHUM:

—NpH  BHU3HAUEHHI HECY4YOi 3JaTHOCTI
MONEPEYHUX TIEpepi3iB  3a MIIHICTIO MpHU
MOBHIA TEKydoCTi 3 ypaxyBaHHSM BTpaTH
MiCIIeBOi  cTifikocTi 1  cTilikocTi  hopmu
nepepizy — yYmo

—IpH BU3HAYCHHI HECy4oi 3IaTHOCTI
€JIEMEHTIB 1 IPOQIIUCTIB MU BTPATi 3arajabHOI
CTIHKOCTI — YM1

—INpH  BHU3HAUEHHI HECY4Oi 3JaTHOCTI
mepepi3iB  OClalJIeHuX  OTBOpaMH  IiJ
METBUPOOH — VM2

MpumiTka: UncnoBi 3HaYeHHS Ymi MOXYTh
OyTH BU3HAYCHI B HaI[lOHAJIbHOMY momartky. Jlis
Oy/iBeJIb PEKOMEHIYIOThCS TaKi 3HAYCHHS:

vmo = 1,00;
vz = 1,00;
Y™m2 = 1,25.

(4)Tlpm  Bu3HaueHHI Hecydoi 3IATHOCTI
3’€JHaHb 3HAUEHHS YM JAMB. B PO3LII 8.

(5) ns  mepeBipoyHMX ~ pO3paxyHKiB  3a
JPYrOI0 TPYIOK TPAHUYHHUX CTaHIB MOBHHEH
3aCTOCOBYBaTHCS ~ KOEQIIEHT  HaAIHHOCTI

Y™, ser.

IpumiTka: 3HaueHHS  Ym,ser MOXE  OyTH
BH3HAYEHO B HaI[lOHAILHOMY Jojarky. Jlis
OyniBeb PEKOMEHIYEThCS NPUIMATH:

YM, ser = 1,00.
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2 BASIS OF DESIGN

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

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

(3)P For verifications by calculation at
ultimate limit states the partial factor ym shall
be taken as follows:

—resistance of cross-sections to excessive
yielding including local and distortional
buckling: ymo

— resistance of members and sheeting where
failure is caused by global buckling: ym1

—resistance of net sections at fastener
holes: ym2

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

buildings:
Y™mo = 1,00;
YM1L = 1,00;
Ym2 = 1,25.

(4) For values of ywm for resistance of
connections, see Section 8.

(5) For verifications at serviceability limit
states the partial factor ym, ser Should be used.

NOTE: Numerical value for ym sr may be
defined in the National Annex. The following
numerical value is recommended for the use in
buildings:

YM, ser = 1,00.



(6) Ilpm  po3paxyHKy  KOHCTpPYKLIH, IIO
BHUTOTOBJICHI 13 X0JIOAHO(POPMOBaHUX
€JIEMEHTIB, HEOOXITHO PpO3PI3HATH KJacu
KOHCTPYKLIH, sIKI ~ BCTaHOBJIIOIOTHCSI 32
HaCIIKaMH pyWHYBAaHHS y BiAMOBIAHOCTI J0
EN 1990, nomatox B, a Takox HaBeneHi
HIDKYE:

Kaac |: Koncrpykiis i3
X0JIOAHO(POPMOBAHUX €JIEMCHTIB 1
npodaucTiB, sKa po3paxoBaHa 3a YMOBH
3a0e3meYeHHsT MIITHOCTI 1 CTIMKOCTI CIIOpyId B
iJIOMY;

Kuaac 11: Koncrpyxkiis i3
X0JIOAHO(OPMOBAHUX €JIEMCHTIB i
npoIuCTiB, sKa po3paxoBaHa 3a YMOBH
3a0€3neYeHHsT MIITHOCTI 1 CTIMKOCTI OKpeMHux
KOHCTPYKTUBHHUX CJIEMEHTIB;

Kaac I11: Koncrpykmis i3
X0JIOAHO(OPMOBAHUX €JIEMCHTIB 1
npoQUIUCTIB, IO BUKOPUCTOBYETHCS TIUIBKU
U Tiepefavi  HaBaHTAXEHb HA HECY4ui
KapKac.

Mpumitka 1: Ha pi3Hux cramisx OyIiBHUIITBA
MOXKYTh PO3TIISAATUCH Pi3HI KIIACH KOHCTPYKIIIH.

[pumiTka 2: BuMorn 11010 BUTOTOBJICHHS
mpocmuctis quB. EN 1090.

3 MATEPIAJIN
3.1 3arajpHi 0J10KeHHA

(1) Bci crami, mo BHKOPHCTOBYIOTBCS ISt
BUTOTOBJICHHSI X0JI0AHO(OPMOBAHUX
€JIEMEHTIB 1 MNpoQUIUCTIB, TOBUHHI OyTH
MPUIATHAMH IS XOJOAHOTO (OPMYBaHHS, a
3a HeoOximHiCTIO 1 Juia 3BaptoBaHHsA. Cranb
Ut ipo(iTiB, SIKI MAJIATAIOTh TajibBaHi3allli,
MOBHHHA OyTH MPUAATHOO 0 TajbBaHi3allii.

(2) HominanbHi  3HaYeHHS  XapaKTEPUCTUK
MaTepiaiy, 1[0 HaBeleHl B IIbOMY pPO3.iTi, B
MIPOEKTHUX pO3paxyHKax MTOBHHHI
PO3TISIIATHCH SIK HOPMATHBHI 3HAYEHHS.

(3) Bumorn  miei  wactmau EN 1993
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(6) For the design of structures made of cold
formed members and sheeting a distinction
should be made between “structural classes”
associated  with  failure  consequences
according to EN 1990 — Annex B defined as
follows:

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

Structural Class I1: Construction where
cold-formed members and sheeting are
designed to contribute to the strength and
stability of individual structural elements;

Structural Class I11: Construction where
cold-formed sheeting is used as an element
that only transfers loads to the structure.

NOTE 1: During different construction stages
different structural classes may be considered.

NOTE 2: For requirements for execution of
sheeting see EN 1090.

3 MATERIALS
3.1 General

(1) All steels used for cold-formed members
and profiled sheets should be suitable for cold-
forming and welding, if needed. Steels used
for members and sheets to be galvanized
should 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
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3aCTOCOBYIOTHCS npu poO3paxyHKax cold formed members and profiles sheets
XO0JIOHO(OPMOBAHUX CJICMCHTIB i fabricated from steel material conforming to
poGIIMCTIB, BUTOTOBJICHUX i3 CTajCH, KiIacu the steel grades listed in table 3.1a.

SKAX HaBeIeHOo B Tadbiuud 3.1a.

Taoauus 3.1a — HoMiHanbHi 3Ha4€HHS OCHOBHOI I'paHUIll TeKy4ocTi fyp 1 THMuacoBoro omnopy fu

Table 3.1a: Nominal values of basic yield strength fy, and ultimate tensile strength f

Tun crani Cranpapt Knac fyo H/MMm? fu. H/mm?2
Type of steel Standard Grade fyo N/mm? fu N/mm?
Bupobu 3 rapsiuekataHux EN 10025: Yactuna 2 | S 235 235 360
KOHCTPYKLIHHUX CTaJeH. S 275 275 430
Yacruna 2. TexHiuyHi yMOBU S 355 355 510

[IOCTAaYaHHS HEJIETOBAHUX
KOHCTPYKUIWHUX cTaneit

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

Bupobu 3 rapsiuekataHux EN 10025: Yactuna 3 | S 275 N 275 370
KOHCTPYKIIHHUX CTaJIeH. S355N 355 470
Yactuna 3. TexHiuHi yMOBH S420N 420 520
NOCTa4YaHHs HOpMasTi30BaHMX / S460 N 460 550
HOpMaJli30BaHMX MPH MPOKATII S 275 NL 275 370
3BapIOBaHUX JAPiOHO3EPHUCTHX S 355 NL 355 470
cTanei S 420 NL 420 520

S 460 NL 460 550
Hot-rolled products of EN 10025: Part 3

structural steels. Part 3:
Technical delivery conditions
for normalized/normalized
rolled weldable fine grain
structural steels

Bupo6u 3 rapsiuexaranux EN 10025: Yactuna 4 | S275 M 275 360
KOHCTPYKIIHHUX CTaJIeH. S355 M 355 450
Yactuna 4. TexHiuHi yMOBH S420 M 420 500
MOCTa4YaHHS TEPMO3MIITHEHUX S 460 M 460 530
KaTaHUX 3BapIOBAaHUX S 275 ML 275 360

16
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JPIOHO3EPHUCTHX
KOHCTPYKLIHHUX CTaJe

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

S 355 ML 355 450
S 420 ML 420 500
S 460 ML 460 530

Hpumitka 1: [ling craneBoi mrTadbu, TOBIIHHOIO
MmeHmr HiK 3 MM, sgka Bigmosimae EN 10025,
HOpPMAaTWBHI 3HA4YCHHS MOXXYTh OyTH HaBe/eHi B
HaI[lOHATTbHOMY JOJATKy. SIKIIO mIMprHA BUXiTHOT
mTpadu > 600 MM, YMCIIOBI 3HAYCHHS, BKa3aHi B
tabmumi  3.l1a, pEKOMEHAYETbCA TMpUiiMaTH 3
koediuieaTom 0,9.

Mpumitka 2: [Ami xmacu crameid i BUPOOIB
JMB. B HAaIlIOHAILHOMY J0OJaTKy. SIKk mpukiam B
Tabmuri  3.1b  HaBemeHi Kmacu  cTanmi, IO
BiJIMTOBITat0OTh BUMOTaM IOTO CTAHIAPTY.

NOTE 1: For steel strip less than 3 mm thick
conforming to EN 10025, if the width of the
original strip is greater than or equal to 600 mm,
the characteristic values may be given in the
National Annex. Values equal to 0,9 times those
given in Table 3.1a are recommended.

NOTE 2: For other steel materials and products
see the National Annex. Examples for steel grades
that may conform to the requirements of this
standard are given in Table 3.1b.

Ta6auus 3.1b — HomiHanbHi 3HaYeHHS OCHOBHOI IpaHuIll TeKy4ocTi fyp 1 THMUYacoBOTO OMmopy

Table 3.1b: Nominal values of basic yield strength f,, and ultimate tensile strength f,

Tum crami Crangapr Kiac fyo H/mm? f, H/mm?
Type of steel Standard Grade fyo N/mm? | f, N/mm?
XonoaHoo0poOIeH] TUCTH 13 I1ISO 4997 CR 220 220 300
KOHCTPYKIIHHOT cTai CR 250 250 330
CR 320 320 400
Cold reduced steel sheet of
structural quality
["apstueonmHKOBaHUN EN 10326 S220GD+Z 220 300
BYTJICIICBUH CTaNEeBUH JIUCT 13 S250GD+Z 250 330
KOHCTPYKIIIHHOT cTai 3 S280GD+Z 280 360
HeMepepBHUX JiHIH S320GD+Z 320 390
S350GD+Z 350 420
Continuous hot dip zinc coated
carbon steel sheet of structural
quality
["apsiuexaTaHi IIIOCKI JIUCTH i3 EN 10149: Part 2 S315MCS | 315 390
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BHUCOKOMIIIHHUX CTaJIel I 355 MC S 355 430
XOJIOZHOTO MPO]ITIOBAHHS. 420 MC S 420 480
Yactuna 2: YMOBU NOCTa4aHHA 460 MC S 460 520
JUIS TEPMO3MIIIHEHUX MPOKATHUX 500 MC S 500 550
cTanei 550 MC S 550 600
600 MC S 600 650
Hot-rolled flat products made of 650 MC S 650 700
high yield strength steels for cold 700 MC 700 750
forming. Part 2: Delivery
conditions for
thermomechanically rolled steels
[Tponowxenns Tabnuui 3.1b
Tun crani Cranpgapr Knac fyo Himm? | fy H/mm?
Type of steel Standard Grade fyo N/mm? | f, N/mm?
EN 10149: Part 3 S260NC S 260 370
315 NC S 355 | 315 430
NC S 420 NC | 355 470
420 530
XomnomHokarai miiocki Bupoou 3 | EN 10268 H240LA 240 340
BHCOKOMIITHIX HU3bKOJIETOBAHUX H280LA 280 370
cTajieil U1 XOJIO0IHOI O H320LA 320 400
dbopMyBaHHS H360LA 360 430
H400LA 400 460
Cold-rolled flat products made of
high yield strength micro-alloyed
steels for cold forming
Cranesi mtadbu i muctu Bucokoi | EN 10292 H260LAD 240 2) 340 2)
MIIHOCTI 3 TapsTYUM TTOKPUTTSM 3 H300LAD 280 2) 3702)
HETIepepBHUX JIHINA 115 H340LAD 320 2) 400 2)
XOJIOHOTO (POPMYyBaHHS H380LAD 360 2) 430 2)
H420LAD 400 2) 460 2)
Continuously hot-dip coated strip
and sheet of steels with higher
yield strength for cold forming
Cranesa mraba i JIMCT 3 EN 10326 S220GD+ZA | 220 300
HENEPEPBHUM IrapsiuuM LIHHKOBO- S250GD+ZA | 250 330
ATIOMIHIEBUM MOKPUTTsIM (ZA) S280GD+ZA | 280 360
S320GD+ZA | 320 390
Continuously hot-dipped zinc- S350GD+ZA | 350 420

aluminium (ZA) coated steel
strip and sheet

18
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MaJIOBYTJICIeBA CTANb 3
HETIEPEPBHUM TapsTIUM
IIUHKOBUM MOKPHUTTSIM JIJIS
XOJIOAHOTO (POPMYBaHHS

Continuously hot-dipped zinc
coated strip and sheet of mild
steel for cold forming

CrasneBa mrada i JIUCT 3 EN 10326 S220GD+AZ | 220 300
HETEePEPBHUM rapsyiuM LHUHKOBO- S250GD+AZ | 250 330
AIOMiHIEBUM MOKPHUTTAM (AZ) S280GD+AZ | 280 360

S320GD+AZ | 320 390
Continuously hot-dipped S350GD+AZ | 350 420
aluminium-zinc (AZ) coated
steel strip and sheet

Kinenp Tabauii 3.1b

Tun cramni Cranpgapr Knac fyo Himm? | fy H/mm?
Type of steel Standard Grade fio N/mm? | f, N/mm?
JlucroBa i mraboBa EN 10327 DX51D+Z 140 1) 270 1)

DX52D+Z | 140 1) 270 1)
DX53D+Z | 140 1) 270 1)

1) MiniManbHi 3HA4Y€HHs TPAaHUIN TEKYy4OCTi i
TUMYAacOBOTO OMOPY B IIbOMY CTaHAApTI He
HaBeaeHo. JIis BCIX KiaciB cTajli MiHIMabHI
3HAUEHHS TPAHUIl TEKYy4OCTi 1 THMYacOBOTO
OTIOpy MO’KHA TIpHitHATH piBHEMHU 140 H/MM? i
270 H/MM? BimoBimHO.

2) 3HauCHHSI TPaHMII TEKYYOCTi CTalled Mpu
MOTIEPEYHOMY ~ PO3TSTHEHHI  HAaBEICHO B
MO3HAYeHHI Martepiany. 3HaueHHs TpaHMIli
TEKY4OCTI HpPU MOB3IOBXHBOMY PO3TSATHEHHI
HaBeAEeH] B TaOJINII.

3.2 Konerpykuiiini craui

3.2.1 XapakTepuCTHKH
Marepiasuy

(1) HomiHanbHi 3Ha4eHHsS TPAaHUI TEKy4OCTi
fyp @00 THM4acoBoro omopy fu moBuHHI OyTH
NPUAHATI PIBHUMU:

OCHOBHOI'O

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

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

3.2 Structural steel

3.2.1 Material properties of base material

(1) The nominal values of yield strength fy, or
tensile strength fu should be obtained

1
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a) 3HadyeHHs fy = Ren a00 Rpo2 1 fu = Rm koxHE
3T1JIHO 31 CTAaHJAPTOM Ha ITPOKaT

0) 3a manumu B Tabaumsx 3.1a Ta 3.1b

B) 3a pe3yJbTaTaMu BUIIPOOYBaHb

(2) Sxmo xapaKTepUCTUKU BH3HAYAIOTHCS 32
pe3ysbTaTaMu BUNPOOYBaHb, TO
BUIIPOOYBaHHSA MOBHUHHI MIPOBOJIUTHCH
BiamosigHo 10 EN 10002-1. KinbkicTh 3pa3kiB
11 BUIPOOyBaHb MOBUHHA OYTH HE MEHII HIXK
II’ATh 3 YpaXyBaHHSIM HaCTYITHOTO BHOOPY:
1. Pynonn: a. Ilpm Bimbopi 3 mpomykmii
OJIHi€T TUIAaBKU — HE MEHII HK OJMH 3pa3oK Ha
koxHUN pynoH i3 30% 3aranbHOi KUTBKOCTI
PYJIOHIB;

0. Ilpu Bigbopi 3 mpomaykmii
pI3HHUX IJIAaBOK — MIHIMyM OJMH 3pa3oK Ha
KOKHHU PYJIOH.

2. lItabu:  MiniMyM OJMH 3pa3oK Ha
2000 xr Big KOXKHOTO BH]LY MPOIYKIIIi.

3pa3ku TOBWHHI BiAOMPATUCHh JOBUIBHO 3
KO)KHOI TapTii IMocTayaHHS 3 OPIEHTAIIEI0
B3/IOBXK e€JeMeHTa KoHcTpykuii. HopmaTtusHi
XapaKTepUCTUKU TOBUHHI BHU3HAYaTHCh 3a
pe3yibTaTaMi  CTaTUCTMYHOI  O0OpoOKM Y
BignosigHocti 3 EN 1990, nomarok JI.

(3) lo3BOnsieThCST  BAACTHUBOCTI  CTali  MpH
CTHCHEHHI 1 pO3TATHEHHI  NpuiiMaTu
OJTHAaKOBHMHU.

(4) Bumorn mogo IUTACTHYHOCTI IOBHHHI
Bigmosigatu 3.2.2 of EN 1993-1-1.

(5) Po3paxyHkoBi 3HAYCHHS Gbi3nyHIX
XapaKTEPUCTHK marepiajiB HOBHHHI
npuiiMaTrck 3rigHo 3 EN 1993-1-1.

(6) BiiactuBocTi MaTepialiB MpU MiIBHIICHAX
Temrneparypax HaBezaeHi B EN 1993-1-2.

3.2.2 XapakTepuCcTHKH  MaTepiaay  1Js
X0JI0AHOGOPMOBAHUX npodiiis i
npodaucris

(1) Slxmo B mO3HAYEHHI TPAHMIN TEKYYOCTI
BUKOPHCTOBYEThCSI CHUMBON fy, 103BONSETHCS
KOPHUCTYBaTUCh CEpeHIM 3HAYEHHSIM TI'paHULl
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a) either by adopting the values fy = Ren Or Rpo,2
and fy = Rm direct from product standards, or

b) by using the values given in Table 3.1a
and b

c) by appropriate tests.

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

1. Coils: a. For a lot from one production
(one pot of melted steel) at least one coupon
per coil of 30% of the number of coils;

b. For a lot 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 should 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) The ductility requirements should comply
with 3.2.2 of EN 1993-1-1.

(5) The design values for material coefficients
should be taken as given in 3.2.6 of EN 1993-
1-1.

(6) The material properties for 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 fy the average yield strength fya
may be used if (4) to (8) apply. In other cases



TekydocTi fya 3 monepkanusm ymoB (4) + (8).
B IHIIUX BUNAIKAX HeoOX1IHO
BUKOPHUCTOBYBATH OCHOBHY IPaHUIIIO
TEKy4ocTi fyb.

(2) Cepenne 3HaueHHs TpaHMIll TEKY4OCTi fya
podiTEo Mics XOJIOAHOTO (POPMYBAHHS MOXKE
OyTH BHM3HAYEHO 3a pe3yJbTaTaMHU HATYPHHUX
BUNIPOOYBaHb.

(3) SIx anprepHaTHBa, MIJABHIICHE CEPEIHE
3HAQYECHHS TPaHUIl TEKYy4yoCTI MOXKe OyTHh
BHU3HAYEHO PO3PAXYHKOM:

fo=fo+(f,—1,)

ya yb

Ac:
Ag — 3arajJlbHa IIIolla IIOIICPCYHOIO

nepepizy;

kK — koedillieHT, KU 3aJICKUTh Bill BUIY
¢dbopmyBaHHS:
—k=7 npu dopmyBanHi B mporieci
MIPOKATKH;
—k=5 npu IHIIHUX METOHax
(dbopMyBaHHS;

N — KUTBKICTH 3ruHIB Ha 90° B mIomepeyHOMy
nepepisi 3 BHYTpIlIHIM pajiycom I < 5t (uucio
3TUHIB IOBUHHO PaxyBaTHUCh SIK N EPETHHIB);

t — po3paxyHKOBa TOBIIWHA JIUCTA [0
¢opMyBaHHS 32 BHKIIOYEHHSM TOBIIMHU
mapiB  MeTajeBoro  abo  OpraHi4HOro
MOKPUTTIB, TUB. 3.2.4.

(4) 3a wHacmigkoM XOJOAHOTO (HOPMYBaHHS
MIJBUINICHE 3HAYEHHS TPaHUIll TEKy4OCTi
MO’K€ BpPaXOBYBATHUCh:

— IIpM OCbOBOMY HAaBAHTa)KEHHI €JIEMEHTIB,
B SKUX e(eKTHBHA IUIoma Mepepi3y Aeff

JOpiBHIOE TIOBHIH ol Ag;

— IIpH BU3HAUYCHHI Aeff TPaHHUIIS TEKYy4OCTi fy
MOBUHHA OyTH 3aMiHeHa Ha fyb.

(5) Cepenne 3HaueHHs TpaHMIN TEKY4OCTi fya
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the basic yield strength fy, should be used.
Where the yield strength is specified using the
symbol fy, the basic yield strength fy, should
be used.

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

(3) Alternatively the increased average yield
strength fya may be determined by calculation
using:

kntz _(f, +f,,)

A < ..(3.1)

where:
Ag s the gross cross-sectional area;

k is a numerical coefficient that
depends on the type of forming as follows:
—k =7 for roll 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 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.

(4) The increased yield strength due to cold
forming may be taken into account as follows:

—in axially loaded members in which the
effective cross-sectional area Aerr equals the
gross area Ag;

—in determining Aess the yield strength fy
should be taken as fyb.

(5) The average yield strength fya may be
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MOe OyTH BUKOPHUCTAHO TIPH BU3HAYEHHI:

— HEeCy4oi 3/[aTHOCTI [TOMEPEYHOro nepepizy
€JIEMEHTa IPU OCbOBOMY PO3TATHEHHI,

—HEeCy4oi 3JaTHOCTI 3a MIIHICTIO 1
CTIHKICTIO MPU OCbOBOMY CTHCHEHHI €JIeMEHTa
3 TOBHUMH  €(QEKTUBHMM  TIONEPEUHUM
nepepizom;

— HECy40i 3/[aTHOCTI ONEPEYHOTro mepepizy
IpU 3THHI 3 MOBHUM €(PEKTUBHUM HEpepi3oM
MOJTMYOK.

(6) Ilpu 3ruHi IS BU3HAYCHHS HECYYOi
3JIaTHOCTI TIONIEPEYHOTO Tepepi3y 3 MOBHICTIO
epeKTUBHUMU TIONUISIMU BiH MOXe OyTu
MOJIIJICHUH Ha M IJIOCKUX €JIEMEHTIB, TAKUX SIK
nonuui. Ilicna uporo ¢opmyna (3.1) moxe
Oyt BUKOPUCTaHA IS BU3HAYEHHS
MiJIBUIIEHOI TpaHuili TekydocTi fy1 okpemo
JUIS  KOKHOIO IIJIOCKOTO  ejleMeHTa |, 3
MPUITYIICHHSM, II1O:

m

i=1

m

LA

i=1

Ie:

Agi — TIOBHA MJIOMIA MOMEPEYHOr0 Mepepizy
IUIOCKOTO eJIEeMEHTa |, a MpH BHU3HAYCHHI
MiBUINEHOI  TpaHuili  Tekydocti fyi 3
BUKOpUCTaHHSIM  ¢opmynu (3.1) mmpuHa
3TUHIB ~ KpalOBUX  IUIOCKUX  €JEMEHTIB
MpUIMaeTbCs PIBHOIO JOBXKHHI AYTH, IO
BIJIMOBIZA€ MOJOBHUHI KyTa 3THHY ISl KOXKHOI
ot Ag,i.

(7) IligBuiieHHss  TpaHUI  TEKy4OCTi  3a
HACTIJIKOM  XOJOAHOrO  (OpPMYBaHHS  He
MTOBUHHO BPaxOBYBATHUChH JJISi €JIEMEHTIB, SKi
micng  GopMyBaHHA MiJAaHI TEPMOOOPOOI
IUISIXOM ~ HAarpiBaHHS IO  TeMIeparypH
> 580° C mpotsiroM Oitbie 1 roauHm.

MpumiTka: Binem geranbHy iHGOPMAILIiO IUB.
EN 1090, gyactuna 2.

(8) OcobmuBy yBary HeOOXiJHO 3BEpHYTH Ha
Te, 1O JedKi BUAM  TEPMOOOpPOOKHU

22

2 A

utilised in determining:

—the cross-section resistance of an axially
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 fy,
separately for each nominal plane element i,
provided that:

f ..(3.2)

ya

where:

Ag,i is the gross cross-sectional area of
nominal plane element i,
and when calculating the increased yield
strength fyi using the expression (3.1) the
bends on the edge of the nominal plane
elements should be counted with the half their
angle for each area Ag;.

(7) The increase in yield strength due to cold
forming should 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) Special attention should be paid to the fact
that some heat treatments (especially



(HampWKIaa, BiANal) MOXYTh BUKIHUKATH
3HIKEHHSI TPAaHUI TEKy4OCTi JI0 MEHIIOTO
3HAYEHHsI Hi)K 0a30Ba rpaHuiis fyb.

Hpumitka: [H{omgo 3BaproBaHHSA X0J0ITHOGOP-
MOBaHUX e€j1eMeHTIB quB. Takox EN 1993-1-8.

3.2.3. CXHJIbHIiCTH
pyiiHyBaHHA
(1) dus. EN 1993-1-1 ta EN 1993-1-10.

CTaJli /A0 KPHXKOIro

3.2.4 ToBmMHA i rpaHUYHI BiAXHJIH

(1) IpaBuna pospaxyHky, HaBeaeHi B EN
1993-1-3, moxyTh OyTH 3acTOCOBaHI JUIst
CTaJIel B JIiarma3oHi TOBIIHH tcor.

Mpumitka: /lianazon  TOBIIMH teor I8
MPO(MITUCTIB 1 €IeMEHTIB MOXke OyTH HaJaHWid B
HaI[lOHAJILHOMY JOJATKY. PexkomenngoBani
TOBILIUHH:

— 715t IPOQIIHCTIB 1 eIeMEHTIB:
0,45 MM < teor < 15 MM

— U151 3’ €IHAHb:
0,45 MM < teor <4 MM, uB. 8.1(2)

(2) MoxxHa BHKOpPUCTOBYBaTH OuIbIIy abo
MEHIIy TOBIIMHY 3a YMOBH, IO HecCydYa
3[ATHICTh €JICMEHTY BHU3HAUCHA PO3PaXyHKOM
3a pe3yJabTaTaMu BUIIPOOYBaHb.

(3) ToBuruHa craii teor MOBHHHA
BHKOPHCTOBYBATUCH SIK PO3paxyHKOBa y pasi,
SIKIIO

100 —tol
cor 95

ze teor = thom — tuer. noxp.

pu

if

npu

if
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annealing) might induce a reduced yield
strength lower than the basic yield strength fyp.

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

3.2.3 Fracture toughness
(1) See EN 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 steel within given ranges of core thickness
tCOT-

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

— for sheeting and members:
0,45 mm < teor £ 15 mm

— for connections:
0,45 mm < teor <4 mm, see 8.1(2)

(2) Thicker or thinner material may also be
used, provided that the load bearing resistance
is determined by design assisted by testing.

3) The steel core thickness teor should be used
as design thickness, where

tol < 5% ...(3.3)
tol > 5% ...(3.3b)
...(3.3¢)

with tcor = thom — tmetallic coatings

ne tol — minycoBmii fomyck Ha pokar %.

IpumiTka: /[ns1 OUHKOBOTO MOKPUTTS MapKH
Z 275 tuum{ = 0,04 MM.

(4) Ins eneMeHTIB 1 JIMCTIB 3 HENEPEPBHO

where tol is the minus tolerance in %.

NOTE: For the usual Z 275 zinc coating,
Lzinc = 0,04 mm.

(4) For continuously hot-dip metal coated
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HAHECEHUM TapsSYMM METAJICBUM IOKPUTTSIM,
[0 MalTh MIHYCOBI JOIYCKH MeEHIe abo
PIBHI «cliemiaibHUM JoIyckaMm (S)» 3rigHo 3
EN 10143, wmoxe Oyrta 3actocoBaHa
pO3paxyHKOBa ToBIIKHA 3riaHO 3 (3.3a). SKimo
MIHYCOBHI JIOIYCK NEPEBUIILYE «CTEUiaIbHUN
nonyck  (S)» srimmo 3 EN 10143,
pO3paxyHKOBa TOBIIMHA MOXKeE
3aCTOCOBYBATHUCH 3a (3.3B).

(5) thom — HOMiHAIbHA TOBIIMHA JIUCTA ITiCIISA
xononHoro ¢opMmyBaHHsS. Bona Moxe OyTu
MPUHHATA PIBHOIO TOBIIWHI JIMCTa BHUXI1IHOI
3arOTOBKH,  SIKIIO IUIONII  TOMEPEYHOTO
nepepizy A0 1 micnsa QopmyBaHHS OyayTh
BIJIpI3HATUCS HE OuThIIN HiX Ha 2%, B 1HIIHX
BUIMAJIKaX PO3MIpHU MiIJISATa0Th YTOYHEHHIO.
3.3 Tunu 3’€AHaHb

3.3.1 boJaToBi 3’¢aHaHHA
(1) bontu, radikm i maibd  TOBHHHI
Bignosinatu BuMmoraMm EN 1993-1-8.

3.3.2 Inmi THNU MeXaHIYHOT0 KPinJieHHs
(1) Inmrii  TMmM  MeXaHIYHOIrO KpIIUICHHS, a
came:

— caMOHapi3Hi TBUHTH, 10
BCTAHOBIIIOIOTBCS B TOMEPETHBO 3pOOJICHUI
OTBip, abo caMOCBepUIAIIl  CaMOHapi3HI
TBUHTH,

— Jr00eri A1 IPUCTPLITIOBAHHS,
— KOMO1HOBaHI 3aKJIENKU

MOXYTb OyTH BUKOPUCTaHI Yy BiJIOBITHOCTI 3
JII0YMMH B €BpOIl TEXHIYHUMH YMOBAaMM Ha
BIJIMOBIHI BUPOOH.

(2) HopmatuBHe 3HaueHHsI HECY4Ol 3/1aTHOCTI
MeTBUpOOIB Ha 3pi3 Fyrk 1 MiHIMalbHE
3HAUEHHS HAa PO3TATHEHHS MPUHAMAIOTHCS
3TiIHO 31 CTaHAapToM Ha Bupid abo
y3rojpkyetbest 3 ETAG a6o ETA.

3.3.3 Marepiajiu 1,151 3BaprOBaHHA
(1) Matepianmu  jast  3BaplOBaHHS — TTOBHHHI
Bianosigatu BuMmoraM EN 1993-1-8.

4 TOBI'OBIYHICTb
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members and sheeting supplied with negative
tolerances less or equal to the “special
tolerances (S)” given in EN 10143, the design
thickness according to (3.3a) may be used. If
the negative tolerance is beyond “special
tolerance (S)” given in EN 10143 then the
design thickness according to (3.3b) may be
used.

(5) thom is the nominal sheet thickness after
cold forming. It may be taken as the value to
tom Of the original sheet, if the calculative
cross-sectional areas before and after cold
forming do not differ more than 2%; otherwise
the notional dimensions should be changed.

3.3 Connecting devices

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

3.3.2 Other types of mechanical fastener
(1) Other types of mechanical fasteners as:

— 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 European Product Specification.

(2) The characteristic shear resistance Fyrk
and the characteristic minimum tension
resistance Ftrk Of the mechanical fasteners
may be taken from the EN Product Standard or
ETAG or ETA.

3.3.3 Welding consumables

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

4 DURABILITY



(1) OcHoBHi BumMoru auB. B po3aiani 4 EN
1993-1-1.

Hpumirka: B EN 1090, 9.3.1 Bkazani ¢akropu
BIUTUBY HA BUTOTOBJICHHS, SIKi  HEOOXITHO
BpaxoOBYBaTH B MPOIIEC] MPOCKTYBaHHSI.

(2) OcobnuBy yBary HEOOXiJHO MPUALISATH
BHUIAJKy 3aCTOCYBaHHS pI3HHX Marepiajis,
KOJM MOXYTh CTBOPIOBATUCh YMOBH IS
BHUHUKHEHHS €JIEKTPOXIMIYHOI KOpO3ii.

[pumirka 1: BkaziBkn  moao  Kopo3iitHoi
CTIfiKOCTI METBHUPOOIB B 3aJI€KHOCTI BiJl CTYIEHS
arpecHBHOCTI HABKOJHIIHBOTO CEPEIOBHIIA [IHB.
EN-1SO 12944-2, nonatok b.

Mpumirka 2: BraziBku 10/10 TIOKPUTTS
BupoOiB auB. EN 508-1.

IpumiTka 3: Bka3iBku m070 iHIHX BUPOOIB
muB. yactuHy 1-1 EN 1993.

[pumiTka 4: BraziBku 0710
rapsyeranbBaHHI30BaHUX MeTBHpoOiB amB. EN
ISO 10684.

5 KOHCTPYKTUBHHUI AHAJII3
5.1 BnuiuB KYTIB 3ruHy

(1) Anst mpodimiB 3 KyraMu 3rHHIB TEOPETHYHA
mupuHa Dp TUIOCKMX IUISHOK B Iepepisi
MOBMHHA BHMMIPIOBAaTHCh BiJl CEPEIHIX TOYOK
CYCIIHIX 3TMHIB (KYTIB), K TIIOKa3aHO Ha
puc. 5.1.

(2) Ans momepeyHuX mepepi3iB 3 KyTamu
3TUHY T€OMETPUYH1 XapaKTePUCTUKH Mepepizy
BU3HAYAIOTbCA BHUXOJIAYM 3  HOMIHAJIBHOI
TE€OMETpIi MOMEePEYHOT0 Mepepizy.

(3) Mpu BU3HAYCHHI TCOMETPHIHUX
XapaKTepUCTHK  Mepepi3iB, SK MpaBuio,
HEOOX1IHO BUKOPUCTOBYBATH METO]I

HaOMKeHHs. BIIMB KyTiB 3TMHY Ha HeCcydy
3aTHICTh TIEpepidy MOKHAa HE BPaxOBYBAaTH,
SKIO BHYTpIMHIA pamiyc r <5t i r<0,10bp, a
mepepis MOXKHA  paxyBaTH TakuM, IO
CKJIaJEHMH 13 INIOCKUX €JIEMEHTIB, 00’ €IHAHMUX
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(1) For basic requirements see section 4 of EN
1993-1-1.

NOTE: EN 1090, 9.3.1 lists the factors
affecting execution that need to be specified during
design.

(2) Special 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-ISO
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.

NOTE 4: For hot dip galvanized fasteners see
EN ISO 10684.

5 STRUCTURAL ANALYSIS
5.1 Influence of rounded corners

(1) In cross-sections with rounded corners, the
notional flat widths by, of the plane elements
should be measured from the midpoints of the
adjacent corner elements as indicated in
figure 5.1.

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

(3) Unless more appropriate methods are used
to determine the section properties the
following approximate procedure may be used.
The influence of rounded corners on cross-
section resistance may be neglected if the
internal radius r <5t and r<0,10bp, and the
cross-section may be assumed to consist of
plane elements with sharp corners (according
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TOCTPUMH KyTaMH (3TiAHO 3 PHCYHKOM 5.2,
MO3HAYUBIIK Dp 17151 BCIX IUIOCKUX €JIEMEHTIB,
BKJIFOYAIOYU 1 PO3TATHYTI enemeHTH). [lpum
BU3HAUYEHHI TE€OMETPUYHHUX XaPaKTEPUCTHK
MOTIEPEYHOT0 Tepepi3y 3aBKIAH BPAXOBYETHCS
BIUIMB KYTIB 3THHY.

gr (bp
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to figure 5.2, note bp, for all flat plane
elements, inclusive plane elements in tension).
For cross-section stiffness properties the
influence of rounded corners should always be
taken into account.

(a) cepenns Touka KyTa ab0 3rHHY
(a) midpoint of corner or bend

X IIepeTHH CepeIMHHNX JTHIN
X is intersection of midlines

P cepenns Touka KyTa
P is midpoint of corner

r.=r+t/2

g, =r, (tan(g) —sin( g)j

(b) reopernuna mwmpuHa bp anA  MIOCKMX
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(C) TeopernuHa muprHa bp MIIOCKOT YaCTHHU
crinku (bp = BHCOTa HAXMITY Sw)

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

(d) ) reopernuna  mwpuHa Dp  TUTOCKHMX
YaCTHH, CYMDKHHX 3 €JI€MEHTOM YKOPCTKOCTI
Ha CTIHI



IISTHOK [OJIHIh
(b) notional flat width by of plane parts of
flanges
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(d) notional flat width bp of plane parts
adjacent to web stiffener

Pucynok 5.1 — TeopernuHa mmpuHa bDp IIIOCKUX AUISHOK IMTONIEPEYHOTO Mepepizy Ol KyTiB 3TrUHY

Figure 5.1: Notional widths of plane cross section parts by allowing for corner radii

(4) BuB  KyTiB 3rMHY Ha TeOMETPHYHI
XapaKTepUCTHKH  Tepepisy  Moxke  Oytu
BpPaxOBaHO 3MEHIIEHHSIM IX 3HA4YeHb, AKi
po3paxoBaHi Il TOMIOHOTO Tmepepizy 3
TOCTpUMH meperuHamu (AuB. puc. 5.2) 3
BUKOPHCTAHHSM TaKUX NPHUITYIICHb:

Kinens pucynky 5.1.

(e) TeoperruHa mmpuHa Dp MIOCKUX YaCTHH,
CYMIKHHMX 3 €IEMEHTOM JKOPCTKOCTI Ha
[IOJIULI

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

(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 5.2, using the following
approximations:

Ag~Agsh (1-9) ...(5.1a)
lg = lg,sh (1 —20) ...(5.1b)
lw =~ lw, sh (1—40) ...(S.IC)

0=04372 T ...(5.1d)

ne:
Ay — TTOBHA IIJTOIIIA MTOTIEPEYHOTO TepePi3y;

Agsh — Toioma Ag 1Sl TIepepizy 3 TOCTPUMHU

Ay is the area of the gross cross-section;

Agsh is the value of Aq for a cross-section
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KyTaMHu;

bpi — TeopeTMyYHa MIMPHHA IUIOCKOTO |
eJIEMEeHTa B Tepepi3i 3 TOCTPUMHU KyTaMy,

lg — MOMEHT iHepIii TOBHOTO MOMEPEUYHOTO
nepepisy;

lg,sh — 3HAUeHHS |g 17151 Iepepizy 3 TOCTPUMH
KyTaMmu,

lw — cekropianbHM MOMEHT iHepuii
MTOBHOT'O TIepepi3y;

lwsh — 3HaueHHs |lw g mepepizy 3
TOCTPUMH KyTaMH;

@ — KyT MK JJBOMA TNIOCKHMH €JIEMEHTaMH,

M — KUIBKICTh INIOCKUX €JIEMEHTIB;
N — KUIBKICTh KPUBOJIIHIHHKX €IEMEHTIBIS;

Ij — BHYTpILIHIA paaiyc KPUBOIIHIHHOTO j-
T'O CIIEMCHTY.

(5) 3MmeHIIIeHT 3HAYCHHS, AKI BU3HAYAIOTHCS 32
dhopmynamu (5.1) MOXYTb TaKOX
BUKOPUCTOBYBATUCh TUTST BHU3HAYCHHS
epeKTUBHUX XapaKTCPUCTUK TOMEPEUHOTO
niepepizy Aeff, lyeff, lzeff 1 lweff 3 ypaxyBaHHIM
TOTO, IO TEOpPEeTHYHA IIUPUHA IUIOCKUX
€IIEMEHTIB  BUMIPIOETBCS  MDK  TOYKAMHU
MEPETHUHY 1X CepEeTUHHUX JIHIH.

Peanpuuil monepeunuii nepepiz
Actual cross-section
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with sharp corners;

bpi is the notional flat width of plane
element i for a cross-section with sharp
COrners;

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

lgsh IS the value of Ig for a cross-section
with sharp corners;

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

lwsh is the value of Iy for a cross-section
with sharp corners;

¢ is the angle between two plane
elements;

m is the number of plane elements;
n is the number of curved elements;

ri is the internal radius of curved
element j.

(5) The reductions given by expression (5.1)
may also be applied in calculating the effective
section properties Aetr, lyefr, lzert and lwesr,
provided that the notional flat widths of the
plane elements are measured to the points of
intersection of their midlines.
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Teopernunuii nonepeunuii nepepis
Idealized cross-section
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Pucynoxk 5.2 — [Ipunymenss moa0 gopMu 3r1uHIB

Figure 5.2: Approximate allowance for rounded corners

(6) Ilpu BHyTpimHBOMY pamiyci r> 0,04tE/fy
HEeCy4a 37aTHICTh MPOQLII0 BU3HAYAETHCS 32
pe3yJbTaTaMH BUIIPOOYBaHb.

5.2 'eomeTpu4Hi CHIiBBi/IHOIIIEHHS

(1) MMpaBuia po3paxyHKy, IO HAaBEIACHI B
gactuai  1-3  EN 1993, wne mnoBuHHI
PO3MOBCIOKYBAaTUCH Ha MPOdiii, BIAHOIICHHS
IIMPUHHA JI0 TOBIIMHHM B SKMX BHXOIATH 32
rpanumi  obmexens b/t, h/t, c/t ta dhi,
HaBeJeHUX B Tadmuii 5.1,

IMpumirka: I'panvuni 3uavenns b/t, hit, ¢/t i dit
B Tabmumi 5.1 BimoOpaxkaroTh cdepy, B AKii
HaKONMMYEHWHN MTOCTATHIN MOCBiX, MiATBEPKCHUN
BuripoOyBaHHssMu.  [lomepeuni  mepepizm 3
BIJIHOIICHHSM IIUPUHHA JI0 TOBIIMHHU OUIBIIC HIK
BUILEBKA3aHI TaKOX MOXYTh 3aCTOCOBYBAaTHUCH,
AKIOI0 1X HeCyd4a 3JaTHICTh 3a IEPLIOI0 T'PYIO0
TpaHUYHMX CTaHIB 1 IX BiANOBIAHICTH APYTiH rpymi
nepeBipeHi BUpoOyBaHHIMH 1/a00 po3paxyHKaMH,
110 MiATBEePKEH] HEBHOIO KUTBKICTIO
BUIIPOOYBaHb.

(6) Where the internal radius r > 0,04tE/fy 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 should not
be applied to cross- sections outside the range
of width-to-thickness ratios b/t, h/t, ¢/t and d/t
given in Table 5.1.

NOTE: These limits b/t, h/t, c/t and d/t given in
table 5.1 may be assumed to represent the field for
which sufficient experience and verification by
testing is already available. Cross-sections with
larger width-to-thickness ratios may also be used,
provided that their resistance at ultimate limit
states and their behaviour at serviceability limit
states are verified by testing and/or by calculations,
where the results are confirmed by an appropriate
number of tests.

Tadauus 5.1 — MakcumainbHi 3HaYSHHS BITHOIICHHS IIIMPUHU IO TOBIIUHU

Table 5.1: Maximum width-to-thickness ratios

r—— *
t
L b/t <50
b/t < 60
c/t<50

2§
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: ‘%c'l T c™ 1 b/t <90
ﬁp il A=

Kinens tabmumi 5.1

Y
t
—le— b/t <500
h h 45° < ¢ <90°
h/t <500 sin ¢
¢ ¢
(2) Ins 3abe3neueHHsT HEOOXIMHOT JKOPCTKOCTI (2) In order to provide sufficient stiffness and
1 momepemKeHHS  TepeayacHol  BTpaTu to avoid primary buckling of the stiffener
CTIMIKOCTI CcaMUM €IEeMEHTOM >KOPCTKOCTI, itself, the sizes of stiffeners should be within
Horo po3Mipy TOBHHHI OyTH B TakKHX the following ranges:
TPaHUIIX:
0,2<c¢c/b<0,6 ...(5.2a)
0,1<d/b<0,3 ...(5.2b)
ne po3mipu b, ¢ ta d HaBeneHi B Tabmui S.1. in which the dimensions b, ¢ and d are as
VY pasi, skmo ¢/b <0,2 a6o d/b <0,1 Biaruau indicated in table 5.1. If ¢c/b<0,2 or d/b<0,1
B3araji He BpaxoByroThcs (C = 0 abo d = 0). the lip should be ignored (c =0 or d = 0).

30



Hpumitka 1: [Ipn BU3HAYCHHI TCOMETPUIHHX
XapakTepUCTUK  €()EeKTUBHOTO  MOMEPEYHOro
nepepizy 3a pe3ynbTaTaMu BHIIPOOyBaHb abo
PO3paxyHKIB 1l 0OMEeXEeHHS HE BPaXxOBYIOTHCS.

Ipumitka 2: Po3Mmip BiAruHy C BHMIPIOETHCS
HEPIEHINKYISIPHO MOJIHLI, HE 3BaXKAlOUM Ha TE,
oo BiH Moe OyTH 1 He MEepHeHIUKYJSPHUM JI0
Hel.

Mpumitka 3: [llogo  po3paxyHKy  METOIOM
CKIHYEeHHHX eneMeHTiB auB. noxatoxk C EN 1993-
1-5.

5.3 Moje/iloBaHHSI pO3PaXyHKOBHX CXeM

(1) He3Baxkaroun Ha Te, IO OUIBII TOYHE
mozemoBanld HaBoauthes B EN 1993-1-5,
CIIEMCHTH  TIONEPEYHOTro  Tepepizy  Mpu
pO3paxyHKax MOXYTh OyTH 3MOJICIhOBAHI TaK,
SIK HaBEJIEHO B Tadymmi 5.2.

(2) HeoOxigHO BpaxoBYBaTH CHIIIbHHN BIUIUB
BCIX €JIEMEHTIB KOPCTKOCTI.

(3) Hemockonanocti, ski  moB’s3aHi 13
3TUHATBHO-KPYTHJILHOKO 1 TUIOCKOK (hopMaMu
BTpaTH CTIMKOCTI, HEOOXIJHO BpPaxoOBYBaTH
3rigHo 3 Tadmunero 5.1 EN 1993-1-1,

Mpumitka: [uButich HEOOXimHO Takox 5.3.4
EN 1993-1-1.

(4) Ins  HemoCKOHANOCTEH, TOB’SI3aHUX 3
BTPATOI CTIMKOCTI TUIOCKOi (OpMHU 3THHY,
MOYaTKOBE 3MIIIEHHS €p BIAHOCHO OCI
HaWMEHIIIOT  JKOPCTKOCTI  MpOQiI0  MOXKe
npuiimMatucs 0e€3 ypaxyBaHHsS [OYaTKOBOTO

3aKpy4yBaHHS.

MpumiTka: 3HaueHHs 11i€i  HEIOCKOHAJIOCTI
MOXe OyTH HaBEICHO B HALlIOHAILHOMY JIOJATKY.
Bemnunna eo/L =1/600 mnpu po3paxyHKy B
npyxHiid cramii i eo/L = 1/500 mpu po3paxyHKy B
cTamii  TJIACTHYHOCTI  PEKOMEHAYEThCS  JUIs
nepepi3iB, BU3HAUYCHUX 3 BHUKOPUCTAHHSAM KPUBOI
CTIMKOCTI TUIOCKOT ()OpPMHU 3THHY 3rifHO 3 6.3.2.2
EN 1993-1-1.
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NOTE 1: Where effective cross-section
properties are determined by testing and by
calculations, these limits do not apply.

NOTE 2: The lip measure ¢ is perpendicular to
the flange if the lip is not perpendicular to the
flange.

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 as
indicated 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: See also clause 5.3.4 of EN 1993-1-1.

(4) For imperfections related to lateral
torsional buckling an initial bow imperfections
eo of the weak axis of the profile may be
assumed without taking account at the same
time an initial twist.

NOTE: The magnitude of the imperfection
may be taken from the National Annex. The values
eo/L = 1/600 for elastic analysis and eo/L = 1/500
for plastic analysis are recommended for sections
assigned to LTB buckling curve a taken from EN
1993-1-1, section 6.3.2.2.

Tabauus 5.2 — MojentoBaHHS eI€MEHTIB ONEPEYHHX Mepepi3iB

Table 5.2: Modelling of elements of a cross-section
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Tun ememenTa Cxema
Type of element Model

Tun eremenTa Cxema
Type of element Model
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Kineus Tabmmii 5.2.

Tun enemenTa Cxema
Type of element Model

Tun enemenTa Cxema
Type of element Model

[ 1

[1

Rk

5.4 KpuBuHa noJmub

(1) BrtuB KpuBMHHM Ha Hecydy 37aTHICTb NPU
3TUHI  OUIBII  IIUPOKOI TOJHI  TPOQLITIO
(KpMBHHA BIHOCHO HEUTPAJIbHOI IUIOLIMHM)
a00 MOJUIIl BUTHYTOTO MPOQUIIO 31 CTUCHYTOIO
30BHIIIHBOIO CTOPOHOIO, MOXHa  He
BpPaxoOBYBaTH, SIKIIIO BOHA CKJIAA€ MEHII HiXK
5% Bucotu nepepizy npodinro. Y pasi, SKIIO
KpuBUHaA Olnbire, HEOOXITHO BpPaxOBYBATH
3HIKEHHST HeCy4yoi 37aTHOCTi, HaIlpUKIAJ,
LUIIXOM 3MEHIIEHHS 3BICY IIUPOKUX TMOJHIIb 1
BpaxyBaHHSAM MOXIJIUBOTO 3TUHY CTIHOK.

32

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



Mpumitka: [{nst kaceTHUX NpodiTiB 1eH ePeKT
BpaxoBanwuii B 10.2.2.2.

(2) Po3paxyHOK  KpHMBHHHM  MOXe  OyTH
BUKOHAaHMH 32  TNPHUBEICHUMH  HIKYE
bopmynamu. PopmMyaH MOXKHA 3aCTOCOBYBATH
IUISl CTUCHYTUX 1 PO3TSATHYTHX ITOJIMYOK SIK 3
€JIEMEHTaMHU XOPCTKOCTI Tak 1 0e3 HHX, aie
0e3 ONM3BPKO PpO3TAIOBAHUX IIONEPEYHUX
€JIEMEHTIB KOPCTKOCTI Ha TOJHUIISX

— UL TpAMOJiHIHOTO  TWpodimo 10
HaBaHTaXeHHs (AuB. puc. 5.3):
— JUIsl BUTHYTOT OaJIKu:

u

ae:
U — nedopmaltisi 3TUHY TOJNHI Yy CEPEIHHY
710 HEHUTpanmbHOi OCl (KpUBHUHA), TUB. puc. 5.3;

bs — momoBuHa Bimcra"i MiX CTiHKaMH
KopobuaTtoro 1 owmera-npodiao, abo 3BHUC
MOJIUII, AUB. pHC. 5.3;

{ — TOBIIMHA O

Z — BIJICTaHb BiJ TOJIMI JO HEUTPaIbHOI
oci;

I' — pailyC KpUBUHU BUTHYTOI OaJIKH;

Oa — TOJIOBHE HAIPY>KEHHS B MOJIULISX, SIKE
BH3HA4YeHE IS MPOQUI0 TOBHOTO TEpepisy.
Hanpyxennst 11st epeKTHBHOTO MOMEPEYHOTO
nepepizy BU3HAUAETHCS MHOXKEHHSM Oa Ha
BIIHOIIEHHSI TUTONI TONHIN €(PEeKTUBHOI a0
MOBHOI.

u=2
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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.

2) Calculation 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 a profile
which is straight prior to application of loading
(see figure 5.3).

o’ bt

E_aztzsz ...(5.3a),
For an arched beam:
4

tbz_sr ...(5.3b)
where:

u is bending of the flange towards the
neutral axis (curling), see figure 5.3;

bs is one half the distance between webs
in box and hat sections, or the width of the
portion of flange projecting from the web, see
figure 5.3;

t is flange thickness;

Z is distance of under

consideration from neutral axis;

flange

r is radius of curvature of arched beam;

oa IS mean stress 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 the ratio of the effective flange area
to the gross flange area.
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bs

T

Pucynox 5.3 — KpuBuna nonuup

Figure 5.3: Flange curling

5.5 Brpara micueBoi criiikocTi Ta criiikocTi
¢hopmu nepepisy

5.5.1 3araiabHi HoJ10KeHHA

(1) Ilpn  Bu3HAYEHHI HECy4Oi 3MAaTHOCTI 1
YKOPCTKOCTI XOJIOJHO(DOPMOBAHUX €JIEMEHTIB 1
npo¢uCTiB HEOOXiTHO BpPaxOBYBAaTH BIUIWB
BTpPATH MICIIEBOI CTIMKOCTI 1 CTifikocTi (hopmu

nepepisy.
(2) BB BTpaTH MICIIEBOI CTIHKOCTI MOKeE
BpPaxOBYBAaTHCh BUKOPHUCTAHHSIM

TEOMETPUYHUX XaPAKTEPUCTUK e(EeKTUBHOTO
nepepi3dy, SKki BU3HA4arOThesa 3rigHO 3 EN
1993-1-5.

(3) Mix uac mepeBipKU MICIIEBOT CTIHKOCTI
rpaHuIl TekydocTi fy mpuiiMaeThes piBHOO fyb
Opd  BU3HAYCHHI  eEKTUBHOI  MIMPUHU
CTHCHYTHX eneMeHTiB 3rigHo 3 EN 1993-1-5.

MpumiTka: CTOCOBHO HECy4Oi 3JaTHOCTI JIUB.
6.1.3(2).

(4) Inst o1iHKM eKCIUTyaTaliitHol PUIaTHOCTI
epeKTHBHA [IMPHHA CTUCHYTOTO EJIEMEHTY
BU3HAYAETBCSI 33  HANPYXEHHSIM  CTUCKY
Gcom,Ed,ser BiJl HOPMATUBHOTO HABAHTa)KCHHSI.

(5) Brpara  criiikocti  ¢opmu  mepepi3y
€JIEMEHTIB 3 KpaioBUMHU ab0 NIPOMIKHUMHU
eNIEeMEHTaMHU >KOPCTKOCTI IIOKa3aHa Ha pUC.
5.4(d) i posrasimaeThes B 5.5.3.
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5.5 Local and distortional buckling

5.5.1 General

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

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

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

NOTE: For resistance see 6.1.3(1).

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

(5) The distortional buckling for elements with
edge or intermediate stiffeners as indicated in
figure 5.4(d) are considered in Section 5.5.3.
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d)

PucyHnok 5.4 — [Tpuxnanu BTpatu CTIHKOCTI popMH mepepizy

Figure 5.4: Examples of distortional buckling modes

(6) Brutue BTpaTH CTIHKOCTI i hopmu mepepizy
MMOBMHEH BPaXOBYBATUCh 3a PUCYHKOM 5.4 (a),
(b) i (c). B Takmx Bumagkax BIUIMB BTPaTH
CTIMKOCTI  (opMH  Tepepi3y  OIIHIOETHCS
niHiiauM  (5.5.1(7)) abo  HediHIHHUM
po3paxyHKoM Ha cridikicte (muB. EN 1993-1-
5) YUCJIEHHUMHA METOJaMU abo
BHIIPOOYBAHHSIM KOPOTKUX CTOSIKIB.

(7) be3 3acrocyBaHHS CIPOILEHOTO CHOCOOY
sritTHo 3 5.5.3, mpu  AKOoMy — TIpYXHI
HaNpy>KEeHHsSI BTPATH CTIMKOCTI BU3HAYAIOTHCS
THIAHUM ~ pO3paxyHKOM,  MOXke  OyTu
3alpOIIOHOBAaHUI HACTYITHUM AJITOPUTM:

1) Ins pi3HUX JOBXKHH XBHJIb JIO IMTOBHOI
JOBKMHU €NIEMEHTY BKJIIOYHO BHU3HAYMUTHU
HaIpy>KEHHsI, SIKE BIATOBIAA€ BTPATI CTIMKOCTI
B MpPYXHINH cTafii 1 BCTAHOBUTH aJCKBATHY
¢dbopMy BTpaTH CTIHKOCTI, AUB. pUc. 5.5a.

2) Busnaunti epextuBHy mmpuny  (S)
srimHo 3 5.5.2 amd 4acTok TONepedHOTro
nepepisy, 10 BTPaTUIM MICIEBY CTIHKICTb IpU
MiHIMaJIbHOMY HaNpyXeHHi, AuB. puc. 5.50.

3) BusHauutu 3MeEHIIEHY TOBIIMHY (S)
(muB. 5.5.3.1(7)) ansg xkpailoBHX 1 MPOMIKHHUX
€JIEeMEHTIB KOPCTKOCTI a0 IHIIMX YacTOK
MOTIEPEYHOr0 Tepepizy, SKi 3a3HAIM BTPaTH
crifikocti  ¢opmu  mepepidy  Bim  aii
MiHIMaJIbHUX HAINPYKEeHb, IUB. pHC. 5.5D.

4) BusHauuTH HECy4y 3JaTHICTh, SKa
BIJIMOBI/Ia€ BTPATI 3arajibHOi CTIMKOCTI 3T1HO
3 6.2 (3ruHa’mbHa, KpYyTWIbHa abo TUIOCKa
dbopma BTpaTH CTIMKOCTI B 3aJ€XKHOCTI Bif il
TUTNA) JUIS €JIeMEHTa T[OBHOI JOBXKHUHHU 3

(6) The effects of distortional buckling should
be allowed for in cases such as those indicated
in figures 5.4(a), (b) and (c). In these cases the
effects of distortional buckling should be
determined performing linear (see 5.5.1(7)) or
non-linear buckling analysis (see EN 1993-1-
5) using numerical methods or column stub
tests.

(7) Unless the simplified procedure in 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 nominal
member length, calculate the elastic buckling
stress and identify the corresponding buckling
modes, see figure 5.5a.

2) Calculate the effective width (s)
according to 5.5.2 for locally buckled cross-
section parts based on the minimum local
buckling stress, see figure 5.5b.

3) Calculate 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 5.5b.

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

¢) 3arajibHa BTpaTa
crifikocTi

b) Distorsional
buckling

b) Brpara criiikoi
¢opmu nepepizy

a) Local
buckling
a) Micuesa Brpara a
CTIMKOCTI

c)

-

Halve-wave length
JloB:kHA HAMIBXBUJTI

Pucynok 5.5a — [Ipuknaau 3anexHOCTI KpUTUYHUX HAMPYKEHb B MPYKHIN cTaaii 11t pisHUX (opM
BTPATH CTIKKOCTI BiJl TIOBKMHU HAIIBXBUJII, @ TAKOK ()OPM BTPATU CTIHKOCTI

Figure 5.5a: Examples of elastic critical stress for various buckling modes as function of halve- wave

HaBaHTaxeHHs

Load

length and examples of buckling modes
Hecyua 3naTHicThb 32 Hecyua 3naTHicTb 32

MicLeBoOI0 CTiIHKiCcTIO cfilikicTio popmu nepepizy
Y Criiikicts dopmu

nepepisy B npy:xHiii craii

Elastic distorsional

\ buckling
|
N ™ .
Mﬁtorsional buckling resistance \

Local buckling resistance

Mo:kIUBHIi B3a€MHHUI BIINB

MicueBoi i 3arajbHoiI cTiiikocTi
Possible interaction

% local - global buckling

Elastic overall
_buckling
~ <3araﬂbﬂa cTilikicTh
B NPYHii cranii

N e T NN
f two three
Elastic local  waves waves
buck"ng. ane 2-i XBHJII 3-1 xBwi G"l"E r.a” |J|.|'C l";." ng
weave resistance
Micuesa crilikicTh B nipyskHiii crazii 1-1 xpui Hecyua 31aTHICTh 32 3araJbHOIO CTIHKICTIO

-

Member length
JloB:kMHA eleMeHTa

Pucynok 5.5b — [Ipuknany 3ane:KHOCTI HAaBaHTa)KeHHs TIPH BTPATI CTIHKOCTI B IPYXHil cTafii Ta

HEeCy40i 31aTHOCTI BiJl TOBXKHHU €IEMEHTA

Figure 5.5b: Examples of elastic buckling load and buckling resistance as a function of member length

5.5.2 Tlnock
JKOPCTKOCTI
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i ejgeMeHTH 0€3 eJICMEHTIB 5.5.2 Plane elements without stiffeners



(1) EbpextuBHy mmMpuHY — eleMeHTIB  0e3
€JIEMEHTIB JKOPCTKOCTI HEOOXiJHO BH3HAYATH
srimno 3 EN 1993-1-5, BuKopucTOBYHOYH

TEOPETUYHY INUpUHY Dp mast b mwisixom
BpaxyBaHHS PEAYKIIHHOTO KoedimieHTa s
CTIMKOCTI JHCTIB BUXOJSYH 3 I1X YMOBHOI
THYYKOCTI A .

(2) Teopernuna  mmpuHa Dp  MWIOCKOTO
eNIEMEHTY IMOBHHHA OYyTH BH3HA4YEHA 3a PHC.
5.1 B migpoznmini 5.1.4. VYV Bunanky, Kouiu
IUIOCKHH EJIEMEHT € HaXWJICHOIO IIOMIMHOIO,
TO IPUHMAETHCS BUCOTA 32 HAXUIIOM.

Mpumirka: s pemrtn  BUMagkiB — Oinbin
TOYHUH METOJ BH3HAUCHHS €(EKTHBHOI HIMPHUHH
HaBelIeHO B AoAaTky /.

(3) IIpu Bu3nauenui 3a merogom EN 1993-1-5
MOXYTh OYTH 3aCTOCOBaHI Taki IOJIOKCHHS:

— CHIBBIJHOILIEHHS  HAMpPYXEHb Yy 3a
tabmuusamu 4.1 1 4.2, ke HeoOXigHe I
BU3HAYCHHS €(EKTUBHOI IIMPUHHU IOJIHILb
npodiTI0 TiA €0 TpaJi€eHTa HaNpPyXEeHb,
MoXe OyTH oOuuciieHe 3 BUKOPUCTAHHSAM
XapaKTEepUCTHUK MIOBHOT'O MEpepi3y;

— CHiBBIJHOLIEHHS  HampyxeHb V¥  3a
tabmuiamu 4.1 1 4.2, sgxe HeoOXimHe A
BU3HAUEHHs €(QEKTUBHOI IIUPUHHU CTIHKH,
MoXe OyTH oOuuclieHe 3 BUKOPUCTAHHSAM
e(eKTHUBHOI IIJIOL] CTUCHYTOI MOJUII 1 TOBHOT
IUIOII CTIHKH;

— XapakTepUCTUKU e(PEeKTUBHOTO Mepepizy
MOXXYTb OyTH YTOYHEHI, 3 BUKOPHCTAHHSAM
CHIBBiAHOIIEHHS  Hampyxkenb V¥,  ske
o04YHCIIeHe JUIsi BU3HAYEHOTO e(EKTUBHOTO
MOTIEPEYHOr0  Mepepi3y  3aMicTb  MOBHOTO
nepepizy. MiHiManbHa KUIBKICTh KpPOKIB B
iTepaliifHoMy po3paxyHKy 3 Tpaji€eHTOM
HaTpPY>KEHOTO CTaHy JOPIBHIOE TBOM;

— CIIPOIIEHU MeToJI, HajaHui B 5.5.3.4, Mmoxe
Oyt BUKOPUCTAHUM IS CTIHOK
TpamnelieBUJIHUX JIUCTIB, SKI 3HAXOASATHCS B
YMOBax 3MIHHOTO HAMPY>KEHOTO CTaHy.

5.5.3 Ilnocki ejsemMeHTH 3 KpaiioBumMHu a6o
NPOMi’KHUMH eJIeMeHTAMU KOPCTKOCTI

5.5.3.1 3araJjibHi m0JI0OKEHHA
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(1) The effective widths of unstiffened
elements should be obtained from EN 1993-1-
5 using the notional flat width b, for b by
determining the reduction factors for plate

buckling based on the plate slenderness Xp .

(2) The notional flat width b, of a plane
element should be determined as specified in
figure 5.1 of section 5.1.4. In the case of plane
elements in a sloping webs, the appropriate
slant height should be used.

NOTE: For outstands an alternative method for
calculating effective widths is given in Annex D.

(3) In applying the method in EN 1993-1-5 the
following procedure may be used:

— The stress ratio y, from tables 4.1 and 4.2
used to determine the effective width of
flanges of a section subject to stress gradient,
may be based on gross section properties.

— The stress ratio ¥, from table 4.1 and 4.2
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 using the stress ratio ¥ based on the
effective cross- section already found in place
of the gross cross-section. The minimum steps
in 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 trapezoidal
sheeting under stress gradient.

55.3Plane elements with edge or
intermediate stiffeners

5.5.3.1 General
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(1) Po3paxyHOK  CTHCHYTHX CIIEMCHTIB 3
KpailoBUMH a00 TPOMDKHUMH e€JIeMEHTaMU
KOPCTKOCTI ~ HOBHMHEH TIPYHTYBAaTucsi Ha
NPUITYIIEHH], 10  €JeMEHT JKOPCTKOCTI
Opamoe K CTUCHYTHH 3 HENepepBHUM
3aKPITUICHHSM NPYKHO-TIOIATITMBUMHU
B’SI35IMH, JKOPCTKICTh SIKUX 3QJICKUTHh BiJ
TPaHUYHUX YMOB 1 3THHAJIBHOI >KOPCTKOCTI
CYMDKHUX IJIOCKHX €JI€MEHTIB.

(2) XKopcTkicTh TpPY:KHO-TTOJATIMBUX B s13eit
€JIEMEHTa JKOPCTKOCTI TIOBHHHA BHU3HAYaTHUCh
MPUKJIAICHHSIM OJUHUYHOTO HABaHTaXXEHHS U
Ha OJWHUINIO JIOBXHUHH, SK BKa3aHO Ha pHC.
5.6. Xopcrkicte B’szeit K Ha oxuHUIIO
JTOBXKMHU  MOXe OyTM  BHU3HAUY€Ha  3a
hopmyioro:

ne:

0 — mepeMiIIeHHS eJIeMEHTa )KOPCTKOCTI BiJl
HaBaHTAXEHHSA U, M0 Ji€ y MEHTPl TSHKIHHSA
(b1)  edekTHBHOI  YAaCTKH  IOMEPEYHOIO

nepepizy.

&

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

(2) The spring stiffness of a stiffener should be
determined by applying an unit load per unit
length u as illustrated in figure 5.6. The spring
stiffness K per unit length may be determined
from:

K=u/ls .(5.9)

where:

o is the deflection of the stiffener due to
the unit load u acting in the centroid (b1) of the
effective part of the cross-section.

a) ®akTryHa cxema
a) Actual system

L ba_|

4.‘b| a2 291

5 —? ng— 2

b) ExBiBasieHTHA cxema
b) Equivalent system
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4 4
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I = 2
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ul
CrucHEeHHSA 3ruHa”nasa

Compression Bending

C) Po3paxynkoBi cxemu Jy1si BU3HaUeHHs O enemeHTiB C- 1 Z-noaibnoi hopmu
c) Calculation of & for C and Z sections

Pucynok 5.6 — BuzHaueHHs )KOPCTKOCTI B’ 531

Figure 5.6: Determination of spring stiffness

(3) Ilpu BH3HAYEHHI KYTOBHX >KOPCTKOCTEH
B’s31 Co, Cor1 i Cor2 B 3aJIeKHOCTI BiJ
reoMeTpii MOMepeyHoro mnepepidy MOBUHHI
BpPaxOBYBATHCh IHIN €JIIEMEHTH YKOPCTKOCTI,
SK1 PO3TallOBaHI HAa LbOMY €JIeMEHTI abo Ha
Oy/ib-SIKOMY IHIIOMY €JEMEHTI IOIEPEYHOro
nepepisy, 1o MiJIa€ThCsI CTUCHEHHIO.

(4) Ins  kpailoBOro eIeMeHTa >KOPCTKOCTI
MepeMIIeHHs O BU3HAYAETHCA 32 (OPMYIIOH0:

d=06b

p

ac:

L uby 12(-v?)

(3) In determining the values of the rotational
spring stiffnesses Ceo, Co,711 and Co,2 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:

= ..(5.10a)

with:

0=ub,/Co

(5) SIkmo KpaifoBi €JIEMEHTH OPCTKOCTI €
BiiruHamu nonuib C- 1 Z-nmomiOHUX mepepisis,
10 Co MOBMHHA BU3HAYATUCH BiJl OJMHUYHOTO
HaBaHTAXCHHS U, 1110 JIi€, SIK TOKa3aHO Ha PUC.
5.6(C). Buaciimok woro s monuii | Bupas
XKopcTkocTi B 5131 K1 € Takum:

Et?

(5) In the case of the edge stiffeners of lipped
C-sections and lipped Z-sections, Ce should be
determined with the unit loads u applied as
shown in figure 5.6(c). This results in the
following expression for the spring stiffness K
for the flange 1:

' 4lL-v?) blh, +b?+05bo,h,k

Ji(H
b1 — BijicTaHb BiJ IEPETHHY CTIHKH 1 TIOJIKU
0 TIEHTPY TsOKIHHSA e(EeKTHUBHOI  TUTONI

L ...(5.10b)
where:
b1 is the distance from the web-to-

flange junction to the gravity center of the

3¢



np JICTY —H b EN 1993-1-3:20XX

KpaioBOTO BIATMHY (BKJIOYaOUd €()EKTUBHY
yacTKy mouuil De2) Ha monumii 1, nuB. puc.

5.6(a);

b, — BigcrtaHe Bi MEPETHHY CTIHKH 3
MOJKOI0 [0 IEHTPY TSOKIHHS e(pEeKTUBHOI
IJIONII  KpaloBOro BIATMHY  (BKJIFOYAIOYH
e(eKTUBHY YaCTKY TOJIHIi) Ha TIOJHUIII 2;

hw — Bucora CTiHKH,

ki = 0 — K110 MONHUILA 2 PO3TATHYTA (TOOTO
JUIs OAJIKH, sIKa 3TUHAETHCS BiIHOCHO OCi Y-Y);

e
Ay

IPU OCHOBOMY CTHCHECHHI CTPHIKHSL);

— IpU CTUCHYTIH monumi 2 (K

ki=1 — mpW CTHCHEHHI CHMETPHYHOIO
nepepizy.

As1 and As2 epekTHBHA  IJIOIIA  BiATHHY
(Birouaroun epeKTUBHY YacTKy De2, AMB. pHC.
5.6(b)) mist monuis 1 i 2 BiAmoBigHO.

(6) st mPOMIXKHOTO EIIEMEHTY JKOPCTKOCTI
3HAa4eHHs1 KyTOBOi >KOpcTKocTi B’s13iB Co 11 Ta
Co,n2 MOXHa HpUONHU3HO NPUHHATH PIBHUM
HYJIIO 1 TIEpEeMILICHHS O MOYKHA BU3HAYUTH 32
bopmyoro:

8_

ub?h?  12(1-v?)

effective area of the edge stiffener (including
effective part be> of the flange) of flange 1, see
figure 5.6(a);

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

hw is the web depth;

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

K =Dz

‘ if flange 2 is also in compression
1

(e.g. for a beam in axial compression);

ke=1 for a
compression.

symmetric  section in

As1 and As is the effective area of the edge
stiffener (including effective part be of the
flange, see figure 5.6(b)) of flange 1 and
flange 2 respectively.

(6) For an intermediate stiffener, as a
conservative alternative the values of the
rotational spring stiffnesses Co, 11 and Ce,2
may be taken as equal to zero, and the
deflection 6 may be obtained from:

(7) KoedimienT BTpatd CTIMKOCTI  (opmu
nepepi3y yd (Tocka ¢opma BTpaTH CTIHKOCTI
€JIEMEHTa JKOPCTKOCT1) MOBUHEH BU3HAYATHUCh
3 ypaXyBaHHAM BiZHOCHOI THYYKOCTi A,

TaKMM YHHOM:

vd =10

xd = 1,47 - 0,723 %,
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3, +b,)

npu
if

npu
if

npu

= .. (5.11)

(7) The reduction factor g for the distortional
buckling resistance (flexural buckling of a
stiffener) should be obtained from the relative

slenderness A, from:

Ay <0,65 ...(5.12a)

0,65< A, <1,38 ...(5.12b)
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0,66 =
Ny = — Ly >1,38 ...(56.12¢)
}\‘d
ae: where:
Mg =+/T/C0s ...(5.12d)
ae: where:
Ocrs — KPUTHYHE HANPYXXCHHS B MPYKHIH Ocrs is the elastic critical stress for the

cTamii JUIsl eNEeMEHTIB KOPCTKOCTI 3TiTHO 3
5.5.3.2,5.5.3.3 2060 5.5.3.4.

(8) AnbTepHAaTHBHO KPUTHUYHE HAIPYKCHHS
Ocrs MOKE OyTHM BH3HAYCHO PO3pPaxXyHKOM B
PYKHIA cramii  Ha CTIMKICTB 3a
HeePOPMOBAHOK CXEMOI 3 BUKOPHCTAHHSIM
qyucenpHUX MeToiB (nuB. 5.5.1(7)).

(9) Ins mutockoro ejgeMeHTa 3 KpaoBUMH 1
MPOMIDKHUMH €JIEMEHTaMH JKOPCTKOCTI (S) mpH
BiJICYTHOCTI OLIBII TOYHOTO METOaa
PO3paxyHKy BILIMB JKOPCTKOCTI (S) MOKHA He
BpPaxOBYBaTH.

5.5.3.2Ilnocki enemMeHTH 3 KpailoBUMH
BiarmuamMu

(1) Ins xpaiioBOTO BIATMHY HaBEICHA HIKYE
METOJIMKa MOXKE 3aCTOCOBYBATHCH, SIKIIO KYT
MIDDK  BIATMHOM 1 INIOCKHM  €JIEMEHTOM
3HAXOINTECA B Mexax Bix 45° mo 135° i
BUKOHYIOTHCSI BUMOTH 5.2..

. A A
b@‘ —>| }—-— b@2 —e
b

stiffener(s) from 5.5.3.2, 5.5.3.3 or 5.5.3.4.

(8) Alternatively, the elastic critical buckling
stress oers may be obtained from elastic first
order buckling analysis using numerical
methods (see 5.5.1(7)).

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

5.5.3.2 Plane elements with edge stiffeners
(1) The following procedure is applicable to an
edge stiffener if the requirements in 5.2 are
met and the angle between the stiffener and the
plane element is between 45° and 135°.

14
|

a_._.'h". L a I
| K |
(& ]

'
o

b/t<60
a) oIMHApHUI

b/t<90

b) moxaBikHui
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a) single edge fold

b) double edge fold

Pucynoxk 5.7 — KpaiioBi Biaruau

Figure 5.7: Edge stiffeners

(2) Momepeunwnii mepepiz KpaioOBOro BiATHHY
MOBUHEH CKJIAJaTUCh 3 €(EKTUBHOI YaCTKH
eJIeMeHTa >KOPCTKOCTI, TOOTO YacTku C abo
yactku C i d, sk Bka3aHo Ha puc. 5.7 IUIOC
eeKTHBHA YacTKa IUIOCKOTO Bipi3Ky Dp.

(3) Anroputm BHU3HAUCHHS e(eKTUBHOT
IIMPUHU CTUCHYTUX IOJHIb 3 €JIeMEHTaMH
KOPCTKOCTI y BUIJISIII BIATHHIB TPHUBEICHHNA
Ha puc. 5.8 1 NMOBHHEH CKJIAAaTUCh 3 TaKUX
€TalliB:

— Eran 1: Buznauaetncs MOYaTKOBU I
e(heKTUBHUI Tepepi3 eeMEHTa KOPCTKOCTI 3
BUKOPUCTAHHSIM €(EKTHBHOI INUPHHH, SKa
00YUCITIOETBCS TIPU GeomEd = fyb / ymo, muB. (4)

i(5);

— ETan 2: Busnavaerscs KOoeQIilieHT
BTpaTu CTiMKOCTI (opmu mnepepizy (Iiocka
¢dopma BTpaTu CTIHKOCTI KpaiOBOIO eeMEHTa
’KOPCTKOCTi), BHUKOPHCTOBYIOYHM IOYATKOBHI
eeKTUBHUIA Mepepi3 eleMeHTa OPCTKOCTI 1
HasIBHICTb HEMEpEepBHOI NPYKHO-TIOJATIUBOI
omopu, auB. (6), (7)1 (8);

— ETan 3: Itepaniitnum pPO3paxyHKOM
YTOUYHIOETHCS KOE(ILIEHT BTpPaTH CTIMKOCTI
dbopmu niepepizy, aus. (9), (10).

(4) TTouyatkoBi 3HaueHHS e()EKTUBHOI IIMPHHH
bet i be, mo mHaBeneni mHa puc. 5.7,
BU3HAYAIOTHCSA 3TIAHO 3 5.5.2 3 MPUITYLICHHSM,
10 TUIOCKHUiT eneMeHT Dp 3akpiruieHuid 3 IBOX
0okiB, nuB. Tabauiro 4.1 EN 1993-1-5.

(5) IMouaTkoBi 3HaYeHHS €(PEKTUBHOI INPUHH,
mo ToKa3aHi Ha puc. 5.7, TOBUHHI

BU3HAYATUCH B TAKUH CIIOCIO:

a) JJIs1 OJJMHAPHOTO BIATHHY:
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(2) The cross-section of an edge stiffener
should be taken as comprising the effective
portions of the stiffener, element c or elements
c and d as shown in figure 5.7, plus the
adjacent effective portion of the plane element

(3) The procedure, which is illustrated in
figure 5.8, 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 ccomed = fyb / ymo,
see (4) to (5);

— Step 2: Use the initial effective cross-
section of the stiffener to determine the
reduction factor for distortional buckling
(flexural buckling of a stiffener), allowing for
the effects of the continuous spring restraint,
see (6), (7) and (8);

— Step 3: Optionally iterate to refine the
value of the reduction factor for buckling of
the stiffener, see (9) and (10).

(4) Initial values of the effective widths ber
and bex shown in figure 5.7 should be
determined from clause 5.5.2 by assuming that
the plane element by is doubly supported, see
table 4.1 in EN 1993-1-5.

(5) Initial values of the effective widths cCet
and defr shown in figure 5.7 should be obtained
as follows:

a) for a single edge fold stiffener:



Ceff = O bp,c

Jie p BU3HayaeTbcss B 5.5.2 3 ypaxyBaHHSIM
KOeiI[iEHTy BTpAaTH CTIHKOCTI Ko:

— SAKOIO bp,c / bp <0,35:

— stkro 0,35 < by / by <0,6:

0) 1715 MOABIMHOTO BiATHHY:

np JICTY — H b EN 1993-1-3:20XX

..(5.13q)

with p obtained from 5.5.2, except using a
value of the buckling factor ks given by the

following:
—if bp,c / bp <0,35:
ko =0,5 ...(5.13b)
—if 0,35 < bpc/bp<0,6:
k, =05+0,833/(b,, /b, —0,35)° .(5.13c)
b) for a double edge fold stiffener:
Cor = Pby, ...(5.13d)

1€ p BHU3HAuYaeThes 3a 5.5.2 3 ypaxyBaHHIM
Koedirienta BTpatd  cTilikocTi Ko JuIs

3aKpIIUIEHOTO 3 IBOX OOKIB eleMeHTa 3a Tal.
4.1 EN 1993-1-5

Jie p BU3HAYAETHCS 3a 5.5.2 3 ypaxXyBaHHSIM
koedimienta Ko, K IS BIIOKPEMIICHOTO
eneMeHTa ,3a T1abn. 4.2 EN 1993-1-5.

(6) EdexTrBHA MmIIOIIa MOMEPEUYHOTO MEPEPI3y
As KpalloBOrO BIATMHY BH3HAYAETHCS 32
dbopmynamu:

abo

deg = Pbp,d

with p obtained from 5.5.2 with a buckling
factor ks for a doubly supported element from
table 4.1 in EN 1993-1-5

..(5.13e)

with p obtained from 5.5.2 with a buckling
factor ks for an outstand element from table
4.2 in EN 1993-1-5.

(6) The effective cross-sectional area of the
edge stiffener As should be obtained from:

As =t (be2 + Ceff) ...(5.14a)
or
As =t (De2 + Ce1 + Cez + defr) ...(5.14b)

MpumiTka: 3a HEOOXIJHICTIO BPaXxOBYIOTHCS
3aKpyTIeHHs, AuB. 5.1.

(7) KputnuHe  HampyXeHHS Gcrs BTpaTH
CTIKOCTI KpaloBOro BIATMHY B MPYXHII
cTajii BU3HAYAETHCS 3a (POPMYIIOH0:

cr,s

aec:

2 /KEl

NOTE: The rounded corners should be taken
into account if needed, see 5.1.

(7) The elastic critical buckling stress ocrs for
an edge stiffener should be obtained from:

: (515
A (5.15)

where:
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K — moroHHa »OpCTKICTh B’s31, IUB.
5.5.3.1(2).

Is — MomeHT iHepmil eeKTHBHOTO TIepepizy
BiITMHY,  BU3HAYCHUH 32  CPEKTHUBHOIO
wioniero As BITHOCHO ILIEHTPAIbHOI OCi a—a
e(pEKTUBHOTO TIONEPEYHOTO TIepepi3y, HUB.
puc. 5.7.

(8) AnbTepHaTHBHO KPUTHYHE HAIPYKCHHS
Gcrs BTpaTH CTIMKOCTI B TPYXHIA cTamil
MOJKHAa BH3HAYUTH, BUKOPUCTOBYIOUU YHCIIOBI
METOAM pO3paxyHKIB Ha  CTIWKICTh 3a
Hee(hOpMOBAHOIO CXEMOIO B MPYXKHIN cTajii,
auB. 5.5.1(7).

(9) Koedimient BTpaTH cTifikocTi  (opmu
nepepizy yd (miocka ¢opma BTpaTu CTIUKOCTI
KpaioBOro €JIEMEHTa AKOPCTKOCTI)
BU3HAYAETHCS B 3QJICXKHOCTI BiJl BEIMYMHH Ocr,s
3a merojom 5.5.3.1(7).
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K is the spring stiffness per unit length,
see 5.5.3.1(2).

Is 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 5.7.

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

(9) The reduction factor 4 for the distortional
buckling (flexural buckling of a stiffener)
resistance of an edge stiffener should be
obtained from the value of o¢s using the
method given in 5.5.3.1(7).

a) [loBumii ToOnepeuHuii Tmepepi3 1 TpaHUYHI
YMOBH

a) Gross cross-section and boundary conditions

b) Eran 1: EdextuBHU#T momepeunHuii mepepis
npu K = oo Ha 6a3i 6eomed = fyb / Ym0

b) Step 1: Effective cross-section for K = oo based
0N Geom,ed = fyb / ymo

c) Eran 2: Kputuune  HampyXeHHS  Ocs B
npyxHiid cramii s edexkruBHoi miomi As i3
erany 1

c) Step 2: Elastic critical stress ocrs for effective
area of stiffener As from step 1

d) 3umxkena MinHICTE Yd fyb / yMo As1 enemenTa
JKOPCTKOCTI 3 e(eKTUBHOI Iomen As i
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KOe(illiEHTOM CTIHKOCTI Y d Ha 0a3i Gcrs

M r oo

lteration 1
Imepauia 1

_T_

lteration n
Imepauia n

d) Reduced strength yq fyn / ymo for effective area
of stiffener As, with reduction factor yq based on
Gecr,s

e) Eran 3: [ToBroproeTbcs erar 1 ISt
po3paxyHKy €()eKTHBHOI LIIMPHUHH 13 3HIKCHUM
HAIPY)KEHHSIM CTHCHEHHS Gcom,Edi = Xd fyb / Ym0 3
Yd 13 itepamii 1 IOTH, KOJNH Ydn = Yd(n-1), e
Xd,n < Xd,(n-1)

e) Step 3: Optionally repeat step 1 by calculating
the effective width with a reduced compressive
stress ocom,ed,i = %d fyb / ymo With yq from previous
iteration, continuing until  ydn ~xdm-1) but
Xd.n < %d,(n-1)

4,

LT 3 - f) IlpuiimaeTbes e(heKTUBHUI IIOIIEPEYHUN
el o niepepi3 3 De2, Ceff 1 3MeHIIIEHA TOBHIMHA tred, 110

KOPECTIOHAYETHCS 3 Yd,n

o=

—la—r
o

el le— " a.n

f) Adopt an effective cross-section with De2, Ceff
and reduced thickness treq corresponding to ydn

Pucynok 5.8 — CriiikicTh mosuili 3 KpallOBUM BIITHHOM IPU CTUCHEHHI

Figure 5.8: Compression resistance of a flange with an edge stiffener

(10) SIkmo  ya <1 3HayeHHs KoedilieHTa (10) If xa<1 it may be refined iteratively,
CTIHKOCTI MOXHA BHM3HAYMTH ITEPALilHO, starting the iteration with modified values of p
MOYHHAKYM 3 MOJM(IKOBAHMX 3HAYEHb P, obtained using 5.5.2(5) with ccomed,i equal to
BH3HaueHUX 3rigHo 3 5.5.2(5), mpuitmaroun vd fyb / ymo, SO that:

Gcom,Ed,1 K d fyb / Ymo, 32 yMOBH, 1110:

N ...(5.16)
(11) 3menHmieHa edeKkTHBHA ILJIOIIA €JICMEHTA (11) The reduced effective area of the stiffener
KOPCTKOCTI Asred 3 ypaxyBaHHSIM ILIOCKOL Asred allowing for flexural buckling should be
(dhopmu BTpaTH CTIMKOCTI BU3HAYAETHCS TAK: taken as:
aine
fun /Yo
As,red = XdAs . / but AS,red <As (517)
com Ed
ne where
Gcom,Ed — HaIpPYXEHHsS CTUCHEHHS B3JOBXK Gcom,Ed IS compressive stress at the
IEHTPAJbHOI  OCi  €JeMeHTa  KOPCTKOCTI centreline of the stiffener calculated on the
obuncieHe A ePEeKTUBHOIO MONEPEYHOro basis of the effective cross-section.
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nepepisy.

(12) Ipu BHU3HAYEHHI rE€OMETPHUYHUX
XapaKTePUCTHK €(PEKTUBHOTO TMOMEPEYHOTO
nepepizy 3MeHmieHa edeKThBHA TuIoma As red
MOBUHHA  BHU3HAYATHCh 33  3MCHIICHOIO
TOBIIUHOO tred =t Asred / As TUTS ycix
€JIEMEHTIB, AKI BKJIIOYEH] B As.

5.5.3.3 Il1ocki eleMeHTH 3 NPOMIKHUMH
eJIeMEHTAMM KOPCTKOCTi

(1) AnroputM, 110 HABOJUTHCS HIKYE, MOXKHA
3aCTOCOBYBAaTH Ul  OXHOro abo  JBOX
OJJHAKOBO ~ BUTHYTHX  a00  CKPYIJICHUX
SIIEMEHTIB KOPCTKOCTI 3 ypaxyBaHHSIM TOTO,
IO BCi IUIOCKiI €JIEMEHTH PO3paxoBaHi 3TiTHO
35.5.2.

(2) Monepeunmii nepepis IIPOMIKHOT'O
CJIEMCHTA JKOPCTKOCTI NPUUMAETHCSA TAKHM,
0 CKJIQJEHMH 13 C€aMoro ejgeMeHTa Ta
CYMDKHUX €(DEeKTHBHUX YAaCTUHOK TUIOCKUX
BiZpi3KiB Dp 1 i1 bp2, 1uB. puc. 5.9.

(3) Anroput™M  mokaszanuii Ha puc. 5.10,
CKJIQJIAETHCS 3 TAKUX €TalliB:

— Etan 1. Buznauenns MOYaTKOBOTO
e(EeKTUBHOTO TIepepPi3y €JIEMEHTa >KOPCTKOCTI
3a e(eKTHUBHOI IIMPUHOI, OOYUCIECHOI 3a
YMOBH, III0 €JIEMEHT >XOPCTKOCTI 3abe3rneuye
MOBHE 3aIEMJICHHS 1 Gcom,ed = fyb / Ym0, IMB.

@ i(5);

—Ertan 2: /Ins  BuzHaueHHs KkoedimieHTa
BTpaTu CTIMKOCTI (opmu mepepizy (IIocka
dopma  BTpaTHM  CTIMKOCTI  HPOMIKHOTO
€JIEMEHTa KOPCTKOCT1) BHKOPUCTOBYETHCS
MOYaTKOBUH TMOMEpPEeYHUN Mepepi3 eleMeHTa
YKOPCTKOCTI 3 TIPUMYIIEHHSIM II0JI0 HasSBHOCTI
HeMepepBHOI MPYKHO-TIOJAATINBOI OTIOPH, JAMB.

(6), (7)1 (8);

— ETan 3: YTouHeHHs KoedillieHTa BTpaTH
CTIMKOCTI QopMH Tmepepi3y 3IIHCHIOETbCS
iTepatuBHO, 1uB. (9) 1 (10).

(4) TouaTkoBi 3Ha4YeHHS €(DEKTHBHOT MIMPHUHU
Dieo ai boer, auB. puc. 5.9, nNOBHUHHI
BU3HAYATUCh 3a 5.5.2 3 MNPUNYIIEHHSAM, IO
TUTOCKI eneMeHTH Dp1 1 Dp2 3akpimuieHi 3 1BOX
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(12) In  determining  effective  section
properties, the reduced effective area Asyred
should be represented by using a reduced
thickness tred =t Asred / As for all the elements
included in As.

5.5.3.3 Plane elements with intermediate
stiffeners

(1) The following procedure is applicable to
one or two equal intermediate stiffeners
formed by grooves or bends provided that all
plane elements are calculated according
to 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 bp1
and bp,2 shown in figure 5.9.

(3) The procedure, which is illustrated in
figure 5.10, 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 ccomed = fyb / ymo,
see (4) and (5);

— Step 2: Use the initial 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 (6), (7) and (8);

— Step 3: Optionally iterate to refine the
value of the reduction factor for buckling of
the stiffener, see (9) and (10).

(4) Initial values of the effective widths by e
and bzer shown in figure 5.9 should be
determined from 5.5.2 by assuming that the
plane elements bp: and bp. are doubly



ookis, nuB. 4.1 EN 1993-1-5.
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supported, see table 4.1 in EN 1993-1-5.

by T T - bo
bps 7 N bp.2
b1,a ff b1z | 201 bs e

Pucynoxk 5.9 — [IpoMixHi e1€eMEHTH KOPCTKOCTI

Figure 5.9: Intermediate stiffeners

(5) EdexTrBHa Mm0Ia MOMEPEUYHOTO MEPEPizy

MPOMDKHOTO  €lIeMEHTa  KOPCTKOCTi  As
MMOBUHHA BU3HAYATHUCS 32 (POPMYIIOIO:

As =t (b1e2 + b2 + bs)

ne bs — mmpuHa eneMeHTa JKOPCTKOCTI, JUB.
puc. 5.9.

Ipumirka: [Ipy HE0OXiTHOCTI BPaxoOBYIOTHCS
3aKpyTJIEHHS 3TUHIB, auB. 5.1.

(6) KputnuHe HampyXeHHS Gcrs 32 BTPATOIO

CTIMKOCTI MPOMIKHOTO €JeMEHTa >KOPCTKOCTI
MOBMHHO BU3HAYA€THUCH 3a (HOPMYIIOIO:

ae:

2,/ KEI

(5) The effective cross-sectional area of an
intermediate stiffener As should be obtained
from:

..(5.18)

in which the stiffener width bs is as shown in
figure 5.9.

NOTE: The rounded corners should be taken
into account if needed, see 5.1.

(6) The critical buckling stress ocrs for an
intermediate stiffener should be obtained from:

: ..(5.19)

where:
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K — moroHHa »OpCTKICTh B’s3i, IUB.
5.5.3.1(2);

Is — MOMeHT iHepIlii e)eKTUBHOTO TIEpepizy,
BU3HaueHUH 10 edexTuBHIN TIomi  As
BITHOCHO IIEHTPAJIBHOI OCi & - & e()eKTUBHOTO
MONIEPEYHOT0 TIepepi3y, IuB. puc. 5.9.

(7) AnbTepHAaTHBHO KPUTHYHE HAIPYKCHHS
Gcrs 32 BTPATOIO CTIMKOCTI B MPYXHIN crafil
MOXXHa  BU3HAYUTH  YHCIOBUM  METOJOM
PO3paxyHKY Ha CTIMKICTh 3a Hee(hOPMOBAHOIO
cxemoro, auB. 5.5.1(7).

(8) Koedimient BTpaTH cTifikocTi  (hopmu
nepepizy yd (miocka ¢opma BTpaTu CTIKKOCTI
MPOMIKHOTO eJIeMEHTa AKOPCTKOCTI)
BU3HAYAETHCS B 3AJIC)KHOCTI Bijl 3HAYCHHS Ocrs
3a MeTouKkoro 5.5.3.1(7).

(9) SIxmo  yd <1, 3HaueHHsA KoedilieHTa
CTIHKOCTI MOYKHAa BH3HAYUTH ITEpAIiifHO,
MOYMHAYHA 3 MOAU(IKOBAHUX 3HAYEHH P,
obuncnennx 3a  5.5.2(5), mupuiimaroun
Gcom,Ed,i SIK Xd fyb / Ym0 32 yMOBH, 110:

K is the spring stiffness per unit length,
see 5.5.3.1(2);

Is 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.

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

(8) The reduction factor g4 for the distortional
buckling resistance (flexural buckling of an
intermediate stiffener) should be obtained
from the value of o¢rs using the method given
in 5.5.3.1(7).

9 If xa<1 it may optionally be refined
iteratively, starting the iteration with modified
values of p obtained using 5.5.2(5) with
Geom,Ed,i €qual to xd fyo / ymo, SO that:

Mg = Mo l1a ...(5.20)

(10) 3menmieHa edexkTHBHA TUIONIA €JIEMEHTA
KOPCTKOCTI  Asred OOyMOBIIEHa  BTPaTOO
cTifikocTi popmu mepepizy (3ruHaiIbHa Gopma
BTPAaTH CTIMKOCTI elleMeHTa KOPCTKOCTI)
BU3HAYAETHCS SK:

A e :XdAsM

com Ed

ae:

GcomEd — HANPY>KEHHsI CTHUCHEHHS B3JIOBX
LEHTPAJIbHOI ~ OCl  €JIEeMEHTa KOPCTKOCTI,
obuncieHe A ePEeKTUBHOIO IONEPEYHOro

nepepisy.

(11) Mpm BU3HAYCHHI Te€OMETPUIHUX
XapaKTePUCTHK €(PEKTUBHOTO TMOMEPEYHOTO
nepepizy 3MeHmieHa edeKkTuBHA Tuioma Asred
MOBUHHA OyTH oOO4YHCIeHa 3a 3MEHIIEHOI0
TOBILIMHOIO tred =t Asred / As TUIS BCIX
€JICMEHTIB, 10 BKIIIOYCHI B As.
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(10) The reduced effective area of the stiffener
Asred allowing for distortional buckling
(flexural buckling of a stiffener) should be
taken as:

aje

put P <A .(5.21)

where:

GcomEd IS 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 Asred
should be represented by using a reduced
thickness treqd =t Asred / As for all the elements
included in A:s.
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a) [ToBHMiIT nonepeuHmii iepepi3 i rpaHUYHI YMOBH

a) Gross cross-section and boundary conditions

b) Eran 1: EdextuBuuii momnepednuii mepepis mpu
K = oo Ha 6a3i 6comed = fyb / Ym0

b) Step 1: Effective cross-section for K=o based
ON Gcom,Ed = fyb !/ ymo

) Eran 2: KputnuHe Hampy»KEHHs Gcrs B MPYKHIN
cTanmii 3 egexkTUBHOW IUomer As eneMeHTa 3
erany 1

c) Step 2: Elastic critical stress ocrs for effective
area of stiffener As from step 1

d) 3umxkena  minHicth  Ydfyp /ymo  enemenTa
JKOPCTKOCTI 3  epeKTUBHOK Iomero As i
Koe(ili€EHTOM CTIHKOCTI )d Ha 6a31 Gers

d) Reduced strength 4 fy» / ymo for effective area of
stiffener As, with reduction factor yq based on cers

Pucynoxk 5.10 — CtilikicTh IpU CTUCHEHHI MOJMIII 3 TPOMDKHUM €JIEMEHTOM KOPCTKOCTI

Figure 5.10: Compression resistance of a flange with an intermediate stiffener

fteratfon n
Imepauia n

Kinens pucynky 5.10.

e) Eran 3: [ToBroproerscst etam | s BU3HAYCHHS
e(EeKTUBHOI IUPHHU 13 3MEHIIECHUM HAIMPYXEHHIM
CTHCHEHHS Gcomidi = Xd fyb / YMo 3 d momepemHboi
iTeparii 10 BUKOHAHHS YMOBHU Ydn = Xd,(n-1), aje
Xd.n < Xd,(n-1)

e) Step 3: Optionally repeat step 1 by calculating the
effective width with a reduced compressive stress
Geom,Ed,i = Xd fyb / ymo With x4 from previous iteration,
continuing until ydn = %d,(n-1) bUt Ydn < xd,(n-1)

f) IlpuiiMaeTbcs epekTUBHUIA TIOTIEPEYHUI TTepepis3 3
D162, b2e 1 3MeHImIeHa TOBIIMHA tred BIAMIOBIIHO 10

Ad,n

4
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5.5.3.4 TpaneuieBuani JaucroBi mpogimi 3
NPOMiKHUMH eJIeMEHTaAMU KOPCTKOCTi

5.5.3.4.1 3aranbHi noJ10KeHHS

(1) Bumoru 5.5.3.4 poO3MOBCIOKYIOTECS Ha
TparenieBuIHI MPOMIUCTH 1 3aCTOCOBYIOTHCS
pazoMm 3 55.3.3 sk g monuub, TaK 1 A
CTIHOK 3 MPOMDKHUMH €JIEMEHTaMH CTIHKOCTI.

(2) YpaxyBaHHs CyMiCHOI pOOOTH MPOMIKHUX
€JIEMEHTIB YKOPCTKOCTI SIK IS TOJIUIb, TaK 1
JUIS CTIHOK IIPU BTPATI CTIMKOCTI BUKOHYETHCS
3a MeToJIuKom 5.5.3.4.4.

5.5.3.4.2 MMoauui 3 NPOMi’KHUMHU
eJIeMEHTAMM KOPCTKOCTi
(1) Ipwm piBHOMIpHOMY CTHCHEHHI

MIPUITYCKAETHCS, M0 €PEKTUBHUIN TOMEpPEUHUN
nepepi3 MOJHI 3 MPOMDKHUMHU €JIeMEHTaMHu
KOPCTKOCTI ~ CKJIQJa€ThCsl 13 3MEHILIEHOi
e(eKTUBHOI TI01I As red, sIKa BKITIOUAE TIEpepi3
€JIEMEHTA >KOPCTKOCTI 1 JIBI IPUJIETJI CTPIUKH,
3aBmUpIKH 0,50efr (a00 15 t, muB. puc. 5.11).

(2) Tlpn oaHOMY E€IEMEHTY IKOPCTKOCTI B
LEHTpP1 MOJULI KPUTUYHE HANpPYXKEHHS Ocrs 32
BTPaTOl0  CTIMKOCTI B  MPYXKHIA  crafil
BH3HAYA€THCS 3a (HOPMYII0L0:

f) Adopt an effective cross-section with bier, boe1
and reduced thickness treq corresponding to ydn

5.5.3.4 Trapezoidal sheeting profiles with
intermediate stiffeners

5.5.3.4.1 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 also be taken into
account using the method given in 5.5.3.4.4.

5.5.3.4.2 Flanges with intermediate
stiffeners

(1) If it is subject to uniform compression, the
effective cross-section of a flange with
intermediate stiffeners should be assumed to
consist of the reduced effective areas Asred
including two strips of width 0,5berr (or 151,
see figure 5.11) adjacent to the stiffener.

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

I t°

_ 42k, E
Cycr,s - As
ae:
bp — TeopeTMuHa MIMPUHA TUIOCKOTO
eleMeHTa, TuB. puc. 5.11;
bs — mupuHa emeMeHTa OPCTKOCTI 3a

NEePUMETPOM, JUB. puc. 5.11;

As, |s — mmomma 1 MOMEHT iHepIii mepepizy
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4b2(2b, +3b, ) ~(5:22)

where:
bp is the notional flat width of plane
element shown in figure 5.11;

bs is the stiffener width, measured
around the perimeter of the stiffener, see figure
5.11;

As, Is are the cross-section area and the



eJIeMEeHTa JKOPCTKOCTI 3riaHO 3 puc. 5.11;

kw — KoedilieHT, SKUM BpPaxOBYEThCS
YaCTKOBE  3aIlleMJICHHS Bl  IOBOPOTY
MIJICHJICHOT €JIEeMEHTOM >KOPCTKOCTI TOJIHIIL,
SIK€ CTBOPIOETHCS CTIHKaMu ab0 I1HIIUMU
NPUJIETIIMMU efleMeHTamMu, 1uB. (5) 1 (6). Ilpu
OChOBOMY  CTHCHEHHI /i1  BHU3HAYCHHS
edexTrBHOI ot Ky = 1,0.

dopmyna 5.22 MOXKe 3aCTOCOBYBATHUCH 1 IS
€JIEMEHTIB JKOPCTKOCTI y BUTIJIAMI IIHPOKUX
roppiB, IJIOCKa YacTWHA SKHUX 3MEHIICHA 32
yMOBH 3a0e3IeueHHsT MiCIIeBOi CTilKOCTI, a bp
B (opmyni 5.22 3amiHIOETBbCS Ha Ouibmie i3
3HaueHb bp a6o 0,25 (3bp + by), muB. puc. 5.11.
Le#t minxim MoXHA BUKOPUCTOBYBATH 1 ISt
HOJHIB 3 JBOMa a0 JEKiIbKOMa HIMPOKUMH
ropamu.
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second moment of area of the stiffener cross-
section according to figure 5.11,

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
kw = 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 by in the
equation 5.22 is replaced by the larger of bp
and 0,25 (3bp + by), see figure 5.11. Similar
method is valid for flange with two or more
wide grooves.

[Monepeunuii nepepi3
JUIs 00uncieHHs As

Cross section to

0-5beﬂ1‘—'| e HO,SD#, calculate A,

0,50, oo fe—{ N1 0.55, 4

[Nonepeunuii nepepiz
U1 00YKCIIeHHA |g

|-— 15r*|\-/|‘—1 5r»|

Cross section to
calculate Ia

N 1500]
min(15t, 0,58, ,) |'_ 1 5“'

Pucynok 5.11 — CTucHEeHHS TIONUIIL 3 OJTHUM, ABOMa a00 JCKITbKOMA €IEMEHTAMU KOPCTKOCTI

Figure 5.11: Compression flange with one, two or multiple stiffeners

Kinens pucynky 5.11.

bp—-}-—HFA-‘——bp-r /4—D .

=

(3) IIpn cumerpuyHOMY pO3TallyBaHHI Ha

(3) For two symmetrically placed flange
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TIOJTHIII IBOX €JIEMEHTIB JKOPCTKOCT1 KPUTUYHE
HANpYXEHHS. Gcrs 32 BTPATOIO CTIMKOCTI B
MPYXHIA CTaaii TOBHMHHO BH3HAYaTHCh 3a
dhopmyIoro:

42k, E

stiffeners, the elastic critical buckling stress
ocr,s Should be obtained from:

I t°

GCF,S

A 8b7(3b, + 4b,)

..(5.233)

ne: with:
e = 2bp1 + bp2 + 2Dbs
by = bp,l + 0,5 br

ae: where:

bpi — TeopeTMuHa IIMPHUHA KPaHHBOIO bp. is the notional flat width of an outer
IUIOCKOTO €JIEMEHTY, SIK IO0Ka3aHO Ha pHC. plane element, as shown in figure 5.11,;
5.11;

bp2 — TeopeTMyHa IMIMPUHA CEPEIHHOTO bp2 is the notional flat width of the central
IUIOCKOTO €JIEMEHTY, SIK IOKa3aHO Ha pHC. plane element, as shown in figure 5.11,;
5.11;

br — 3araipHa MIUpUHA ~ EIEMEHTY br is the overall width of a stiffener, see

YKOPCTKOCTI, sIK IIOKa3aHo Ha puc. 5.11;

As,Is — mmoma 1 MOMEHT iHepil
MIOTIEPEYHOr0 TIepepi3y eleMeHTa )KOPCTKOCTI.

(4) Ins mexinmbKOX €JIeMEHTIB JKOPCTKOCTI Ha
nmonuii (TppbOX OJHAKOBUX abo  Oujiblie
e(eKTHBHA IUIONIA BCI€l MOJIULII JOPIBHIOE

ne p — penykmiiHui koedimieHT (AUB.
nomatok E EN 1993-1-5) BimmoBigHO 10
THYYKOCTI A, IO 0a3yeThes HA HANPYKEH] 3a

BTPATOIO CTIHKOCTI B IPY>KHIHN cTafil

o, =18E

ae:

ls — cymapHuii MOMEHT iHEpIlii eJIeMEHTIB
KOPCTKOCT1 BIJIHOCHO LIEHTpPAJIbHOI OCi a—a
6e3 BpaxyBaHHS 10/1aHKy bt® / 12;
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figure 5.11;

As, Is are the cross-section area and the
second moment of area of the stiffener cross-
section according to figure 5.11.

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

Aeff =p bet .. (523b)

where p is the reduction factor according to
EN 1993-1-5, Annex E for the slenderness Xp

based on the elastic buckling stress

e
b

It
bZbg

0e

+36 ...(5.23¢)

where:

Is is the sum of the second moment of
area of the stiffeners about the centroidal axis
a— a, neglecting the thickness terms bt3 / 12;



bo — mupuHa monku (aus. puc. 5.11);

De — po3ropHyTa MIUpPUHA TOJNKH (JUB. PUC.
5.11).

(5) 3nauenns kw Moke OyTH BH3HA4YE€HO 3
ypaxyBaHHSM JOBXHHH XBWII lp mosuii, sika
BTpaTWja CTIMKICTh NPH CTUCHEHHI, B TaKUU
crocio:

—saKkwo lp / sSw > 2:

— aKkwmo lp / Sw < 2:

Ac:
Sw — BHCOTa CTIHKH IIO HaxuJly, JUB. pHC.
5.1(c).

(6) AnbrepHAaTUBHO KOCDIIIEHT 3aIEeMIICHHS
Bi moBopoTy Kw MOXe OyTH 3 3amacom
npuiiHsaTHi piBHUM 1,0, SK pU MIApHIPHOMY
3’€/IHaHHI.

(7) 3nauenns lp i kwo MOXyYTh OyTH BH3HAYCHI
3a popMyamu:

— VIS CTUCHYTOi MOJUIl 3  OJHUM
€JIEMEHTOM >KOPCTKOCTI:

|, =3,07 i/
K = | Sut20s ..(5.26)
s,, +0,5b,

ac:
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bo is the width of the flange as shown in
figure 5.11,

be is the developed width of the flange
as shown in figure 5.11.

(5) The value of kw may be calculated from the
compression flange buckling wavelength I, as
follows:

—ifly/sw>2:

kw = Kwo ...(5.24a)

—iflp/sw<2:

ﬂ_('_bJ } ...(5.24b)
s, \S,

where:
sw is the slant height of the web, see
figure 5.1(c).

(6) Alternatively, the rotational restraint
coefficient kw may conservatively be taken as
equal to 1,0 corresponding to a pin-jointed
condition.

(7) The values of Iy and kwo may be determined
from the following:

—for a compression flange with one
intermediate stiffener:

1,b2(2b, +30, )

.(5.25)

t3

with:

bd :2bp+ bs

— 7S CTUCHYTOI TONUII 3 JaBoMa abo
TPHOMA EJIEMEHTaMH KOPCTKOCTI:

—for a compression flange with two
intermediate stiffeners:

|, =3,654/1.b7(3b, —4b, )/t° .(5.27)
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..(5.28)

« _ | (2. +s,)(30,—4b)
"\ b,(4b, —6b,)+s, (3b, —4b,)

(8) EdpexTrBHa 1UIOIIA €JIEMEHTa KOPCTKOCTI
Asred, 3 MOXIIMBOIO BTPATOI0 HUM CTIHKOCTI
(rutocka dopMa BTpAaTH CTIMKOCTI MTPOMIKHHM
€JIEMEHTOM ’KOPCTKOCTI), MMOBUHHA
BU3HAYATUCh 32 POPMYIIOFO:

A res = Ao A fyb/YMO

com, cer

(9) S0 CTIHKHM TMOMEPEYHOro Mepepizy He
TIJICWJICHI €JICMEHTAMH >KOPCTKOCTI, 3HAUCHHS
Koe(illieHTa KOPCTKOCTI ¥d Tpeba BU3HAYATH
3a meroaukor 5.5.3.1(7), BUKOpUCTOBYIOUU

Gecr,s.

(10) Ilpu  mincuieHHI CTIHOK —EIIEMCHTaMHU
AKOPCTKOCTI Koe(DillieHT ¢ Tpeba BU3HAYATH 32
5.5.3.1(7), BPaxOBYIOUH MoaudikoBaHe
KPUTHYHE HANpPYKEHHS Ocrmod B TPYXKHIN
crajii 3rigHo 3 5.5.3.4.4.

(11) IMpm 00YHCIIEHH] TCOMETPUYHUX
XapaKTepUCTHK  e(QEeKTHBHOTO  Iepepisy,
edekTuBHY TUIOMLY Asred HEOOX1THO BU3HAUATH
13 3MEHIIIEHOI0 TOBIIUHOKO tred = t Asred / As 17151
BCIX €JIEMEHTIB, 1110 BKJIIOUEHI B As.

(12) TIpu po3paxyHKax 3a OPyror TPYIOH
IpaHIYHUX CTaHiB XapaKTEPUCTHKU
e(eKTHUBHOTO IMepepizy HeoOXiHO BH3HAYaTH
3 BUKOPUCTaHHAM PO3PaxyHKOBOI TOBIIUHU 1.

5.5.3.4.3 CTiHKH 3 eJleMEHTaMHU KOPCTKOCTI
He Oijb1Ie 1BOX

(1) EdexTuBHmit MOTIEPEYHHIA nepepis
CTHUCHYTOI 30HU CTIHKHM (200 1HIIOI YacTUHHU
nepepisy, fKa 3HaXOJUThCS B HEPIBHOMIPHOMY
Hanpy»XeHOMY CTaH1) IPUHMAETHCS TAKUM, 1110
CKIIaIa€ThCsl 3 €QEeKTUBHOI TUIOMIN Asred HE
Oulpllle HDK JBOX MPOMDKHUX €JIEMEHTIB
KOPCTKOCTi, JUISHKH, IO HPUJISArae 1o
CTUCHYTOI TIOJIMIII 1 IUISHKH, 10 MPUJISATAE JI0
LHEHTPaJIbHOI OCl €(EeKTUBHOIO IOMEPEUHOrO
nepepizy, 1uB. puc. 5.12.
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(8) The reduced effective area of the stiffener
Asred  allowing for distortional buckling
(flexural buckling of an intermediate stiffener)
should be taken as:

aJic

but Asred < As (529)

(9) If the webs are unstiffened, the reduction
factor yq4 should be obtained directly from oer;s
using the method given in 5.5.3.1(7).

(10) If the webs are also stiffened, the
reduction factor x4 should be obtained using
the method given in 5.5.3.1(7), but with the
modified elastic critical stress ocrmod given in
5.5.3.4.4.

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

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

5.5.3.4.3 Webs with up to two intermediate
stiffeners

(1) The effective cross-section of the
compression zone of a web (or other element
of a cross-section that is subject to stress
gradient) should be assumed to consist of the
reduced effective areas Asred 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,
see figure 5.12.



(2) EdexTrBHMIA MOTIEpEUHUl TIEpEpi3 CTIHKH,
oo IMoKa3aHui Ha puc. 5.12, mnoBHUHEH
BKJTFOYATH:

) DUISHKY IIUPUHOIO Seff,1, L0 TPUIIATAE J0
CTHCHYTOI ITOJIHII];

b) smenmieny edektuBHy IOy  Asred
OJIHOTO 200 JIBOX €JIEMEHTIB KOPCTKOCTI;

C) ASIHKY IIMPHHOKO Seff,n;

d) yacTUHY CTIHKH, IO PO3TATHYTA.
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(2) The effective cross-section of a web as
shown in figure 5.12 should be taken to
include:

a)a strip of width serr1 adjacent to the
compression flange;

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

c)a strip of width Sern adjacent to the
effective centroidal axis;

d) the part of the web in tension.

Pucynok 5.12 — EdexTrBHI nomnepeuHi nepepizu CTIHOK TpanerieBUAHUX IpoOIUCTIB

Figure 5.12: Effective cross-sections of webs of trapezoidal profiled sheets

(3) EbextuBHa mioma eneMeHTa >KOPCTKOCTI

IIOBMHHA BU3HAa4YaTUCA TakK:

—UIT  ogHOro abo It HaWOIMKUYOro

€JIEMEHTA >KOPCTKOCTI 10 CTUCHYTOT MOJINIIL:

— 7151 APYTOTO eJIeMEHTa KOPCTKOCTI:

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

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

Asa=t (Sef‘fyz + Seff,3 + Ssa) (530)
— for a second stiffener:
Asp =t (Seff.a + Seffs + Ssb)... (5.31)

i€ PO3MIPH BiJ Seff,1 JIO Seffn, 1 Ssa 1 Ssb BKa3aHi

Ha puc. 5.12.

in which the dimensions Seff1 10 Seffn and Ssa
and ssp are as shown in figure 5.12.
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(4) [MoyaTkoBe  MONOKEHHS  CPEKTHBHOI
[EHTpaTbHOI OCi HEOOXiAHO BHW3HAYATH,
BpaxoBYyHOYH €(PEKTHBHI TOMEpeyHi Nepepi3u
MOJUIIb 1 TIOBHUH mepepi3 CTiHOK. B mpomy
BHUMAJAKy eQeKTHBHA 0a30Ba IIMPUHA  Seffo
BHU3HAYAETHCS 32 POPMYIIOL0:

(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 sef0 should be
obtained from:

Sero = 0,76t \/E/(Y110)Somea ...(5.32)

ne:

Gcom,Ed — HAINPY>KCHHSI B CTHCHYTIH TOJIHUIII
IpU JOCATHCHHI TPaHUIl HECY4oi 3JaTHOCTI
nepepisy.

(5) SIkmro criHka HecTiiika, po3MipH BiJ Seff1
0 Seffn BUBHAYAIOTHCS TAKUM YHHOM:

where:

Gcom Ed is the stress in the compression
flange when the cross-section resistance is
reached.

(5) If the web is not fully effective, the
dimensions Seff1 t0 Sefrn Should be determined
as follows:

Seff,1 = Seff,0 ...(5.33a)
Seff2 = (1 + 0,5ha / €c) Sefro ...(5.33b)
Seff3 = [1 + 0,5(ha + hsa) / €c] Seff,0 ...(5.33¢c)
Seffa = (1 + 0,5y / €c) Seff0 ...(5.33d)
Seff5 = [1 + 0,5(hb + hsp) / €c] Sefro ...(5.33e)
Seff,n = 1,5Seff,0 ...(5.33f)
ne: where:
€c — BiJICTaHb BijJ e(EKTHBHOI IICHTPAILHOI ec is the distance from the effective

ocl JI0 IEHTPAJIBbHOI JiHII CTUCHYTOI MOJMII,
uB. puc. 5.12;

po3mipu ha, hp, hsa, hsh Bkazani Ha puc. 5.12.

(6) Po3mipu BiZ Seff1 IO Seffn CIIOYATKY
MOBUHHI BU3HAYATHCh 3TIAHO 3 (5) 1, SAKIIO
IJOCKUM  €JIEeMEHT, IO pO3IJISAAE€ThCS, €
CTIKMM, KOPETYIOThCS 3 YPaxyBaHHSIM TaKHX
MOJIOKEHb:

— B CTiHLI 0€3 eJIeMEeHTIB )KOPCTKOCTI, MpH
Seff,1 + Seffn > Sn 1 CTIHKA HEe BTpayda€e CTIMKOCTI,
B €()eKTUBHY IUIOILY CTIHKH BKJIIOYAIOTh!

centroidal axis to the system line of the
compression flange, see figure 5.12;

and the dimensions ha, hp, hss and hg, are as
shown in figure 5.12.

(6) The dimensions Sefr1 t0 Sefrn Should initially
be determined from (5) and then revised if the
relevant plane element is fully effective, using
the following:

—in an unstiffened web, if Seff1 + Seffn > Sn
the entire web is effective, so revise as
follows:

Seff 1 = 0,4sn (5348.)

Seffn = O,6Sn (534b)
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—B  CTiHII, HiACWIEHOI  €JIEMEHTOM
JKOPCTKOCT1, TIPH Seff1 + Seff2 >Sa 1 dYacTKa
CTIHKH Sa HE BTpAya€e CTIMKOCTI, B €PEKTHBHY
IUIONTY CTIHKH BKJIFOYAIOTh:
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—in stiffened web, if Seff1 + Seff2 >Sa the
whole of s; is effective, so revise as follows:

S - a4
1 2405h, /e,

Sefr, 2

— B CTIHIII 3 OJIHUM €JIEMEHTOM >KOPCTKOCTI1
TIPU  Seff3 + Seffn > Sn 1 YacTKa CTIHKH Sp HE
BTpadae CTIMKOCTI, B €(EeKTHUBHY IUIONILY
CTIHKH BKJIIOYAIOTh:

% ...(5.35a)

a (1+05h, /e, ) ...(5.35b)
2+0,5h, /e,

—in a web with one stiffener, if

Seff 3 + Seffn > Sn the whole of s, is effective, so
revise as follows:

S — [1+ O’S(ha + hsa )/ec] (5363.)
3" 25+05(h, +h,)/e,
LS, ...(5.36h)

Serin = 2,5+0,5(h, +h,)/e,

—B cCriHLI 3 eJIeMEHTAMU

YKOPCTKOCTI:

IBOMA

— TIPU Seff,3 + Seff.4 > Sp 1 YACTKa CTIHKH Sp HE
BTpaya€ CTIMKOCTI, B €(QEKTUBHY ILJIOIILY
CTIHKHU BKITIOYAIOTh:

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

—in a web with two stiffeners:

—if Seff3 + Seff4 >Sp the whole of sp is
effective, so revise as follows:

Seff,s -

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

1+0,5h, /e,

...(5.37a)

Sera =5 2+05(h, +h, +h,)/e,

—TPU Seff,5 + Seffn = Sn 1 YacTKa CTIHKH Sp HE
BTpa4ya€ CTIMKOCTI, B €(QEKTHBHY ILJIOIILY
CTIHKHU BKITIOYAIOTh:

Sers = % 2,5+05(h, +hy )/e,

S0 = o5 0,5(h, +h, )/e,

(7) ins omuHAPHOTO €JIEMEHTa KOPCTKOCTI, a
B CTIHIII 3 JIBOMa €JIEeMEHTaMU >XOPCTKOCTI,

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

..(5.37h)

— if Seff 5 + Seffn = Sn the whole of sy, is effective,
so revise as follows:

..(5.38)

15s,

..(5.38b)

(7) For a single stiffener, or for the stiffener
closer to the compression flange in webs with
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JUTsT HAaHOJIMDKUOTO €JIEMEHTa KOPCTKOCTI 10
CTHCHYTOI TOJHI, KPUTHYHE HAMPYKCHHS
BTpaTH CTIWKOCTI B TPYXHIA CTamali Ocrsa
HeoOX1HO BU3HAYATH 32 POPMYIIOH0:

two stiffeners, the elastic critical buckling
stress ocr,sa Should be determined using:

- 1,05k, E /1 t%s, .(5.39)
o AsaSZ (51 -3, )
7ie 3HaYCHHS S1 IPUIMAETHCS: in which sy is given by the following:
— 1711 OTUHAPHOTO €JIEMEHTA JKOPCTKOCTI: — for a single stiffener:
$1=0,9 (Sa + Ssa * Sc) ...(5.39b)

— B CTIiHIII 3 IBOMa €JIEeMEHTaMH KOPCTKOCTI
IUISL HAHOIMIKYOTO 10 CTUCHYTO! TOJHUIL:

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

S1=Sa+Ssd + Sp+ 0,5(Ssh + Sc) ...(5.39¢)
Ie: with:
S2 =S1—Sa— 0,55 ...(5.39d)
ne: where:
ki — KoOeQIllieHT, SKUM BpPaxOBYETHCS ke is a coefficient that allows for partial

YaCTKOBE 3aKPIIJICHHS CTIHKH IOJIMISIMH BiJ
TTOBOPOTY;

Is — MOMEHT 1HepIlii TONEPEUHOTO MEpepizy
€JIEMEHTY >KOPCTKOCTI, IO BKJIOYae ioro
IIUPUHY Ssa 1 JBI MPWIENNl YacTKU CTIHKU
IIMPUHOIO  Seff1 KOXKHA BIJHOCHO BJIACHOI
LEHTPAIbHOI  OCl, MapajeNbHOI  TUIOUIUHI
€JIEMEHTIB CTiHKM, JuB. puc. 5.13. Ilpm
oOuuciieHH1 |s MOXIIMBY BIJIMIHHICTh HaXWJIiB
IUIOCKUX €JIEMEHTIB CTIHKM 10 o0ujBa OOKH
BiJl €IEMEHTa, MO’KHA HE BPaXOBYBATH;

S¢ — IUB. puc. 5.12.
(8)Y pa3i  BiACYTHOCTI  JIETAIBHIIIOTO
JOCHIJUKEHHST KOe(IIEHT 3aKkpilUIeHHs BiJ

noBopoty ki MoxxHa mpuiimMaTu piBHUM 1,0, sk
IIPU HIAPHIPHOMY 3’ €HaHHI.
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rotational restraint of the stiffened web by the
flanges;

Is is the second moment of area of a
stiffener cross-section comprising the fold
width ssa and two adjacent strips, each of width
Sefr,1, about its own centroidal axis parallel to
the plane web elements, see figure 5.13. In
calculating Is the possible difference in slope
between the plane web elements on either side
of the stiffener may be neglected,

Sc  asdefined in Figure 5.12.

(8) In the absence of a more detailed
investigation,  the  rotational restraint
coefficient kr may conservatively be taken as
equal to 1,0 corresponding to a pin-jointed
condition.



np JICTY — H b EN 1993-1-3:20XX

[Tonepeunwnii mepepis ams
obOumciieHHs As

Cross-section for determining As

[onepeunwmii nepepi3 amns
oOuncneHHs ls

Cross-section for determining Is

Pucynok 5.13 — EnemeHTH )KOpCTKOCTI B TpanelieBUAHUX MPOQIIHUCTaX

Figure 5.13: Web stiffeners for trapezoidal profiled sheeting

(9) Inss omuHApHOTO CTUCHYTOTO €JIEeMEHTa
KOPCTKOCTI ab0 B CTiHIII 3 TBOMA €JIeMEHTaMHU
YKOPCTKOCT1 JIJI1 HAMOJIMKYOTO €JIEMEHTa 10
CTUCHYTOI MOJMII ePEeKTUBHA, iX TuIoma Asa red
BH3HAYAETHCS 32 (POPMYIIOIO:

A%a,red = 1_(

(10) st monuiib, He MiACHIEHUX CIEMEHTaAMU
KOPCTKOCTi,  KOeQillieHT  CTIMKOCTI  d
BU3HAYAETHCS 32 MeTOIMKOI0 5.5.3.1(7).

(11) Ans monuib, MIACHICHHUX eJIeMEHTaMH
KOPCTKOCT1,  KOe(]iIlieHT  CTIHKOCTI  d
BH3HAYa€ThCs 3a MeToaukoro 5.5.3.1(7), ane 3
YTOYHEHUM KPUTUYHUM HAMPYXEHHSIM Ocr,mod
B TIPYKHIH cTaii 3rigHo 3 5.5.3.4.4.

(12) dnst po3TSTHYTOrO OJMHAPHOTO €JICMEHTA
KOPCTKOCTI e(peKTHUBHY IOy Asared Tpeda
npuiiMatu piBHOO Asa.

(9) For a single stiffener in compression, or for
the stiffener closer to the compression flange
in webs with two stiffeners, the reduced
effective area Asared Should be determined
from:

XaAa ...(5.40)

h, +0,5h,, )/ e,

(10) If the flanges are unstiffened, the
reduction factor yq should be obtained directly

from ocsa usSing the method given in
5.5.3.1(7).

(11) If the flanges are also stiffened, the
reduction factor yq should be obtained using
the method given in 5.5.3.1(7), but with the
modified elastic critical stress ccrmod given in
55.34.4.

(12) For a single stiffener in tension, the
reduced effective area Asared Should be taken as

5
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(13) B crimkax 3 [aBOMa  €ICMCHTAMHM
KOPCTKOCTI edekTuBHA TtuIoma Aspred IS
JIPYyroro eJIeMeHTa TIOBHHHA NPUWMATHUCH
PiBHOIO Asp.

(14) Tpwu o0uHCIIeHH] rE€OMETPUYHUX
XapaKTEPUCTHK  e(EKTHBHOTO  Mepepiszy
eexTrBHA Iona Asa red MOBHUHHA

BU3HaA4YaTuCh 3a 3MCHIICHOIKO  TOBIIMHOIO

tred = ydt I BCIX €IEMEHTIB, K1 BKJIIOUYEHI B
Asa.

(15) 'eomeTpuuni XapaKTePUCTUKH
edexTrBHOrO HOIEPEYHOrO nepepizy
CJIEMEHTIB JKOPCTKOCTI TIPU PO3PaxyHKY 3a
APYrol0 TPYNOK TPaHUYHUX CTaHIB MOBHHHI
BU3HAYATHCH 3 PO3PAXyHKOBOIO TOBIIUHOIO .

(16) XapakTeprcTUKH e(pEKTHBHOTO TMepepi3y
MOXYTh OyTH  CKOperoBaHi iTepaliiiHo,
BUXOJSIYM 31 BCTaHOBJIEHOTO TOIMEPEIHBOIO
iTepalfiero  IMOJOKEHHS  IEHTPajabHOI  OcCi
e(EeKTHBHOTO TMOMEPEYHOro Mepepi3y CTIHOK i
BU3HAUCHUX e eKTUBHUX HONEePEYHUX
nepepiziB MOJMHUIb 3 ypaxyBaHHSAM 3MEHIICHOI
TOBIIMHU lred IS BCIX CKIIAAOBHX, IO
BKJIIOYEHI B IUIOLIY EJIEMEHTIB >KOPCTKOCTI
nosnip As. ITepaliisi TOBUHHA IPOBOAUTUCH HA
6a31 3011bIIeHO] €()EKTUBHOI IIUPUHU  Seff0,
sIKa BU3HAYAETHCS 32 (HOPMYJIOIO:

equal to Asa.

(13) For webs with two stiffeners, the reduced
effective area Ashrea for the second stiffener,
should be taken as equal to Asp.

(14) In  determining  effective  section
properties, the reduced effective area Asared
should be represented by using a reduced
thickness trea = xat for all the elements
included in Asa.

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

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

Sero = 0,95t /L ..(5.41)
YMOGcomEd

5.5.3.4.4 MIpopaucrtu 3 eJieMeHTaMu
’KOPCTKOCTi HA MOJMUSX i CTIHKaxX

(1) Ans npoduMcTiB 3 MPOMDKHUMH
€IeMEHTAaMH JKOPCTKOCTI Ha TMOJNUIAX 1
CTiHKax, AuB. puc. 5.14, B3aemomis Mix
BTPATOI0 CTIMKOCTI (opMH mepepisdy (IU1ocKa
dbopma  BTpaTH  CTIMKOCTI  €JIEMEHTaMH
KOPCTKOCTI TMOJHI 1 CTIHOK) TOBHHHA
BpPaxOBYBaTHCh BUKOPUCTAHHSM YTOYHEHOTO
KPUTUYHOTO HANPYKEHHS Ocrmod A 000X
TUIIB €JIEMEHTIB OPCTKOCTI MpH poOOoTi B
NpYXHIA  cTamii, sKe BHU3HAYAETHCA 32
hopmyroro:
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5.5.3.4.4 Sheeting with flange stiffeners and
web stiffeners

(1) In the case of sheeting with intermediate
stiffeners in the flanges and in the webs, see
figure 5.14, interaction between the
distorsional buckling (flexural buckling of the
flange stiffeners and the web stiffeners) should
be allowed for by using a modified elastic
critical stress oecrmod for both types of
stiffeners, obtained from



e:

Ocrs — KPUTHYHE HANpYXXEHHS B MPYKHIH
cTafii 1jsl MPOMIKHOTO €JIeMEHTa KOPCTKOCTI
IUISL TIOJIMIL 3 OJJMHAPHUM €JIEMEHTOM 3T1JTHO 3
5.5.3.4.2(2) i 3rigno 3 5.5.3.4.2(3) mis nonwii
3 IBOMa €JIEMEHTaMH1 YKOPCTKOCTI;

Ocrsa — KPUTHYHE HAMPYKEHHS B MPYKHIH
cTafii I OJUHAPHOTO a00 I HAHOIMKIOTO
€JIEMEHTa JI0 CTUCHYTOI TOJHII MpH CTiHII 3
JBOMAa  €JIEMCHTAMH  JKOPCTKOCTI,  JIWB.
5.5.3.4.3(7);

As — edexTtuBHa mIOmA  TEpepi3zy
MIPOMDXKHOTO €TIEMEHTY KOPCTKOCTI MOJIUIIL;

Ass — edexTuBHa IUIOIIA  TEpepizy
MPOMDKHOTO €JIEMEHTY )KOPCTKOCTI CTiHKH;

fs=1—(ha+0,5hn) /e — mis mpodisro,
1110 3TMHAETHCS;

fs=1 — s UEeHTpaldbHO CTHCHYTOI'O
npodino.
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..(5.42)

where:

oas IS the elastic critical stress for an
intermediate flange stiffener, see 5.5.3.4.2(2)
for a flange with a single stiffener or
5.5.3.4.2(3) for a flange with two stiffeners;

ocrsa 1S the elastic critical stress for a single
web stiffener, or the stiffener closer to the
compression flange in  webs with two
stiffeners, see 5.5.3.4.3(7);

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

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

B =1—(ha+0,5hn) /ec fora profile in
bending;
s =1 for a profile in

axial compression.

Pucynok 5.14 — TpanemieBuaauit mpodaucT 3 eeMeHTaMu )KOPCTKOCTI Ha MOJUIIX 1 CTIHKax
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Figure 5.14: Trapezoidal profiled sheeting with flange stiffeners and web stiffeners

5.6 CriiikicTh MeTaJIeBUX JMCTIB MiK
eJileMeHTAMM KpilJieHHSs

(1) Crifikicte ~ MeTaJleBUX  JIHCTIB  MiXK
eJIeMEHTaMH KPITUUICHHS MMOBHHHA
MePEBIPATUCH IS €JIEMEHTIB, 110
KOMITOHYIOTBCS 3 JIUCTIB 1 MEXaHIYHHX

KpIMWJIBHKX JeTaned, auB. Tadim. 3.3 EN 1993-
1-8.

6 TPAHUYHI CTAHU
6.1 Hecyua 30ATHICTH MONepPevYHoro
nepepisy

6.1.1 3arajabHi M0JIOKEHHS
(1) Tlpu mpoekTyBaHHI 3aMiCTh PO3paxyHKY Ha

MIIHICTb MOKYTb BUKOPHCTOBYBAaTHCh
pe3yiabTaTu eKCIIepUMEHTAIbHUX
BUNIPOOYBaHb.

Mpumitka: B wenpyxnid  cragii  pobotu
Martepiany, IS OLIHKH HECy4doi 31aTHOCTI
mepepisiB 3 BIAHOCHO BHUCOKHM CITiBBiHOIICHHSM
bp/t abo mpu BpaxyBaHHI BIUIMBY 3CyBY HpH
BUKPHMBICHHSX CTIiHKH, TNPOEKTYBATH Kpaiie 3a
pe3yJIbTaTaMH eKCIIEPUMEHTATILHUX BUMIPOOYBAHb.
(2) Ilpn mpoekTyBaHHI 1 PO3paxyHKax BIUIUB
MICIIEBOI  BTpaTH  CTIMKOCTI  €IEMEHTIB
HeoOX11HO BpPaxOBYBATH HUIIXOM
BUKOPUCTAHHS T€OMETPUYHUX XAPAKTEPUCTUK
e(heKTUBHOTO TIepepi3y 3TiaHo 3 5.5.

(3) epeBipky  eneMeHTIB Ha  CTIHKICTh
HEOOX1THO BUKOHYBATH 3TiIHO 3 6.2.

(4) Ins  enemeHTiB, CXWIBHHX JO 3MIHHU
MOYaTKOBOI (OPMH TIOTIEPEUHOTO Tepepizy,
NOBUHHA BpPaxXOBYBaTUCh MOXIIMBA BTpaTa
CTIMKOCTI CTUCHYTHX 1 3ITHYTUX B OOKOBOMY
HanpsMKY MOJIOK, 1uB. 5.51 10.1.

6.1.2 Ocb0Be PO3TSATHEHHA

(1) Po3paxyHKoBY HECYdy 3JIaTHICTh
MOTIEPEYHOT0 Tepepidy 3a MIIHICTIO MpH
ochoBOMY po3TsirHeHHI Ntrd TpeOa BH3HAYATH
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5.6 Plate buckling between fasteners

(1) Plate buckling between fasteners should be
checked for elements composed 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 b/t ratios, e.g. in
relation to inelastic behaviour, web crippling or
shear lag.

(2) For design by calculation, the effects of
local buckling should be taken into account by
using effective section properties determined
as specified in Section 5.5.

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

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

6.1.2 Axial tension

(1) The design resistance of a cross-section for
uniform tension Ntrd should be determined
from:



3a GOopMyIIOH0:
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ne:
Ag — MOBHA IUIONIA TONEPEYHOT0 Mepepizy;

Fnrd — Hecyua 37aTHICTH Iepepisy,
[IOCIIa0JIEHOr0 B MICHSIX  BCTAaHOBJIEHHS
KpIMWJIBHKX JeTayIeH, TuB. 8.4,

fya — cepenHe 3HAYEHHS TPAHUII TEKYYOCTI,
mmB. 3.2.3.

(2) Ans  xyTvka, TPHUKPIIUICHOTO  OJHIEI0
MOJIMYKOFO, SK 1 JJIA 1HIIUX THUIIB TEpepisiB,
SKI TPHUKPIIUTIOIOTECA 3 EKCIIEHTPUCUTETOM,
pPO3paxyHKOBY HeCcydy 3JaTHICTh  Tpeba
BH3HAYaTH BIAMOBIOHO BKa3iBKaMm , 3.6.3 EN
1993-1-8.

6.1.3 OcboBe CTUCHEHHS

(1) Ilpu ocbOBOMY CTHCHEHHI PO3paxyHKOBa
HEeCy4Ya 3JIaTHICTh IOIEPEYHOro IMepepizy 3a
MiIHICTIO N¢Rd BU3BHAYAETHCS B TAKUH CIIOCIO:

—y pasi, Koiu edeKTHBHA TUIOIIA Tepepi3y
Aeff MeHIIIe TOBHOT Tuiomli Ag (3MEHILIEHHS, 5K
pe3ysibTaT BTpaTH MICLIEBOI CTIMKOCTI 1/ab0
cTiikocTi popmu nepepizy)
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aJic

Ntrd < FnRrd ..(6.1)

where:
Ag s the gross area of the cross-section;

Fnrd IS the net-section resistance from 8.4
for the appropriate type of mechanical
fastener;

fya IS the average vyield 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 1993-1-8, 3.6.3.

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

—if the effective area Aefr IS less than the
gross area Ag (section with reduction due to
local and/or distortional buckling)

Nerd = Aeft fyb / Ym0 ..(6.2)

—y pa3i, konmu edekTHuBHA TUIOMA Aeff
JIOPIBHIOE MOBHIN Iuiomil nepepizy Ag (TobTO
BTpaTra CTiikocTi MicueBa abo  Qopmu
nepepizy BUKIIIOUEHA)

Nc,red = Ag (fyb +(fya - fyb)4 (1_}_‘9/7_%0)) Ywmo

ae:

Aetf — edekTHBHA IUIONIIA MOMEPEYHOro
nepepizy 3rigHo 3 5.5, mnpwuiimarounm npu
PIBHOMIDHOMY  CTHCHEHHI, HaIpy>KE€HHS
piBHUM fyb;

fya — cepenHe 3HaYCHHS TPAHUII TEKY4OCTI,
mB. 3.2.2;

ajie He OilbIe, HiX

—if the effective area Aerr is equal to the
gross area Ag (section with no reduction due to
local or distortional buckling)

but not more than 19 fva/ o .(6.3)
where:
Aets is the effective area of the cross-

section, obtained from Section 55 by
assuming a uniform compressive stress equal
to fyb;

fya is the average yield strength, see
3.2.2;
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fyb — OCHOBHE 3HAYEHHS I'PAHULI TEKYUOCTI;
yl

7\’er‘rax
BIJIMOBIZa€ HANOUIBIIOMY  CITiBBIJHOIICHHIO

Koo -

— YMOBHA THYYKICTH €JIE€MEHTa, SKa

Jist [IOCKMX  eNeMeHTIB A, =A, 1

heo = 0,673, muB. 5.5.2.

Jlnist  eneMeHTiB, MiACUICHHX pedpamu
KOPCTKOCTI A, = Ay 1 A,y = 0,65, nqus. 5.5.3.

(2) BayTpiliHe OCbOBE 3YCHJUIS B €JIEMEHTI
HEOOXiTHO MpHHAMATH [IIOYMM B IIEHTPI
TSOKIHHSL TIOBHOTO  IOMEPEYHOro  Iepepisy
eneMenTa. Taka mepeayMoBa KOHCEpBAaTHBHA,
ajie MoXxe OyTH BUKOPUCTaHa 0e3 J10IaTKOBOT'O
aHamizy. JlomaTKoBUU aHai3 MOXE JaTH
OUIBII pealibHe PO3TalllyBaHHS BHYTPIIIHBOTO
3YCWUIA, HANpUKIa[, y pa3i piBHOMIpHOTO
CTHCHEHHSI €JIEeMEHTa HOPMAJIbHOK CHJIOKO.

(3) Po3paxynkoBa Hecyda 3[IaTHICTh
BU3HAYEHA MPHU Jil 0CbOBOTO 3YCHJUIS B LIEHTPI
TSOKIHHA  TIOBHOTO  IOTIEPEYHOT0  Iepepisy.
Axio HanpsAMOK Jii He 30iraeThes 3 IEHTPOM
TSDKIHHSA, HEOOX1JJHO BpaxoByBaTH
€KCLEHTPUCUTET EN BIAHOCHO HEUTpaIbHOI OCl
(puc. 6.1), skuil BU3HAYA€THCA 3TiAHO 3 6.1.9.
Sxmio BpaxyBaHHS eKCIICHTPHUCUTETY
NPUBOANTE JI0 MOKPAIIEHHS pe3yibTaTy Hpu
BU3HAYCHHI HANpYyXeHb HOro MOXXHa He
BpaxoByBaTH y pasi, SKIIO pPO3paxyHOK
BUKOHYETbCA 3@ TPAHUIECK TEKydocTi 1
Hanpy>KeHHsI CTUCHEHHS B Iepepi3i BIACYTHI.

[ToBHMIT monepeuHuit mepepi3
Gross gross-section

64

fyb is the basic yield strength;

Mems IS the relative slenderness of the

element which corresponds to the largest value
of Ao/ Ao ;

For plane elements A, =%, and
Xeo = 0,673, see 5.5.2;

For stiffened elements A, = A, and
Ao = 0,65, see 5.5.3.

(2) he internal axial 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
realistic situation of the internal forces for
instance in case of uniformly building-up of
normal force in the compression element.

(3) he design compression resistance of a
cross-section refers to the axial load acting at
the centroid of its effective cross-section. If
this does not coincide with the centroid of its
gross cross-section, the shift en 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 check, then that
shift should be neglected only if the shift has
been calculated at yield strength and not with
the actual compressive stresses.

-

EdexTuBHMii nonepeyHuii nepepiz

Effective gross-section
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Pucynoxk 6.1 — EpekTruBHUI moniepednuii nepepi3 nNpu CTUCHEHHI

Figure 6.1: Effective cross-section under compression

6.1.4 3ruHajIbHNIT MOMEHT

6.1.4.1 Hecy4ya 31aTHIiCTh CTHCHYTOI MOJIUIII
npu podoTri B MNPYXKHiIA 1 HNpPyKHO-
IJIACTHYHIN cTaxil

(1) Po3paxyHkoBa Hecyda 3IaTHICTD
MONIEPEYHOr0 Tepepi3y MpU 3THHI BiHOCHO
OJIHIE€T 3 TOIOBHUX OCeil M¢Rd BU3HAYAETHCS B
Takui crocid (muB. puc. 6.2):

— Y pasi, KOJIM MOMEHT O1opy e(heKTUBHOTO
nepepizy Weff MeHIe, HIK NPYXKHIH MOMEHT
onopy MmoBHOTO nepepizy We

6.1.4 Bending moment

6.1.4.1 Elastic and elastic-plastic resistance
with yielding at the compressed flange

(1) The design moment resistance of a cross-
section for bending about one principal axis
Mcrd is determined as follows (see figure 6.2):

—if the effective section modulus Wes is
less than the gross elastic section modulus We

Mec.rd = Wett fyb / ymo ...(6.4)

— Y pa3i, KOJIM MOMEHT O1opy e(heKTUBHOTO
nepepizy West 1 npyxHiii MomeHT omopy Wei
MTOBHOT'O TIepepi3y piBHI

Mc,Rd = fyb(vvel +(\Np1 _Wel)4(1_7\‘emax /Xeo))/}\‘MO

aec:

A

BIJIMOBia€ HANOUIBIIOMY  CIiBBIJHOLICHHIO
Xe/ }\‘eo '

emsx — YMOBHA THYYKICTH €JIEMEHTa, SKa

Z[J'ISI IIJIOCKHX eHCMeHTiB, 3aKpiHJ'IeHI/IX 3

IIBOX OOKIB Ae = Kp 1

Xy =05+,/0,25-0,055(3+y), ne w -
CIIBBIHOIIICHHS HAMPY>KEeHb, TUB. 5.5.2.

JIsl TUTOCKMX €JIEMEHTIB, IO 3aKpPITUIeH] 3
OZHOTO OOKy A, = kp i A,=0,673, muB. 5.5.2.

Jl1st eneMeHTIB, MIAKPIUICHUX €IeMEHTaMH
KOPCTKOCTI A, = Ay 1 A,y = 0,65, see 5.5.3.

3aJIe)XKHICTh HECYYOi 3/IaTHOCTI MpPU 3TUHI BifT
YMOBHOI THYYKOCTI €JleMeHTa BKa3aHO Ha
puc. 6.2.

—if the effective section modulus Wes is
equal to the gross elastic section modulus Wej

but not more than

ajie He Ollple, HIXK Wo1 fyo / ymo ...(6.5)
where
Lemx IS the slenderness of the element

which correspond to the largest value of
}_\‘e /xeo ;

For double supported plane elements
Ay =%, and A, =0,5+,/0,25—0,055(3+y)
where y is the stress ratio, see 5.5.2;

For outstand elements Xe:xp and

Aeo = 0,673, see 5.5.2;

For stiffened elements A, =i, and

Ao = 0,65, see 5.5.3.

The resulting bending moment resistance as a
function of a decisive element is illustrated in
the figure 6.2.
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Pucynok 6.2 — 3asiexxHiCTh 3rHHATBHOTO MOMEHTY BiJl YMOBHOT THYYKOCTI

Figure 6.2: Bending moment resistance as a function of slenderness

(2) Dopmyima (6.5) puIaTHA ISt
3aCTOCYBaHHS 3a TAKHX YMOB:

a) 3ruHaIbHUM ~ MOMEHT  Ji€  TUIBKH
BIZHOCHO ONHIET 3 TOJIOBHUX OCEM;

b) ExeMenT He CXWIbHHUI 10 KPYTiHHS a00
10 BTpPaTH KPYTHJIBHOI YM 3THHAJIBHO-
KpyTuUiabHOi (hopMH BTpaTu CTiKoCTi, abo 10
BTPAaTH CTIHKOCTI MJIOCKOI (hOpMHU MpH 3THHI
YM BTpaTi CTIMKOCTI (popmHu nepepisy;

c) Kyr ¢ mix crinkorwo (muB. puc. 6.5) i
noJinLero oub Hixk 60°.
(3) Sxmo Bumoru (2) 3aI0BONILHSIOTHCSA HE
MOBHICTIO:

(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 flexural or lateral-
torsional or distortional buckling;

c) The angle ¢ between the web (see figure
6.5) and the flange is larger than 60°.
(3)If (2) is not fulfilled the following
expression may be used:

Mcrd = Wel fya / ymo ...(6.6)

(4) Edextuauii MoMeHT oriopy Weff TOBUHEH
BH3HAYaTUCh Ha 0asi e(eKTUBHOTO
MOMEPEYHOT0  Tepepi3y, SIKUM MiAJAEThCS
3TUHY TUIBKM BIJHOCHO TOJIOBHOI OCI HpHU
MaKCUMaJbHOMY HAalpy>XeHHI OmaxEd, SKE
nopiBHIOE fyp / ¥ Mo, IPUITyCKAIOUYH TIPH IIBOMY,
IO BIUIMB BTpPaTH MICIEBOi CTIHKOCTI 1
CTiIKOCTi opMU Mepepi3y BpaxoBaHO 3T1JIHO 3
5.5. Ilpu po3risni NMOBUHEH BpPaxOBYBATUCH
edexT HEPIBHOMIPHOTO PO3MOAIICHHS
Hanpy>KeHb B Mepepisi.
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(4) The effective section modulus Wes should
be based on an effective cross-section that is
subject only to bending moment about the
relevant principal axis, with a maximum stress
omaxed equal to fys/ ymo, allowing for the
effects of local and distortional buckling as
specified in Section 5.5. Where shear lag is
relevant, allowance should also be made for its
effects.



(5) BigHomienus v=o2l o1, 110
BUKOPHUCTOBYETHCS TUTST o04mCIIeHHs
e(eKTUBHUX JUISHOK CTIHKH, MOXe OyTHu
OTPUMAHO 3 BHUKOPHUCTAHHSM TEpepisy, SKUi
CKJIATIAEThCS 3 €(EKTUBHOI TUIONI TMOJHUIl 1
MOBHOI IJIOMI CTiHKH, TUB. puc. 6.3.

(6) Ilpn mouaTKOBOMY PO3BUTKY TEKYYOCTI B
CTHCHYTOMY BOJIOKHI TIOIIEPEYHOTO Tepepisy,
OKpiM BpaxyBaHHS BuUMOr 6.1.4.2, 3HaueHHS
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(5) The stress ratio w=o»/ 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 Wes

Wetf Tpeba BH3HAYUATH 3 ypaxXyBaHHIM should be based on a linear distribution of
JIHIMHOTO  pO3MOAULY  HANpyXeHb B stress across the cross-section.
MOTIEPEYHOMY Tepepisi.
(7)pu  3ruHi  BIZHOCHO  JBOX  Oceit (7) For biaxial bending the following criterion
BUKOPHUCTOBYETHCSI KPUTEPId: may be used:
M
! (6.7)
Mcy,Rd Mcz,Rd

ne: where:

MyEed — 3rHHAIBHUNA MOMEHT BiJIHOCHO OCi Myed is the bending moment about the

y=y:

MzEd — 3THHAILHHM MOMEHT BIJHOCHO OCi
z-1;

Mcy,rRd — I'paHUYHHI MOMEHT BIJTHOCHO OCI
Yy—Y, 1O COpUAMAETBCS  MONEPEUHUM
nepepizom;

MczRd — TPaHUYHUN MOMEHT BIJHOCHO OC1

major main axis;

Mzed IS the bending moment about the
minor main axis;

Mcyrd IS the resistance of the cross-
section if subject only to moment about the
main y — y axis;

Mcerd IS the resistance of the cross-

section if subject only to moment about the
main z — z axis.

ME t|ie—lt|2

ff,

Z—2Z, 11O CIOpUAMAETHCS  MONEPEYHUM
nepepizom.
bEIT,""E be[; 2
o
s
% |
. -
en '
o= 3y

Seﬁ.‘rﬁ

Pucynok 6.3 — EQextuBHuil nonepedyHuii nepepis i BU3HAUEHHS TPAHUYHOTO 3THHAIEHOTO
MOMEHTY

Figure 6.3: Effective cross-section for resistance to bending moments
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(8) flxkmo B cTaTMYHOMY  PO3PaXyHKY
NPUIMAETBCS IPUITYIIEHHS PO MEePepO3IOALT
3THHAJIBHUX MOMEHTIB, II€ TOBHHHO OYTH
MiATBEP/DKEHO pe3yiabTaTaMHd BUIPOOYBaHb
3TiIHO 3 BUMOTaMHU PO31iTy 9 npu BUKOHAHHI
yMOB 7.2.

6.1.4.2 Hecyya  3aaTHiCTb  PO3TSTHYTOI
MOJIMII NMPH PoOOTi B NPYsKHiil i Mpy’KHO-
IJIACTHYHIN cTaxil

(1) lpu  nmii 3rUHATBHOTO MOMEHTY TIUIBKH
BIJIHOCHO OJHI€T TOJIOBHOI OCI TOMEPEYHOTO
nepepizy, a TEKY4iCTh 3 SBISETHCS CIIOYATKY B
KpaltHbOMY PO3TSTHYTOMY BOJIOKHI,
miacTuyHa poboTa PO3TATHYTOI 30HU MOXKE
BpaxoByBaTHCh 0e3 oOMexxeHHs nedopmarriit
JIOTH, TIOKA MaKCUMAaJIbHE HAMPYKEHHS Ocom Ed
He JgocsarHe 3HadeHHs fyb/ ymo. B mpomy
pO3IiIi  pO3IIAAAETHCA  TUIBKKM  3THH. Y
BUMAJIKY CYMICHOI il OChOBOi CHJIHM 1 3THUHY
HEOOXIZTHO KOPHCTYBaTUCh PEKOMEHIAIISIMU
6.1.8 a60 6.1.9.

(2) EbextuBauii  MoMeHT — omopy  Wppeff
nepepisy npud  OOMEXKEHUX  IUIACTHYHHUX
nedopmarisax B TaKOMY BUTIAJIKY
BU3HAYACTHCS HaA  MiacTaBl  OLIIHIHHOIO
PO3MOJIITIEHHS HANPY>KE€Hb B PO3TATHYTIN 30HI,
aJie JIIHIHHOTO — B CTHCHYTIH.

(3) EbextuBHa mmpuHa Deff eleMeHTa mif
JI€EI0  HalpyXeHb  pI3HOro  3HaKy 0Oe3
IIPOBEECHHS OUTBII TOYHOIO aHali3y MOXe
BU3HAUUTHCS 3TiIHO 3 5.5.2 Ha 0asi be mpwu
OUTiHIITHOMY PO3MOJILTI HANPYyKeHb (IHUB. PUC.
6.4), mpuiiMarouu mpu ubomy = —1.

(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
given in 7.2 are satisfied.

6.1.4.2 Elastic and elastic-plastic resistance
with yielding at the tension flange only

(1) Provided that bending moment is applied
only about one principal 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
ocom,ed reaches fyn / ¥ mo. In this clause only the
bending case is considered. For axial load and
bending the clause 6.1.8 or 6.1.9 should be
applied.

(2) In this case, the effective partially plastic
section modulus Wppest 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 betr 0f an element subject to
stress gradient may be obtained using 5.5.2 by
basing bc on the bilinear stress distribution (see
figure 6.4), by assuming = -1.

- RE

PucyHnok 6.4 — Beruunna be i Bu3HaueHHS €peKTUBHOT IIMPUHA

Figure 6.4: Measure bc for determination of effective width
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aHaii3 BUKOHAHHUI 3
ypaxyBaHHSM TIEPEPO3MOJUTY 3THHATBHHUX
MOMEHTIB, TIOBHHEH OyTH IMiITBEpHKCHUI
pesyiabTataMu  BUNPOOyBaHb  3TiAHO 3
BHUMOTaMH pPO3aUTy 9 3a yYMOBHM BHUKOHAHHS
BHMOT, HABEIEHUX B .2.

(4) 3aranpuuit

6.1.4 Edexr Bin 3ani3HeHHS 3CyBY

(1) Edexr BiJ 3aITi3HEHHS 3CYBY
(HEpIBHOMIPHOTO pPO3MOALTY HAaNpPYXEHb I10
nepepizy) MOBHUHEH BPaxOBYBAaTHUCh 3TIIHO 3
Bumoramu EN 1993-1-5.

6.1.53cysB
(1) Hecyua 37aTHICTH MOMEPEYHOTO TMEpepi3y
3a 3CyBOM BHU3HAYAETHCS 32 BUPA30OM:
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(4) 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
given in 7.2 are satisfied.

6.1.4.3 Effects of shear lag
(1) The effects of shear lag should be taken
into account according to EN 1993-1-5.

6.1.5 Shear force
(1) The design shear resistance Vp,rd should be
determined from:

h
W tf,
Sin
Vors = = ..(6.8)
MO
ae: where:
fov — KpUTHYHE HANPYXKCHHS MPH 3CYBI, 110 fov is the shear strength considering
BPaxOBYE BTPATy CTIHKOCTI CTIHKH, HaBEICHO buckling according to Table 6.1;
B Ta0xI. 6.1;
hw — BHCOTa CTIHKH MIX CEpeIHHHUMH hw is the web height between the
IOMKUHAMY (HEUTPATbHUMHU OCSMH) TOJIHIb midlines of the flanges, see figure 5.1(c);
(muB. puc. 5.1(c));
¢ — KyT HaXxwly CTIHKH BIJIHOCHO IOJIUIIb, ¢ is the slope of the web relative to the

1B puc. 6.5.

flanges, see figure 6.5.

Tadauus 6.1 — Kputnune HanpyxeHss fpy ipu 3cyBi

Table 6.1: Shear buckling strength foy

‘YMOBHa THYYKICTh CTIHKH

Relative web slenderness

CriHka 0e3 eJleMeHTY KOPCTKOCTI Ha
oropi
Web without stiffening at the support

CriHKa 3 €JIEMEHTOM YKOPCTKOCTI Ha
onopi
Web with stiffening at the support ¥

2, <083

0,58 fyb

0,58 fyb

0,83< 1, <140

0,48 fyo / 7,

0,48 fyo /1,

6¢
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A, =140 0,67 fyo / 1w 0,48 fyo /A,

U EnemeHT sKOpCTKOCTi Ha OMOpi, Hampukmaza, pedpa JKOPCTKOCTi, SIKi BCTAHOBJIOIOTHCS IS
BUKJTIOYCHHS BUKPUBJICHHS CTIHKHU 1 pO3pax0oBaHi Ha CIIPUHHSATTS OIOPHOT peakIlii.

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

resist the support reaction.

(2) YMOBHA  THYYKICTH  CTIHKM  ITOBHHHA
BU3HAYATHCH TaK:

— s CTIHOK 0e3 TOB3JIOBXKHIX pedep
KOPCTKOCTI:

7, =0,346

— IS CTIHOK 3 IIOB3JIOBXKHIMH peOpamMu
KOPCTKOCTI, AMB. puc. 6.5:

534 Ty
K E

T

Z, = 0,3468t—d

IIpH LIbOMY:

. :5,34@(

ae:

Is — MOMeHT 1Hepwii nepepizy OJUHAPHOTO
MOB30BXKHBOIO pedpa >KOPCTKOCTI 3TiAHO 3
5.5.3.4.3(7) BigHOCHO OCi a—a, 5K MOKa3aHO
Ha puc. 6.5;

Sd — 3arajbHa 3a HaXWJIOM BHCOTa CTIHKH,
SIK TIOKa3aHo Ha puc. 6.5;

Sp — BHCOTAa 3a HaxXWIOM HaWOUTBIIOT
TJIOCKOI YaCTKH CTIHKH, AUB. pUC. 6.5;

Sw — MTOKa3aHa Ha pHc. 6.5 BHCOTa CTIHKHU 32

HaXWJIOM MDK CepeAHIMH TOYKaMU KYTIB
3rUHY, 1UB puc. 5.1(C).
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(2) The relative web slenderness 4, should be
obtained from the following:

— for webs without longitudinal stiffeners:

S fyb
= = ...(6.10a
" v = (6.10a)

— for webs with longitudinal stiffeners, see
figure 6.5:

it w2 0,346%\/% ...(6.10b)
with:
&JM
Sd
where:

Is is the second moment of area of the
individual longitudinal stiffener as defined in
5.5.3.4.3(7), about the axis a —a as indicated in
figure 6.5;

sq¢ Is the total developed slant height of
the web, as indicated in figure 6.5;

sp is the slant height of the largest plane
element in the web, see figure 6.5;

sw Is the slant 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 5.1(c).
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Pucynoxk 6.5 — [ToB3oBxHE peOpo )KOPCTKOCTI CTIHKH

Figure 6.5: Longitudinally stiffened web

6.1.6 Kpyrinus

(1) Mpu it HABaHTaXKEHHS 3
eKCIICHTPUCUTETOM BiIHOCHO IEHTPY 3CYBY
MTONIEPEYHOTO nepepizy HEOOX1THO
BpPaxOBYBAaTH BILIUB KPYTiHHS.

(2) Ilpn BU3HAYCHHI KPYTHIBHOI'O MOMEHTY,
MIOJIOKEHHSI IIEHTPAJIBHOI OCi, LEHTPY 3THHY i
MIPUBEACHOTO LEHTPY OOepTaHHsS HEOOX1THO
PO3IIISAaTH TOBHUI MONIEPEYHHIA TIepepis.

(3) HopmanbHi HanpyKeHHs BiJi OCbOBOI CHITH
Ned 1 3ruHanbHUX MOMEHTIB Myed 1 Mzed
MOBHMHHI BHM3HAYaTHCh Ha 0a3l BIIIOBITHUX
e(peKTUBHHUX MONEPEeYHUX Mepepi3iB 3riHO 3
6.1.2+6.1.4. JloTMUHI HampyXEHHS B[
MOMEPEYHHUX CUJI 1 Bl BUIBHOTO KPYTIHHS (32
Cen-Benanom), HOpManbHi 1  JOTHUYHI
HampyXXeHHs Bl  JeIUIaHalii  mepepizy
MOBMHHI BH3HAYaTUCh 32 XapaKTepUCTHKAMHU
MTOBHOTO MOMNEPEYHOro Mepepizy.

(4) B momepe4yHux mnepepizax, CXHIBHHX [0
KpYTiHHS, TOBUHHI BUKOHYBaTHCh TaKi YMOBHU
(HampuKIIan,  JO03BOJICHO  BUKOPUCTAHHS

CCPCAHLOIO 3HAYCHHA FpaHI/II_Ii TeKy‘lOCTi, JIUB.
3.2.2):

6.1.6 Torsional moment

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

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

(3) The direct stresses due to the axial force
Neq and the bending moments My eqd and Mzgq
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 allowed here, see
3.2.2):

ototed < fya / 0 ...(6.11a)
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_fa/V3

Tioted =

..(6.11b)

MO

f
2 2 ya
\/ Orored +3Tiores <11

ne:

OtotEd — PO3PAaxXyHKOBE MOBHE HOPMaJIbHE
HaMpy)XeHHsI, oOdYuciieHe i e()EeKTUBHOIO
MOTIEPEYHOTO TIEpepizy;

TotEd — PO3PAaXyHKOBE TIIOBHE JIOTUYHE
HaMpy)XeHHsI, OOYMCIICHE I MOBHOTO
MIOTICPEYHOTO TIepepizy.

(5) Cymapni HOpMasIbHI OtotEd 1 JOTHYHI Tiot,Ed
HAIMPY>KCHHS 00UNCITIOIOTHCS 32 (hopMyIamMu:

OtotEd = ON,Ed T OMy,Ed + OMzEd T OwE

Tot,Ed = Tvy,Ed t TvzEd + TEd T Tw,Ed

ne:

OMyEd — HOpPMaJlbHE HANpYXEHHS BiA
3rHHAIBHOTO MOMEHTY Mygd (BU3HAUa€eTHCS
17151 eEKTUBHOTO TTOTIEPEYHOr0 Mepepizy);

OMzEd — HOpMajbHE HANpyXeHHS Bij
3THHAIBHOTO MOMEHTY Mzed (BU3HAUYa€eThCS
17151 eEKTUBHOTO TTOTIEPEYHOr0 Mepepizy);

ONEd — HOpPMaJlbHE HAaNpyKEeHHS BIJ
ocboBOi cuau  Negd  (BH3HaYaeTbcs ISt
e(eKTUBHOTO MOMEPEYHOTO Mepepizy);

Owgd — HOpPMajibHE HAaNpyKEHHS BIJ
neruiaHarii  (BH3HAYae€ThCs JUIL  TIOBHOTO
MOTIEPEYHOT0 TIepepizy);

TVy,Ed — HAIPYKEHHS 3CYBY BiJ OMIEPEIHOT
cuid  Vyed (BU3HAYAa€TBCS IS MMOBHOTO
MOTIEPEYHOT0 TIepepizy);

TVz,Ed — HAIPYKEHHS 3CYBY BiJl TTONIEPEUHOT
cum Vzed (BM3HAYA€ThCS Ui [MOBHOTO
MOTIEPEYHOT0 TIepePizy);

TtEd — JOTUYHE HAMPYKCHHS BiJl BUILHOTO

kpyTiaHs (3a CeH-Benanom) (Bu3HauaeThCs
ISl TIOBHOTO MOTIEPEYHOT0 Tepepiszy);
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..(6.11c)

Ymo

where:

owoted IS the design total direct stress,
calculated on the relevant effective cross-
section;

noted IS the design total shear stress,
calculated on the gross cross-section.

(5) The total direct stress ototed and the total
shear stress zoted Should by obtained from:

..(6.12a)
..(6.12b)

where:

omyed IS the design direct stress due to
the bending moment Myeq (using effective
cross-section);

omzed 1S the design direct stress due to
the bending moment Meq (using effective
cross-section);

oned IS the design direct stress due to
the axial force Neq (using effective cross-
section);

owed IS the design direct stress due to
warping (using gross cross-section);

wvyed IS the design shear stress due to the
transverse shear force Vyeq (using gross cross-
section);

vzed IS the design shear stress due to the
transverse shear force Vzeq (Using gross cross-
section);

T,Ed is the design shear stress due to
uniform (St. Venant) torsion (using gross
cross-section);



Twed — JOTHYHE  HANpYKEHHS  BiJI
neruiaHaiii  (BM3HAYa€ThCs UIS  IOBHOI'O
MOMIEPEYHOr0 TIEPEPi3y).

6.1.7 MicueBi monepeuni cujiun

6.1.7.1 3araJbHi 0JI0’KeHHHA

(1)P Hdns BUKITFOUCHHS 3MHUHAHHS,
BUKPHUBJICHHS 1 BTPaTH CTIMKOCTI CTIHKU TPH
nii omopHoi peakmii abo iHIIOI MicleBOl
MOTIEPEYHOi CHJIM, SIKI TEepelaroThes dYepes
MOJIMII0, BETUYMHA TaKOi CHJIM TIOBHHHA
BIJIMOB1/IaTH YMOBI.

Fed < RW,Rd

ae:
RwRrd  Hecy4ya 3HaTHICTh CTIHKH TIpH
MICIIEBOMY MOTIEPEYHOMY BILIUBI.

(2) Hecyua 3maTHICTh CTIHKHM IPH MiCIICBOMY
MOTICPEYHOMY BIUTMBI BU3HAYAETHCS TAK:

a) SIKIIO CTIHKA 0€3 eJIeMEHTIB )KOPCTKOCTI:

— Il TIOMIEPEYHOr0 Tepepizy 3 OJHOIO
CTiHKOIO, 3rigHo 6.1.7.2;

—B  Oyap-sKOMy  IHIIOMY  BUIMAJKY,
BKJIFOYA0YH 1 mpoduucTH, 3rigHo 3 6.1.7.3;

b) skmo cTiHKa 3 eJeMEeHTaMH >KOPCTKOCTI,
3rigHo 3 6.1.7.4.

(3) IIpu mepenaui MicleBOi CHIIM YU OMOPHOT
peakiii 4epe3 pedpo  IKOPCTKOCTI, SIKe
MIJCWIIOE CTIHKY, BUKJIIOYAE ii BUKPUBJICHHS 1
3/1aTHE CIPUUMATH MICLIEBY MONEPEUHY CHITY,
MepeBipka CTIHKM Ha MICIIEBY MIIHICTh HE
3I1ICHIOETHCS.

(4) B Oamkax, 1m0 CKJIagarOThCs 3  JBOX
€JIEMEHTIB  LIBEJIEPHOTO abo  Oyab-SIKOro
1HIIOTO Tepepizy 1 00’€IHYIOThCS CTIHKaMH,
MiCIlsl JeTaledl KpITJIeHHs CTIHOK IOBWHHI
PO3TaNIOBYBATUCH OJMKYE JI0 TIOJHIIb.

6.1.7.2 llonepeuni mepepi3u 3  oaHicIO
CTIHKOIO 0€3 eJ1eMEeHTIB KOPCTKOCTI

np JICTY — H b EN 1993-1-3:20XX

twed IS the design shear stress due to
warping (using gross cross-section).

6.1.7 Local transverse forces

6.1.7.1 General

(1)P 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 Fgq shall satisfy:

..(6.13)

where:
Rwrd IS the local transverse resistance of
the web.

(2) The local transverse resistance of a web
Rw,rd Should be obtained as follows:

a) for an unstiffened web:

— for a cross-section with a single web:
from 6.1.7.2;

— for any other case, including sheeting:
from 6.1.7.3;

b) for a stiffened web: from 6.1.7.4.

(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-sections  with a  single
unstiffened web
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(1) Hecy4ya 3maTHICTH CTiHKH BiJ MICIIEBOTO
MOTIEPEYHOT0  BIUIMBY  JUIS  IOTICPEYHHX
mepepi3iB 3 OJHIEID CTIHKOK 03 €JIEMEHTIB
KOPCTKOCTi, JauB. puc. 6.6, Moxke OyTH
BH3HA4Y€Ha 3T1IHO 3 BKaziBKamu (2), SKIIO

(1) For a cross-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

nepepi3 BiANOBIAA€ TAKMUM KPUTEPISM: criteria:
hw / t <200 ...(6.143a)
r/t<6 ...(6.14b)
45° < < 90° ...(6.14c)
ae: where:
hw — BHCOTa CTIHKM MiX CEpeIUHHUMHU hw is the web height between the

TUTOIITHAMH TTOJIHILIb,
I' — BHYTPIIIHIN paAiyc KyTiB 3THHY;

@ — KyT HaXWJy CTIHKH BiTHOCHO TOJIUIIb [B
rpaaycax].

midlines of the flanges;
r is the internal radius of the corners;

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

PucyHox 6.6 — 3pa3ku npoiiiB 3 OJHIEIO CTIHKOIO

Figure 6.6: Examples of cross-sections with a single web

(2) Ins  momepeyHMx  MepepisiB, 110
BiAMOBIMalOTE  Kputepisim (1),  Hecywa
3JIaTHICTh CTIHKH HPU MICIIEBOMY BILIHBI Rw,Rd

MOXE BHM3HAa4aTHCS 3a (QOpMyJamu, IO
HaBeJIeH1 Ha puc. 6.7
(3) 3naueHHus Koe(illi€HTIB ki + ks
BHU3HAYAIOTHCS TaK:
kp=1,33-0,33 k

_ ane
k2=1,15-0,15r/t but k2 > 0,50

ks=0,7 +0,3 (¢/ 90)?
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and

(2) For cross-sections that satisfy the criteria
specified in (1), the local transverse resistance
of a web Rwrd may be determined as shown if
figure 6.7.

(3) The values of the coefficients ki to ks
should be determined as follows:

ka<1,0



ks=1,22-0,22 k

aJic

ks = 1,06 — 0,06 r/t but

TYT:
k=fn/228  [fyo— Himm?].
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ks <1,0

where:
k ="fy /228 [with fyp in N/mm?].

1 |

a) J1u1st OMHOYHOTO MiCLIEBOTO HABAaHTAXKEHHS a00 ONOPHOT
peaxii:
a) For a single local load or support reaction
i) ¢ < 1,5 hw Big BUTIBHOTO Kparo:
i) ¢ < 1,5 hy clear from a free end:
— I PO LIiB 3 MOJTUIMH, T1ICUICHUMH SJIEMEHTaAMH
KOPCTKOCTI:
— for a cross-section with stiffened flanges:

h, /t S,
k1k2k3{9,04—6g} {1+ 0,01J t*f,,

Ry ra = (6.15a)
M1
— IS TIOJTUITH O€3 €JIEMEHTIB dKOPCTKOCTI:
— for a cross-section with unstiffened flanges:
— k(o Ss/t < 60:
— |f Ss/t S 60
klkzk{s,gz - qg é t} [1+ o,mﬂ 21,
R = (6.15)
M1
— ax1o Ss/t > 60,
— if s¢/t > 60:
k1k2k3[5,92 - Té é t} {0,71+ 0,01535} 1,
Rougs = (6.15¢)

Ym1

Pucynok 6.7a — MiciuieBi HaBaHTa)KEHHSI 1 OTIOPHI peakxiii — MornepeyHi nepepizu 3 oJHIEI0 CTIHKOO

Figure 6.7a): Local loads and supports — cross-sections with a single web

Kinenp pucynky 6.7a

7t
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i) ¢ > 1,5 hw Bix BiIbHOTO Kparo:
ii) ¢ > 1,5 hw clear from a free end:
—akmo Ss/t < 60:
—if Ss/t < 60:
s
B k3k4k{14,7 - Zg /ﬂ [1+ o,omﬂ tf,,
| Rymy = ! (6.15d)
M1
—F . __| =5 —gkmo S/t > 60:
: 4 —if  sdt>60:
Kok ke {14,7 - Zg / t} [0,75 n o,onﬂ 1,
Rogg = ! (6.15€)
M1

b) st IBOX MPOTHAIFOUMX CHIT 3 BIICTAHHIO Mi’K HUMH MEHIII,

Hix 1,5 hy:

b) For two opposing local transverse forces closer together than
1,5 hw:

1) ¢ < 1,5 hw Biz BiIbHOTO Kpato:
i) ¢ < 1,5 hw clear from a free end:

h, /t S,
klkzk{ﬁ,ee —6” {1+ o,mJ t*f,,

M1

(6.15f)

PucyHnok 6.7b — MiciieBi HaBaHTa)XEHHS 1 OTTOPHI PeakIlii — MONepeyHi Mepepi3u 3 OJHIEI0 CTIHKOO

Figure 6.7b): Local loads and supports — cross-sections with a single web
Kinens pucynky 6.7b

76
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R . —

i) ¢ > 1,5 hw Bix BiIbHOTO Kparo:

i) ¢ > 1,5 hy clear from a free end:

k3k4k{21,0 —rl'w/ﬂ {1+ o,oomﬂ 1,

(6.150)

|-55-| w,Rd

. E}_T..EJ | c{

Ymi1

(4) SIxmo MOBOPOT CTIHKM BHKJIIOYAETHCS 32
pPaxyHOK BiIIMOBIIHOTO Ti 3aKpiruieHHs abo 3a
reoMeTpi€l0 mepepidy (Hampukiaa, mepepizu
4-if 1 5-ii Ha puc. 6.6), Hecyda 3/aTHICTh
CTIHKM RwRrd BT MICIIEBOTO TOMEPEYHOTO
BITUBY MO’KE€ BU3HAYATUCh TaK:

a) sl OJIMHOYHOT CWJIK YW  OIOPHOI
peaxuii:

i) ¢ < 1,5 hy (Ha BibHOMY KiHIli ab0 Oinst
HBOT0), JUIS Tepepi3iB 3 moiuisiMu 6e3 abo 3
€JIEeMEHTaMH >KOPCTKOCTI

SS
Kk, {8,8+1,1 \/T} t2f,,

(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 a web Rwrda may be
determined as follows:

a) for a single load or support reaction
i) ¢ < 1,5 hw (near or at free end)

for a cross-section of stiffened and
unstiffened flanges

...(6.16a)

Rw,Rd =

i) ¢ > 1,5 hw (manexo Bix BiBHOIO KiHIIA),

UL TepepiziB 3 moiuigMua 0e3  abo 3

CICMCHTaMH )KOpCTKOCTi

. S
koK {13,2+ 2,87 \/T} t*f,

Ym1

ii) ¢ > 1,5 hy (far from free end)

for a cross-section of stiffened and
unstiffened flanges

..(6.16b)

RW,Rd =

b) mis mpoTHAIFOYMX HaBaHTaXKEHb a0o

peaxiii:

i) ¢ < 1,5 hy (na BibHOMY KiHIIi ab0 Oiyist

Ym1

b) for opposite loads or reactions

i) ¢ < 1,5 hw (near or at free end)
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HBOTO), JUIA Mepepi3iB 3 moauisaMu 6e3 abo 3
€JIEMEHTaMH JKOPCTKOCTI

sS
K;oKy [8,8+1,1 t} tf,

for a cross-section of stiffened and
unstiffened flanges

Rw,Rd =

i) ¢ > 1,5 hy (mamexo Bijg BIILHOrO KiHIIS),
Ui mepepiziB 3 moiMusMu  6e3  abo 3
€lIEMEHTAMU JKOPCTKOCTI

SS
kgK, {13,2+ 2,87 t} tf,

...(6.16¢)

Ym1

ii)c>15hw (loads or reactions far from
free end)

for a cross-section of stiffened and
unstiffened flanges

RW,Rd =

Tyr  koedimieHTH ki +kii  moBumHI
BH3HAYATHCH TaK:

aine
k; =1,49-0,53 k but ks >0,6
ke =0,88-0,12t/1,9

SIKIIIO
kz=1+ss/t/750 if Ss/t<150,

SIKIIO
ke=1/K if ss/t<66,5;

ko=0,82+0,15t/1,9

kio = (0,98 —ss/ t/865) / k
ki1=0,64+0,31t/1,9

ae.
k="fy/228 [fyp— HMm;

Ss — HOMiHaJIbHA JIOBXKHMHA )KOPCTKOT OIIOPH.
VY pa3i ABOX piBHUX MPOTHAIIOYMX MICHEBUX
MOTIEPEYHNX HaBaHTAKEHb, PO3MOJICHUX Ha
HEOJTHAKOBIM JIOBXXMHI, MOBUHHO NpUKAMaTHCA

HaliMeHIIIe 3HaYeHHS Ss.

6.1.7.3 Ilonepeuni mepepizu 3 aBoMa aGo

78

...(6.16d)

Im1

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

SAKIIO
kz =1,20 if ss/t>150
SIKIIIO

ke=(110-ss/t/665)/k  if ss/t>665

where:
k="fy/228 [with fy in N/mm?];
ss Is the nominal length of stiff bearing.

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

6.1.7.3 Cross-sections with two or more



Oinb1e CTiHKaMH 0e3 eJICMEeHTIB
“KOPCTKOCTI

(1) B momepeunux mepepizax 3 jaBoma abo
OlpIIe CTIHKAMH, B TOMY YHCHI 1 TpodaucTy,
ouB. puc. 6.8, Hecydya 3/1aTHICTh CTIHKH 0€3
€JIEMEHTIB  JKOPCTKOCTI ~ IPU  MiCLEBOMY
MOTIEPEYHOMY BIUIMBI IMOBHHHA BH3HAYATHCS

3rigHO 3 (2) 32 YMOBH, SIKIIO:

— BIJICTaHb C BiJ HABAHTAXXEHOI YaCTUHU 10
BUIBHOTO Kpar He MeHme Hix 40 MM, TuB.
puc. 6.9.

— TMOTIEPEYHU TIepepi3 BIANOBITAE TaKUM
KPUTEPIsM:

np JICTY — H b EN 1993-1-3:20XX

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 bearing
length for the support reaction or local load to
a free end, see figure 6.9, is at least 40 mm;

—the cross-section satisfies the following
criteria:

r/t<10 ...(6.17a)
hw /1 <200 sin ¢ ...(6.17b)
45° < < 90° ..(6.17¢)
ne: where:
hw — BHCOTa CTIHKM MiX CEpeIUHHUMHU hw is the web height between the

TUTONITHAMH TTOJIHILIb,
I' — BHYTPILIHINA pajiyc KyTiB 3TUHY;

¢ — KyT HaXWIJly CTiHKH BiTHOCHO MOJHIIb [B
rpamycax].

midlines of the flanges;
r is the internal radius of the corners;

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

Ry Rd Fw.Rd Aw.Rd

Rw Ry Ry Ra Rw R4

Ru.Rd T Ay Rd Rw.Rd

PucyHnok 6.8 — 3pasku npo¢iiB 3 1BOMa CTIHKaMH

7§
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Figure 6.8: Examples of cross-sections with two or more webs

(2) lTpu moTpuMaHHI ABOX YMOB, HABEICHUX B
(1), nHecyua 3maTHicTh RwRrd KOXHOI CTIHKH
npopuII0  MPH  MICHEBOMY  IMONEPEYHOMY
BIUIMBI BU3HAYAETHCA 32 (HOPMYIIOI0:

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

Rusg = at> [T E (1-01r/t)[05+.,/0,021 /t |(2.4+(0/90)?) /ys ..(6.18)

Ie:
la — eekTHBHA JOBXKMHA OMOPHOI YaCTUHU
JUTS BIIOBITHOT KaTeropii, AuB. (3);

 — KoeiIlieHT U1 BIAMOBIIHOI KaTeropii,
uB (3).

(3) Bnauenns la 1 « HEOOXimHO mpHIEMATH
3rigHo 3 (4) Ta (5) BimnmoBigHO. MakcumabHe
po3paxyHkoBe 3HaueHHA la =200 mm. s
ormopu xosogHodopmoBaHoro TpoduTI0 3
OJIHIEIO CTIHKOIO a00 KpYTJIol TpyOu BelnYrHa
Ss mpuiiMaeThcs piBHOIO 10 MM. BimgmosimHa
kareropis (1 abo 2) 3anexuTh Bija BiJICTaHI €

MiX MIiCLIEBUM HaBaHTAXXECHHAM 1
HaWOIMKY0I0 ormoporo abo BijacTaHi C Bif
OTIOPHOT peaxiiii, abo MICIIEBOTO

HaBaHTaXXCHHA 10 BIJILHOT'O Kparo, JHUB. pHUC.
6.9.

(4) 3naunHsT eQEKTUBHOI TOBXKHHU OIMOPHOT
YaCTUHH l|a TIOBHMHHO BHM3HAYaTUCh B TaKHii

crocio:

a) aust kareropii 1:

la

b) nns kareropii 2:

- pv<0,2:

- pv>0,3:

—-02<pv<03: |» Bu3HaYaeThCcs 3a
JIHIMHOIO 1HTEPHOJIAIIEI0 MK 3HAYECHHSIMH

laBin 0,2 10 0,3

ac:

v =

80

where:
Il is the effective bearing length for the
relevant category, see (3);

a is the coefficient for the relevant
category, see (3).

(3) The values of |, and « should be obtained
from (4) and (5) respectively. The maximum
design value for la=200 mm. When the
support is a cold-formed section with one web
or round tube, for ss should be taken a value of
10 mm. The relevant 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) The value of the effective bearing length I,
should be obtained from the following:

a) for Category 1:

10 mm ...(6.19a)
b) for Category 2:

la = ss ...(6.19b)

la = 10mm ...(6.19¢)

-0,2<pv<0,3: Interpolate linearly

between the values of I, for 0,2 and 0,3

with:

‘ VEd,l‘ _‘ VEd,Z‘
| Veos| +| Vess|



IVEd1] 1 |VEd2|—abcomroTHi  BenTuuumHU
MOTIEPEYHNX CHJI Ha KOXKHIA CTOPOHI BiJ
MICIICBOIO  HABaHTAXCHHS ab0  OMOPHOI
peakiii, mpu nbomy [Vedi|>|VEd2| 1 Ss
po3MilIeHa OISt JKOPCTKOT OMOPH.
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in which |Veq1| and |Ved2| are the absolute
values of the transverse shear forces on each
side of the local load or support reaction, and
|VEd1| > [Vedo| and ss is the length of stiff
bearing.

(5) 3nayenns  koeQilieHTa @  TOBUHHI (5) The value of the coefficent « should be
PUUMATHCh TAKHMH: obtained from the following:
a) ms kateropii 1. a) for Category 1:
— 715t IPOQIIUCTIB: — for sheeting profiles:
a=0,075 ...(6.20a)
— JUTSI KACETHHX 1 omMera mpodiis: — for liner trays and hat sections:
a=0,057 ...(6.20b)
b) ms kareropii 2: b) for Category 2:
— JUTst TPO(ITHCTIB: — for sheeting profiles:
a=0,15 ...(6.20c)
— JUTSI KACETHHX 1 omera mpodiis: — for liner trays and hat sections:
a=0,115 ...(6.20d)

<5
Category 1
| gory

T support;

Kareropis 1

— MICIIeBe HaBaHTa)XKEHHsI po3TalloBaHe Ha BiactaHi € < 1,5 hy
B1J1 HAUOJIMKYOI OTIOPH;
—local load applied with e <1,5hw clear from the nearest

| 53 Kareropis 1
‘ H‘ J‘ # Category 1
c — JIOKaJIbHE HaBaHTaXXEHHS po3TalioBaHe Ha BifcTadi C < 1,5 hy

B1J1 BUIBHOTO Kparo;
— local load applied with ¢ < 1,5 hy clear from a free end,

c Category 1
< )I - hw

Kareropis 1

— ONOpHa peakilisi po3TamoBaHa Ha Binctani €< 1,5hw Bix

Tﬂ‘ﬂ BUIBHOTO KPAIo.

| 53 — reaction at end support with ¢ < 1,5 hy clear from a free end.
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PucyHnok 6.9 — MiciieBi HaBaHTa)XEHHS 1 OIIOPHI peakilii — kaTeropii mpodisiiB 3 oHI€O 1 OUTbIIE

CTIHKaMU

Figure 6.9: Local loads and supports — categories of cross-sections with two or more webs

Kinenp pucyHnky 6.9.

S=

)

Kareropis 2
Category 2

— MiclieBe HaBaHTAXXCHHs pO3TalloBaHEe Ha Biacradi € > 1,5 hy
BiJl HAHOIMKYIOT OTIOpH;

—local load applied with e>1,5hy clear from the nearest
support;

Kareropis 2
Category 2

C — MICIICBE HAaBaHTA)KCHHs PO3TallloBaHe Ha BiacTaHi C > 1,5 hy
< (hy BiJI BIILHOTO Kpalo;
— local load applied with ¢ > 1,5 hyw clear from a free end,;
Kareropis 2
c Category 2
< | Py
—peakmiss Ha KpaiHii omopi po3TamioBaHa Ha BiJCTaHI

¢ > 1,5 hy Big BitbHOTrO Kparo;
— reaction at end support with ¢ > 1,5 hy clear from a free end;

Kareropis 2
Category 2

— peaxiisi Ha IPOMDKHIN omopi.
— reaction at internal support.

6.1.7.4 Ctinku 3 eJleMeHTaAMH KOPCTKOCTI
(1) Ipu wmicueBOMy TMOMEPEYHOMY BILTHUBI
Hecyda 3JaTHICTh CTIHKM 3 €JIeMEHTaMH
KOPCTKOCTI MOkKe OyTH BH3HAuU€Ha 3TiHO 3
(2) nmna mpodimiB 3 MOB3AOBXKHIMH
eJIeMeHTaMHt AKOPCTKOCTI y  BUIIAII
MOABIMHOTO BUTHHY CTIHKH B 00M/1Ba OOKH BiJT
CepeIMHHUX JIHIM CTIHKU BiJl TOUOK NEPETHHY
3 MOJULSIMU, AUB. puc. 6.10, 3 mOTpUMaHHSIM
YMOBH:

ae.
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2<eT"ﬂX<12

6.1.7.4 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 a way 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, see figure 6.10, that
satisfy the condition:

..(6.21)

where:



Emax OUTBIIMIA EKCIICHTPUCHUTET TOUYOK
3TUHY CTIHKMA BIJHOCHO MpPsMOi, MO 3’€IHYE
KIHI[ CTIHKU.

(2) dnst mepepiziB 3i CTIHKaAMH 3 €IIEMCHTaMHU
XKOPCTKOCTi, M0 BigmoBigaoTs (1), Hecyda
3/IaTHICTh CTIHKH npu MiCIICBOMY
MOTIEPEeYHOMY BIUTMBI MOK€ OyTH BH3Ha4eHa
MHOEHHSAM BIAMOBIIHMUX 3HAYEHb 3TIIHO 3
6.1.7.2 abo 6.1.7.3 mnoni6HOi cTiHKKM 03
€JIEMEHTIB KOPCTKOCTI Ha KOE(IIi€HT:

ajae
Kas = 1,45 — 0,05 €max [t but

Ie:
bs — posropHyra IIMpUHA TOJNHUIL, IO
HaBaHTa)XeHa, TuB. puc. 6.10;

€min — MCHINUNA EKCIEHTPUCHTET TOYOK
3TUHY BIHOCHO MpSMOi, IO 3 €IHYE KIHII
CTIHKH,

Sp — BHCOTa 32 HaxXWJIOM IUIOCKOi YacTKU
CTIHKHM, HAHOMMK4YOI 10 TOJIMIN, IWB. PHC.
6.10.

Kas < 0,95 + 35 000 tz €min / (bdz Sp)

np JICTY — H b EN 1993-1-3:20XX

Emax is the larger eccentricity of the
folds relative to the system line of the web.

(2) For cross-sections with stiffened webs
satisfying the conditions specified in (1), the
local 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 xas given by:

..(6.22)

where:
bs is the developed width of the loaded
flange, see figure 6.10;

emin 1S the smaller eccentricity of the folds
relative to the system line of the web;

Sp Is the slant height of the plane web
element nearest to the loaded flange, see figure
6.10.

By

Pucynok 6.10 — Ctinku 3 eneMeHTaMH KOPCTKOCTI

Figure 6.10: Stiffened webs

6.1.8 CymicHa 1ist po3TArHeHs i 3rUHYy
(1) Ipu  cymicuiii nii Ha mpodini OCHOBOTO
po3tssrHeHHs Ngg 1 3TUHaIBPHUX MOMEHTIB

6.1.8 Combined tension and bending
(1) Cross-sections subject to combined axial
tension Neg and bending moments Mygeq and
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My ed 1 MzEd MTOBUHHA BUKOHYBAaTHCh YMOBA.

Mz,eq should satisfy the criterion:

N M M,
Bd 4 vEd <1 ...(6.23)
N t,Rd M cy,Rd,ten M cz,Rd,ten
ae: where:
Ntrd — pO3paxyHKOBE TI'DaHHYHE 3YCHILIS Nt.rd is the design resistance of a

IUISL IOTIEPEYHHX Mepepi3iB MpU PIBHOMIPHOMY
postsaruenHi (6.12);

Mcy,Rd,ten — pPO3paxyHKOBa Hecyda 37aTHICTh
MOTIEPEYHOr0 Tepepiy MpPH MaKCHMaJIbHOMY
HaNpy>KEHHI PO3TATY BiA MOMEHTY, L0 i€
BigHOCHO oci Y — Y (6.1.4);

Mcz,Rd ten — PO3paxXyHKOBa Hecyua 37aTHICTb
MOTICPEYHOTO TIEPepi3y NPH MaKCHMAILHOMY
HampyXeHH1 PO3TATY BiJA MOMEHTY, LIO i€
BiZITHOCHO oci Z —Z (6.1.4)

(2) SIkmo Mecy,Rd,com < Mey,Rd,ten abo
Mcz,Rd,com < Mcz,Rd,ten (TyT Mcy,Rd,com 1 Mcz,Rd,com
— Hecyya 3JIaTHICTh TMOIEPEYHOTO IMepepizy
P MaKCUMaJbHOMY HaIPY>XKEHHI CTUCHEHHS
BiJl. MOMEHTY BIJIHOCHO BIJAIMOBITHOI OCi),
MMOBMHHA BUKOHYBAaTUCh TaKa yMOBa!

cross-section for uniform tension (6.1.2);

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

MczRrdten IS the design moment resistance
of a cross-section for maximum tensile stress
if subject only to moment about the z — z axis
(6.1.4).

(2) If Mcy,Rd,com < Mcy,Rd,ten or
MczRrd,com < MczRrdten  (Where Mey,Rd,com and
Mczrdcom 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 M

cy,Rd,com

6.1.9 CymicHa 1ist cCTUCHEHH i 3TUHY

(1) pu cymicHiit aii Ha mpodiai OCHOBOTO
ctiucHeHHs Ngg 1 3rMHATBHUX MOMEHTIB My ed 1
Mz ed TOBUHHA BUKOHYBaTHCh yMOBa!

N g, N My,Ed +AMvad

cz,Rd,com

M, ., +AM
+ z,Ed z,Ed

..(6.24)

=z

t,Rd

6.1.9 Combined compression and bending
(1) Cross-sections subject to combined axial
compression Neg and bending moments My ed
and M;eq should satisfy the criterion:

<1

Nc,Rd M

cy,Rd,com

me Ncrd BH3HaA4aroTh 3rigHo 3 6.1.3, a
Mcy,Rd,com 1 Mcz,Rd,com — 31“iIlHO 36.1.8.

(2) DomatkoBi mMomeHTH AMygd i AMzEd Bix
3MIIIEHHS. ~ [EHTPAJIbHUX  OCEH  MOBHHHI
MIPUHAMATHCH:

v ..(6.25)

cz,Rd,com

in which N¢Rrqd is as defined in 6.1.3, Mcy,Rd,com
and Mcz rd com are as defined in 6.1.8.

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

AMy ed = Ned eny

AMzed = NEd enz
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1e eny and enz — 3MileHHs [IEHTPAIbHUX OCeit
Y—VY 1 Z—Z BIIHOCHO OCHOBUX 3yCHJb, JIUB.

6.1.3(3).
(3) Axmo Mecy,Rd ten < Mcy,Rd,com abo

Mcz,Rd,ten < Mcz,Rd,com IIOBHMHHAa GYTI/I
BI/IMOBITHICTH 33 TAKUM KPUTEPIEM:

M yed T AM yEd
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in which eny and en; are the shifts of y —y and
z —z centroidal axis due to axial forces, see
6.1.3(3).

(3) If Mecy,Rd,ten < Mecy,Rd,com or
MczRdten < Mczrdcom the following criterion
should also be satisfied:

M

cy,Rd,ten

pi(S] Mcy,Rd,ten, Mcz,Rd‘ten BI/I3Haqui B 618

6.1.10 CymicHa fis mnomepeyHoi cuJIH,
0CHOBOI CHJIH i 3THHAJILHOTO MOMEHTY

(1) nst momepedHuMX mepepiziB mpu CyMicHIH
nii ocboBOi cuiau NEed, 3rHHAIBHOTO MOMEHTY
Meq 1 monepeuHoi cuiau Ved, BIUTMB OCTaHHBOT
He BpaxoByerbes, SKIMO Ved<0,5Vwrd. Y
BUIIAJKy, KOJH IOMEepeYHa Cuia Ounblie, HiXK
MOJIOBMHA HECYYOi 3/aTHOCTI CTIHKH 3a
3CYBOM, ITOBUHHA BUKOHYBAaTHCh YMOBa:

+ I\/Iz,Ed +AM z,Ed NEd

- <1 ...(6.26)
cz,Rd,ten N c,Rd
in which Mcy,rdten, MczRdten are as defined in
6.1.8.

6.1.10 Combined shear force, axial force
and bending moment

(1) For cross-sections subject to the combined
action of an axial force Ngg, a bending moment
Meq and a shear force Veq no reduction due to
shear force need not be done provided that
VEed < 0,5 Vwra. If the shear force is larger than
half of the shear force resistance then
following equations should be satisfied:

ae.

NrRd¢ — Hecyda 3HaTHICTh MOMEPEYHOTO
nepepizy Npu piBHOMIPHOMY PO3TSTHEHHI a0o
CTHCHEHHI, 1110 HaBegeHa B 6.1.2 a60 6.1.3;

Myrd — Hecyuya 37aTHICTh MONEPEYHOTO
nepepiszy NpH 3TuHi, Mo HaBeaeHa B 6.1.4;

Vw,rd — HECYYa 3[IaTHICTb CTIHKU NPH 3CYBI,
o HaBeaena B 6.1.5(1);

Mfrd — Hecy4ya 3HaTHICTh HpU 3TUHI
MOTIEPEYHOTr0  Tepepi3y, M0  CKIANAEThCs
TUIBKH 3 monuib, nuB. EN 1993-1-5;

Mpird — Hecyda 30aTHICTH IOMEPEYHOTO
nepepizy npu 3ruHi B MJIACTUYHIN CTajli, 1UB.

EN 1993-1-5.

Jlns eneMeHTiB 1 HpoQuIMCTIB 3 OUIbII HIXK
OJIHIEIO CTIHKOIO Vi Rd IOPIBHIOE CyMi HECYUOl
3MQTHOCTI BCIX CTIHOK, W0 CKJIQJal0Th

pl,Rd

2
Mirs {ZVEd —1j <10 ..(6.27)
w,Rd
where:
NRrd is the design resistance of a cross-

section for uniform tension or compression
givenin 6.1.2 or 6.1.3;

Myrd IS the design moment resistance of
the cross-section given in 6.1.4;

Vwrd IS the design shear resistance of the
web given in 6.1.5(1);

Mtra IS the moment of resistance of a
cross-section consisting of the effective area of
flanges only, see EN 1993-1-5;

Mpirda IS the plastic moment of resistance
of the cross-section, see EN 1993-1-5.

For members and sheeting with more than one
web VwRrd is the sum of the resistances of the
webs. See also EN 1993-1-5.
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nepepi3. Jus. EN 1993-1-5.

6.1.11 CymicHa Jisi 3ruHAJILHOTO MOMEHTY i
MiCII€eBOr0 HABaHTAaKeHHs a00 OMOPHOI
peaxuii

(1) Ipu onHOowacHiW naii Ha MOMEpPEUHUI

nepepi3  3rUHAIBHOrO  MOMEHTY Med 1
IONEPEYHOI CUIIH BiJ MiCIIEBOTO
HaBaHTOXKEHHSI abo omopHoi peakmii Feqg

MOBHHHI BUKOHYBATHCh TaKi YMOBH:

6.1.11 Combined bending moment and local
load or support reaction

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

Med / Mcra <1 ...(6.28a)
Fed/ Rwra <1 ...(6.28b)
Mey | Fea <995 ..(6.28¢)
Mc,Rd w,Rd
ne. where:

Mc¢Rrd — TpaHMYHUN MOMEHT HJsl Mepepizy
srigHo 3 6.1.4.1(1);

RwRrd — Hecyda 3IaTHICTh CTIHKH TIpH

MICIIEBOMY TOINEPEYHOMY BIUIMBI 3TiAHO 3
6.1.7.
Y Bupasi (6.28c) 3runHanbHU MOMEHT Med
MOXe OyTH oOuMclieHui OUIsI Kpar OIOPH.
s eneMeHTiB 1 HpoQuUIMCTIB 3 OUIBII HIK
OJIHIEIO CTIHKOIO RwRrd MpUHMaEThCS K cyma
HEeCy4oi 3aTHOCTI CTiHOK.

6.2 Hecyua 31aTHicThb 32 CTiliKicTIO

6.2.1 3aranbHi M0JI0KEHHSA

(1) dns CJIEMEHTIB 3 MOTEPEYHUMHU
nepepizaMM CXWJIBHHMH JI0 CKpy4YyBaHHs
MOBHHHA BPAaxOBYBaTHCh MOXJIMBA IIIOCKA
¢dopma BTpaTH CTIHKOCTI CTUCHYTHUX MOJHLb 1
B OUIBLII Mipl MOJNMIG, IO 3TUHAIOTHCA B
CBOIH TUIOIIHUHI.

(2) BiuB  MicrieBoi  BTpaTH  CTIHKOCTI 1
cTiikocti  dopMu  Tepepizy  HEOOXiTHO
BpPaxOBYBaTH 3TiJTHO 3 BKa3iBKamu 5.5.

6.2.2 Ilnocka popma BTpaTH CTiliKOCTI

(1) Po3paxyHkoBy Hecydy 3[aTHICTh 3a
cTiiKicTI0O NpRrd IpHU TOB3IOBXHBOMY 3THHI
HeoOximHo Bu3Hauatu 3a EN  1993-1-1,
KOPUCTYIOUYHChH BiANOBIAHOI KPUBOIO 3Ti/IHO 3
Tabnuiero 6.3 B 3aIEKHOCTI BII THITY
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Mcrd IS the moment resistance of the
cross-section given in 6.1.4.1(1);

Rwrd IS the appropriate value of the local
transverse resistance of the web from 6.1.7.

In equation (6.28c) the bending moment Mgq
may be calculated at the edge of the support.
For members and sheeting with more than one
web, RwRrd IS the sum of the local transverse
resistances of the individual webs.

6.2 Buckling resistance

6.2.1 General

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

(2) The effects of local and distortional
buckling should be taken into account as
specified in Section 5.5.

6.2.2 Flexural buckling

(1) The design buckling resistance Nprda 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, axis of buckling and yield strength



MOTEPEYHOro  mepepizy, (GopMu  BTpaTu
CTIMKOCTI 1 rpaHuIll TEKy4OCTi, TuB. (3).

(2) KpuBa BTpaTu CTIHKOCTI JJISI MOMEPEYHUX
nepepi3iB, He HABEJAECHUX B TaOIHIN 6.3, MOXe
OyTH OTpUMaHa TOTOXHO.

(3) Hecyuy 3maTHicTh 3a CTIHKICTIO ISt
3aMKHYTHX CKJIAJICHUX IONEPEYHUX Iepepi3iB
HEOOXiTHO BU3HAYATH BUKOPHCTOBYIOUH:

— KpUBY BTpartu cTriiikocTi b y noennansi 3
rpaHunero Tekydocrti fyp miockoro mmcra, 3
SIKOTO XOJIOHUM (POPMYBAHHSM BUPOOIISETHCS
CJIEMEHT;

— KpUBY BTpaTH CTIMKOCTI C y MO€JHAHHI 3
CepeHIM 3HAYCHHSIM TPaHMII TEKydocTi fya,
sIKa BH3HAYAETHCS JUIS €JIEMEHTa Iicis HOro
dbopmyBanHs 3rimHO 3 3.2.3 ipu Aetf = Ag.

6.2.3 KpyTuiibHa Ta 3ruHAIbHO-KPYTHJIbHA
¢opmu BTpaTH cTiikocTi

(1) Ans €JIEMEHTIB BiJIKPUTOTO
KOCOCHMETPHYHOTO IONEPEYHOro mepepizy
(mampukian,  Z-momiOHMX  TPOTOHIB 3
OJTHAKOBHMH TIOJTUTISIMH ) NOBUHHA

BpPaxOBYBaTHCh TaKa MOXJIUBICTb, 1110 HECy4a
3MATHICTh  €JIeMEHTa 3a YMOBHU BTpaTu
CTIHKOCTI 32 KPYTHUIIBLHOIO (POpMOIO MOKE OyTH
MEHIlle, HD)K Hecyda 3/aTHICTb eJeMEHTa 3a
YMOBH BTpPaTH IJIOCKOI POPMH CTIHKOCTI.

(2) Inst eneMeHTIB BiAKPHUTOTO MOIMEPEUYHOTO
nepepizy 3 OJHIEI0 BICCIO CHUMETPIi, JUB. pHUC.
6.12, IIOBUHHA BpPaxOBYBAaTHUCh Taka
MO>KJIUBICTB, 1110 HECy4a 3JaTHICTh €JIeMEHTa
3a YMOBU BTpaTd CTIHKOCTI 3a 3THMHAJBHO-
KPYTUIIbHOIO (POPMOIO MOKE OYyTH MEHIIA, HIXK
HeCcy4a 3/IaTHICTh eJIEMEHTa 32 YMOBU BTpaTu
MI0CKOT ()OPMH CTIHKOCTI.

(3) dns CJIEMEHTIB ACHMETPUYHOTO
BIJKPUTOTO TOINEPEYHOTO Mepepidy MOBHUHHA
BpPaxOBYBaTHCh TaKa MOXIIMBICTH, 1[0 HeCcyda
3ATHICTh 3a YMOBHM BTpaTH CTiHKOCTI 3a
KPYTHWJIBHOIO a00  3THHaIBHO-KPYTHIHHOIO
¢dopmoro Moke OyTH MeHIIe, HiIX Hecyda
3IATHICTH €JIEMEHTA 32 YMOBH BTPATH IUIOCKOI
(dbopMu CTIHKOCTI.
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used, see (3).

(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 Aefr = 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 should be taken of the
possibility that the resistance of the member to
torsional buckling might be less than its
resistance to flexural buckling.

(2) For members with mono-symmetric open
cross-sections, see figure 6.12, account should
be taken of the possibility that the resistance of
the member to torsional-flexural buckling
might be less than its resistance to flexural
buckling.

(3) For members with non-symmetric open
cross-sections, account should 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.
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(4) Po3paxynkoBy Hecydy 3aaTHiCTh NpRrd 3a
YMOBHU BTpaTH CTIMKOCTI 3a KPYTHJIBHOIO 200
3TUHAJILHO-KPYTUJIbHOIO (POpPMOIO HEOOX1IHO
Bu3HaunTH 3rigHo 3 6.3.1.1 EN 1993-1-1,
KOPUCTYIOUYKCH BIJIIMOBIJIHOIO KPHBOK BTPATH
CTIMKOCTI BITHOCHO OCi Z—Z 3TrigHO 3
Tabymuero 6.3.

(4) The design buckling resistance Nprda for
torsional or torsional-flexural buckling should
be obtained from EN 1993-1-1, 6.3.1.1 using
the relevant buckling curve for buckling about
the z — z axis obtained from table 6.3.

Taoauus 6.3 — Kpusi BTpaTu cTiKOCTI MPOQ1IiB PI3HUX THUIIIB

Table 6.3: Appropriate buckling curve for various types of cross-section

Tun npodizio Brpara crifikocTi Kpusa BTpatu
Tvoe of CE) ss-section BITHOCHO OCi CTIMKOCTI
yp Buckling about axis | Buckling curve
py BUKOpUCTaHHI fyb Bynp-sika b
Any
if fyp is used
pU BUKOPUCTaHHI fya Bynp-ska
if fya is used Any C
y-y a
t--
z-12 b
Bynp-ska b
Any
bynp-sxa c
Any
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a00 OyIb-sIKUi Bynp-sika c
MOTIEPEYHUM TTepepi3 Any
or other

cross-section

) CepeiHIO BETUUMHY TPaHHIIl TEKYUOCTi fya HE T03BOJIAETHCS BUKOPUCTOBYBATH KPIM BUIIAIKY
Aeff = Ag
) The average yield strength fy, should not be used unless Aefr = Ag

Pucynoxk 6.12 — I[Ipodini 3 oxHi€r0 BicCIO CUMETPIi, CXMIIBHI 10 BTPATH CTIMKOCTI 3@ 3rHHAIBHO-
KPYTHJIbHOIO (popMOrO

Figure 6.12: Monosymmetric cross-sections susceptible to torsional-flexural buckling

(5) Kputnuna cunma N1 08 KpYTHIBHOL (5) The elastic critical force Ner,1 for torsional
dbopMu BTpaTH CTIMKOCTI B TPYXHiH crajii buckling of simply supported beam should be
poboTH UIA BiTBHO 00MepToi OaJIKM MOBUHHA determined from:

BU3HAYATHUCh 34 BUPA3OM:

1 2El
Nyt =Gl +——w ...(6.33a)
B I;
TYT: with:
i5 =i +i7 +ye +2¢ ...(6.33D)
ne: where:
G — Moy 3CYBY; G is the shear modulus;
It — MOMEHT iHepIIil MpH BUTbHOMY KPYTiHHI It is the torsion constant of the gross
MIOBHOTO Tepepizy; cross-section;

8¢
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lw — cekropianbHUH MOMEHT IHEpIIii
MIOBHOTO TIEpepi3y;

ly — paxmiyc iHepuii HOBHOrO mepepi3y
BIJIHOCHO OCi Y — Y,

i; — pagiyc iHepiii IOBHOTO Iepepizy
BiJTHOCHO OCi Z — Z axis;

IT — po3paxyHKOBa JIOBXKHHA CJIEMEHTY, IO
BTpava€e CTIMKICTh 3a KPYTHILHOIO (POPMOIO;

Yo, Zo — KOOPJIMHATH [IEHTPA 3CYBY BiTHOCHO
[IEHTPA TSXKIHHS TIOBHOTO TIepepi3y.

(6) dnst mepepi3iB 3 gBOMA OCSAMH CHMETPIi
(Hanpukiag, Yo = Zo = 0) kputnuna cuna Ner,TF
U1 3TUHAJIBHO-KPYTUIBHOI (OpMH BTpaTu
CTIMKOCTI B TpPYXHiIH cTamii MOBHHHA
BHU3HAYaTHUCS 32 BUPA30OM:

IIpu IbOMY Ncr,T < Ncr,y 1 Ncr,T < Ncr,z.

(7) dnst momepeyHHx ImepepiziB CHMETPUYHHX
BIIMOBIIHO OcCl Y — Y (Hampukiana, Zo = 0) npu
KpPYTHJIbHO-3THHAJIbHIH bopmi BTpaTH
CTIMKOCTI B HpPYXHIM cTajli KpUTUYHA cUJa
Ner,TF TOBMHHA BU3HAYATHUCS 32 BUPA30M:

N Ncr,T

Ny =—2 |1+
cr, TF Zﬂ N

aec:

(8) Po3paxynkoBa noBxuHa |t enemenra, sikuit
BTpayae CTIHKICTh 3a KPYTHJIBHOIO  abo
3TUHATBHO-KPYTHJIBHOIO  (OPMOIO, TTOBHHHA
BU3HAYATUCh 3 ypaxyBaHHAM CTYIEHIO HOro
3aKpIIUIEHHS BiJl CKpyYyBaHHS 1 JeTUlaHalii Ha
KO>KHOMY KiHIII €JIeMEHTa JOBXKHHOIO LT.

(9) B 3amexxHocTi Big THIMY 3’€IHAHHS I10
KIHI[IX €JIeMEHTa MOXYTh NPHUMATHCh TaKi
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lw is the warping constant of the gross
cross-section;

ly is the radius of gyration of the gross
cross-section about the y — y axis;

Iz is the radius of gyration of the gross
cross-section about the z — z axis;

I+ is the buckling length of the member
for torsional buckling;

Yo, Zo  are the shear centre co-ordinates
with respect to the centroid of the gross cross-
section.

(6) For doubly symmetric cross-sections (e.g.
Yo = Zo = 0), the elastic critical force Ner e for
torsional-flexural ~ buckling  should  be
determined from:

Nermr = Ner,T ...(6.34)

pI‘OVided Ncr,T < Ncr,y and Ncr,T < Ncr,z.

(7) For cross-sections that are symmetrical
about the y—y axis (e.g. zo=0), the elastic
critical force Ne1r for torsional-flexural
buckling should be determined from:

cry

2 2
N N
1ot | 4g] Yo | Dar ...(6.35)
N N
cry I0 cry
with:

(8) The buckling length Iy for torsional 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, the
value of I+ / Lt may be taken as follows:



3HaueHHs It/ Lt

-10 s 3’¢IHaHb 3 YaCTKOBUM
3aKpIIUICHHSAM BiJl CKpy4YyBaHHS 1 JeTUIaHalii,
IMB. puc. 6.13(a);

-0,7 s 3’€/IHaHb 3 CYTTEBUM
3aKpIIUICHHSAM BiJl CKpy4YyBaHHS 1 JeTUiaHarii,
muB. puc. 6.13(b).
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—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).

Crinka — Crinka

web| || TWeb

Golumn to ha considersd
Bunu xojion

a) 3’€THaHHS 3 YaCTKOBUM 3aKPIIJICHHSIM Bl CKpyuyBaHHS 1 JAeriaHarii
a) connections capable of giving partial torsional and warping restraint

3aMKHYTI niepepizu abo nepepizu 3
Oontamu, 110 MPOXOIATH Yepes JIBi
CTIHKH €JIEMEHTa

Hollow sections or sections with
bolts passing through two webs per
member

Crinka

Column to be consldered
Buau xo1on

b) 3’emHaHHS 3 CYTTEBUM 3aKpIIUICHHSM BiJl CKpYYyBaHHS 1 JAeTUIaHaii
b) connections capable of giving significant torsional and warping restraint

Pucynoxk 6.13 — 3akpiruieHHs BiJ CKpy4dyBaHHS 1 JeruaHamii

Figure 6.13: Torsional and warping restraint from practical connections
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6.2.4 KpyruiabHa ¢opma BTpaTu criiikocTi
eJIeMeHTIB IPH 3ruHi

(1) Po3paxynkoBa Hecyda 3JIaTHICTh
€JIEMEHTa, CXUJIBHOTO JI0 KPYTHIBHOI (Gopmu
BTpPAaTH CTIWKOCTi, TIOBUHHA BH3HAYaTHCh
BimmoBigHo 1m0 EN 1993-1-1, mipposain
6.3.2.2, BUKOpDHUCTOBYIOUM KpPHUBY BTpaTH
criiikocTi b.

(2) Lleit wmerom HE 3aCTOCOBYETHCS IS
mepepi3iB i3 CYTTEBUM KyTOM MK TOJIOBHUMHU
0CsSIMU €(DEeKTHBHOTO 1 TOBHOTO MEPEPi3iB .

6.2.5 OcboBe CTHUCHEHHS 3i 3THHOM

(1) B3aemonmisi MiK OChOBOK  CHJIOK 1
3TUHAJILHUM MOMEHTOM BPaxXOBYEThCS MPHU
pPO3paxyHKy 3a Je(OpPMOBAaHOK CXEMOI0, SK
Bkazano B EN  1993-1-1, =mna 0Oasi
XapaKTePUCTHK €(PEKTUBHOTO TMOMEPEIHOTO
nepepisy 3rigHo 3 5.5. JluB. Takox 5.3.

(2) AnbTepHaTHBHO MOXHA  CKOPHUCTATHCh
dbopmyioro (6.36)

08
N g

ne Nprd — pO3paxyHKOBa Hecyda 3/IaTHICTh
eJIeMEHTa, fKa OOYMCIeHa 3rigHo 3 6.2.2
(mmocka, KpyTWIbHA, 3THHAIBHO-KPYTHIIBHA
¢bopmMu  BTpatu  cTidkocTi)) 1 Mprd —
pPO3paxyHKOBa Hecyda 3/IaTHICTh €JIeMEeHTa Ha
3ruH 3rigHO0 3 6.2.4 3 ypaxyBaHHSM 3a
HeoOximHicTIO Mgd K BIUIMB Bif 3MIIMIEHHS
HEUTpaJIbHOI OCl.

6.3 OcboBe pO3TATHEHHSI 3i 3THHOM

(1) 3acToCOBYIOThCSI MPUHOMH K 1 TpH
CTHCHEHHI 3TiJHO 3 6.2.5.

7 TPAHUYHI CTAHM APYT'OI TPYIIHU
7.1 3araJibHi M0JI0sKEeHH

(1) dns  xomoaHO(POPMOBAaHMX EJIIEMEHTIB 1
mpodIUCTIiB MOBUHHI 3aCTOCOBYBATHUCS

MpaBWIa PO3PAXYHKY 32 TPAHUYHUMH CTaHAMHU
Ipyroi rpynu, 1mo HaBeneHi B po3aim 7 EN
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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 6.3.2.2
using the lateral buckling curve b.

(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) The interaction between axial force and
bending moment may be obtained from a
second-order analysis of the member as
specified in EN 1993-1-1, based on the
properties of the effective cross-section
obtained from Section 5.5. See also 5.3.

(2) As an alternative the interaction formula
(6.36) may be used

J <10 ...(6.36)

where Nbrd IS the design buckling resistance
of a compression member according to 6.2.2
(flexural, torsional or torsional-flexural
buckling) and Myrg is the design bending
moment resistance according to 6.2.4 and Mgqg
includes the effects of shift of neutral axis, if
relevant.

6.3 Bending and axial tension

(1) The interaction equations for compressive
force in 6.2.5 are applicable.

7 SERVICEABILITY LIMIT STATES

7.1 General

(1) The rules for serviceability limit states
given in Section 7 of EN 1993-1-1 should also

be applied to coldformed members and
sheeting.
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(2) Tlpu po3paxyHKy 3a TPAaHUYHUMH CTaHAMU
Apyroi  rpymd  TOBHHHI  BPaxOBYBAaTHCS
XapaKTEPUCTHKH €(PEKTHBHOTO IOIMEPEYHOTO
nepepizy XoJIOAHO(GOPMOBAaHUX EJIEMEHTIB 1
npoduIKCTiB 3rigHo 3 5.1.

(3) MomenT ineprii Moxe OyTH BHU3HAYEHHI
IBTEPHATHBHO 1HTEPHOJISILIE€I0 MK TOBHUM 1
epEeKTUBHIM TMOIMEPEYHHUMH MepepizaMu  3a
BUPa30M:

ne:
lgr — MOMEHT iHepIIii MOBHOTO MOMEPEYHOTO

nepepisy;

Ogr — MaKCUMaJIbHE 3THHAIbHE HAMPY>KEHHS
CTHUCHCHHSI 3a JIPYrol0 TPYIOK TPaHUIHUX
CTaHiB Ha ©0a3i IOBHOTO IIOMEPEYHOTO
nepepizy (B popMyIi 31 3HAKOM «ILTIOCY);

[(0)efft — MOMEHT iHepuil e(pEeKTUBHOIO
MOTIEPEYHOro  Tepepizy,  oOuucieHuit 3
ypaxyBaHHSIM BTpaTH MICIEBOI CTIMKOCTI Ipu
MaKCUMaJlbHOMY HAaIllpyXeHHI O > Ogr, TpHU
BOMY  MakKCUMallbHE  HAIlPY)KEHHSI €
HalOUIbIIUM 3a aOCOJIOTHUM 3HAUEHHSAM 3
HampykeHb B TPaHHUISIX  PO3PaxyHKOBOI
JOBXXHHH €JIEMEHTA, 1110 PO3TIISIIAETHCA.

(4) MomeHT iHepiii eeKTHBHOTO Tepepi3y leff
(a6o lfic) ™moke OyTH 3MIHHHUM B3JIOBX

IIPOJIBOTY. AJbTEpHAaTUBHO MOXKe
BUKOPHUCTOBYBAaTUCh  TOCTiIHE  3HAYEeHHS
MOMEHTY, 00YHCIIEHOTO Ha 6a3i

MaKCHMAaJIbHOT'O a0COIIOTHOTO MPpOJILOTHOT'O
MOMCHTY Bi}l HOPMAaTUBHOI'O HABAHTAXXCHHS.

7.2 IlnacTuyni nedpopmanrii

(1) lpu Bu3HaAueHHI Hecydoi 3HaTHOCTI 3
ypaxyBaHHSM [OBHOT'O PO3BHUTKY IUIACTHYHUX
nepopmariiii, KoMOIHaIII0 OOPHOTO MOMEHTY
1 peakuii Ha MPOMDKHIA oOmOpi HEOOXiTHO
npuiimary 3 koegiieHToM He Ol HiX 0,9 3
BHKOPHUCTAHHSIM M ser, TUB. o3I 2(5).
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(2) The properties of the effective cross-
section for serviceability limit states obtained
from Section 5.1 should be used in all
serviceability limit state calculations for cold-
formed 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

(Iy =1(0)ey ) (7.1

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

Oyr is maximum compressive bending
stress in the serviceability limit state, based on
the gross crosssection (positive in formula);

I(o)ert 1S the second moment of area of
the effective cross-section with allowance for
local buckling calculated for a maximum stress
o> oy, in which the maximum stress is the
largest absolute value of stresses within the
calculation length considered.

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

7.2 Plastic deformation

(1) In case of plastic global analysis the
combination of support moment and support
reaction at an internal support should not
exceed 0,9 times the combined design
resistance, determined using ywm.ser, See section
2(5).
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(2) Hecyuy 3maTHICTh MOXKHA BH3HAYaTH BiJl
komOigamii 3riggo 3 6.1.11, ame nmug
rpaHUYHUX CTaHiB Ipyroi rpynu
BUKOPHUCTOBYBaTH €()EeKTHBHUN IOMEPEYHHI
nepepiz i ymiser.

7.3 llporunu

(1) lporuHn ~ MOXYTh  BHM3HA4aTHCh 3
MIPUITYIICHHSIM pOOOTH B MPYKHIHN CTamii.

(2) IIpu  BU3HAYEHHI TMPOTUHIB, 3YCHIb i
MOMEHTIB HEOOXiZIHO BpPaxOBYBaTH BIUIMB
MIIATIMBOCTI  3’€aHaHb (HANpUKIAL, IIPU
HEpO3pI3HUX  OAJOYHHX  CHUCTEeMax i3
3’€IHAaHHSIMH BHAIYCK 1 Ha HAKJIaJ(KaXx).

8 POBPAXYHOK 3€JHAHb
8.1 3araJjibHi oJI0KEeHH

(1) Mpunymenns Ta BUMOTH 1010
po3paxyHky 3’ eananb quB. EN 1993-1-8.

(2) IpaBuna, 110 HaBeJICHI HIDKYE,
CTOCYIOTBCS €IEMEHTIB TOBIIUHOIO teor < 4 MM,
ski B EN 1993-1-8 He po3risgaroThes.

8.2 3’ennannsn CTHCHYTHX eJIeMeHTiB
KIHIEeBI Ta BHAIIYCK

(1) 3’eqHanHs KiHIIEBI Ta BHAMYCK CTHCHYTHX
€JIEMEHTIB TOBHHHI OyTH pPIBHOMILIHUMHU 3
OCHOBHUM €JIEMEHTOM, a00 pPO3paxoBaHi Ha

10 3 YpaxyBaHHAM J0JaTKOBOT'O
3TUHAIBHOTO MOMEHTY BHACI/I0K
neopMoOBaHOi  CXEeMH €JIEMEHTA, SIK

JIOTIOBHEHHSI 10  BHYTPIIIHBOTO  3YCHJUIS
ctucHeHHS Ned 1 70 BHYTpPIIIHIX MOMEHTIB
Myed Ta Mzgd, 1110 OOYMCIICH]I MPH 3arajbHUX
pO3paxyHKax.

(2) SAxmo  pospaxyHok 3a JedopMOBaHOIO
CXEMOI0 HE BHKOHYBaBCS, JOJATKOBUH
MOMEHT AMEgd TOBMHEH mHpuUAMaTUCh B
MONIEPEYHOMY TIepepi3l BIAHOCHO OCi, SKii
BIJIMOBiZla€ HaliMeHIIe 3Ha4YeHHsS KoedirieHTa
CTIIKOCTI y Tpu TIUIOCKiA Qopmi BTpaTH
crifikocti, nuB. 6.2.2.1(2). Benuunna AMeg
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(2) The combined design resistance may be
determined from 6.1.11, but using the effective
cross-section for serviceability limit states and

¥V M,ser.

7.3 Deflections

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

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

8 DESIGN OF JOINTS
8.1 General

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

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

8.2 Splices and end connections of members
subject to compression

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

(2) In the absence of a second-order analysis
of the member, this additional moment AMgq
should be taken as acting about the cross-
sectional axis that gives the smallest value of
the reduction factor y for flexural buckling,
see 6.2.2.1(2), with a value determined from:
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1 W, . =ma
AM, = N, (——1} e sin — ...(8.1a)
X A
ae: where:

Aeft — edekTHBHA IUIOIIA ITOIEPEYHOrO Aess IS the effective area of the cross-
nepepisy; section;

a — BIJICTaHb BiJ 3’€JHAHHS KiHIIEBOTO a0 a is the distance from the splice or end
BHAITYCK J0 HAWOIMKIOT TOUKH IICPETHHY; connection to the nearer point of contraflexure;

| — goBXHMHA MDK TOYKAMH IIE€PETHHY I is the buckling length of the member
YaCTKMA €JIEMEHTa, M0 BTPATUB CTIMKICThH between points of contraflexure, for buckling
BiZIHOCHO IIEBHOI OCi; about the relevant axis;

Weff — MOMEHT omnopy e(peKTHBHOIO Wesr IS the section modulus of the effective
MOIMEPEYHOr0 Tepepi3y MpH 3TUHI BiJHOCHO cross-section for bending about the relevant
MIEBHOT OCI. axis.

Takoro Ttumy 3’€IHAHHS TOBHHHI TaKOX Splices and end connections should be
PO3paxoOBYBAaTUCh 3 YpaXyBaHHSAM J0AaTKOBOI designed to resist an additional internal shear
BHYTPIIIHBOI MTOTIEPEYHOI CHIIN force

_ TtNgy Weg

AV,

(3) 3’enHanHs KiHIIEBI Ta BHAMYCK MOBHHHI
BUKOHYBaTHCh TaK, 106 3yCUILIA
nepenaBalich HUMH Ha €QEKTUBHI YacTKU
MONIEPEUHOT0 Mepepizy.

(4) Axmo KOHCTPYKTHBHE BUKOHAHHS
3’¢JHaHb Ha KIHIAX EJIEMEHTIB HE J03BOJISE
YITKO BHU3HAYUTU JIIHIIO [1i BHYTPIIIHBOI
OCbOBOI  CHJIM, HEOOXiZHO  BCTAaHOBUTHU
MO>KJIUBUN €KCLEHTPUCUTET ii il 1 BpaXyBaTH
B PO3PAaXyHKY BIAMOBITHI JOJATKOBI MOMEHTH,
HE 3Ba)KalOUW Ha Te, [0 €JIEMEHT MOXe MaTH 1
OJIHE 3’€JTHaHHS KiHIIeBEe a00 BHAITYCK.

8.3 3’eananus
(MeTBHPOOM)

Ha MeTajeBHMX BHpPoOax

(1) 3a ¢dopmor 3’e€qHaHHS Ha METBHPOOAax
MOBUHHI OyTH KOMMAKTHUMH. Po3TamryBaHHs
METBUPOOIB MMOBUHHO 3a0e3neuyBaru
HOpMaJbHI YMOBH iX BCTaHOBJIEHHSI B IIPOIIEC]
MOHTa)Ky a00 PEMOHTY.

Hpumirka: [logatkoBy iHpopmanito nus. 1-8

[1—1J ...(8.1b)
X

(3) Splices and end connections should be
designed in such a way that load may be

transmitted to the effective portions of the
cross-section.

As

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

8.3 Connections with mechanical fasteners

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

NOTE: More information see Part 1-8 of EN
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EN 1993.

(2) Bycuminst  3cyBy Ha OKpeMi METBHpOOU
HPHITYCKAIOTHCS PIBHUMH 38 YMOBH:

— MeTBUpOOU MAarOTh
IUIACTUYHICTB;

JOCTAaTHIO

—3pl3 HE € KPUTUYHOK  (HOpPMOIO
pyVHYBaHHS.

(3) [Ipu  BuM3HAuYCHHI HECy4oi  3/JaTHOCTI
METBHpPOOIB, Ha $Ki, 3AeOUIBIIOTO, MIFOTh
CTaTHYHI HAaBaHTAXKEHHS, Tpeba KepyBaTUCh
BKa31BKaMH:

— tabaum 8.1 JUTSL
0JIHOOIYHOMY KJIETIaHHI;

3aKJIETIOK  TIpHU

— Tabnuii 8.2 1 caMOHapi3HUX TBUHTIB;
— ta0mmii 8.3 171 ar00eiB;
— tabmuni 8.4 st 60JITIB.

Hpumirka: [n1 BU3HAYEHHS PO3PaXxyHKOBOI
Hecy4oi 3/1aTHOCTI METBHPOOIB 3a pe3yibTaTaMu
BUIIPOOYBaHb AMB. 9(4).

(4)B tabmuusx 8.1 + 8.4 mnpuiiHATH TaKi
MO3HAYEHHS:

A — moBHa TUIONIA TOMEPEYHOTO Tepepi3zy
MeTBHPOOY;

As — 0112 Mepepizy po3TATHYTOI YaCTUHU
MeTBUPOOY;

Anet — 1uioma mocnalJeHoro Inepepizy
€JIEMEHTA, 1110 3’ €IHY€EThCS;

fif — BHWKYBUIBHUN KOe(IMEHT s
MPOTSHKHUX BY31iB 3rigHO 3 EN 1993-1-8;

d — HOMiHAJIbHUI IaMETP METBHPOOY;
do — HOMIHAJIBHUI TiaMeTp OTBOPY;
dw — omiamerp maiibu abo TOJIOBKU

MeTBUPOOY;

96

1993.

(2) The shear forces on individual mechanical
fasteners in 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 by calculation the resistances of
mechanical fasteners subject to predominantly
static loads should be determined from:

—table 8.1 for blind rivets;

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

NOTE: For determining the design resistance
of mechanical fasteners by testing see 9(4).

(4) In tables 8.1 to 8.4 the meanings of the
symbols should be taken as follows:

A the gross cross-sectional area of a
fastener;

As the tensile stress area of a fastener;
Anet the net cross-sectional area of the
connected part;

pue the reduction factor for long joints
according to EN 1993-1-8;

d the nominal diameter of the fastener:;
do  the nominal diameter of the hole;

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



€1 — BIJICTaHb B3JI0BXX 3YCHJUIA BiJl IICHTPA
METBUpPOOa 0 HAUOIMKIOTO Kparo EICMEHTA,
0 3’ €JJHYEThCA, TUB. puc. 8.1;

€2 — BiICTaHb MONEPEK 3YCUILTIO BiJl IEHTPY
MeTBHpOOa 10 HaHOIMKIOro Kparo eIeMeHTa,
110 3’ €IHYETHCS, AUB. pUc. 8.1;

fuo — THMYacoBuWii omip 3a pPO3TATOM
MaTtepiary MeTBUpooa;

fusup — THM4YacoBWil omip 3a pO3TATrOM
OIIOPHOI'O €JIEMEHTA, B SIKUA BCTAHOBIIOETHCS
I'BUHT;

N — KUIBKICTh JIUCTIB, AKI KPIIUIATBCSA IO
OIOPHOTO €JIEMEHTa 3a JOMOMOTOI TBHHTA
abo mrobes;

Nf — KUIBKICTh METBUPOOIB B OJHOMY
3’€IHaHHI;

P1 — BiACTaHb MK IIEHTPaMH METBHPOOIB
B3JIOBX 3yCHJUIS, TUB. puc. 8.1;

P2 — BiACTaHb MIX IEHTpPaMU METBUPOOIB
MOTIEPEK 3yCHILITIO;

t — ToBHmIMHA HAWTOHIIIOIO e€JeMEHTa B
3’€IHAaHHI;

f1 — TOBIIMHA HAWTOBIIOIO €JIEMCHTAa B
’ .
3’€THaHHI;

tsup — TOBIIMHA ONOPHOTO €JEMEHTa, B
SKOMY 3aKpIIUTIOE€THCS TBUHT 200 A100eb.

(5) Ilpn BM3HAYECHHI PO3PAaXyHKOBOI HECYYOl
3/1aTHOCTI METBUPOOIB KOe(illieHT HaAIMHOCTI
¥M IPUAMAETHCS PIBHUM M2

IpumiTka: Benmmunaa  ym2  Moxke — Oyt
HaBeJleHa B HalllOHAJILHOMY JIOJIATKY.
Pexomennyetnes npuiimMata ym2 = 1,25.
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e1 the end distance from the centre of
the fastener to the adjacent end of the
connected part, in the direction of load
transfer, see figure 8.1;

e> 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;

fun  the ultimate tensile strength of the
fastener material;

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

n the number of sheets that are fixed to
the supporting member by the same screw or

pin;

ng  the number of mechanical fasteners in
one connection;

p. the spacing centre-to-centre of
fasteners in the direction of load transfer, see
figure 8.1;

p2 the spacing centre-to-centre  of
fasteners in the direction perpendicular to the
direction of load transfer, see figure 8.1;

t the thickness of the thinner connected
part or sheet;

t1 the thickness of the thicker connected
part or sheet;

twp the thickness of the supporting
member into which a screw or a pin is fixed.

(5) The partial factor ym for calculating the
design resistances of mechanical fasteners
should be taken as ymo:

NOTE: The value ym2 may be given in the
National Annex. The value ym2=125 is
recommended.
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Pucynok 8.1 — Po3ramryBaHHs KpiHJIbHUX BHPOOiB

Figure 8.1: End distance, edge distance and spacings for fasteners and spot welds

(6) SIkmo Hecywa 3maTHICTH MeTBHpPOOa Ha

BUCMUKYBaHHI Ford MeHIma, HIK Ha
npojaBioBaHHs  Fprd, JdedopMaTUBHICTH
3’€¢JHAHHS ~ TOBMHHAa  BH3HAYaTUCh  3a

pe3yjibTaTaMu BI/IHpO6YBaHB.

(7) SIxkmo meTBUpOOM B rodpax mpodIIHCTIB
pO3TAlIOBYIOTECS HE IO MEHTPY, Hecyda
3/1aTHICTh CAMOHAPI3HUX TBHUHTIB 1 A100€TB Ha
MPOJIABIIFOBAHHS, IO HaBeAcHa B Tabm. 8.2 i1
8.3, moBuHHa OyTu 3MeHueHa. Tak mpu
3MilllEHHI METBUPOOY BiJ LEHTpa MOJMI Ha
YBepTh 1i IIUPUHH, Hecydya 3JaTHICTb
npuiiMaeTtbess  piBHOIO  0.9Fprd, a mpum
po3TallyBaHHI METBUPOOIB Ha Takid ke
BIJICTaHI BIJ IEHTPY B oOujgBa OOku —
npuiiMaeTbest 0,7Fprd Ha KOKHUM KpinUIbHUN
BUp10, TUB. puc. 8.2.

l FF'-F!d

I
!
lﬂ,ng.Hd

(6) If the pull-out resistance Ford Of a fastener
is smaller than its pull-through resistance Fprd
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 is at a
quarter point, the design resistance should be
reduced to 0,9Fprq and if there are fasteners at
both quarter points, the resistance should be
taken as 0,7Fprd per fastener, see figure 8.2.

I
!
p.F!dl l {]‘?Fp.ﬂd

0,7F

Pucynok 8.2 — Bu3HaueHHs1 HeCcy4oi 3/1aTHOCTI METBUPOOIB B 3aJI€XKHOCTI BIJ] CXEMU iX pO3TalllyBaHHS

Figure 8.2: Reduction of pull through resistance due to the position of fasteners

(8) SIkmro MeTBHPIO OAHOYACHO IMiAAAETHCS
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(8) For a fastener loaded in combined shear



BIUIMBY 3CYBY 1 PO3TATHEHHIO, 32 YMOBH, IO
Firda Ta Fyrd Bu3Haueni 3rigHo 3 TaOIl.
8.1+8.4, Hecyua 3maTHICTh 3’€THAHHS
MIEPEBIPSAETHCSA 32 YMOBH:

|:t,Ed
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and tension, provided that both Fird and Fyrd
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:

F
v.Ed ..(8.2)

min( F, gy Fogg)

(9) 3miny ¢opMH TIOBHOTO  IONEPEYHOIO
nepepizy MOXXKHa HE BpaxOBYBaTH, SKIIO
PO3paxyHKOBa Hecy4a 37]aTHICTh BU3HAYEHA 32
pO3paxyHKOM 3TigHO 3 Tabmuisamu 8.1 + 8.4 1
pHU 3AIHCHEHHI KPIIUIEHHS 4Yepe3 IIOJIHUIII0
MUPUHOO He OubT Hik 150 M.

(10) diamerp OTBOpIB I TBUHTIB IOBHHEH
BIJIMOBIATH TEXHIYHUM yMOBaM BHUPOOHUKA.
Taki ymMoBM mOBHHHI OyTH mOOyJIOBaHi 3a
TaKUMU KPUTEPISIMHU:

— MOMEHT 3aKpy4yBaHHS IIOBUHEH OyTH
OlTpIIe HIXK MOMEHT JISi Hapi3aHHsS pi3pOH B
eNIEMEHTI, 110 3 €IHYEThCS;

— MOMEHT 3aKpy4yBaHHS IIOBUHEH OyTh
MEHIIIe Hi)K MOMEHT, II0 MOK€ MPHU3BECTH JI0
3pHUBY pi3b0U a00 110 3pi3y rOJOBKH BUPOOY;

— MOMEHT 3aKpy4YyBaHHsI ITIOBHHEH OYTH HE
OinbIre 2/3 MOMEHTa, 1110 MOKE MPHU3BECTH 10
3pi3y TOJIOBKH.

(11) Ins  OpoTSDKHMX — BY3JIB  HEOOXiTHO

BpPaxOBYBaTH 3HIKYBAIbHUA KOEQIIEHT L
srigao 3 EN 1993-1-8, 3.8.

(12) Ili mpaBuia po3paxyHKy 3aKIEMOK s
0JIHOOIYHOTO KJIEMaHHSI MOYKHA 3aCTOCOBYBaTH
y BHIAJKaX, KOJM JiaMeTp OTBOpPY He
MEPEBUIIYE JTIaMETp 3aKJIENKH OUIbII HDK Ha
0,1 mmM.

(13) Ins 3’emnanp Ha Ooatax M12 i M14,
KOJM JiaMeTp OTBOpiB Ha 2 MM Oujiblle

niamerpy OonriB, mpaBwia HaBeneHi B EN
1993-1-8.

- <
min( F, g, Fora)

(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 a reduction factor pis
should be taken into account according to EN
1993-1-8, 3.8.

(12) The design rules for blind rivets are valid
only if the diameter of the hole is not more
than 0,1 mm larger than the diameter of the
rivet.

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

9f
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Taéauus 8.1 — Po3paxyHOK Hecydoi 31aTHOCTI 3aKJIEHOK IPU OJHOGIYHOMY KiIeHaHHi 1)

Table 8.1: Design resistances for blind rivets V)

3akienku npu podoTi Ha 3CyB:
Rivets loaded in shear:

Hecvqa 3Z[aTHiCTI> 34 YMOBHM 3MUHAHHA.
Bearing resistance:

aJie
Fora = afudt/ ym2  but Fo,Rd<fuert/ (1,2 ym2)

Jle a mpuiiMaeThCs B 3aJI€KHOCTI:
In which a is given by the following:

— SJKII0 aine
—if t=1 a=236,t/d but a<21

[Iponosxennst Tabmuiti 8.1.

3akJienku npu podoTi Ha 3CyB:
Rivets loaded in shear:

— AKIIO

—if t1>25t a=21

— SIKILIO a mpuiMaroTh 3a JIIHIHHOIO IHTEPIOJIALIEI0
—if t<t; <25t obtain a by linear interpolation.

Hecvqa SI[aTHiCTB HOCJ'Ia6JIeHOFO OTBOpAMHA nepepi3v:
Net-section resistance:

Fnrd = Anet fu / Y M2

Hecvyya 31aTHICTE Ha 3pi3:
Shear resistance:

Hecyuy 3/1aTHicTb Ha 3pi3 Fyrd BU3HAYAIOTH 32 pe3yNbTaTaMK BHIIPOOyBaHb * i

Shear resistance Fy,rqd to be determined by testing *¥ and

Fvrd = Furk / ym2

Vmosu: ¥

Conditions: ¥ Fyrd > 1,2 Fora / (Nt fir)
abo

or Fvrd > 1,2 FnRrd

2)

3akJienku Npu poodoTi HA PO3TATHEHHSI

100
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Rivets loaded in tension: 2

Hecvqa 3Z[aTHiCTI> Ha IPOJAaBJIOBAHHIA.
Pull-through resistance:

Hecyuy 3/1aTHiCTh Ha PONABIIOBAHHS FpRrd BU3HAYAIOTE 32 Pe3y/IbTaTaMH BUIPOOYBaHb *1),
Pull-through resistance Fprq to be determined by testing *V.

Hecvqa 3Z[aTHiCTI> Ha BUCMUKYBaHHSA.
Pull-out resistance:

Hecyqa SHaTHiCTb Ha BI/ICMI/IKYBaHHSI JJIA 3aKJICIIOK HEC BU3HAYA€ETHCS.
Not relevant for rivets.

Hecvqa BHaTHiCTb Ha PO3TIT.
Tension resistance:

Hecyuy 371aTHiCTs Ha po3Tar Fird BUSHAYAIOT 32 pe3y/IbTaTaMi BUIPOOYBaHb *b.,

Tension resistance Fird to be determined by testing *Y.

Kineus Tabmmi 8.1.

3aKJIenKH pH poGoTi Ha PO3TATHEHHSs: %)

Rivets loaded in tension: 2

YMmoBu:
Conditions:

Fird = 2 FpRrd

Cdepa 3acTocyBanus:
Range of validity: ¥

e1>1,5d p1 > 3d 2,6 mm <d<6,4mm
e>>1,5d p2 > 3d

f, < 550 N/mm?

b [IpunyckaeTscs, 110 HaKIaIHa TOJOBKA 3aKJIENKH PO3TAlllOBaHa HaJl HAUTOHIIMM 3 JIUCTIB, IO
3’€IHYIOTBHCS.
Y In this table it is assumed that the thinnest sheet is next to the preformed head of the blind rivet.

2) 3aKIeNKH 3 MOTAHHOO TOOBKOKO B 3’ €/IHAHHSX HA PO3TAT HE 3aCTOCOBYIOT.
2) Blind rivets are not usually used in tension.

% JlianasoH 3acTOCYBaHHS TaKMX 3aKJIETOK MOKe OyTH iHIIMM TIpH BH3HAYEHHI HECYUOi 3JaTHOCTI
3a pe3yJpTaTaMH BUIIPOOYBaHb.

1
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% Blind rivets may be used beyond this range of validity if the resistance is determined from the
results of tests.

Y Taki yMOBM TIOBMHHI BHKOHYBATHCh HpH HEOOXiMHOCTI OOMEKEHHS e(OpPMATHBHOCTI
3’€HaHHA. SIKIII0 YMOBU HE BUKOHYIOTHCA, A€(POPMATUBHICTD 3’ €HAHHS HEOOX1THO OOMEKyBaTH
IHIIMMH €JIeMEHTaMU KOHCTPYKIIil.

) 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.

Mpumitka:*Y B HamionansHOMy — J0JaTKy NOTE:*Y The National Annex may give
MOJKE HaJaBaTHUCh IOJATKOBA iH(pOPMAIlA IIOI0 further information on shear resistance of blind
HECy4ol 3[aTHOCTI 3aKJIENOK MIOJ0  3CYBY, rivets loaded in shear and pull-through resistance
MPOIaBIIOBAHHS T4 PO3TATHEHHAT. and tension resistance of blind rivets loaded in

tension.

Taéauus 8.2 — Po3paxyHOK Hecydoi 31aTHOCTi CAMOHAPI3HHUX I'BHHTIB

Table 8.2: Design resistances for self-tapping screws

CamoHapi3Hi TBUHTH B 3’€IHAHHAX, L0 NPANIOIOTH HA 3CyB:
Screws loaded in shear:

Hecvyua 31aTHICTE 38 YMOBHU 3MHUHAHHS
Bearing resistance: Fora=afudt/ yme

Je a npuiiMaeTbes B 3a71€KHOCTI:
In which a is given by the following:

— SIKIIO0 aJjic
—if t=1 a=232,t/d but a<21
— SIKIIIO Ta aie

—if t1>25t and t<1,0mm: «a=32,t/d but a<2,1

— AKIIO Ta
—if t1>25t and t=>10mm: «a=21

— SIKIIO a mpUUMAIOTh 3a JIHIMHOIO IHTEPIOJIALIE0
—if t<ti1<25t obtain a by linear interpolation.

Hecvyua 3maTHiCTh TTOCIA0JIEHOTO OTBOPAMH TIEPEDIZY:
Net-section resistance:

Fnrd = Anet fu/ Y M2
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Hecvyya 3maTHICTE Ha 3pi3;
Shear resistance:

Hecyuy 31aTHicTb Ha 3pi3 FyRrd BU3HAYAIOTH 32 Pe3yIbTaTaMU BUIIPOOYBaHb *2)

Shear resistance Fyrd to be determined by testing *?

Fvrd = Furk / M2

Vmosu: ¥

Conditions: ¥ Fyrd > 1,2 Fprd
abo

or 2Fvrd 21,2 FaRd

CamoHapi3Hi TBUHTH NIPU POOOTi HA PO3TATHEHHS
Screws loaded in shear:

Hecyua 31aTHICTE HA NPOJIABIIOBAHHS. 2

Pull-through resistance: 2

— IJII CTaTUYHUX HABAHTAXXCHb:
— for static loads: Ford = dwtfu/ ym2

[IponoBxenns Tabnmi 8.2.

CamoHapi3Hi TBUHTH NIPU POOOTi HA PO3TATHEHHA
Screws loaded in shear:

— 17151 TBUHTIB IPH Aii BITPY a00 B CIIOJIyY€HHI CTATUYHUX HaBAHTAXEHb 1 BITPY:
— for screws subject to wind loads and combination of wind loads and static loads:

Fpra=05dwtfu/ yme

Hecvyua 31aTHICTS HAa BUCMUKYBaHHSI:
Pull-out resistance:

Skmo (xpok pi3i)

If twp/S<1:  Ford=0,45d tsup fusup / ¥m2 (s is the thread pitch)
ko

If tsup /s> 1: Fo,Rd = 0,65 d tsup fu,sup / Y M2

Hecvyua 31aTHIiCT HA PO3TAT:
Tension resistance:

Hecyuy 3/1aTHicTs Ha po3Tar Fird BUSHAYAIOTH 32 Pe3y/IbTaTaMi BUIPOOYBaHb *2,

Tension resistance Frqd to be determined by testing *2.

VYmosu: ¥

1
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Conditions: ¥ Fird > 2 FpRrd
abo
or Ftrd = FoRrd

Cdepa 3acrocyBannus: >

Range of validity: ¥

JarajapHe:

Generally: e1>3d p1>3d 3,0mm<d<8,0mm
e2>15d p2>3d

JIJ1st pO3TIATHEHHS Ta

For tension: 0,5mm<t<15mm and t1>0,9mm

fu < 550 N/mm?

1 HpI/IHy'CKaCTbC}I, 110 I'OJIOBKA 'BUHTA PO3TAallIOBAHA HAJl HAUTOHIIUM 3 J'II/ICTiB, oo 3’€I[HYIOTLC}I.
D In this table it is assumed that the thinnest sheet is next to the head of the screw.

2) [Ipunyckaetbcs, Mo mIaiida MOCUTH KOPCTKA, IO BHKIIOYAae HebakaHy ii gedopmariito Ta
Bi[[pI/IB TOJIOBKHM I'BUHTA.

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.

Kineus Tabmmi 8.2.

Cdepa 3acTocyBanns: °

Range of validity: ¥

%) Camonapi3Hi TBHHTH MOXYTh 3aCTOCOBYBATHCh B iHIIIOMY Jialla30Hi MPU BU3HAUYEHHI iX Hecydoi
3IaTHOCTI 3a pe3yJbTaTaMH BUIIPOOYBaHb.

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

Y Taki yMOBM TIOBMHHI BHKOHYBAaTHCh IHpH HEOOXiTHOCTI 0OOMeXeHHS IedOopMaTHBHOCTI
3’€JHaHHS. SIKII0 YMOBHM HE BUKOHYIOThCS, 1€(OPMATUBHICTD 3’ €IHAHHS HEOOX1THO 0OMEXyBaTu
IHIIIMMU eIeMEHTaMH KOHCTPYKIIii.

) 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.

Mpumitka:*? B HallioHAILHOMY  JIOJIATKY NOTE:*? The National Annex may give
MOke OiTH HalaHa J0AaTKoBa iH(pOpMAIlis MI0A0 further information on shear resistance of self-
HEeCy4oi 3[aTHOCTI CaMOHApI3HUX TBHHTIB IpU tapping skrews loaded in shear and tension
po0OoTi Ha 3pi3 1 pO3TAT. resistance of self-tapping skrews loaded in tension.

Tadauus 8.3 — Po3paxyHOK HeCy4Oi 31aTHOCTI JF00EIB
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Table 8.3: Design resistances for cartridge fired pins

Jro0eti npu po6oTi Ha 3CyB:
Pins loaded in shear:

Hecvqa 3Z[aTHiCTI> 34 YMOBHM 3MUHAHHA.
Bearing resistance:

Fora=3,2fudt/ ym

Hecvyya 31aTHICTS 0CJIa0JIEHOr0 OTBOPAMH IIEPEPI3Y:
Net-section resistance:  Fnrd = Anet fu/ ym2

Hecyua 3parHicTs Ha 3pi3:
Shear resistance:

Hecyuy 31aTHicTb Ha 3pi3 Fv,rd BU3HAYAIOTH 32 pe3y/bTaTaMi BUTIPOGYBaHb *°)

Shear resistance Fyrq to be determined by testing **

Fvrd = Fure / ym2

Vmosu: ¥ abo

Conditions: ¥  Fyrd>1,5% Ford or  XFyrd>15Fnrd

[Iponosxennst Tabmuiti 8.3.

Jro6eJti npu po6OTi HA PO3TATHEHHS
Pins loaded in tension:

Hecyua SHaTHiCTB Ha OPOJAaBJIIOBAHHS. D

Pull-through resistance: ¥

— IJId CTAaTUYHUX HABAHTAXXCHbB:
— for static loads: Fpra = dwtfu/ yme

— Ha Ji10 BITPY 1 KOMOiHaIlii — BiTep 1 cTaTUYHI HABaHTaKEHHS:
— for wind loads and combination of wind loads and static loads:  Fprda =0,5dwtfu/ ym2

Hecvqa SI[aTHiCTL Ha BUCMHMKVYBaHHA.
Pull-out resistance:

Hecyua 31aTHIiCTh Ha BUCMUKYBaHHS Fo R BU3HAUAETHCS 32 PE3y/IbTATaMHI BUIPOOYBaHb *o)

Pull-out resistance Ford to be determined by testing *%

Hecvqa SI[aTHiCTL Ha PO3TATHECHH.
Tension resistance:

Hecyua 31aTHICTh Ha PO3TATHEHHs FtRrd BU3HAYAETHCA 33 PE3y/IbTAaTAMH BHIIPOOYBAHb *°)

Tension resistance Firq to be determined by testing *®

1
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YmoBu: ¥ a6o

Conditions: Ford>2 Fprda OF  Ftrd > FoRrd

Cdepa 3acrocyBanns: 2

Range of validity: ?

3arajibHe:

Generally: e1>4,5d 3,7mm <d<6,0mm
e2>45d for d=3,7mm: typ>4,0mm
p1>4,5d ford =4,5mm: tsup > 6,0 mm
p2>45d ford =5,2 mm: tsup = 8,0 mm
fu < 550 N/mm?

JJ1st pO3TITHEHHS:

For tension: 05mm<t<15mm tsup = 6,0 mm

Kineup Tabauui 8.3.

Cdepa 3acrocyBanns:

Range of validity: ?

D IMpumyckaeTbes, mo maiiba JOCHTH KOPCTKA, IO BUKIIOYAE HebakaHy i aedopmariio Ta
BiJIpUB TOJIOBKU OO

U 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) Ilrobeni MOXKyTh GYTH BHKOPHCTAHI B iHIIOMY Jiana3oHi Py BU3HAYEHHI iX HECYdOi 30aTHOCTI
3a pe3yJibTaTaMi BUIIPOOYBaHb.

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

9 Taki yMOBM TOBHHHI BHMKOHYBAaTHCh IIpH HEOOXiAHOCTI oOMexkeHHS aehOpPMATUBHOCTI
3’€IHaHHS. SIKII0 YMOBU HE BUKOHYIOTHCS, A€(POPMATUBHICTh 3’€JHAHHS HEOOX1AHO 0OMEKYyBaTH
IHITMMH eIEMEHTaMH KOHCTPYKIIii.

% 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.

Mpumitka:*® B HamioHanbHOMY  JI0JaTKy NOTE:*® The National Annex may give
MOke OiTH HalaHa J0AaTKoBa iH(pOpMaIlis MI0A0 further information on shear resistance of cartrige
Hecy4oi 3[aTHOCTI Jr00etiB mpu poOOTi Ha 3pi3, fired pins loaded in shear and pull-out resistance
BUCMHUKYBaHHS 1 pO3TATHEHHS. and tension resistance of cartridge fired pins
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loaded in tension.

Taoauus 8.4 — Po3paxyHOk Hecy4oi 31aTHOCTI OOJITIB

Table 8.4: Design resistances for bolts

BouaTu npu po6oTi Ha 3cyB:
Bolts loaded in shear:

HCCan 3I[aTHiCTb 34 YMOBHU 3MHUHAHHA. 2)

Bearing resistance; ?

Je ap HaliMeHIna BenuunHa Bif 1,0 abo e1 / (3d) i
Ford =25 apvkifudt/ ym2 with ay is the smallest of 1,0 or e; / (3d) and

IS TSI
kk=(0,8t+15)/25 for 0,75mm<t<1,25mm; kk=1,0 for t>1,25mm

Hecvqa BI[aTHiCTb nocna6neH0ro OTBOpaMu HCDCDBV:
Net-section resistance:

aJjic
Fnrd = (1 +3r ( do/u— 0,3)) Anet fu / Y M2 but Fnrd < Anet fu/ Y M2

[Iponosxennst Tabmuili 8.4.

Bourn npu podorti Ha 3cyB:
Bolts loaded in shear:

ne:
with:

[kinbkicTh O0NTIB B monepeyHoMy nepepisi] / [3aranpHa KinbKicTh OOMTIB y 3’€1HaHHI]
r=[number of bolts at the cross-section] / [total number of bolts in the connection]

ajie
u=2e but u<p2

Hecvyua 3matHicTh Ha 3pi3:
Shear resistance:

— s kaciB mirHocTi 4.6, 5.6 1 8.8:
— for strength grades 4.6, 5.6 and 8.8:

Fvrd = 0,6 fup As/ ym2

— s KJaciB minHocTi 4.8, 5.8, 6.8 1 10.9:
— for strength grades 4.8, 5.8, 6.8 and 10.9:

Fvrd = 0,5 fun As/ ym2

1
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Vmosu: ¥

a0o
Conditions: ¥  Fyrd>1,2 % Ford or  XFyrd>1,2Fnrd

BoJuaTu npu po60Ti HA PO3TATHEHHS
Bolts loaded in tension:

Hecyua 31aTHICTS HA IPOAABIIOBAHHS
Pull-through resistance:

Hecyua 31atHicTh Ha npoaaBitoBaHHs FpRrd BU3HAYAETHCS 32 pe3yIbTaTaMU BI/IHp06YBaHB*4).
Pull-through resistance Fprq to be determined by testing *4.

Hecyua 371aTHICTh HA BUCMUKYBaHHs:  BONTIB HE CTOCYEThCS.
Pull-out resistance: Not relevant for bolts.

Hecyua BI[aTHiCTb Ha PO3TATHCHHI:

Tension resistance: Ftra = 0,9 fup As/ ym2
Vmosu:
Conditions: ¥ Ftrd = 2 FpRrd

Kinerns Tabaum 8.4.

Cdepa 3acTocyBanns: V

Range of validity: ¥

MinimManbHMM po3mip GonTa:
e1>10do pt1>3de 3mm>t>0,75mm Minimum bolt size: M 6

Kmacu mimaOCTI:
e2>15do p2 >3 do Strength grades: 4.6 -10.9

fu < 550 N/mm?

U Bontu MoxyTh GyTH BUKOpHCTaHi B iHIIOMY Jiala3oHi MpyH BU3HAYEHHI X HECY4oi 3aTHOCTI 32
pe3ysbTaTaMi BUIIPOOYBaHb.

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

2) TIpu ToBIMHAX 3 MM i GinbIne HeoOXiaHO KOpHCTyBaTHCh paBmiamu EN 1993-1-8.
2) For thickness larger than or equal to 3 mm the rules for bolts in EN 1993-1-8 should be used.

9 Taki yMOBM TOBHHHI BHKOHYBATHCh IIPH HEOOXiJHOCTi OOMeKeHHS e]OpMaTHBHOCTI
3’€IHaHHS. SIKII0 YMOBU HE BUKOHYIOTHCS, A€(OPMATUBHICTh 3’€JHAHHS HEOOX1AHO OOMEKYyBaTH
IHIITMMH €JIEMEHTaMH KOHCTPYKIIii.

108




np JICTY — H b EN 1993-1-3:20XX

% 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.

Mpumitka:*Y B HamioHalbHOMY  JI0JaTKy
MOXK€ HaJaBaTHCh JIOJIaTKOBa iH(pOpMAIlis 00
HEeCyd4oi 3JaTHOCTi OOJTIB Ha MPOJABIIOBAHHS TPU
PO3TATHEHHI.

8.4 TouxkoBe 3BaprOBaHHSI

(1) TouxkoBe 3BaprOBaHHSI MOXe OyTH
3aCTOCOBaHE JUTS MPOKATHOTO abo
OLIMHKOBAHOI'O OCHOBHOTO Marepiany
TOBIIMHOIO 10 4 MM 3a YMOBH, IO TOBIIHHA
OUIBII TOHKOIO €JIEMEHTY B 3’€JHaHHI He
nepeBuurye 3,0 MM.

(2) ToukoBe 3BaprOBaHHS BUKOHYEThCS a0O
3BapIOBaHHIM OIOpOM (KOHTaKTHE
3BaprOBaHHs) a00 MPOILIABIICHHSIM.

(3) Po3paxyHok Hecy4oi 3maTHOCTI  FyRrd

3BapHOi TOYKH Ha 3pi3 BUKOHYETHCS 3TiJIHO 3

tabnuuero 8.5.

(4) B Tabmwi 8.5 npuitHATI Taki Mo3HAYCHHS:
Anet — ocnabieHa MIoma MOMEPEYHOro

nepepizy eeMeHTa, 0 3’ €THYEThCS,

Nw — KUIBKICTh 3BapHUX TOYOK B OJTHOMY
3’¢IHaHHI;

t — TOBIIMHA HAWTOHIIOTO e€JeMeHTa abo
nucTa 'y 3’enHaHHi [MM];

t1 — TOBIIMHA HAWTOBILOTO €JIeMEHTa abo
nucTa 'y 3’enHaHHI [MM];

napaMeTpH €1, €2, P1, P2 aus. 8.3(5).
(5) Ilpn  obumcneHHi Hecy4oi 3IaTHOCTI

3BapHUX TOYOK KOE(]IIEHT yM MpHUHMaeThCs
PIBHUM ¥M2.

[pumirka: 3HauenHs  ym2  Moxke  OyTu
HaBEJCHO B HalllOHAJIbHOMY JOJIaTKY.

NOTE:*¥ The National Annex may give
further information on pull-through resistance of
bolts loaded in tension.

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
more than 3,0 mm thick.

(2) Spot welds may be either resistance welded
or fusion welded.

(3) The design resistance Fyrq Of a spot weld
loaded in shear should be determined using
table 8.5.

(4) In table 8.5 the meanings of the symbols
should be taken as follows:

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

Nw is the number of spot welds in one
connection;
t is the thickness of the thinner

connected part or sheet [mm];

t1 is the thickness of the thicker
connected part or sheet [mm];

and the end and edge distances e; and e and
the spacings p1 and p2 are as defined in 8.3(5).

(5) The partial factor ym for calculating the
design resistances of spot welds should be
taken as yma.

NOTE: The National Annex may chose the
value of ym2. The wvalue ym2=125 s

1
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Pexomennyetscs npuiimMaTta ym2 = 1,25.

Ta6aunsa 8.5 — Po3paxyHOK HECy4Oi 31aTHOCTI 3BApHUX TOYOK

Table 8.5: Design resistances for spot welds

recommended.

3BapHi TOUKH pH PoOOTI HA 3CYB:
Spot welds loaded in shear:

Hecyua 31aTHICTE 32 YMOBH 3MHHAHHS 1 PO3PUBY.
Tearing and bearing resistance:

—if t<t1<2,5t:
[TyT t B MM]

Fora= 27 Vet /e [with tin mm]

— SIKIIO t1>25t:
—if t1>25t:
aie

Ford= 27vtdsfu/ w2 but

Hecyua 31aTHICT KpalO €JIEMEHTA.
End resistance: Fera=14teifu/ ym2

Fiora < 0,7 dfu/ ym2 and

Fiora <3,1tdsfu/ ym2

Kinens Tabmmm 8.5.

3BapHi TOYKH Npu podOTi Ha 3CyB:
Spot welds loaded in shear:

Hecyua 31aTHICTE OCIA0IE€HOr0 HEPEPI3Y:
Net section resistance: Fnrd = Anet fu / ym2

Hecvyya 31aTHICTE Ha 3pi3:

Shear resistance: FvRrd =%df ful ym2

YMoBH: abo

Conditions: Fyrd>1,25Fwrd OF  Fyrd 21,25 FeRrd

abo

or

Y FvRrd 2 1,25 FnRrd

Jliana30H 3acTOCYyBAHHSA:
Range of validity:

2dsS81£6ds 3ds£p1£8ds

e2£4ds 3ds£p236ds
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(6) Buyrpimmniin ~ giamerp s

BHU3HA4YaTHUCh TAK:

IIOBUHCH

— IIpu 3BapI-OBaHHi IIPOIJIaBJICHHAM:

ds=05t+5mm

— MpY 3BapIOBaHHI OIIOPOM:

(7) Bnauenns ds 3BapHOi TOYKH, sika Oyna
BUKOHAHA B PEaJIbHUX YMOBaX, MOBHHHE OyTH
MepeBipeHo BUMPOOYBAaHHSM Ha 3pi3 3pa3KiB 3
OJTMHOYHHUM HAITyCKOM, SIK TOKa3aHO Ha pHLC.
8.3, 3a mpaBunamu posniny 9. TommmHa t B
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(6) The interface diameter ds of a spot weld
should be determined from the following:

— for fusion welding:

...(8.33)
— for resistance welding:
[TyT t MMm]
[with t in mm] ...(8.3b)

(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

3pa3Ky TOBHHHA BIAMOBiZATH  TOBIIWHI, the same as that used in practice.
BUKOPHCTaHIi B PEaTbHOCTI.
L L
L - — - = FE"... H ' —
dy ' d dy
I“ 400 mm "I
Aeslstanca wald . Fuslon wald
3BapIOBaHHS 0MOPOM 1 3BaploBaHHs
(KOHTAKTHeE 3BapIOBAHHA) : L Gdy NPOIIABJIEHHAM
1

36d, x o x Bd,

Pucynoxk 8.3 — 3pasku ju1s BUnpoOyBaHb Ha 3pi3 3BapHUX TOUOK

Figure 8.3: Test specimen for shear tests of spot welds

8.5 3BaproBanHsI BHANIYCK

8.5.1 3arajabHi H0JI0KeHHA

(1) Bumorn  1poro - migpo3aily  MMOBHHHI
3aCTOCOBYBATHCh MPU MPOEKTYBaHHI 3’€HaHb
BHAIyCK, [0  BHUKOHYIOTBCS  JyrOBUM

3BaplOBaHHSIM, MpPH TOBIIMHI E€JIEMEHTIB He
oinpmie HiK 4,0 MMm. [l OLIBIIOT TOBIIMHU
BKa3iBKM Ha MPOEKTYBaHHS HaBOIsAThCA B EN
1993-1-8.

(2) Po3mipu  3BapHHMX  [IBIB  TOBUHHI

8.5 Lap welds

8.5.1 General

(1) This clause 8.5 should be used for the
design of arc-welded lap welds where the
parent material is 4,0 mm thick or less. For
thicker parent material, lap welds should be
designed using EN 1993-1-8.

(2) The weld size should be chosen such that
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obupaTucs TakKuMH, 100 MIIHICTh 3’ €THAHHSI
BH3HAUYalIach HE 3BapHUM IIIBOM, & TOBIIUHOIO
€JIEMEHTIB 200 JIMCTIB, IO 3’ €THYIOTHCS.

(3) MosxHa TPUITYCTUTH, IO MPU KaTeTi IIBa
HE MEHIIIC TOBIIMHH €JIEMEHTa a0 JIUCTa, SIKi
3’€HYIOTbCS, BUMOTA (2) BUKOHYETHCSI.

(4) Ilpn  po3paxyHKy 3BapHOTO 3’€JIHAHHS
YHaAIyCK Ha MIIHICTh KOE(IIEHT ¥M MOBUHEH
MPUUMAETUCS PIBHUM ¥ M2.

[pumirka: 3HauenHs  ym2  Moxke  OyTu
HaBeIEHO B HalllOHAJbHOMY JOJATKy.
Pexomennyetnes npuiimMata ym2 = 1,25.

8.5.2 KyToBi mBu 3BapHHX 3’€IHAHb

(1) Po3paxynkoBa Hecyda 37aTHICTh FwRrd
KYTOBOT'O 3BapHOTO 1IBa IOBHHHA
BU3HAYATHCS 328 (HOPMYIIOH0:

— I (1)J'IaHFOBOl"O miBa:

the resistance of the connection is governed by
the thickness of the connected part or sheet,
rather than the weld.

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

(4) The partial factor ym for calculating the
design resistances of lap welds should be taken

as yme.

NOTE: The National Annex may give a choice
of ym2. The value ym2 = 1,25 is recommended.

8.5.2 Fillet welds

(1) The design resistance Fwgrda Of a fillet-
welded connection should be determined from
the following:

— for a side fillet that is one of a pair of side
fillets:

SIKIIIO

Fwrd =t Lwgs (0,9 —-045Lws/Db ) ful Y M2 if Lws<b (848.)
SIKIITO

Furd = 0,45 tb fu / 7wz if Lus>b .(8.4b)

— 7151 1060BOTO (TOPIIEBOTO) I1IBA:

bi (K
b — mmpuHa enemeHta abo JHCTa, IO
3’€IHy€ThCS, IUB. pUcC. 8.4;

Lwe — po3paxyHKOBa JOBKHHA JOOOBOTO
Ba, UB. puc. 8.4;

Lw,s — po3paxyHKOBa JI0BXKUHA (PIIAaHTOBOT'O
11Ba, TUB. puc. 8.4.
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— for an end fillet:

[ moGoBoro 111Ba, SKIIO Lws < b ]
FW,Rd =t LW,e (1 — 0,3 LW,e / b ) fu / ym2

[for one weld and if Lws < b] ...(8.4c)
where:
b is the width of the connected part

or sheet, see figure 8.4;

Lw,e is the effective length of the end
fillet weld, see figure 8.4;

Lw,s is the effective length of a side
fillet weld, see figure 8.4.



np JICTY — H b EN 1993-1-3:20XX

Pucynok 8.4 — 3’eqnanHs yHamyck

Figure 8.4: Fillet welded lap connection

(2) SIxmo  3’emHAaHHS ~ BHKOHYETBCS 32
JOTIOMOTOI0 JI000BUX 1 (DIAaHTOBUX KYTOBHX
IIBIB, HeCy4ya 3JaTHICTh TaKOTO 3’€JHAaHHS
MMOBUHHA BH3HAYATHCS SK CyMa HECY4HUX
3natHocTed 1ux mBiB. [Ipu nbomy HeoOXigHO
BpPaxOBYBaTH TOJOXEHHS LEHTPY TSDKIHHS 1
BiJIMOBIHE PO3MOIITICHHS 3yCUIIb.

(3) EdbextuBHa moBxkuHa Ly KyTOBOrO IIIBa
MOBHHHA NPUHAMATHUCh SK IOBHOPO3MipHA
JIOBXKMHA, BKIIOYAIOUM KIHIEBI YacTKU IIBA.
[Ipu 3abe3neuyeHHi GopMyBaHHS ILIBAa TOBHUM
mepepizoM MO BCi JOBXKHHI IIBa HOTO
epeKTHBHA JIOBXKUHA HE MTOBHHHA
3MEHIIYBaTUCh HI Ha IOYaTKy, HI B KIHII
3BapIOBaHHS.

4)B PO3paxyHKOBHX 3’€THaHHSX
JIOMYCKAIOThCA  KYTOBI IIBH  €(EKTUBHOIO
JIOB>KUHOIO MeEHIIIE HIK 8 TOBIIUH
HAWTOHIIIOTO €TIEMEHTA Y 3’ €THAHHI.

8.5.3 /lyroBe TOYKOBe 3BapIOBAHHA

(1) AyroBe TOYKOBE 3BapIOBAaHHS MOXHA
3aCTOCOBYBATH y 3’ €THAHHSIX, AKi
CHpUEMAaIOTh 3yCHILIS BiJl 3CYBY.

(2) IyroBe TOUYKOBE 3BapIOBAHHS HE MOXE
3aCTOCOBYBATHCh Y 3’ €JHAHHSIX EJIEMEHTIB a00
JHMCTIB, 3arajbHa TOBHOIMHA X't  sKHX
IepeBUILYE 4 MM.

(3) lyroBe TOYKOBE 3BapIOBAaHHS IOBHHHE
MaTH BHYTpIIIHIA JiaMeTp He MEHIle, HIX
10 mm.

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

(3) The effective length Lw 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 should not be designed to
transmit any forces other than in shear.

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

(3) Arc spot welds should have an interface
diameter ds of not less than 10 mm.
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(4) B 3’eqHaHHsAX 3 TOBIIMHOIO ejeMeHTa abo
gucTta MeHmMM, HiDK 0,7 MM HeoOXimgHO
3aCTOCOBYBATH TaK 3BaHy 3BapHY lL1aii0y, JUB.
puc.8.5.

(5) Bincrans Bix Micist TOYKOBOTO
3BapIOBaHHS /10 KIHIA 1 Kparo JIMCTa MOBUHHA
PUEMATHCh TaK:

(i) MiniManpbHa BiJICTaHb B3JOBXK 3yCHILISA
3pi3y BiA IEHTPY 3BapHOi TOYKH [0
HaMOJIMKYOTro Kparo MPUIIETIIol 3BapHOT TOUKH
a00 10 KiHLA eJeMeHTa, 10 3 €IHAHYEThCS, 1
70 SIKOTO TPHKJIa/IeHe 3yCHIUIS, TOBUHHA OyTH
HE MEHIIE BEJINYUHU Emin, SIKA BU3HAYAETHCS:

(4) If the connected part or sheet is less than
0,7 mm thick, a weld 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 parallel to
the direction of force transfer, from the
centreline of an arc spot weld to the nearest
edge of an adjacent weld or to the end of the
connected part towards which the force is
directed, should not be less than the value of
emin given by the following:

npu if
fu/fy<1,15:
F
e, =18—23_
tf /7ma
npu if
fu/fy>1,15:
F
e, =21—2
tfu /yMZ

(if) MinimasbHa BiJICTaHb BiJl LIEHTPY KPYTJIO1
3BapHOi TOUKHU JI0 KPalo €JIeMEHTa y 3’ €JHaHHI
B Oy/b-KOMY HaIpsIMKY i1 3yCUJUIS TOBUHHA
Ooytu He MeHm HiX 1,50w me dw — BUAMMHUIL
JlaMeTp 3BapHOi TOUKH.

(iii) MinimanpHa  BifICTaHb MDK  KpasMu
OBaJIbHOI 3BAPHOI TOYKU 1 JIUCTa B Oy/Ib-IKOMY
HampsIMKy A1l 3ycWJuls MOBUHHO OyTH He
MeHr, Hixk 1,0dw

EsemeHT 200 JuCT, 110 IPUEAHYETHCS
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(it) The minimum distance from the centreline
of a circular arc spot weld to the end or edge
of the connected sheet should not be less than
1,5dw where dw is the 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 less than 1,0 dw.



Connected
part
or ahpat
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3BapHa maiidoa
Wald waghar

Supporting
member

Pucynok 8.5 — J[yroBe ToukoBe 3BaploBaHHS 31 3BapHOIO MIaii0010

Figure 8.5: Arc spot weld with weld washer

(6) Po3paxyHkoBa Hecyd4a 37aTHICTb 3a 3pi30M
Fw,rd Kpyrii0i 3BapHOi TOUKM BHU3HAYAETHCS 32
hopmyoro:

(6) The design shear resistance Fwgrd Of a
circular arc spot weld should be determined as
follows:

Fore = (m/4)d2 x0,625 f,, /yu» ...(8.5a)
ne: where:
fuv — TuMuacoBumii omip Marepiany fuw IS the ultimate tensile strength of the

3BAPIOBAJILHOTO CJICKTPOAA,

FwRrd HE TOBMHHA TEPEBUIYBaTH BEIWYHH,
1110 HaBEIEH] HIKYE:

welding electrodes;

but Fwrd should not be taken as more than the
resistance given by the following:

— SIKIIIO —if
dp /= t<18 (420 / f,) O°:
Fwra=15dp Ztfu/ ym2 ...(8.5h)
— SIKIIIO —if
18 (420 /fy) ®5 < dp / = t < 30 (420 / fy) °°:
Fw,rd = 27 (420 /,) %% (Z t) 2 fu/ yme2 ...(8.5¢c)
— SIKILIO —if
dp / 2 t>30 (420 / fu) °°:
Fwri=09dp X tfu/ ym2 ...(8.5d)

TyT Op mpuitmMaeThbes 3rinHo 3 (8).

(7) Buytpimniii miamerp Os 3BapHOi TOYKH,

with dp according to (8).

(7) The interface diameter ds of an arc spot
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JIMB. pHC. 8.6, BA3HAYAETHCS TaK: weld, see figure 8.6, should be obtained from:
ajic
ds = 0,7dw — 1,5 >t but ds > 0,55 dw (86)
ze: where:
dw — BuAMMUI AiaMeTp 3BapHOI TOUKH, JMB. dw is the visible diameter of the arc spot
puc. 8.6. weld, see figure 8.6.
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a) 3’eqHanns oxHoro ymcta (X t=t)
a) Single connected sheet

tw"}_
1

-

b) 3’ennanns ABoX JUCTIB (X t=11+ 1)
b) Two connected sheets
Pucynok 8.6 — JlyroBe TOuKOBE 3BapIOBaHH

Figure 8.6: Arc spot welds
Kinens pucynky 8.6.

Weald washer

*t

C) 3’eqHaHHS OJHOTO JIUCTA 3 TOMTOMOTO0 3BapHOT IIaion
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c) Single connected sheet with weld washer

(8) EdbextuBHmii  30BHIimHIA  giamerp  dp (8) The effective peripheral diameter d, of an
3BapHOT TOYKU BU3HAYAETHCS TaK: arc spot weld should be obtained as follows:
—mnpu  3’€HAaHHI OAHOrO JucTta abo —for a single connected sheet or part of
€JIEMEHTA TOBUIAHOIO 1 thickness t:
dp = dw—t (878.)
—mnpd  3’€AHAHHI  JEKUIBKOX  JIUCTIB — for multiple connected sheets or parts of
3arajbHOIO0 TOBIIMHOKO X 1 total thickness X t:
dp=dw—22Xt ..(8.7b)
(9) PozpaxynkoBa Hecyda 37aTHICTh FwRrd (9) The design shear resistance Fwrd Of an
3BapHOI TOYKH OBAJIbHOI (hOPMH BH3HAYATHUCS elongated arc spot weld should be determined
3a (hOpMYJIOIO: from:

Foore = |(1/4)dZ +L,,d, ] x0,625f,, /7., ...(8.84)
ame Fwrd He TIOBUHHE MEPEBHIYBATH but Fw,rda should not be taken as more than the
BEJIMYMHHM, BU3HAYEHOT 32 (hOPMYJIOIO: peripheral resistance given by:

FW,Rd = (0,5 Lw + 1,67 dp) > tfu / Y M2 (88b)
ae: where:
Lw — JOBXXHMHA OBaJIbHOI 3BAPHOI TOYKH, SIKQ Lw is the length of the elongated arc spot
HaBeJIcHa Ha puc. 8.7. weld, measured as shown in figure 8.7.

EsemeHT 200 JuCT, 110 IPUEAHYETHCS

Connectad
part
ar shaat

OCHOBHHUH eJIeMeHT
Supparting mamber
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Pucynoxk 8.7 — Jlyrosa Touka 3BaproBaHHS OBaJIbHOI (hOpMHU

Figure 8.7: Elongated arc spot weld

9 PO3PAXYHOK 3A PE3YJIbTATAMHU
BUITPOBYBAHDb

(1) Le#t po3mia MOKIMBHN /11 BAKOPHCTAHHS
y pa3i 3aCTOCYBaHHS INMPHHIUIIB PO3PaxXyHKY
3a pe3yiabTaTaMu BUMIPOOYBaHb, SIKI BUKJIAJACHI
B EN 1990 Ta EN 1993-1-1(2.5), 3
JOJJATKOBUMHU BUMOTaMHU, crielu(pigHuMu st
X0JIOAHO(POPMOBAHUX €JIEMCHTIB 1
pOoQIIHCTIB.

(2) BunpoOyBaHHs TIOBUHHI POBOJMTHUCS 32
pErJIaMeHTOoM, 110 HABEACHHI B TOAATKY A.

Mpumitka 1: [Hpopmamnis momo BUMIPOOYBaHB
MOk OyTH HaBeJCHA B HAI[IOHAJBLHOMY IOJATKY,
SIK JOTIOBHEHHS JI0 TOJATKY A.

MpumiTtka 2: B gogatky A BUKIQJCHO
MOPSIIOK JIii B MPOLIECi:

— BUNpoOyBaHHS TPOQIHCTIB 1 KaceTHUX
npodinis;

— BUNPOOYBaHHS
€JIEMEHTIB;

X0JI0AHO(OPMOBAHUX

— BUNpoOyBaHHs (parMeHTiB i KOHCTPYKIH B
ijgoMmy;

— BANPOOYBaHHS Oasoxk, 3aKpITUIEHUX
HACTHJIOM BiJ] CKpy4yBaHHS,

— 00poOKHM  pe3ysbTaTiB  BUIPOOYBaHb  JIJIs
BU3HAYCHHS PO3PAXyHKOBHX BEJIUYUMH.

(3) BumpoOyBanHsi craii Ha pO3TSIT MOBHHHI
npoBoautuchk 3rimHo 3 EN 10002-1. Inmii
BJIACTMBOCTI CTaJli MOBHHHI BHM3HAYaTUCh Y
BIJIMOBIAHOCTI 3 AIFOYMMH €BPOCTaHIAPTaAMHU.

(4) BunpoOyBanHss MeTBHPOOIB 1 3’€IHAHb
MMOBUHHO MPOBOAMTHUCH Y BIAMOBITHOCTI €BPO-
ab0o IHTEpHAI[IOHAJBHOTO CTaHAAPTY, SKIi
JUIOTE.

Ipumirka: HeoOxigny iHdopmanito momo
BUIIPOOYBaHb METBUPOOIB BIANOBIIHO 10 €BPO-
abo iHTEpHALIOHATBHOTO CTAaHAAPTy MOKHA
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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 members and sheeting.

(2) Testing should apply the principles given
in Annex A.

NOTE 1: The National Annex may give further
information on testing in addition to Annex A.

NOTE 2: Annex A  gives  standardised
procedures for:

— 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 results to determine design
values.

(3) Tensile 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, information on
testing procedures for fasteners may be obtained



OTpUMATH 13:

ECCS [TyGnikamis Ne 21 (1983):
€Bporneichki peKOMEHIAIlli CTOCOBHO CTaJeBHX
KOHCTPYKLiH: pO3paxyHKH 1 BUIPOOYBaHHA
3’€IHaHb CTAJICBUX JIUCTIB i MPOQIIHCTIB,

ECCS [IlyGmikamiss Ne 42 (1983):
€BpoOIeNCchKI PEKOMEH/AIlT CTOCOBHO CTaJeBUX
KOHCTPYKITiH: METBUPOO1 TSI KPITUIEHHS CTaJeBUX
JIACTIB 1 TPOQIIACTIB.

10 CHELIAJIBHI ITPABHJIA JJIA
IMPOI'OHIB, KACETHHUMX IIPO®LIIIB
TA TPODJIUCTIB

10.1 baaku po3kpinieHi HACTHJIOM

10.1.1 3arajabHi moJ10:KeHHA

(1) Buxnazgeni B 10.1 BuMOrum MOXyTh OyTH
3acTocoBaHi Ui 6anok (B IIbOMY pO3IiT —
nporoun i3 Z-, C-, 2~ U-, Q- nomxiOHMX
npodini, y skux h/t<233 i ¢/t<20 npu
onuHapHoMmy Bimrmai i d/t<20 npwm
MOJIBIHHOMY KpailoBOMY BiATHHI.

Ipumitka: Ypasi nepeBipku BUTpoOyBaHHIM
MOXJUBI iHOI oOMekeHHs. [Hdopmariis 1070
BHITPOOYBaHb MOXe Oyt HaJaHa B
HalllOHaJIbHOMY nofiaTKy. CraHmapTHi crocoOu
BUIPOOYBaHb PEKOMEHIOBaHI B JJOAATKY A.

(2) HaBezeHi TyT BUMOTH 3aCTOCOBYIOTHCS ISt
HEpO3pi3HUX, O0’€HAHUX BHAIyCK abo
HakjaakamMu Oalok, 110 pO3KpIIUIEHI B
TUIOUIMHI 3TUHY.

(3) HaBeneni TyT BHMOTH MOXKYTh TaKOX
3aCTOCOBYIOTBCh UIA  XOJOAHO(POPMOBAHUX
eJIeMeHTIB  (haxBepKy, OaJloK TMEpPEeKpUTTIB
IHIUX TOMIOHMX THMIB Oalok, $Ki, 5K
MIPABUJIO, PO3KPIMJICHI HACTUIIOM.

(4) Enementu QaxBepKy po3paxOBYIOTbCS Ha
TUCK 1 BII'€MHY [0 BITPY aHaJOTi4yHO
po3paxyHKy  TIPOTOHIB  Ha  BIJMOBIIHI
HaBaHTaXXECHHS.

(5) [ToBHe  HemepepBHE  PO3KPIMUICHHS 3
IUIOIIMHU ~ 3THHY  MOXE  CTBOPIOBaTHUCSA
CTaJIeBUM  HACTWJIOM 3  TpareuieBiTHUMU
ro¢pamu, a0o IHIIMMHU TPO(YIUCTAMHU KIHIEBOT
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from:

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

ECCS Publication No. 42 (1983): European
recommendations  for  steel  construction:
mechanical fasteners for use in steel sheeting and
sections.

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 purlins in this
Section) of Z, C, 2, U and Hat cross-section
with h/t<233, ¢/t<20 for single fold and
d /t <20 for double edge fold.

NOTE: Other limits are possible if verified by
tersting. The National 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 also be applied to
cold-formed members used as side rails, floor
beams and other similar types of beam that are
similarly restrained by sheeting.

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

(5) Full continuous lateral restraint may be
supplied by trapezoidal steel sheeting or other
profiled steel sheeting with sufficient stiffness,
continuously connected to the flange of the
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YKOPCTKOCTI, SIK1 yepe3 HUKHI MOJHUIll HACTHITY
3’€IHYIOTBbCSA 3 TOJMIEI Tporony. IIpori,
PO3KPIIUICHWA HACTHJIOM 3 TparelieBiIHUMH
roppamMy, MOXHA BBaXKATH PO3KPIIJICHUM i3
IUIOUIMHU TPU BHUKOHAHHI TakKOXX BHUMOTHU
10.1.1(6). B iammx Bumankax (HAMPHUKIAI,
MIPU KPITUICHHI HACTHITY Yepe3 BEPXHi TOJIHIII)
CTYMIHb 3aKpIIUIEHHS TOBMHHA 3aCHOBYBATUCH
abo Ha JIOCBI, abo BU3HAYATHUCh
BUIIPOOYBaHHSIM.

[pumiTka: BkasiBku 1mog0 BUnpoOyBaHb JTUB.
JIOJTaTOK A.

(6) Y pasi, gxmo mnpu 3’€IHAHHI HACTHIY 3
TpaneuieBUAHUMH ToppaMH 3  TIPOrOHOM
yMOBa 3a PIBHSHHSIIM (10.1a)
3a7I0BOJIBHSAETHCS, MOJKHA BBA)KATH, 110 TaKUH
MPOTiH PO3KPITUICHUH B TUIOIIMHI HACTHITY:

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 validated 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 (10.1a) is met, the purlin at the
connection may be regarded as being laterally
restrained in the plane of the sheeting:

>[e1, % v o1, +E1, 0252 | 70
S> WF+GI+ Z?O, 5 F (1013)
ne where
S — w4yactka 3CYBHOI JKOPCTKOCTi, IO S is the portion of the shear stiffness

3a0e31euyeThCsl HACTMIIOM JUIsL  €JIEMEHTa,
SIKUN pO3IIIAJAEThCS, IPU 3 €HAHHI B KOXKHIN
XBWJI HacTuiLy (y pasi KpilJIeHHs HaCTHITy 10
NPOTOHY 4Yepe3 XBWIIO 3aMicTh S Tpeba
npuiimatu 0,20 S);

lw — cekropiaibHMH MOMEHT iHepuii
MIPOTOHY;

It — MOMEHT 1HepIii IPOrOHY NPH BIILHOMY
KpYTiHHI;

I — MOMEHT iHepIIil monepeyHoro nepepizy
MIPOTOHY BIJTHOCHO JPYTOPSITHOIT TOJIOBHOT OCI;

L — mpoaboT mporoxys;
h — Bucora mporony.

Ipumitka 1: ®opmyna (10.1a) MOXe
3aCTOCOBYBATHCh JUIS OIIIHKH CTIMKOCTI IOSCIB
0aJIOK i3 IUIONIMHY Y MTOEHAHHI 3 IHITMMH TUTIAMHU
HAaCTWIIB IpH OOIPYHTYBaHHI iX 3’€IHaHHA
BIJIMOBITHUM PO3PaXyHKOM.

Ipumitka 2: 3cyBHAa KOPCTKICTH S MOXKE
BU3HauaTHCh 3a pekomeHmarismu ECCS (nus.
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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 substituted
by 0,20 S);

lw isthe warping constant of the purlin;

It is the torsion constant of the purlin;

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

L is the span of the purlin;
h is the height of the purlin.

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

NOTE 2: The shear stiffnress S may be
calculated using ECCS guidance (see Note in 9(4))



puUMITKY 9(4)) ab0 BU3HAYATHCH BUIIPOOYBAHHSIM.

(7) SIkmo  pe3ynbTaTH  BHIPOOYBaHb  HE
HOiATBEPIXKYIOTh  ©(EKTUBHICTH  OMOPHHUX
3aKpIIUIeHb, TO MPOTIH HAa ONOpax I[OBUHCH
MaTH [OeTajl, SKI BHKIIOYAIOTh MOYKIHUBICTD
HOro KpyTiHHS 1 OOKOBOT'O TOPHU30HTAJIBLHOTO
3MillleHHd. BmiauB 3ycuib, Mo JilOTH B
IUTOIIMHI HACTWIIY 1 TEpeAaroThCs Ha OMOpH
IPOTrOHY, HEOOXiHO BPaxOBYBaTH NpHU
MPOCKTYBaHH1 OMIOPHUX KPIIJICHb.

(8) PoboTa mporony, sSIKHii PO3KpPIIICHHN i3
TUTOIIMHU 3TUHY, MOBHHHA Oytu
3MojieaboBana 3rigHo 3 puc. 10.1. 3’eqHanHs
MIPOTOHY 1 HACTUITY MOXeE JIOITYCKaTH YaCTKOBE
3aKpilJIeHHS TPOTOHY BiA KpyTiHHA. Take
3aKpIIUIGHHS Bil KpPYTIHHA MOXe OyTu
300paX€HO 'y BHUIUIAAI KYyTOBOI B’A31 3
xopcrkictio Cp. HampyxkeHHs y BUIBHOMY
nosici, ©Oe3mocepenHbO HE 3 €IHAHOMY 3
HACTHUJIOM, TIOBHHHI  PO3pPaxOBYBaTHCh 3
ypaxyBaHHAM BIUIUBY 3TUHY B poOouiit
TUIONIMHI 1 KPYTiHHS, ajie BUKJIFOYAIOYH 3THH 13
IUIOUIMHU BiJl BUKPHUBJICHHA IONEPEUYHOTO
nepepizy. KpimjeHHs nporony BiJ MOBOPOTY,
o 3a0e3MevyyeThCsl HACTUIOM, HEOOXiTHO
BH3HayaTH 3rigHo 3 10.1.5.

(9) lnst  0qHOMIPONIBOTHOTO MPOTOHY y pasi
CTHUCHEHHs BUIBHOIO ToOfca  MiAHOMHUM
HAaBaHTa)XXCHHSM (Bi’€MHa [l BITPY) IpHU
pO3paxyHKy HEoOXiTHO BpaxoBYyBaTH
MIJBUIIECHHS HaNpYyKEeHHS BiJ KPYTIHHA 1
BUKPHUBIICHHS.

(10) 3cyBHa KOPCTKICTh HACTHIY 3
TpaneuieBUIHUMU roppaMu Mpu 3’€JHaHHI 3
IPOrOHOM B KOXHIA XBWJI, a TakKoX
3’€IHAHOTO 3 KOXXHOI CTOPOHW HAIYCKY,
BU3HAYA€THCS TaK:

$ =1000 vt* (50+103/b,, )hi

w

ne t — po3paxyHKOBa TOBIIMHA HACTHITY, Droof —
IIMPHUHA TOKPUTTS, S — KPOK INPOTOHIB, hw —
BHUCOTa TO(QPIB HACTUIY. YCI pO3MIPU B MM.
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or determined by tests.

(7) Unless alternative 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 partial torsional
restraint may be represented by a rotational
spring with a spring stiffness Cp. The stresses
in the free flange, not directly connected to the
sheeting, should then be calculated by
superposing the effects of in-plane bending
and the effects of torsion, including lateral
bending due to cross-sectional distortion. The
rotational restraint given by the sheeting
should be determined following 10.1.5.

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

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

tTa broof B MM

t and Droof IN MM ...(10.1b)

where t is the design thickness of sheeting,
broof 1S the width of the roof, s is the distance
between the purlins and hy is the profile depth

1.
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JIyst HaCTHITIB 3 KaCEeTHUMHM MPODUIIMH 3CyBHA
KOPCTKICTh € Sy TIOMHOXKEHa Ha KpPOK
MPOTOHIB, J€ Sy BHU3HAYAETHCSA 3TIAHO 3
10.3.5(6).

10.1.2 MeToau po3paxyHKy

(1) TIlpm BuUKOHaHHI  poO3paxyHKy  3a
HeZAe(OPMOBAHOIO  CXEMOIO, JUIS  OI[iHKHU
TEHJCHIII MI0JJ0 TOPU30HTAIBHOIO 3MIIICHHS
BUTBHOTO Tmosica (0  TPHU3BOJAUTH 1O
MOSIBJICHHST ~ JIOJIATKOBOTO  HAIPY)KEHHS),
MMOBUHEH BUKOPHCTOBYBATHCH METOI,
Haeenennii B 10.1.3 1 10.1.4, npu nwpomy
NPOTiH PO3TISAAEThCA K Oanka, Ha SKy Ji€
OOKOBE HaBaHTaXX€HHS (h,ed, 1UB. puc. 10.1.

(2) Ipu  3acrocyBaHHI BKa3aHOIO METOAY
KyTOBa B’SI3b 3aMIHIOETbCSI HA EKBIBAJEHTHY
KyToBy B’s3p 3 xopcTkictio K. Ilpu
BU3Ha4YeHHI K MOBMHEH BPaxOBYBAaTHChH BILIUB
BUKPHUBIJIEHHS HonepeyHoro mnepepisy. s
[BOTO BUTBHUI TOSIC MOXXE PO3TISAAATUCH SIK
CTUCHYTMH  €JeMEHT 3  HENepepBHOIO
TOPHU30HTAIBEHOIO IPY>KHO-ITOIATIINBOIO
omoporo kopcTtkicTio K, Ha skuil 1ie
HEpiBHOMIpHA OChOBA CHJIA.

(3) [Mpu cTHCHEHHI BITLHOTO TMOSICY MPH 3TUHI
B OCHOBHIN IUIOUIMHI (HAmpuKIaA, mpu il
M1IIIOMHOTO HABAHTAXKECHHS ) HEeOoOX1IHO
BUKOHYBAaTH TMEPEBIPOYHUI pO3PAXyHOK Ha
MOXKJIUBICTh ~ BTpaTHM WOro CTIMKOCTI 13
TUIOLIMHY 3THUHY.

(4) Ans Oinbll TOYHOTO PO3PAXYHKY MOXKE
OyTH BUKOPHCTAHUN YMCEIbHUN METOH, NpHU
LIbOMY 3HaU€HHS KOPCTKOCTI KyToBoi B 5131 Cp
npuiiMaiots 3rigHo 3 10.1.5.2. OpHowacHO
MOBUHHO  OyTHM  3pOo0JI€HO  NPUIYIIEHHS
BITHOCHO TI0YaTKOBOTO 3THHY (€9) BIILHOTO
nosicy, BuzHaueHoro B 5.3. Llg mouarkoBa
HEJOCKOHANICTh IOBMHHA OyTH cyMmicHa 3
MOKJIMBOIO (hOPMOIO BTpPATH CTIMKOCTi, IIO
BU3HAYAETHCS BEKTOPOM BJIACHUX 3HAYCHB,
OTPUMaHUM IIPH PO3paxyHKY Ha CTIMKICTH 3a
TEOPI€I0 MEPIIOTo NOPSAKY B MPYXKHIHN cTali.

(5) YncenbHuit  MeTon ~ pO3paxyHKy 3
BUKOPUCTaHHSAM >KOPCTKOCTI KyToBOi B’s131 Cp,
mo otpumana i3 10.1.5.2, moxxe TaKox
3aCTOCOBYBAaTUCb 1  HpU  BIACYTHOCTI
3aKpITJICHHS TOSACY 13 TUIOMIMHU a0o0, SKIIO
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of sheeting. All dimensions are given in mm.
For liner trays the shear stiffness is Sy times
distance between purlins, where Sy is
calculated according to 10.3.5(6).

10.1.2 Calculation methods

(1) Unless a second order analysis is carried
out, the method given in 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 a lateral load gn e, See figure 10.1.

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

(3) If the free flange of a purlin is in
compression due to in-plane bending (for
example, due to uplift loading in a single span
purlin), the resistance of the free flange to
lateral buckling should also be verified.

(4) For a more precise calculation, a numerical
analysis should be carried out, using values of
the rotational spring stiffness Cp obtained
from 10.1.5.2. Allowance should be made for
the effects of an initial bow imperfection of
(eo) in the free flange, defined as in 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 analysis is carried out, it should



KpuTepii e(pEeKTUBHOCTI PO3KPIIJICHHS HE
3’sicoBano. IIpu 3acTocyBaHHI YHCETBHOTO
METOAY HEOOXiTHO BPaxOBYBAaTH 3TUH y JIBOX
IUTOIIMHAX, KPYTUJIbHY >XOpCTKicTh 3a CeH-
Benanom 1 JKOpCTKICTh JACTUIaHAIil BIAHOCHO
BU3HAYEHOI OC1 KPYTiHHSI.

(6) Ipu BUKOHAHHI PO3paxyHKy 3a
nehopMOBaHOKO CXEMOI0 MOBHHHI
BpaxoBYBaTHCh  €(QEKTHBHI  mepepism 1
KOPCTKICTh 3 ypaxyBaHHSIM BTPAaTH MICIICBOI
CTIMKOCTI.

Ipumirka: CnpouieHuii po3paxyHOK MPOTOHIB
C-, Z-, Z- mnonioHoi ¢dopMu miepepidy IuB.
nonatok E.

ks

['pasBiTariiine HaBaHTa>KEHHS
Gravity loading
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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 analysis is carried out,
effective sections and stiffness, due to local
buckling, should be taken into account.

NOTE: For a simplified design of purlins made
of C-, Z- and X- cross sections see Annex E.

L f

[TigiioMHE HaBaHTAKEHHS
Uplift loading

a) Z i C- moxiOHi nepepi3u MPOroHiB, BEPXHiil MOSIC SIKKX 3’ €THAHHMI 3 HACTUIIOM
a) Z and C section purlin with upper flange connected to sheeting

Pucynoxk 10.1 — MoaentoBaHHs pO3KpIIJIEHHS IPOTOHIB HACTHIIOM BiJ KPYTIHHS 13 TUIOIIMHU

Figure 10.1: Modelling laterally braced purlins rotationally restrained by sheeting

Kinens pucynky 10.1.
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14t

=> +

3rvH B IUTONIMHI KpyTinHs 1 3TUH 3 TUIOMHA
In-plane bending Torsion and lateral bending

b) 3aranpha gedopmariis, 1m0 MO/iICHA HA Bl YaCTUHU
b) Total deformation split into two parts

—

C) Monenb porox O3KPIIJIEHOrO 13 IINIOINMHH KYyTOBOIO B’ 13310 3 sxopcTKicTio Cp 10 YTBOPIOETHCA
5 5

HaCTHJIOM

c¢) Model purlin as laterally braced with rotationally spring restraint Cp from sheeting

K Geq

LA I I P il bbb ddddedsiidy

e, bnrrrd

d) Jlns copoliueHHs po3paxyHKiB
3aMiHHA KyTOBO1 B 131
xopctkictio  Cp Ha  JiHIAHY
B’513b JKOpcTKicTIO K

d As a simplification

replace the rotational spring
Cpo by a lateral spring stiffness K

10.1.3 Po3paxyHkoBi kpuTepii

e) Free flange of purlin modelled as beam on elastic
foundation. Model representing effect of torsion and lateral
bending (including cross section distortion) on single span
with uplift loading

e) BinpHuit mosic TMPOroHy, 3MONENILOBAHUH sK Oanka Ha
npyxHiii ocHoBi. Mojens 300paxkye epeKkT Bii KPYTiHHS i
3TUHY 13 TUTOIUHE (BKJIFOYAIOYH BHKPHUBIICHHS ITOTIEPEYHOTO
nepepisy) A OJHO MPOJIBOTHOTO MPOTrOHY MpPH MiTHOMHOMY
HaBaHTa)XEHH1

10.1.3 Design criteria

10.1.3.1 OxHoNpoJILOTHI MPOTOHH 10.1.3.1 Single span purlins
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(1) Mix  rpaBiTamiiHUM  HaBaHTaKEHHSIM
OTHOIIPOJBOTHUNA  TPOTIH 32  HECY4Olo
3ATHICTIO TIONEPEYHOTO TIepepidy MOBUHECH
3aJJ0BOJIbHATH Kputepii, HaBeneHi B 10.1.4.1, a
3a CTIMKICTIO BUIBHOTO TIOSICY — KpHUTEPIi,
nasezeni B 10.1.4.2.

(2) Mix T IHOMHUM HaBaHTAXECHHIM
OJTHOTIPOJILOTHUM ~ MPOTIH 32  HECYYOr0
3JIaTHICTIO TIOMEPEYHOTO Tepepi3y MOBUHEH
3a/10BOJILHATH Kputepii, HaBeneni B 10.1.4.1 1
3a CTIHKICTIO BIIBHOTO TOSCY — KpHTEpii,
"aseneni B 10.1.4.2.

10.1.3.2 baraTonpoJiboTHi Hepo3pi3Hi
NPOrOHHU npu rpasitauiiiHomy
HABAHTAKEHHI

(1) B nporoHi, sikuii € Hi3UIHO HEPO3PI3HUM B
IBOX a0o0 Oinblie MpojboTax 0e3 CTUKYBaHHS
BHalmycK a00 Ha HaKJIaJKaX, MOMEHTH IpH
rpaBiTalliiHOMY  HABaHTaXEHHI  MOXYTh
BH3HAYATUCS PO3PaXyHKOM ab0 Ha IMiaCcTaBi
pe3yNbTaTiB BUIIPOOYBaHb.

(2) BusHaueHHS MOMEHTIB 3iMCHIOETHCS Ha
MiZCTaBl 3arajbHOTO PO3PaxXyHKY B MPYKHIN
cramii. [Iporin  moBUHEH BIAMIOBIAATH
KpUTEPIiIO 3a HECYYO0I10 3/1aTHICTIO
MOTIEPEYHOro  Mepepidy, HaBeACHOMY B
10.1.4.1. lna MOMEHTY Ha MPOMDKHINA OmHOpi
MOBUHEH  3aJIOBOJILHATHCS  KpUTepid  3a
CTIMKICTIO BUIBHOTO TIOSICY, HaBEICHUH B
10.1.4.2. Ha cepeaniii omopi MOBHMHHA
3/IIACHIOBAaTUCh TE€peBipKa Ha CYMICHY it0
3TMHAJIBHOIO MOMEHTY 1 OMOPHOI peakuii (mpu
HEPO3KPIIUICHHI CTIHKU Bijl BTPaTH CTIHKOCTI),
a TaKOX 3TUHAIBFHOTO MOMEHTY 1 MOIMEPEeYHOl
CHJIM, IO 3aleXaThb BiJA BHUNAIKY, SKUN
PO3TISIIAETHCA.

(3) AnbTepHaTHBHO MOMEHTH MOXYTh OYyTH
BU3Ha4YeHI 3a pe3yibTaTaMd BHUIPOOYBaHb
BIAMOBIIHO A0 po3auty 9 1 gomatky A.S5 mpu
CKpY4yBaHHI IIPOroHa Ha MPOMIXKHII omopi.

pumitka: Metoanka BIJITOBIAHUX

BHIPOOYBaHb HAaBEICHA B TOJATKY A.

(4) Po3paxyHkoBe TpaHUYHE 3HAYCHHS
OMOPHOTO MOMEHTY MsypRd Bl TIOFOHHOTO
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(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
axial compression, it should also satisfy the
criteria for stability of the free flange given in
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 criteria for
stability of the free flange given in 10.1.4.2.

10.1.3.2 Two-spans continuous purlins with
gravity load

(1) The moments due to gravity loading in a
purlin that is physically continuous over two
spans without overlaps or sleeves, may either
be obtained by calculation or based on the
results of tests.

(2) If the moments are calculated they should
be determined using elastic global analysis.
The purlin should satisfy the criteria for cross-
section resistance given in 10.1.4.1. For the
moment at the internal 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 also 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 Msup,ra for a given value of the
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HABaHTa)XCHHS (Jed BU3HAYAETHCS HA TMEPETUHI
JIBOX KpUBUX, 10 XapaKTepU3yroTh
PO3PaxXyHKOB1 3HAUEHHS:

— 3aJIE)KHOCTI  MOBOPOTY BiJl OIIOPHOTO
MOMEHTY, 1[0 OTPUMaHUI Mpu BUNPOOyBaHHI
3TiJIHO 3 po3aAiioM 9 1 mogatkom A.5;

— TEOPETUYHOTO  CITIBBIJHOIICHHS  MIXK
OTIOPHAM MOMEHTOM MsypEd 1 BIATIOBITHUM
MMOBOPOTOM ¢)ed B IUIACTUYHOMY IIApHIpPi
MIPOTOHY Ha OTIOPI.

Hns OCTaTOYHOTO BU3HAYEHHS
PO3PaxXyHKOBOTO 3HAYEHHS OTIOPHOTO
MOMEHTY Msup,ed TOBUHHO OYyTH BpaxoBaHUM
BIUIUB TOPU3OHTAIBHOTO HABAHTAXXEHHS Ha
BUIbHHI TOsIC 1/a00 BTpaTH CTIHKOCTI I[HOTO
MOSICY B 30HI CEPEIHBOI OMOPH, 10 YaCTKOBO
BPaxOBYETbCSA Ha MPOMDKHIM oOmopi mpu
BunpoOyBaHHsax 3rizHo 3 Ab.2.  Sxmo
BUILHUH mosic Ha omopi €  (i3uvHO
HEpPO3pI3HMM, a BIJICTaHb BIJ ONOPHU JIO
HAOMIKYOro  PO3KPIUICHHS 13  IUIOLIMHH
oinpme HibK 0,55, Hecyya 3HaTHICTH Ha
cepeqHill omopi TMOBHHHA BH3HAYATUCH 3
ypaxyBaHHsIM OOKOBOT'O HaBaHTAXEHHS (h Ed
srirzno 3 10.1.4.2. AnbpTepHaTUBHO s
BU3HAYCHHS BIUTUBY MIOTIEPEYHOTO
HaBaHTAaXXEHHs Ha BUIBHUHU Mosic 1/ab0 BTpaTu
CTIHKOCTI IILOTO TOSICY OLIs1 CepeAHbOI OMOPH
MOXYTh 3aCTOCOBYBAaTHUCh HaATYypHIi
BUINIPOOYBaHHs 0araTonpoIbOTHUX MPOTOHIB.

(5) MomenTH B MPOJIHOTI MTOBUHHI
BU3HAYATUCS B 3QJICKHOCTI BiJl BEJIWYHHU
OIOPHOTO MOMEHTY.

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 Msyped and the corresponding
plastic hinge rotation ¢eq in the purlin over the
support.

To determine the final design value of the
support moment Msyped 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. If the free
flange is physically continued at the support
and if the distance between the support and the
nearest anti-sag bar is larger than 0,5s, the
lateral load gneq 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
midsupport.

(5) The span moments should then be
calculated from the value of the support
moment.

(6) Inmst  mporoHy 3 JBOMa  PIBHUMH (6) The following expressions may be used for
POJILOTAMH MOXHa  BHKOPUCTOBYBaTH a purlin with two equal spans:
dbopmymu:
L
bes = 1oy ool ~8Mupes] (1029
(qu L? -2M, Ed)2
M gnes = e ...(10.2b)
80yl
ae: where:
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lesf — ™MoOMeHT iHepmii e]eKTUBHOTO
nepepizy it MOMEHTY Mspn ed;

L — nponbor;

Mspned — MakcUMaJIbHUII MOMEHT B
MPOJIbOTI.

(7) Ans  mporoHiB 3  ABOMAa  PI3HUMH
OpoNbOTaMd 1 TpU  HEPIBHOMIPHOMY
HaBaHTQXXCHHI  (HANPHKIIAZ, HAKOIMUYCHHS
CHITY) Ta JJIA 1HIIUX MOMIOHUX BUMAJKIB, SKi
noTpeOyIOTh  BIAMOBIAHUX  PO3paxyHKIB,
dopmymu (10.2a) i (10.2b) € nmpubmuzHUMHU 1
HE MOXYTb OyTH 3aCTOCOBaHI.

(8) MakcumanpHHMii  HPOJBLOTHHH  MOMEHT
MIOBHHEH 33/I0BOJILHATH KPHUTEPiil 32 HECYUOIO
3MATHICTIO  IONEPEYHOro  mepepizy, 1o
HaBenenuii B 10.1.4.1.  AnprepHaTHBHO
BEJINYMHA TPAaHUYHOTO MPOJIHOTHOTO MOMEHTY
Mspned Moke OyTu  BHU3HAu€Ha  4depes
BUNIPOOYBaHHS. BumnpoOyBatu MO>KHA
OTHOIIPOJBOTHUNA  €JIEMEHT  JOBXKHHOIO,
pPIBHOIO BiACTaHI MK TOYKAMH MEPETHHY
MIPOTOHY Y MPOJIBOTI.

10.1.3.3 /IBonpoJibOTHI HEPO3Pi3Hi MPOroHn
NPH NiAHOMHOMY HABAHTAKEHHI

(1) B nporoHi, sikuii € Hi3UIHO HEPO3PI3HUM B
nBoX abo Oinblle NposboTax 0e3 CTUKIB
YHaITycK a00 Ha HaKJIaJKaX, MOMEHTH TIpH il
niaioMHOTrO HaBaHTaXEHHs MOBMHHI
BHU3HAYATUCh HA MiACTaBl 3arajlbHOrO aHANII3y
B IIPYXHIH cTajii.

(2) MomeHT Ha TPOMDKHINA OMOpi MOBUHEH
3aJJOBOJILHATH  KpUTEpIH 32  HECY4olo
3MIATHICTIO TIONEPEYHOTO TIepepi3y, HaBEeJCHUN
B 10.1.4.1. Ockinbku oOIOpHA peakiis €
3yCHJUISIM PO3TATY, 11 CyMICHA JIisl 3 OTIOPHUM
MOMEHTOM He BpaxoByeTbcs. Ilepepi3 Ha
cepeqHill omopi NepeBIPAETbCS Ha CYMICHY
JII0 3TUHAJBHOTO MOMEHTY 1 NOIEepevyHol
CHTH.

(3) MomenTH B MIPOJIBOTI MTOBUHHI
3aJJOBOJIBHATH  KpuTepii  cTiifikocTi  Juis
BUIBHOTO TOsICY, 110 HaBeeHi B 10.1.4.2.
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letf is the effective second moment of
area for the moment Mspn eq;

L is the span;

Mspned IS the maximum moment in the
span.

(7) The expressions for a purlin with two
unequal spans, and for non-uniform loading
(e.g. snow accumulation), and for other similar
cases, the formulas (10.2a) and (10.2b) are not
valid and appropriate analysis should be made
for these cases.

(8) The maximum span moment Mspned in the
purlin should satisfy the criteria for cross-
section  resistance given in 10.1.4.1.
Alternatively the resistance moment in the
span may be determined by testing. A single
span test may be used with a span comparable
to the distance between the points of
contraflexure in the span.

10.1.3.3 Two-span continuous purlins with
uplift loading

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

(2) The moment over the internal support
should satisfy the criteria for cross-section
resistance given in 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 ineraction of bending moment
and shear forces.

(3) The moments in the spans should satisfy
the criteria for stability of the free flange given
in10.1.4.2.
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10.1.3.4 Hepo3pi3Hi NMPOTOHH, SIKi
CTUKYIOTHCSl HA HAKJIAIKAX a00 YHAMYCK

(1) MoMeHTH B IIPOroHax, HEPO3PI3HICTh IKHX
HAa TPOMDKHHX omopax 3a0e3nedyerbes
CTHKYBaHHSIM YHAaIyCK a00 Ha HaKJIaJaKax,
MOBHHHI ~ BH3HAYaTUCh 3  ypaxXyBaHHAM
TE€OMETPUYHUX XaPaKTEPUCTUK e(HEKTUBHOTO
MOTIEPEYHOr0 Tepepi3y 1 BIUIMBY HAIycKy abo
HaKJIaJI0K.

(2) MoximBo ~ mpOBEAEHHSA  BHIPOOYBaHb
OIOPHHMX 3’ €THAHD JIJISl BU3HAYCHHSL:

— 3rUHAJIBHOL KOPCTKOCTI
3’€THaHb yHAITyCK a00 Ha HAaKJIaJIKaX;

OIOPHUX

— 3QJIOKHOCTI  KyTa TIOBOPOTY OIOPHHX
3’e¢qHaHb  Bim  MomeHTy.  [lepeposmomin
3rUHAJILHAX MOMEHTIB B IUIACTUYHINA cTaznii B
CTHKaX YHAmycK 1 Ha HaKJIaJKaX MOXe OyTH
JOMYIIEHUH TUTbKU TPU BIIMOBI €JIEMEHTIB
OTIOPHHUX 3aKpPIIIEHh B  TEPEIIKOKAHHI
TOPU30HTAJIBLHUM TICPEMIIIICHHSIM Ha OTOPI;

—Hecy4yoi 3JaTHOCTI CTHUKOBUX OIOPHUX
YacTUH TPH CyMICHIN nii omopHoi peakmii i
MOMEHTY;

—Hecy4yoi 3JIaTHOCTI I03a CTHUKaMH IpH
CYMICHIH JIii TONEpeyHOol CUJIM 1 3TUHAIIBHOTO
MOMEHTY.

ANBTEPHATUBHO XapaKTEPUCTHKH OMOPHHUX
neTaneil MOKyTh OyTH BU3HAU€H1 YHCETbHUMU
METOJIaMHU y pasi OOIPYHTYBaHHS
PO3pPaxyHKOBHX  MpPOLEAYP  JOCTAaTHHOIO
KUTBKICTIO BUIPOOYBAHb.

(3) lpu  mii rpaBiTaiiitHOro HaBaHTaKCHHS
MIPOTiH MOBUHEH 3aJ0BOJILHATU KPUTEPIi:

—3a HECY4YOr 3JaTHICTI0O Ha TPOMIDKHHX
oropax Npu CyMicHIA aii omopHoi peakmii i
MOMEHTY, SKI  BHW3Ha4y€Hl, HANpPUKIAJI,
pO3paxyHKaMHM Ha ITiJICTaBl BUIPOOYBaHb;

— 32 HECYUYOIO 3/IaTHICTIO B 30H1 OOMUpPaHHS
Mpu  CYMICHIM 11i momepeyHoi cwid 1
3TUHAJIBHOTO ~ MOMEHTY, SIKI  BHM3HAYeHi,
HalpuKiIaJ, po3paxyHKaMH Ha  ITJICTaBl
BUIIPOOYBaHb;
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10.1.3.4 Purlins with semi-continuity given
by overlaps or sleeves

(1) The moments in purlins in which
continuity over two or more spans is given by
overlaps or sleeves 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) Tests may be carried out on the support
details to determine:

— the flexural stiffness of the overlapped or
sleeved part;

— the moment-rotation characteristic for the
overlapped or sleeved 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 sleeved and overlapped systems;

—the resistance of the overlapped or
sleeved 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 a relevant 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 e.g. by calculation assisted by
testing;

— near supports, the resistance to combined
shear force and bending moment determined
e.g. by calculation assisted by testing;



—3a HECYYOI 3JIaTHICTIO TONEPEYHOTO
nepepizy B IpOJIbOTaX KPHUTEpid HaBEIEHO B
10.1.4.1;

—3a CTIMKICTIO BIJIBHOTO TIOSICY IPOTOHY
IIpU OCBOBOMY CTHCHEHHI1 KpUTEpiii HaBeleHO
B810.1.4.2.

(4) ITpr  migiioMHOMY HABAHTAXXCHHI IIPOTIH
MOBUHEH 3a/I0BOJIBHATH KPHUTEPIi:

—3a HECY4YOI0 3JaTHICTIO Ha MPOMDKHHX
omopax Mpu CyMICHIH Ail omopHOi peakii i
MOMCHTY, BH3HAUCHUX, HANPUKIAA, Ha
MiACTaBi BHUMPOOYyBaHb, BPAXOBYIOYH, IO
OIIOpPHA pEakKIlisi TPH [BOMY € 3YCHIIISIM
po3TSrY;

— 32 HECYUOIO 3/IaTHICTIO B 30HI OOMUpPaHHs
Opu  CyMicHIH Jii TONMEpeyHoi Ccwid i
3TUHAJILHOTO ~ MOMEHTY, SIKIi  BHM3HAYCHI,
HalpHUKJIAJ, po3paxyHKaMd Ha  MiJACTaBl
BUIIPOOYBaHb;

—3a CTIHKICTIO  BUIBHOIO TMOsCYy B
poaboTax kpurepiit HaBeneHo B 10.1.4.2;

—3a CTIMKICTIO BUIBHOTO TMOSCY IPOTOHY
IIPU OCBOBOMY CTHCHEHHI1 KpUTepiil HaBeleHO
B 10.1.4.2.

10.1.3.5 Kpurepiii
NPUAATHOCTI

(1) IIporonu MOBHHHI 3aI0BOJIBHATH KPUTEPiit
eKCIUTyaTalliiHOT MPUIAaTHOCTI.

eKcnJyaTaniiiHol

10.1.4 Po3paxyHoK Hecy40i 31aTHOCTI

10.1.4.1 Hecyya 3aaTHiCTh TONEPEYHOrO
nepepiszy

(1) Hecyuy 3maTHICTh TOMEPEYHOTO TMepepisy
MPOTOHY TPHU CYMICHIA Jii OCbOBOI CHIH 1
MOTIEPEYHOT0 HABaHTAKEHHS CIIiJl BH3HAYATH,
SK CyMY HaIlpy»eHb BiNOBIHO A0 puc. 10.2:

— B 3THHAJIBHOIO MOMEHTY Myed B
TUTOILMHI;

— Bix ocboBOI crii Neg;

— BiX €KBIBAJIEHTHOI'O MOIMEPEYHOT0
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—in the spans, the criteria for cross-section
resistance given in 10.1.4.1;

—if the purlin is subject to axial
compression, the criteria for stability of the
free flange given in 10.1.4.2.

(4) For uplift loading, the purlin should satisfy
the following criteria:

—at internal supports, the resistance to
combined support reaction and moment
determined e.g. by calculation assisted by
testing, taking into account the fact that the
support reaction is a tensile force in this case;

— near supports, the resistance to combined
shear force and bending moment determined
e.g. by calculation assisted by testing;

—in the spans, the criteria for stability of
the free flange given in 10.1.4.2;

—if the purlin is subjected to axial
compression, the criteria for stability of the
free flange is given in 10.1.4.2.
10.1.3.5 Serviceability criteria

(1) The serviceability criteria relevant to
purlins should also be satisfied.

10.1.4 Design resistance

10.1.4.1 Resistance of cross-sections

(1) For a purlin subject to axial force and
transverse load the resistance of the cross-
section should be verified as indicated in

figure 10.2 by superposing the stresses due to:

— the in-plane bending moment My kq;

— the axial force Ngg;

—an equivalent lateral load gned acting on
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HaBaHTAKEHHSI (hged, IO JI€ HAa BUIbHY
TIOJTUILIIO 1 TPU3BOJUTH 10 KPYTiHHA 1 GOKOBOTO
3TURY, 1uB. (3).

(2) MakcumaibHi HaIMpYyKCHHS B
MOTICPEYHOMY TIepepi3i MOBHHHI 32/I0BOJILHATH

TaKi yMOBH:

— IJIS PO3KPIIJICHOT TTOJIUIII:

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 N
y.Ed Ed
Orox £ = + <f,/rm ...(10.3a)
" Weff,y Aeff ’
— JUTSI BUTBHOT TIOJTHIIL: — free flange:
M
O g = New , Mees £y /7u ...(10.3b)
Weff,y Aeff sz
ae: where:
Aetf — edeKkTHBHA IUIOMIA IIOIEPEYHOTO Astt is the effective area of the cross-

nepepisy npu piBHOMIpHOMY CTUCHEHHI;

fy — rpaHMIs TEKy4OCTi, IKa BU3HAYAETHCS
srigno 3 3.2.1(5);

Mfzed — 3THHAIBHUM MOMEHT Y BUIbHIMH
MIOJIML B1Jl IONIEPEYHOT0 HaBaHTAKEHHS (h,Ed,
auB. popmyay (10.4);

Weffy — MOMEHT omnopy e(peKTUBHOIO
MOTNIEPEYHOr0 Mepepi3y MpH 3THHI BITHOCHO

ociy-Yy,

Ws, — mpyxHiE MOMEHT OMNOpY MOBHOTO
nepepizy BUIBHOI TOJHMIN 1 YacTKW CTIHKH
BITHOCHO OCl Z—Z; 3a BIJCYTHOCTI OLIbII
JETATHHOTO aHalli3y BUCOTa YacCTKH CTIHKHU
Moxke OyTu mpuifHATa piBHOWO 1/5 BHCcOTH
CTIHKH, $Ka BHUMIPIOETbCS MDK TOYKaAMHU
NEPEeTUHY CEepPeAMHHUX IUIOMIMH CTIHKH 1
nomutb s C- 1 Z-noniOHux mepepisiB 1 1/6
BUCOTH CTIHKM JJs X-TOAIOHUX TepepisiB,
muB. puc. 10.2;

1 yM=pymo, SKkIO Aef=Ag abo, KO

Wetty =Wery 1 Neg =0, B pemri BuUnajakiB
M = YM1.
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section for only uniform compression;

fy is the yield strength as defined in
3.2.1(5);

Mseqd IS the bending moment in the free
flange due to the lateral load gneq, See formula
(10.4);

Wefry IS the effective section modulus of
the cross-section for only bending about the
y —y axis;

Ws, is the gross elastic section modulus

of the free flange plus the contributing part of
the web for bending about the z -z axis;
unless a more sophisticated analysis is carried
out the contributing part of the web may be
taken equal to 1/5 of the web height from the
point of web-flange intersection in case of C-
and Z-sections and 1/6 of the web height in
case of X-section, see Figure 10.2;

and ¥YM = YMo0 if Aeff = Ag orif Weff,y = Wel,y and
Neq = 0, otherwise ym = ywm1.
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Pucynok 10.2 — HaknageHHs1 HalpyKeHb
Figure 10.2: Superposition of stresses

(3) bokoBe HaBaHTaXXCHHS (Ohgd Ha BLIbHY
MOJIUIII0, IIO €KBiBaJIEHTHE il KPYTiHHS 1
3THHY 3 IUIONIMHH, MOBUHHO OYTH MPUHHSITO
piBHUM:

gh.Ed = Kn Qed

(4) dns THOOBHMX IIONEPEYHHUX IepepiziB Kn
BH3HAYa€THCH 3rimHO 3 puc. 10.3.

(3) The equivalent lateral load gneq acting on
the free flange, due to torsion and lateral
bending, should be obtained from:

..(10.4)
(4) The coefficient kn should be obtained as

indicated in figure 10.3 for common types of
cross-section.

4
_+_

1
1

-

=5 D;—‘

ht (b2 + 2cb — 22 b/h)
41

khO =

y

Tunoswuii cuMeTpuuHuilt Z-nonioHU nepepiz
Simple symmetrical Z section

!

Z,- C- i X-nontiOHi miepepizu
Z, C or X sections

HaBaHTAXXEHHIO, 1110 NPHUKJIAJICHE B IIEHTP1 3CYBY)

a) kno — koedirieHT uIT OGOKOBOTO HAaBaHTAXXEHHS BUIbHOI HMKHBOT mosmii (Kho Biamosigae

a) kno factor for lateral load on free bottom flange (kno corresponds to loading in the shear centre)

Pucynox 10.3 — [IepeTBoproBaHHs KpYTiHHS 1 TONEPEYHOI0 3TUHY B €KBIBAJICHTHE MONIEPEUHE
HaBaHTaXeHHs Kn QEd
Figure 10.3: Conversion of torsion and lateral bending into an equivalent lateral load kn ged
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Kinens pucynky 10.3.

Yea l‘;’Ee f 4 G
s T i f.| o T
Shear
= centre ® =
J Kﬁ qu:.‘ J
L -k, q, — =i g, -
kn = kno kn = kno + e/h (¥*) kn =kno—a/h (**) Knh = kno — f /h (***)
b)I"'paBirariiine HaBaHTa)XKEHHS ¢) [linfiomHe HaBaHTaXEHHS
b) Gravity loading c) Uplift loading

KoedirieHT eKBiBaJIEHTHOIO IOMEPEYHOI0 HaBAHTAKEHHS Kh

Equivalent lateral load factor kn

(*) Tlpum posramyBaHHI ILEHTPY 3CYBY
IPaBopyd BijI HaBaHTAKCHHS QEd,
HABaHT@KEHHS  JIi€ B  IPOTHICKHOMY
HAIpPSIMKY.

(**) Sxmo a/h>kno, HaBaHTa)keHHS i€ B
MPOTHIIEKHOMY HAIPSIMKY.

(***) Benmmunna f oOMexye TONOXEHHS
HAaBaHTaXXEHHS (ed MDK  IOB3JOBXKHIMHU
KPOMKAMH BEPXHBOT MOJIHII.

(5) 3ruHanpHUit MOMEHT i3 TuTOmMHE Mz Ed
BU3HavyaeThesl 3a ¢opmynoro (10.5), oxpim
O0aJIOK 3 PO3TATHYTOIO BUIHHOIO TOJIUIICIO, B
AKIHM 3aBISIKU CIPUSATIMBOMY BIUIMBY KPUBHHU
nonuii 1 edekTy aedopmairii reoMeTpUIHOT
CXeMH, MOMEHT Myzeq MOke OyTH MPUHHATUM
PIBHUM HYJIIO:

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

(**) If a/h >kno then the load is acting in the
opposite direction.

(***) The value of f is limited to the position
of the load geq between the edges of the top
flange.

(5) The lateral bending moment Ms,eq may 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 Mgeq may be
taken equal to zero:

Mtzed = &R Mo iz Ed ...(10.5)

TYT:

Mo fzEd — MOYATKOBHUM 3rUHAIGHAUIT MOMEHT
13 TUIONIMHM B BUIBHIM mONUIll 0€3 MpyXKHO-
MOIATJINBOI OIOPH;

KR — TIONPaBOYHMM KOe(ILIEHT s
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where:

Mof,ed is the initial lateral bending
moment in the free flange without any spring
support;

KR is a correction factor for the



e(eKTUBHOI NPY>KHO-TIOJIATIINBOI OTIOPH.

(6) ITouaTkoBMit  3rUHAIBHUN  MOMEHT i3
IUIOIUMHY B BidbHIH  momumi  MofzEd
BU3HAYAEThCA 3TigHO 3 Tabmumero 10.1 gis
KPUTUYHHX TOYOK B INPOJIbOTI, Ha OMOpax, B
TOYKax po3kpimieHHs 1 Mk Humu. Cdepa
3actocyBanHsa TaOmumi 10.1 oOmexxeHa B
miana3oni R <40.

(7) MonpaBouynuii KoeDIli€HT KR I TOUYKH,
IO PO3MIIAJAETHCS, 1 BIAMOBITHUX T'PAaHUYHUX
YMOB BHM3HA4aeThCs 3TigHO 3 Tabmuimero 10.1
(abo 3a Teopierd poO3paxyHKy Oalok Ha
NpyxkHili  ocHOBI 32  Binkinepom) i3
3acTocyBaHHAM KoedimieHTa R miast mpyxHO-
MOJATIUBOI OMOPH, SIKMH BH3HAYAETHCSA 32
BHPa30M:

TYT:

Itz — MOMEHT iHepIIii TOBHOTO MMOIIEPEYHOTO
nepepizy BUIBHOI MOJMI 3 YacTKOK CTiHKH,
IIpH 3TUHI BiTHOCHO oci Z — Z, muB. 10.1.4.1(2).
[Ipu 3acTocyBaHHI YHCEIBHOTO PO3PaXYHKY,
muB. 10.1.2(5);

K — moroHHa »OpcCTKICTh B’s31 3TiHO 3
10.1.5.1;

La — BiicTaHb MK TOYKaMH 3aKpIMJIEHHS, a
IIPH BIICYTHOCTI L — MpOJBOT MPOToHY.

T4
n"El,
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effective spring support.

(6) The initial lateral bending moment in the
free flange Mof,eq may 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 10.1 is
limited to the range R < 40.

(7) The correction factor xr for the relevant
location and boundary conditions, may 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:

4
KL, ..(10.6)

where:

I, is the second moment of area of the
gross cross-section of the free flange plus the
contributing part of the web for bending about
the z — z axis, see 10.1.4.1(2); when numerical
analysis is carried out, see 10.1.2(5);

K is the lateral spring stiffness per unit
length from 10.1.5.1;

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

Ta6auusa 10.1 — 3naueHHs Mo4aTKOBOro MOMEHTY Mo fzEd 1 TOMPaBOYHOTO KOE(ILIEHTY AR

Table 10.1: Values of initial moment Mo 2,4 and correction factor xr

i
‘1— L2

(L=L

L-"E;.T
)

Cxema Touka M
System Location 0.z Ed KR
Ta"" m 1 1-0,0225R
X m = L2 K, = r=ceon
' g Ineats R 1+1013R
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Kinens tadmumi 10.1.

CxeMma Touka M
System Location 0.fz.Ed R
¥ _
Vy o - m LI . _1-004IR
— 128 ™ 1+0,416R
}-*3-'81_3447 T —
anti-sag bar or support
PO3KpirIeHHs a00 e 1 2 1+0,0314R
ornopa 8 Ohneal R T 1+0,396R
y m 1 1-0,0125R
X _of m A — T Sl il
| | ' 24 heate R T 110198R
[+, 5L,aa‘._n:1,5:_cl
anti-sag bar or support
pO3KpiruIeHHs a60 e 1 L2 ~1+0,0178R
oropa B th'Ed 2 R = m

10.1.4.2 Hecyua 3paTHicTh 3a cTiliKicTIO
BIJILHOI MOJIHITL

(1) Ipu crucHeHHi BinpHOI Mo ii Hecydy
3/1aTHICTh MOKHA OI[IHUTH, BUKOPHCTOBYIOUHU
BHpa3:

MfZ,Ed

10.1.4.2 Buckling resistance of free flange

(1) If the free flange is in compression, its
buckling resistance should be verified using:

1 My-Ed+NEd +
XLt Weff,y Act

TYT yLT — KOe(ili€HT CTIHKOCTI AJIS MIOCKOL
dopmu 3runy (mmocka (Qopma  BTpaTH
CTIHKOCTI BUTBHOT ITOJTHIII).

IpumiTka: Benmnunaa y 1 Moxe OyTH HaxaHa
B HalioHansHOMY noaatky. [Ipu kopuctyBanni EN
1993-1-1, 6.3.2.3 s BU3HAYCHHS YMOBHOI
THYYKOCTI A, , 0 HaBeaeHa (2), peKOMEH/YEThCS
BUKOPUCTOBYBAaTH  KpUBY  BTpaTH  CTIHKOCTI
b(@wr=034, A;,=04; p=075). Tlpu
CTHCHEHHI 0ChOBOIO CHIIOW Ngg, BpaXOBYIOUH, IO
KOeIIieHT  CTIMKOCTI  MPOJONBHOTO  3THHY
BiJIHOCHO TOJIOBHOT OCi MEHIIIE, Hi)K TIPU MEPeBipIli
CTIMKOCTI IMOJIMII 13 IUIONIMHM, HANPHUKIIAJ, KOJU

0araTo PO3KPIIJICHb 13 IUIOIIMHH, HEOOXIIHO
MIPOBECTHU MEPEBIPKH 3rigHO 3 6.2.21 6.2.4.
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W,

< fy /7 .(10.7)

in which y 7 is the reduction factor for lateral
torsional buckling (flexural buckling of the
free flange).

NOTE: The use of the y.r-value may be
chosen in the National Annex. The use of EN
1993-1-1, 6.3.2.3 using buckling curve

b (aLr=0,34; Aro=04;, p=075) is

recommended for the relative slenderness 4,

given in (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.



Do =
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(2) The relative slenderness 7, for flexural

buckling of the free flange should be
determined from:

b flg. .(10.8)
A

with:

M=n[Elfp]%

(2) YMoBHA THYYKiCTH A, Tpu mepesipi
BUTBHOT MMOJIHIII BU3HAYAETHCS SIK:

ne:

ae:

Iz — po3paxyHKOBa JIOBKMHA BUIBHOI
noJtuti 3rifuo 3 (3) + (7);

iz — pajiyc iHepilii MOBHOTO MONEPEUYHOTO
nepepizy BUIBHOI MOJMIN 3 YacTKOK CTiHKH,
10 NMPUMHUKAE, MIPHU 3THHI BIIHOCHO OCi Z — Z,
muB. 10.1.4.1(2).

(3) dnst rpaBiTamiifHOro HaBaHTAKEHHS, SIKIIIO
0 <R <200, moBxwuHa BUIBHOI TOJWII IPH
mepeBipilli Ha CTIHKICTh y pa3i 3MIHHOCTI
HaNpYy)KEHHs] CTUCHEHHS 3a JOBXHHOIO L, 1o
HaBenieHa Ha puc. 10.4, BU3HAYAETHCS TaK:

I, = mL, (1""72R}73 )}74

TYT:

La — BiacraHp MK 3aKpilUICHHSIMH 13
IUIOUIMHU, @ MpH  BIACYTHOCTI  IPOJBOT
nporony L;

R — koeoirienTt, HaBenenuii B 10.1.4.1(7);

M =+ 14 — KOeQIUIEHTH, L0 3aJIekKaTh BIJ
KIIBKOCTI 3aKpiljieHb, HaBeAeHi B Tabu. 10.2a.

Tabmuusmu 1028 1 10.2b  moxHa
KOpHUCTYBaTUCh JUTSt PIBHOMIpPHO
HAaBaHTAXXCHUX OaJIOK 3 PIBHUMH IPOTHOTAMHU
0e3 CTHKIB yHamycKk a00 Ha HakKJIagkax 1 3
KOPCTKUM PO3KPIIUIEHHSAM BUIBHOI MONUI 13
TUIOIINHU. i TabIHII MOJKHa
BUKOPUCTOBYBATH 1 Ui CHCTEM 13 CTHKaMH
yHaImycK a00 Ha HaKJaJgKax MpH 3a0e3reueHH1
MOBHOI HEpO3pi3HOCTI. B IHImUX BHUMaIKax
pPO3paxyHKOBa JOBKMHA MOXE BH3HAYATHCH
OPUHHATHUM METOAOM pO3paxyHKy abo 3a

where:
I, is the buckling length for the free
flange from (3) to (7);

i, IS the radius of gyration of the gross
cross-section of the free flange plus the
contributing part of the web for bending about
the z — z axis, see 10.1.4.1(2).

(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:

..(10.9)

where:
L. s the distance between anti-sag bars,
or if none are present, the span L of the purlin;

R isasgivenin 10.1.4.1(7);

and 71 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 equal spans uniformly loaded beam
systems without overlap or sleeve and with
anti-sag bars that provide lateral rigid support
for the free flange. The tables may be used for
systems with sleeves 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 10.2a for the case of 3
anti-sag bars per field may be used.
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nomomororo  Tabmumi  10.2a  mpm  TphOX
3aKpIIUIGHHSX B MPOJIbOTI, 3a BUHATKOM
KOHCOJIEH.

[pumirka: [Ipg  MOXIMBOCTI TOBOPOTY Y
CTMKax YHamyck a00 Ha HaklaJKkaX MOMEHT B
MPOJKOTI MOXKe OyTW 3HaYyHO OinbIne HDK 0e3
MOBOPOTY, IO TMpHU3BEAEC 10  30UIBIICHHS
PO3paxyHKOBOi  JOBXHHH  TpoOisoTy.  bes
ypaxyBaHHS PeaJbHOr0 PO3MOALTY MOMEHTIB MOXeE
3HU3UTH HATIHHICTH pO3paxyHKY.

NOTE: Due to rotations in overlap or sleeve
connection, the field moment may be much larger
than without rotation which results also in longer
buckling lengths in span. Neglecting the real
moment distribution may lead to unsafe design.

N

SN

|

[3amTpuxoBaHi 30HU CTUCHEHHS |
[Dotted areas show regions in compression]

Pucynoxk 10.4 — 3minu HanpykeHb CTUCHEHHSI Y BUIbHIH MOJHIII PU TpaBiTaI[liHOMY HaBaHTaXKEHH1

Figure 10.4: Varying compressive stress in free flange for gravity load cases

Ta6auusa 10.2a — KoediuieHnT 7 npu KiabkocTi 3akpimiess 0, 1, 2, 3, 4 mpu HaBaHTa)XeHH1 3BEpXY 110

HU3Y

Table 10.2a: Coefficients 7 for down load with 0, 1, 2, 3, 4 anti-sag bars

KinpkicTh
Micue po3ranryBaHHs PO3KpIIUIEHD
Situation Anti sag-bar n & & "

Number

Kpaiiniii nposbot 0.414 1.72 1.11 0.178
End span 0 ' ' ' '
HpombiHnui mposLoT 0.657 8.17 2.22 -0.107
Intermediate span ' ' ' '
Kpaiitiit npoisor 0.515 1.26 0868 | -0.242
End span 1
Hpomikinit nponkoT 0.596 233 115 | -0.192
Intermediate span ' ' ' '
Kpaiiniit 1 npoMi>XKHUN TPOIBOTH 3
End and intermediate span 2 0.596 2.33 LIS 0.192

136
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Kpaiiniii i mpoMi>XHUN TTPOTBOTH
End and intermediate span

i
3and 4

0.694 5.45 1.27 -0.168

Ta6muus 10.2b — Koedimienr 7 mpu kinbkocTi 3akpimtens 0, 1, 2, 3, 4 npu HaBaHTa)KE€HHI 3HU3Y 10

BEpXY

Table 10.2b: Coefficients 7; for uplift load with 0, 1, 2, 3, 4 anti-sag bars

KinpkicTh
Micie po3ranryBaHHs PO3KpIIJIeHb
Situation Anti sag-bar n & & "

Number

Qs nposkOT 0.694 5.45 127 | -0.168
Simple span
Kpaituiit npobot 0 0.515 1.26 0.868 | —0.242
End span
Hpombiiuid nposoT 0.306 0.232 0.742 -0.279
Intermediate span
QHHH MPOJILOT 1 KpaH1 IPOJIbOTH 0.800 6.75 1.49 _0.155
Simple and end spans 1
Hpowmbinit nporsor 0.515 1.26 0.868 | -0.242
Intermediate span
Qs npostLOT 0.902 8.55 218 | -0.111
Simple span 5
KpaI/IHII/I -1 HpOMl)I-CHI/II/I IIPpOJIbOTH 0.800 6.75 1.49 _0.155
End and intermediate spans
O_mzm IIPOJIBOT 1 KpaiHI POIbOTH ' 0.902 855 218 0111
Simple and end spans i
HpOMDKH_HH MPOJILOT 3and 4 0.800 6.75 1.49 _0.155
Intermediate span

(4) dns rpaBiTallifHOro HaBaHTAXCHHS TPH
KUTBKOCTI 3aKpillJIeHb OlIbIlle TPHOX Ha PiBHIN
BIICTaHI OJIHE BiJ OJHOTO, 3a YyMOBaMH
BIIMIHHAMUA BiI HaBEOEHUX B (3),
pO3paxyHKOBa JIOBXKHHA [UISI  TEPEeBIpKH
MOJIMII Ha CTIMKICTh MPUUMAETHCS HE OlIble
HDXK JIOBKMHA TMPHU JBOX 3aKPIIICHHSX, TOOTO
La=L/3. Ile monOXeHHS 3aCTOCOBYETHCS
TUIBKM TPU BIJICYTHOCTI OCBHOBOTO 3YCHIUISA
CTHCHEHHSI.

(5) Ipu  maibke TOCTIHHOMY HAIPYXCHHI
CTUCHEHHS Ha noBxuHl L Bix a1l JocuTh
3HAa4YHOI  OCBOBOI  CHJIM, PO3PaxyHKOBa
JIOBXXKMHA TMOJUI[ TpU TepeBipili CTiHKOCTI
BHU3HAYAETHCS 3 BUKOPHUCTAHHSAM KoedilieHTa
ni 3a Ttabmuuero 10.2a mOpu  KUIBKOCTI

(4) For gravity loading, if there are more than
three equally spaced anti-sag bars, and under
conditions specified in (3), the buckling length
need not be taken as greater than the value for
two anti-sag bars, with La = L/3. This clause is
valid only if there is no axial compressive
force.

(5) If the compressive stress over the length L
is almost constant, due to the application of a
relatively 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
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PO3KpIIUIEHb Ha MPOJLOT OUIBIIE TPHOX 1 MPHU
BiJicTaHl MK HUMH La.

(6) st  migiioOMHOrO HAaBaHTAXCHHS, KOJHU
PO3KPIIJICHHSI HE 3aCTOCOBYIOTHCS, 32 YMOBH
0 <Ro £200, po3paxyHKOBa JOBKHWHA BUIBHOT
MOJMIII TIPH  TEPEBIPIll CTIMKOCTI BUIBHOI
MOJIUIII TIPH 3MIHHOMY Hanpy>XeHHI CTUCHEHHS
mo AoBxwuHl Lo, sk moka3zano Ha puc. 10.5,
BHU3HAYAETHCS 32 GOPMYIIOL0:

l, =0,7L,(1+131R%®)

aec:

R, =

TyT Itz 1 K BusnHauarotses 3rigno 3 10.1.4.1(7).
ANBTEpHaTUBHO  PO3paxyHKOBA  JIOBXKHMHA
BUIBHOI ITOJIUITI TTPH TIEPEBIPIIl CTIKKOCTI MOXKE
Oytu BcraHoBiieHa 3a TabOimmero 10.2b vy
MOEJHAHHI 3 PIBHSHHSAM, HaBEJICHUM B

10.1.4.2(3).

(7) Tpw aii miglOMHOTO HABAaHTAXKEHHS y pa3i
€(pEeKTUBHOTO 3  PIBHOMIDHUM  KPOKOM
PO3KpIIUIEHHST BIIBHOI TOJHIN 13 TUIOIIUHH,
pO3paxyHKOBa JIOBXKMHA TpH  HepeBipli
CTIMKOCTI MOXe OyTH HaOIMKEHO NpUNHHATA
3rifHo 3 (5) y mNpUNyLIeHHI PIBHOMIPHOTO
pPO3MOAIIEHHST MOMEHTY 33  JIOBXKHHOIO.
®opmyna (10.10a) mMoxke 3acTOCOBYBaTHCH 3a
yMOBaMHM, HaBeleHUMHU B (3). 3a BIACYTHICTIO
Bi/JITIOBITHUX PO3paxyHKiB HEOOX1JTHO
kepyBaruch 10.1.4.2(5).

KL

T4
n"El,

spacing La.

(6) For uplift loading, when anti-sag bars are
not used, provided that 0<Ro<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:

-0,125

...(10.10a)

with:

..(10.10b)

in which I and K are as defined 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 (10.10a) 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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[3amTpuxoBaHi 30HH CTUCHEHHS |
[Dotted areas show regions in compression]

Pucynok 10.5 — 3mina Hanpy>XeHb CTUCHEHHS Y BUIbHIN TOJMII MTPU MiAHOMHOMY HaBaHTaXXECHHI

Figure 10.5: Varying compressive stress in free flange for uplift cases

10.1.5 O6meskeHHsT TOBOPOTY MNPYHKHICTIO
HACTHILY

10.1.5.1 KopcrkicTh nomepevHoi JiiHiliHOI
onopu

(1) MpyxHO-MTOIATIINBA oropa, 110
CTBOPIOETHCS HACTWJIOM MJI BUIBHOT IHOJUII
MIPOTOHY 3 TUIONIMHH 3THHY, MOJACIIOETHCS SIK
JiHIMHA TpYXHa B’SA3b, sIKa Ji€ Ha BUIbHY
nonuiro, auB. puc. 10.1. 3arampHa OokoBa
YKOPCTKICTh JiHIMHOI B’s31 K Ha oauHMIO
JIOBXMHU BU3HAYAETHCS 32 (OPMYIIOI0:

10.1.5 Rotational
sheeting

restraint given by the

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:

1 1

1 1
=+ ...(10.11)
K K, Kg K¢

TYT: where:

Ka — OOKOBa >KOpPCTKICTh, IO BiAMOBiIAE Ka is the lateral stiffness corresponding
KPYTHJIbHIN KOPCTKOCTI 3’€HAHHS HACTHITY 3 to the rotational stiffness of the joint between
POTOHOM; the sheeting and the purlin;

Kg — OOKOBa >KOPCTKICTh BiJ JeruiaHarii Kg is the lateral stiffness due to distortion
MIOTIEPEYHOT0 TIepepi3y NPOroHy; of the cross-section of the purlin;

Kc — 60K0Ba >KOPCTKICTB, IO CTBOPIOETHCS Kc is the lateral stiffness due to the
3TUHAJILHOIO KOPCTKICTIO HACTHITY. flexural stiffness of the sheeting.

(2) BpaxoBytoun, mo Kc gyxe 3HauHa (2) Normally it may be assumed to be safe as
BenmurHa y mopiBHsHHI 3 Ka 1 Kg, Tomy well as acceptable to neglect 1/Kc because K¢
3HadeHHs 1/Kc MoXHa HE BpaxOBYBaTH. is very large compared to Ka and Kg. The
3nayenHs K mpu 1mpoMy MOXKHA BH3HAYHTH value of K should then be obtained from:
TakK:

1

(L/K, +1/Ky)

(3) 3naueHHus (1/Ka+1/Kg) MO>KHA
BH3HAYUTH abo0 dYepe3 BHUMPOOyBaHHS abo
PO3paxyHKOM.
HpumiTka: [Ipouenypa BiJMOBITHUX
BHUIPOOYBaHb HAaBEICHA B TOJATKY A.

(4) XKopctkicte 60okoBOi B’s131 K Ha OMHUIIO
JIOBKMHU BU3HAYAETHCS 32 (POPMYIIOI0:

..(10.12)

(3) The value of (1/Ka+1/Kg) may be
obtained either by testing or by calculation.

NOTE: Appropriate testing procedures are
given in Annex A.

(4) The lateral spring stiffness K per unit
length may be determined by calculation
using:
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1 4(-v?)n?(h, +by,)  h?

o ..(10.13)

K

ne bmod BUBHAYAETHCS TAK:

—mpu Ail eKBIBaJIEHTHOI TOPHU30HTAIBHOI
CHIM (hed HA CTIHKY TIPOTOHY Yy MicCIi
KOHTAKTY 3 HACTHJIOM:

—mpu Ail eKBIBaJIEHTHOI TOPHU30HTAIBHOI
CWIM (hed Ha TOJHIIO TPOTOHY Yy MicCIi
KOHTAKTY 3 HACTHIIOM:

C:D

in which the dimension bmeg is determined as
follows:

—for cases where the equivalent lateral
force gn,eq bringing the purlin into contact with
the sheeting at the purlin web:

—for cases where the equivalent lateral
force gn,eq bringing the purlin into contact with
the sheeting at the tip of the purlin flange:

bmod =2a+ b

ae:
t — ToBIIMHA IIPOroHY,

a — BIACTaHb Bil TOYKH MPHUKPIILICHHS
HACTHJTY JIO CTIHKH IIpOroHy, nuB. 10.6;
b — mwmpuHa MOJKU MPOroHYy, IO SKOi

npukpiruienuit Hacti, quB. 10.6;

Cp — 3aranpHa >KOPCTKICTh KyTOBOi B’si3i
srigHo 3 10.1.5.2;

h — moBHa BHCOTa MPOTOHY;

hd — posropHyta BHCOTa CTiHKH MPOTOHY,
nuB. 10.6.

MeTBupio
Fastene

where:
t is the thickness of the purlin;

a is the distance from the sheet-to-
purlin fastener to the purlin web, see figure
10.6;

b is the width of the purlin flange
connected to the sheeting, see figure 10.6;

Cp is the total rotational spring stiffness
from 10.1.5.2;

h is the overall height of the purlin;

ha is the developed height of the purlin
web, see figure 10.6.

MeTtBupio
Fastane

A

Pucynoxk 10.6 — KpirieHHs: HACTHITY 710 IPOTOHY
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Figure 10.6: Purlin and attached sheeting

10.1.5.2 KopcTkicTh KyTOBOI B’s13i

(1) OObmexenHss ~ TOBOPOTY  HPOTOHY  3a
JIOTIOMOTOI0 HACTHIIY, 10 HPUKPIMJICHUH 10
Horo BEPXHBOI TIOJIMII], IIOBUHHO
MOJIETIIOBATUCH SIK KYTOBa B’SI3b 1O BEPXHbOI
nonuii, 1uB. puc. 10.1. 3aranpHa KOPCTKICTh
KyToBO1 B’5131 Cp BU3HAYAETHCS 32 (POPMYIIOO:

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. The total rotational spring stiffness
Cpo should be determined from:

Co = (L/Cyn +1/Cy )

Pl (N

Cpa — XOPCTKICTh KYyTOBOi B’Si31, sfKa
CTBOPIOETHCSA  3’€IHAHHSAM  HACTWIY 3
IIPOrOHOM;

Cpbc — JKOpPCTKICTb KYyTOBOi B’S3i, IO
BIJIMTOBI A€ 3THHAIBHIN KOPCTKOCTI HACTUITY.

(2) SIx mpaBuo Cp,a po3paxoBY€EThCs 3TIAHO 3
BkaziBkamu (5) i (7). AnprepnatuBHO Cpa
MOXXe OyTH BHU3HAYEHO 3a pe3yJibTaTaMu
BUIIPOOYBaHb, TUB. (9).

(3) Betmunna  Cpc  mpuiimaetscst  SIK
MiHIMallbHa, 1[0 BHM3HAY€Ha 3TIIHO 3
pPO3paxyHKOBUMHU MOJIEIISIMH, K1 HaBEJACHI Ha
puc. 10.7, 3  ypaxyBaHHSIM  IIOBOPOTY
CYMD)KHUX IPOTOHIB 1 CTYIE€HSI HEPO3PI3HOCTI
HACTHITY, BAKOPUCTOBYIOUH BUPA3!

..(10.14)

where:

Cba is the rotational stiffness of the
connection between the sheeting and the
purlin;

Cb,c is the rotational  stiffness
corresponding to the flexural stiffness of the
sheeting.

(2) Generally Cp,a may be calculated as given
in (5) and (7). Alternatively Cpa 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=m/@ ...(10.15)

ae:
M — MOMEHT, 1110 JIi€ Ha OJIMHUIIIO IIUPHHH,
SK BKa3aHo Ha puc. 10.7;

@ — KyT TOBOpPOTY, SKUH BUMIPIOETHCS
BiamoBinHo puc. 10.7 [pamian].

where:
m is the applied moment per unit width
of sheeting, applied as indicated in figure 10.7;

¢ is the resulting rotation, measured as
indicated in figure 10.7 [radians].

14
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Pucynok 10.7 — Mogens s BusHaueHHs Cp,c
Figure 10.7: Model for calculating Cp,c

(4) AnbrepuatuBro BennunHy Cp,c i3 3amacom
OOYHCITIOIOTH 32 BUPA30M:

CD,C

npd  1npoMy K — ugmcenbHUE KoedilieHT,
BEJIMYMHA SIKOTO IPUHMAETHCS:

— Kpaii Hactuity, puc. 10.7 BepxHiit K = 2;
— Kpaii Hactuity, puc. 10.7 HmkHin K =3;

— cepenuHa HacTuiy, puc. 10.7 BepxHiit
k=4,

— cepeauHa HacTuiy, puc. 10.7 HuxHINA
k=6;

ae:
leff — edexTuBHMH MOMEHT  iHepuii
OJTMHUYHOI NIMPHHN HACTHUITY;,

S — KPOK ITPOTOHIB.

(5)3a ymoOBH, III0 HACTHJ KPIMUTHCS 0
MIPOTOHY TOCEPEIMHI CBOET MOUI, BEIUYUHY
Cpa [mis HacTWIy 3  TpamnemieBHIHUMHA
roppamMu y 3’€IHaHHI 3 BEPXHBOIO MOJMIIEIO
[IPOrOHY MOXHa BH3HAUUTHU B Takui crocio
(mmB. Taba. 10.3):

Cb,a = Cu00 - kba - ki -

142

_ KEl,

(4) Alternatively a conservative value of Cpc
may be obtained from:

..(10.16)
S

in which k is a numerical 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:
letr  is the effective second moment of
area per unit width of the sheeting;

S is the spacing of the purlins.

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

kor - Ka - Kot ...(10.17)



TYT

kba = (ba/ 100)2

Koa = 1,25 (ba / 100)?

kt = (tnom / 0,75)1’1

kt = (tnom / 0,75)1’5

kt = (tnom / 0,75)1'5

ker = 1,0

kbR =185/ bR

AKII0
if ba <125 mm;

SIKIIIO
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where

if 125 mm < ba < 200 mm;

AKIIO0
if thom > 0,75 mm;

SKIIO
if thom > 0,75 mm;

SAKIIO
if thom < 0,75 mm;
SAKIIO

if br <185 mm;

AKII0
if br > 185 mm;

JUTSL TPaBIiTAlIfHOTO HABAaHTAXKECHHS:

ka=1,0+(A—1,0)-0,08

ka=1,0+(A-1,0)-0,16

ka=1,0 + (A—1,0) - 0,095

ka=1,0+(A—1,0)-0,095

AKIOIO0

if thom = 0,75mm,

AKIOI0

|f tnom = 0,75mm,

AKIOIO0

AKIOIO0

—nput=0,751t=1,0 MM 3HaUEHHS MOKHA
BH3HAYUTH JIIHIHOIO THTEPIIOJIAIIIEIO

—mpu t <0.75 mm popmyna He miiicHa,

—npu t>1wmMm, B dopmyni npuiiMaeTscs

t=1mm

JUTSL T AHOMHOIO HaBaHTAKEHHS .

|f tnom = 1,00mm,

if thom = 1,00mm,

IIO3UTHUBHE ITOJIOKCHHS
positive position;

HETaTHUBHE II0JIOXKCHHA
negative position;

for gravity load:

IIO3UTHUBHEC ITOJIOKCHHS
positive position;

HETraTUBHEC ITOJIOKCHHS
negative position;

IIO3UTHUBHE ITOJIOKCHHS
positive position;

HETraTUBHEC ITOJIOKCHHSA
negative position;

— linear interpolation between t=0,75 and
t=1,0 mm is allowed

—for t < 0.75 mm the formula is not valid;

—for t>1mm, the formula needs to be
used witht=1 mm

for uplift load:

ka=1,0;

14
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1HaKIIE

bt > b1 max,

otherwise

A [KN/m] < 12 KN/m

HAaBAaHTAXKEHHS, 10 MEpPEJaeThbcsi Ha OajKy
HACTHJIOM,;

TYT:
ba — mmpuHa noswuii mporoxy [Mm];

br — mupuHa XBUITI HaCTHIY [MM];

br — mmMpuHa  [OJMII  HACTHUIY,
MPUKPITUIEHOT 1O IPOTOHY;

BT max — 3rigHo 3 Tabm. 10.3;

Ci00 — xoedimienT moBopory, piBauii Cpa
pu ba = 100 mm.

(6) [Tpu  BiACYTHOCTI  MiX  HACTHJIOM i
MPOTOHOM  3a30py 3HadyeHHs KoedimieHTa
noBopoTy C100 MOKHA TIpUAMATH 33 TaOJIHIICIO
10.3.

(7) AnbrepratuBHO Cpa MOXHA TMPUAHSTH
pieaum 130 p [Hm/m/pan], ne p — kinbkicTh
3aKpilUIeHh ~ HACTHJIY [JI0 NpPOroHy  Ha
[IOTOHHOMY Me€Tpl Horo JOBXHUHU (ajie He
OlIpIIEe OJHOTO Y XBMJII HACTHILY) 3a YMOBH,
I10:

— [IMpUHA TOJMII HAcTUIy, B fAKid BIH
KpinuThbes, He nepesuiye 120 mMum;

— HOMiHaJbHA TOBIIMHA t HACTHIIY HE MEHIII
Hix 0,66 MM;

—Bigctanp a abo b—a wmik meHTpom
METBHPOOY 1 IIEHTPOM IMOBOPOTY MPOTroHY (B
3aJIe)KHOCTI B HANpsSMKY TOBOPOTY), SIK
HaBeJieHo Ha puc. 10.6, He MeHII HiX 25 MM.

144

load introduced from sheeting to beam;

where:
ba is the width of the purlin flange [in
mm];
br is the corrugation width [in mm];
br is the width of the sheeting flange

through which it is fastened to the purlin;
btmax IS given in Table 10.3;

Cioo is a rotation  coefficient,
representing the value of Cpa if ba = 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 Cp,a may be taken as equal to
130 p [Nm/m/rad], where p is the number of
sheet-to-purlin fasteners per metre length of
purlin (but not more than one per rib of
sheeting), provided that:

— the flange width b of the sheeting through
which it is fastened does not exceed 120 mm:;

— the nominal thickness t of the sheeting is
at 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 shown in figure 10.6,
is at least 25 mm.



(8) Ilpm BpaxyBaHHI BIUIMBY BHUKPHBICHHS
norepeyHoro  mepepizy, amB. 10.1.5.1,
no3BossieTbesi Cpc HE BPaxOBYBaTH, TOMY IO
KOPCTKICTh B’sI31 B OCHOBHOMY 3aJIC)KHTh BiJl
BennuuHU Cp A 1 BUKPHUBIICHHS TIEpEpizYy.

(9) AnbrepratuBHo 3HaueHHS Cpa MOXYTh
Ooytu oOuucieHi 3a pe3ynbTaTaMu
BUNIPOOYBaHb 200 PO3PAXYHKOM.

(10) Ipwu OTpUMaHHI1 BEIIMYUHU
(1/Ka+1/Kg) 3a pe3yabTaTaMu
BunpoOyBanb (mm/H 3rigno 3 A.5.3(3))
BenmunHa CpA JUIS HaBaHTaXXEHb 3BEPXY O
HU3y a00 HAaBIaK¥ BU3HAYAETHCS TaK:

h*/1,
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(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 Cp.c,
because the spring stiffness is mainly
influenced by the value of Cp and the cross-
section distortion.

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

(10) If the value of (1/Ka+1/Kg) is
obtained by testing (in mm/N in accordance
with A.5.3(3)), the values of Cpa for gravity
loading and for uplift loading should be
determined from:

CD,A =

ne bmod, h i hg HaBeneno B 10.1.5.1(4), Ia —
MOJyJIbHA HIMPHHA HaCTUITY, 110
BUIIPOOOBYeThCs, | — mMOBkHMHA Oaiku, IO
BUIIPOOOBYETHCS.

IpumiTka: PexomeHnnamii momo BUMIPOOYBaHB
auB. A.5.3(3).

(LK, +1/Kg)—4{1—-v?) h2(h, +b,, )/ (ELI,)

..(10.18)

in which bmod, h and hq are as defined in
10.1.5.1(4) and la is the modular width of
tested sheeting and Ig is the length of tested
beam.

NOTE: For testing see Annex A.5.3(3).

Table 10.3 — Koedimient moBopoty Cioo UIs CTaIeBOro HaCTHITY 3 TpaNelieBUIHUMH TodpaMu

Table 10.3: Rotation coefficient Cioo for trapezoidal steel sheeting

3aKpiruieHHs] HACTHITY B
Po3ranryBaHHs HaCTHITY HOJIHII Kpok 3akpirienb .
Positioning of sheeting Sheet fastened Pitch of fasteners ﬂngeTp Caoo b max
through raiiou [mMm]
Washer
. . diameter
Hosuruere V | Herarnpne? |  Hikwiit Bepxwiit
Positive V| Negative? Trough Cprest e =br e = 2br [mm] [kNm/m] | [mm]
[Ipu rpaBiTaniiiHOMy HaBaHTa)KE€HHI:
For gravity loading:
X 22 5,2 40
X 22 3,1 40
X Ka 10,0 40
X Ka 5,2 40

14
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X X 22 3,1 120
X X 22 2,0 120
Kinens Tabmumi 10.3.

3akpilieHHs HACTHITY B

PO3TaIlIyBaHH$I HaCTUI1y HOJ'II/IHi KpOK 3a1<pirmeHL I[iaMeT I b
Positioning of sheeting Sheet fastened Pitch of fasteners amerp 100 T.max
through uraii6u [Mm]
Washer
. . iameter
Tosurnre V | Herarnpue?) | Hinkwiit Bepxuiit diame
Positive ) | Negative? Trough Crest e =br e = 2bgr [mm] [kNm/m] |  [mm]
[Tpu nigiioMHOMY HaBaHTAKEHHI:
For uplift loading:
X X 16 2,6 40
X X 16 1,7 40
[To3naueHHs:
Key:

IIMPUHA XBUIII;
br isthe corrugation width;

I pUHA l'IOJ'II/II_Ii HaCcTUiIy, o KpiHI/ITBC}I A0 IIPOTOHY.
bt is the width of the sheeting flange through which it is fastened to the purlin.

Ka Ilo3HadeHHs ctaneBoi CiaionoaioHo1 maiou, mo nokazana| KpirieHHs HacTHTy

HIDK4Ye, pu t > 0,75 mm, Sheet fastened:
— 4€PE3 HUIKHIO IMOJIUIIO
Ka indicates a steel saddle washer as shown below with — through the trough:
t>0,75 mm

[ Y W aa WY
<%

: — Yepe3 BEPXHIO MOJHULIIO

’ — through the crest:

b
Benuunnu 3 11i€i TabmuIi MOXHa 3aCTOCOBYBATH TIPH: |"';'|
The values in this table are valid for: I e W e W e U
— KpIIJICHHI HACTUJTY CAMOHAPI3HUMH I'BUHTAMU J1iaMETPOM
— sheet fastener screws of diameter: & =6,3mm;

— CTAJIEBUX I1ait0axX TOBIIUHOIO
— steel washers of thickness: tw=>1,0 mm.

Y PosramyBaHHs HacTWIy € HO3HTHBHHM, Y The position of sheeting in positive when
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KOJIA BiH BY3bKHUMH ITOJIUISIMH BKJIQJIA€THCS HA
MPOTiH, a HEraTUBHUM — KOJH IIUPOKUMU
TIOJTUIISIMH.

10.1.6 3ycnaass i peakmii B KpinjeHHsIX
HACTHJIY /10 IIPOTOHiB

(1) B kpimieHHsSX HacTWiy JO IIPOTOHY
METBHPOOH MOBHUHHI MEPEBIPSITHCH HA CYMICHY
T10 3yCHIUIS 3pi3y (s €, MEePHeHAUKYISIPHOTO
MONHII 1 3yCWiuIa po3TsAry (i€, Ae Qs 1 (t
MO’KHA BHU3HAYHATH 3TigHo 3 Tabmaumero 10.4, a
€ — KpOK 3aKpiluIeHb. 3yCWJUIA 3pi3y Bif
crabimizytogoro edekrty, muB. EN1993-1-1
MOBHHHO JIOJIaBaTHCh 10 3ycwuia 3pizy. [o
TOTO K 3YCWUIS 3pi3y BiA HAcCTHIy SK
niadparMu, sKe Ji€ IapajeNbHO TOJIHIIL,
BEKTOPIAIBHO JTOJAAETHCS JI0 (s.

np JICTY — H b EN 1993-1-3:20XX

the narrow flange is on the purlin and negative
when the wide flange is on the purlin.

10.1.6 Forces in sheet/purlin fasteners and
reaction forces

(1) Fasteners fixing the sheeting to the purlin
should be checked for a combination of shear
force gse, perpendicular to the flange, and
tension force gie where gs and gt 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, should be added to the
shear force. Furthermore, shear force due to
diaphragm action, acting parallel to the flange,
should be vectorially added to gs.

Tab6auus 10.4 — 3ycuiis 3pi3y 1 po3TAry B KpIIUIEHHSIX B3JI0BXK OaJIKU

Table 10.4: Shear force and tensile force in fastener along the beam

Twum Oanku 1 HaBaHTAKEHHSI

. OBXXHWHU
Beam and loading A Gs

3ycuiuid 3pi3y Ha OIXUHHILIIO

Shear force per unite length gs

3ycHIUIs pO3TATY Ha OJMHULIIO
JOBXHUHHU (t
Tensile force per unit length g

Z-nionibHa, TpaBiTaniiHe
HaBaHTaAXCHHS
Z-beam, gravity loading

piBauM 0

(1 O &) kn ged, MOXKHA TIPUITHATH

(1 O &) kn ged, may be taken as 0

0

Z-tioniOHa, ImiaioMHe
HaBaHTaKCHHS

10 &) (kn—alh)ged

| Ekngeah /@l + ged

C-beam, gravity loading

Z-beam, uplift loading (a=b/2)
C-noni6Ha, rpaBiTailiiiae
HaBaHTAKCHHS (1— &) kn Qed EknQeah/a

C-mozi0Ha, migioMHe
HaBaHTaKCHHS
C-beam, uplift loading

(1-¢) (kn—a/h)ged

Ekngeah/a(b—a)+ Qed

(2) MetBHpoOHM B 3aKpiIUIEHHSX MPOTOHIB Ha
ornopax HeoOXiTHO TepeBipATH Ha [0 B
IJIOMIMHI CTIHKK peakmii Rw 1 B TuIonmHi
MOJUIb TonepedyHux peakuidi Ri 1 Rz, aus.
puc. 10.8. 3ycwmis Ry 1 R2 BU3Ha4aOThCs 3a
dbopmynamu, mo HaBeaeni B Tabm 10.5.
3ycuiuis Rz BKIIIOYAa€ TakoX CKaTHY CKJIa/lOBY
JUISL  TIOKpUTTIB 3 HaxwioMm. Skmo Ri
MO3UTHBHA, 3yCHJUIA B KPIIUJICHHI BiACYyTHE. R2
MepeacThCsl HACTUIIOM Ha BEPXHIO TTOJHITIO
NPOTroHYy 1 Jajli Ha KPOKBSHY KOHCTPYKIIIO
(ronoBHy Oanky) 3aBASKH 3’ €IHYBAILHOMY

(2) The fasteners fixing the purlins to the
supports should be checked for the reaction
force Rw in the plane of the web and the
transverse reaction forces Ri and R. in the
plane of the flanges, see figure 10.8. Forces Ry
and R> may be calculated using table 10.5.
Force R2 should also include loads parallel to
the roof for sloped roofs. If Ry is positive there
IS no tension force on the fastener. R> should
be transferred from the sheeting to the top
flange of the purlin and further on to the rafter
(main  beam) through the purlin/rafter

14
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eneMeHTy (OmopHHMM  eneMmeHT), abo 3a
JIOTIOMOTOF0  CTICHIaIbHUX 3CYBHUX 3’€IHAHBb
Oe3rocepelHbO Ha OCHOBHUN a0o0 MOIiOHMI
eneMeHT. Ha mpoMiXKHHX Omopax Hepo3pi3HUX
MPOTOHIB peakilii mpuiMarTbes y 2,2 pa3u
OlIbllIe 3HaYEHb, 110 HaBeaeHi B Ta0m. 10.5.

[pumirka: {11 TOKpUTTIB 3 HAXHIOM
MOTIEPEYHI HABAHTAXCHHS  PO3TIISIAIOTHCSA  SIK
CKJIAZIOBl BEPTHKAIHHOTO HABAHTAKEHHS, IO i€
MEPICHIUKYISAPHO JO IUIONIMHHU IOKPUTTSA 1
napasenbHO — B 1[Il IUIOIHHI.

connection (support cleat) or via special shear
connectors or directly to the base or similar
element. The reaction forces at an inner
support of a continuous purlin may be taken as
2,2 times the values given in table 10.5.

NOTE: For sloped roofs the transversal loads
to the purlins are the perpendicular (to the roof
plane) components of the wvertical loads and
parallel components of the vertical loads are acting
on the roof plane.

Pucynoxk 10.8 — Onopsi peaxiii

Figure 10.8: Reaction forces at support

Tab6auusa 10.5 — OnopHi peaxuii a7 BUIbHO 00nepToi 6anku

Table 10.5: Reaction force at support for simply supported beam

Turm 0Ky 1 HaBaHTAKEHHSA
Beam and loading

Peaxmisa Ha HroxHIN mTosic Ry
Reaction force on bottom flange R: | Reaction force on top flange R»

Peakiiist Ha BepxHiit mosic Ry

Z-noni0Ha, TpaBiTariiine
HaBaHTa)KEHHS
Z-beam, gravity loading

(1-¢)kngealL /2

(1+)knQeal /2

Z-tioniOHa, ImigioMHe
HAaBaHTAXECHHS
Z-beam, uplift loading

—(1-¢)knQealL /2

—(1+¢)knQealL /2

C-noni6GHa, rpaBiTariiiae
HaBaHTAXXECHHS
C-beam, gravity loading

—(1-¢)knQeaL /2

(1-¢)kngeal /2
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C-noxibHa, migiioMHe
HaBaHTAXKECHHS
C-beam, uplift loading

(1-¢)kngeal /2

—(1-¢)knQealL /2

10.2 Kacerni mpogini 3  po3B’si3k010
HACTHJIOM

10.2.1 3arajbHi moI0:KeHHS

(1) KacerHi mpodiii — 11e, sSIK OKa3aHO Ha PHUC.
10.9, Benmki mBenepornoAiOHi mpodinmi 3
JBOMa CTiHKaMHW, 3 JBOMa BY3bKHMH 1 3
OJIHIEI0 ITUPOKOIO 3arajbHOI0 MOJUIAMH. J[B1
BYy3bKi TONUIIl 3BEpXy TMOBHHHI OyTH i3
IUIONIMHU  PO3B’si3aHI  MpOo(HACTUIIOM, IO
MPUKPITUTIOETHCS 10 HUX.

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, generally as shown in
figure 10.9. The two narrow flanges should be
laterally restrained by attached profiled steel
sheeting.

Pucynoxk 10.9 — ['eomeTpist TUIIOBOTO KaCETHOTO MPOQLITIO

Figure 10.9: Typical geometry for liner trays

(2) Hecyua 3maTHicTh  CTIHOK ~ KaceTHHUX
npodiTiB Ha 3pi3 1 CHOPUHHATTS MICHEBOIO
MOTIEPEYHOT0 HABAHTAXKCHHS BU3HAYAETHCS

(2) The resistance of the webs of liner trays to
shear forces and to local transverse forces
should be obtained using 6.1.5 to 6.1.11, but

14
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3rimHo 3 6.1.5 +6.1.11, ame 3 ypaxyBaHHSIM
BenMurHHA McRd 3T17HO 3 (3) a6o (4).

(3) 'pannunmic MoMeHT McRrd JUIS KaceTHOTO
npodiato Bu3Havdaerbess 3rigHo 3 10.2.2,
BpPaxOBYIOYH, IIO:

—1iX TEOMETpUYHI pO3MIpH B Jiama3oHi
3rigHo 3 Tabmuuero 10.6;

—BHCOTa TOQPIB MIMPOKOi TOJHII He
nepesuinye h/8, me h — 3arampHa BHcCOTa
KaceTHOTO MpOodiIro.

(4) AnbTepHaTHBHO TPAHUYHUI MOMEHT JUIst
KaceTHOro mpodiaro Moxke OyTH BHU3HAUCHUUN
npu BUNPOOYBaHHI, MpH LBOMY MiCLEBi
HABaHTAXXCHHS BiJ BUIIPOOYBAILHOTO
oOJalHaHHS Ha €JIEMCHTH Tepepizy mpodiiro
HE MOBUHHI MEPe1aBaTUCh.

IpumiTka: PexomeHnnamii momo BUMIPOOYBaHB
HaBEJICHO B AOJATKy A.

Ta6aunsa 10.6 — Jliamazon 3acrocyBanns 10.2.2

Table 10.6: Range of validity of 10.2.2

using the value of Mcra given by (3) or (4).

(3) The moment resistance Mcrq Of a liner tray
may be obtained using 10.2.2 provided that:

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

—the depth hy of the corrugations of the
wide flange does not exceed h/8, where h is
the overall depth of the liner tray.

(4) Alternatively the moment resistance of a
liner tray may be determined by testing
provided that it is ensured that the local
behaviour of the liner tray is not affected by
the testing equipment.

NOTE: Appropriate testing procedures are
given in annex A.

MM
0,75 mm

IA

MM
30 mm

IN

MM
60 mm

IA

MM

300 mm

IN

tnom

bt

by

la/ by

S1

MM
1,5mm

IA

MM
60 mm

IN

MM
200 mm

IA

MM

600 mm

IN

MM [ MM
10 mm*/ mm

IA

MM

1000 mm

10.2.2 Hecyua 31aTHIiCTh NP 3rUHi

10.2.2.1 llupoka nouus CTUCHYTA

(1) Ipum  cTucHyTIH  MMPOKIA  MOJHII
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10.2.2 Moment resistance

10.2.2.1 Wide flange in compression
(1) The moment resistance of a liner tray with



KaceTHOro TMpO(UI0 TpPaHHYHUA MOMEHT
MOBUHEH BU3HAYATHCS 32  TOCIIJIOBHOIO
MpoIeayporo, sika HaBeneHa Ha puc. 10.10:

— Eran 1: BuzHauntu eQekTuBHY IUIOUTY
BCIX  CTHCHYTHX YacTUH  IONEPEYHOTO
nepepizy, npuiMarodn 10 yBaru
CIIBBIHOIIEHHS  HANpyXeHb W= o2/ o1,
oOuucieHux Uit e()EeKTHBHOI  IIMPUHU
CTHCHYTUX TIOJIHIb, aJI¢ MPH IOBHIM TIUTOII
CTIHOK;

np JICTY — H b EN 1993-1-3:20XX

its wide flange in compression should be
determined using the step-by-step procedure
outlined in figure 10.10 as follows:

— Step 1: Determine the effective areas of
all compression elements of the cross-section,
based on values of the stress ratio w=o»/ o1
obtained using the effective widths of the
compression flanges but the gross areas of the
webs;

— Eran 2: BusHauuti  LEHTP  TSOKIHHS — Step 2: Find the centroid of the effective
e¢pEeKTUBHOTO  TOMEPEYHOro  mepepizy i cross-section, then obtain the moment
OOYHMCIIUTH TPAHUYHUI MOMEHT 3a (hopmyIioro: resistance Mcrd from:

Mc,Rd = 0,8 Weff,min fyb / Mo (1019)
ze: with:
ane
Wetf,min = |y,eff/Zc but Wef,min < |y,eff/Zt;
TYT Z¢ 1 Zt BU3HAYAOThCs 3rigH0 3 prc. 10.10. where z¢ and z; are as indicated in figure 10.10.
-+ b1)
A
\ of —T— [\ _'fr_  \
o | N ¥_ —————
=< or
b i — 1
b,/ 2—] b, 4/ 2 el B, /2
Etan 1
Step 1
O, = O,Btyb/ %0 0, < O-Bt,-t:/r?ido [[]I[l]
& : @1
N = BN
l or $
A 1T X N
= - k! = [

7y < 0,88/ [IIIIIIIITITT

o = O.nyb,f}iwo [[[l]]]]

Eran 2
Step 2

Pucynok 10.10 — BusHaueHHs rpaHUYHOTO MOMEHTY — IIIMPOKA MOJTUIIS CTUCHYTA
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Figure 10.10: Determination of moment resistance — wide flange in compression

10.2.2.2 lllupoxa moyiuus po3TrHeHa
(1) F'panuyHMit  MOMEHT JJIi  KacETHOI'O
npodia0 MPH PO3TATHEHIM IIMPOKIA ITOTHIT
MOBUHEH BU3HAYATHCS 32  TOCIIJIOBHOIO
MpoIeAypoo, sika HaBeneHa Ha puc. 10.11:

— Eran 1: BuzHauut  1EHTp  TSOKIHHS
MTOBHOTO MOTIEPEYHOTO TIEpepizy;

— ETan 2: BusHauutu e(peKkTuBHY MIUPUHY

nonuii  Dueff 3 ypaxyBaHHSM MOXJIMBOTO
BHUKPHBIICHHS 32 ()OPMYIIOIO:

b
Ie
by — mOBHA MIMpHHA IKPOKOT MOJIMIII;
€0 — BIJICTaHb BiJl IICHTPAJILHOI OCi ITIOBHOTO
MOTICPEYHOTO Tepepi3y A0 HEHTPaIbHOI OcCi
BY3BbKHUX IOJIUIIb;
h — 3araipHa BUCOTa KaceTHOTO PO isIHo;

L — mponboT KaceTHOTO MPOodiIIo;

teg — eKBIBaJeHTHAa TOBIIMHA IIUPOKOL
TIOJINII

~ 533-107%,tt,,

10.2.2.2 Wide flange in tension

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

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

— Step 2: Obtain the effective width of the
wide flange buefr, allowing for possible flange
curling, from:

ueff —

s ..(10.20)

where:
bu  the overall width of the wide flange;

e  the distance from the centroidal axis
of the gross cross-section to the centroidal axis
of the narrow flanges;

h the overall depth of the liner tray;

L  the span of the liner tray;

tey  the equivalent thickness of the wide
flange, given by:

teq = (12 Ia / bu )1/3

la — MOMEHT iHepuii IIMPOKOI MOJHUII
BiJIHOCHO IIEHTPY TsDKiHHSA, AuB. puc. 10.9.

— Eran 3: BusHauntu eQeKTUBHY TUIOIILY
CTHCHYTHX YacTHH TOMEPEYHOro Tmepepisy,
MpUiMaroYl 10 yBard  CHiBBiIHOIICHHS
Hampy)KeHb W= o»/ 01, OOYHCICHHUX IS
e(deKTUBHOI IIMPUHH TOIUIb, aje NP MOBHIN
IUIONII CTIHOK;

— Eran 4: BuzHauut  TEHTP  TSOKIHHS
e(EeKTHUBHOTO MOMEPEUHOro Mepepizy 1 Hecyuy
3naTHICTh MpRrd 32 YMOBU BTpaTH IIJIOCKOi
(bopMH CTIHKOCTI 3THHY 32 TAKUM BUPA30M:

152

la  the second 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 y= 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 Mp rd USING:
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ajc

Mb,rd = 0,8 b Wetf,com fyb / ¥mo but Mb,rd < 0,8 Westt fyb / Mo ..(10.21)
ne: with:

Weff.com = |y,ef‘f/Zc
Westt = ly eff | z¢

ONMpaBOYHKMK Koe(illieHT fp NpPHEMAETHCS in which the correlation factor Sy is given by
pu: the following:

— 51 <300 mm: —ifs1 <300 mm:
Pp=1,0
—300 MM <51 <1000 mm: —if 300 mm < s1 <1000 mm:

Pb=15-s1/2000

TYT:
S1  KPOK METBHPOOIB, 110 PO3KPIILIIOIOTH
BEpX BY3bKUX MOJUIG 13 TUIOIIMHH, TUB. PHC.

10.9.

(2) BruuB 3armizHeHHsI 3CyBY HE BPaxOBYEThCSI
npu L/ buerr>25, a B iHImIOMY BHIAgKy
MOHIKYIOUMH  KOeIlieHT  p  TOBHUHEH
BH3HA4YaTUCh 3riHO 3 6.1.4.3.

where:

st 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 /byef>25. Otherwise a
reduced value of p should be determined as
specified in 6.1.4.3.

G-D[.|
—\ 1 f \ K A
(bo o S o o™
gt 1 or T}
AT T = (N
N' - an - J - e -
‘_bu/ 2_’{ = ueﬁ‘f 2"| ‘_’}Abu'e"/ .
Etam 1 Eram 2
Step 1 Step 2
o, =0,81 /1 ]] [I] a,<0,81 /%0 [T M
1©lob’ Mo
— N
(N S PR v
| or i
S S — i N
Nv __L
oy < 0,874/ 7 [T 0y =0.81¢/ Ho |

1t
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Eram 3 1 Etam 4
Step 3 and Step 4

Pucynok 10.11 — BuzHadeHHsI rpaHUYHOTO MOMEHTY — IIUPOKA MOJIMIIS PO3TIATHYTA

Figure 10.11: Determination of moment resistance — wide flange in tension

(3) BukpuBiieHHss TONMII TpU  BU3HAYCHHI
IIPOTHHIB HE BPAXOBYETHCS.

(4) B mnpaktuii TrpaHUYHANA MOMEHT ISt
KaceTHOTro IMpo(diJIfo 3 MIMPOKOIO MOJHUIIEIO0 0e3
€JIEMEHTIB JKOPCTKOCTI CIPOIIEHO MOXe OyTH
pO3paxoBaHWi,  MPUUHSBIIK  €()EKTUBHY
IUTOITY PO3TATHYTO! IIUPOKOI MOJHIN PiBHOIO
IUIOHI Tepepidy MBOX CTHCHYTHX BY3bKUX
TIOJTUIIb.

10.3 BpaxyBanusi jgiagparmM KOPCTKOCTI
NPHU NPOEKTYBaHHI

10.3.1 3arajbHi m0/10:KeHHS

(1) B3aemopiisi KOHCTPYKTHBHUX €JICMEHTIB 1
HACTUJIY, SK OKPEMHX 4YacTWH, IIO pPa3oM
CTBOPIOIOTh ~ KOMOIHOBaHYy  KOHCTPYKIIIfO,
posrnsaaerbes y migposaini 10.3.

(2) Bumorn  1pOro  migpo3ALTy  TOBUHHI
3aCTOCOBYBAaTHCh  TUIBKM 1O  JIUCTOBHX
niagparm, 110 BUTOTOBJIEH 31 CTaIl.

(3) diadpparmu MOXYTh CTBOPIOBATHCH
npopHACTUIOM, IO BUKOPUCTOBYETHCS B
MOKPUTTSAX,  MEPEeKPUTTAX 1  CTIHOBHUX
OTOpOJKEHHSAX. BOHM  MOXYyTb  Takox
CTBOPIOBATUCH KACETHUMHU HpopiIsiMU B
CTIHOBUX OTOPOJKEHHSX 1 HOKPUTTSX.

[pumirka: [Hpopmamito 1momo po3paxyHKy
TakuXx JiadparM MokHa OTPUMATH 13!

ECCS IlyGmikamigs Ne 88 (1995): €Bpomneiichki
peKOMeHAaIii 00 3acTOCYBaHHS METaJIeBHUX
HACTWIIIB, SIKI JIIFOTH SIK TiadparMu.

10.3.2 Po6ota giadparm

(1) Ilpu  po3paxyHKy HampyXeHHX OOIIUBOK
Tpeba TpuAMATH [0 YyBarW, MI0 3aBISKA
3CYBHIM KOPCTKOCTI 1 MILHOCTI, JiadparMu 3
HAaCTWJIIB B TOKPUTTSX, TMEPEKPUTTAX 1
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(3) Flange curling need not be taken into
account in  determining deflections at
serviceability limit states.

(4) As a simplified alternative, the moment
resistance of a liner tray with an unstiffened
wide flange may be approximated by taking
the same effective area for the wide flange in
tension as for the two narrow flanges in
compression combined.

10.3 Stressed skin design

10.3.1 General

(1) The interaction  between  structural
members and sheeting panels that are designed
to act together as parts of a combined
structural system, may be allowed for as
described in this clause 10.3.

(2) The provisions given in this clause should
be applied only to sheet diaphragms that are
made of steel.

(3) Diaphragms may be formed from profiled
sheeting used as roof or wall cladding or for
floors. They may also be formed from wall or
roof structures based upon liner trays.

NOTE: 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 as a diaphragm.

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



CTiHOBHX OTOPOJKEHHSX Hi/IBUIITYIOTh
3arajibHy >KOPCTKICTh 1 MIIIHICTh KapKaciB B
JIOMY.

(2) ITokpUTTS i HEPEKPHUTTS PO3TIIAAAIOTHCS K
OaJKU-CTIHKM, IO  PO3TAIIOBYIOTHCS IO
JTOBXKHHI OymiBii, CHOpUWMAIOTh B  CBOIH
IUIONIMHI TOPHU3OHTAJbHI HABAHTAKEHHS 1
nepefaroTh iX Ha Topli abo Ha MPOMIKHI
B’s3eBl pamu. Hactunm posrasgaerbes sk
CTiHKa OayKu, 10 CIpUKMa€e B CBOTH IUIOMIMHI
3CYBHE TOPH3OHTAlbHE HABaHTAXKEHHS, a
KpaiiHI eJIeMEHTH SK T0sACH OalKu, 110
CIPUIMAIOTh OCHOBI 3YCHIIIS PO3TATHEHHS 1
cTucHeHHs, 1uB. puc. 10.12110.13.

(3) IpssmokyTHI CTiHOBI HaHesi
PO3IIISIIAIOTHCS CIPOIICHO SIK B’SI3€B1 CUCTEMU
— niadparmu, SKi COPUMMAIOTH 3YCHIUISA Y
CBOTH IUTOIIKHI.

(b)

(a)
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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.

(3) Similarly, rectangular wall panels may be
treated as bracing systems that act as shear
diaphragms to resist in-plane forces.

Hactnn
(@) Sheeting

30Ha 3CyBYy B HaCTUII
(b) Shear field in sheeting

[TosicHi 3ycusuid B KpallHIX eJIeMeHTax
(c) Flange forces in edge members

Pucynok 10.12 — Po6ota aiagparm riocKux NOKpUTTIB Oy/1iBeNb
Figure 10.12: Stressed skin action in a flat-roof building

10.3.3 O60B’s13K0Bi yMOBH

(1) Metonu PO3paxyHKy HaNpy>KEHUX
oOmuBOK (miadgparm), MmO € CKJIaJI0BOIO
JaCTHHOIO KapKacy, MOKHA 3aCTOCOBYBATH 3a
YMOBH, HIO:

— HaCTHJI, OKpIM BHUKOHAHHS OCHOBHOI
(GyHKII1, TOBUHEH MaTU 3CYyBHY JKOPCTKICTb,
JOCTaTHIO JJIS  BUKIIIOYEHHS MOXJIMBOCTI
TepeMIIIEHHsT KOHCTPYKITIi B CBOTH TUIOIIHHI;

— niagparMy  TIOBHMHHI MaTH TOB3JIOBXKHI
KpalioBl €JeMeHTH, sIKI 37aTHI CHpuiMaTu
3yCWJUIA, 110 BUHHUKAIOTh MpH  poOoTi
niapparmu;

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 diaphragms to resist
structural displacement in the plane of that
sheeting;

—the diaphragms have longitudinal edge
members to carry flange forces arising from
diaphragm action;
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—3ycwuis  Bim miagparM TOKPUTTIB 1
MEPEKPUTTIB TEpeAaroThcs Ha (DyHIaMEHTH
B’S3€BUMH paMaMH, IHIIMMH JiadparMamMu
a00 IHIIMMU METOJaMH, SIKi MEPEIIKOKAIOTh
3MIIICHHIO paMm;

— BUKOPHCTOBYIOTHCS BIJIITOBIH1
3’€HAHHS, 10 TMEePeNalTh 3yCHIUIS BiJ
niadparMu Ha OCHOBHHMM CTaJleBHM Kapkac 1
00’€THYIOTh KpaiOBi €JIeMEHTH MpH POOOTI iX
B SIKOCTI MOSICIB;

— HACTHJI PO3TJISAAETHCS SIK KOHCTPYKTUBHA
YacTWHA, IO HE MOXKe OyTm BHJaneHa 0e3
BIZITOBIAHOT KOMIIEHCALIIT;

—B PpO3paxyHKax 1 KpECICHHSIX IpH
MIPOCKTYBaHHI HEOOXIJTHO aKIEHTYBATH YBary
Ha Te, w0 OymiBiAs 3ampoeKkToBaHa 3
ypaxyBaHHIM pOOOTH JiadparMu KOPCTKOCTI;

— JUIsL HacTHJIy, OpPIEHTOBaHOTO Trodpamu
B3JIOBX MOKPHUTTS, 3yCWIUISI B MOsiCaX IIpH
poboTi miadparmMu CipuiiMarOThCSI HACTHIIOM.

(2) Pobora HacTuiIiB K miadyparM sKOPCTKOCTI
BPaxOBYEThCS TIPU pO3paxyHKax, HacaMmepes,
HU3BKUX OyniBenb a00 B MEPEeKpUTTAX 1 Ha
(hacamax BUCOKUX Oy/IiBEb.

(3) Hampy»xeni OOIIMBKH Tiadparm
PEKOMEHAYETbCS ~ BUKOPHCTOBYBAaTH  JJIf
CHPUMHATTI BITPOBUX, CHITOBHX, a TaKOX
IHIIMX HaBaHTa)XEHb, SKI MEepedaroTbcs Ha
KOHCTPYKLIi Oe3mocepelHb0 Yepe3 HaCTHIL
BoHM MOXyYTh Tak0X BUKOPUCTOBYBATUCH IS
CTIPUHHSTTS HE3HAYHUX PyXOMHUX
HaBaHTaXXEeHb, HAIIPUKJIIAJI, TAIbMIBHUX 3yCHIIb
JIETKUX MiIBICHUX KpaHiB a00 MiJHOMHUKIB Ha

MOHO pesix, aje HE MOXYTh
BHKOPUCTOBYBATHUCH TUTS CIIPHAHSTTS
TPUBAIUX 30BHIIIHIX HaBaHTaXEHb,

HaIpUKIAJ, BiJ 00Ja HAHHSI.
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—the diaphragm forces in the plane of a
roof or floor are transmitted to the foundations
by means of braced frames, further stressed-
skin diaphragms, or other methods of sway
resistance;

— suitable structural connections are used to
transmit diaphragm forces to the main steel
framework and to join the edge members
acting as flanges;

—the sheeting is treated as a structural
component that cannot be removed without
proper consideration;

—the project specification, including the
calculations and drawings, draws attention to
the fact that the building is designed to utilize
stressed skin action;

—in sheeting with the corrugation oriented
in the longitudinal direction of the roof the
flange forces due to diaphragm action may be
taken up by the sheeting.

(2) Stressed  skin  design may be used
predominantly in low-rise buildings, or in the
floors and facades of highrise buildings.

(3) Stressed skin diaphragms may be used
predominantly to resist wind loads, snow loads
and other loads that are applied through the
sheeting itself. They may also be used to resist
small transient loads, such as surge from light
overhead cranes or hoists on runway beams,
but may not be used to resist permanent
external loads, such as those from plant.
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Hactun
(@) Sheeting

[TosicHi 3ycuiuis B KpalHIX eleMeHTax
(b) Flange forces in edge members

30Ha 3CyBY B HaCTHJI
(c) Shear field in sheeting

3arsKKa Ut CIPURHATTS 3yCHIIb Bif
HaMTHITY IIOKPUTTH
(d) Gable tie required to resist forces in roof
sheeting

Pucynok 10.13 — Po6ota niadpparmu B OyaiBii 3 ABOCKATHUM MOKPUTTIM
Figure 10.13: Stressed skin action in a pitched roof building

10.3.4 lia¢pparmu i3 crajeBux npodaucTiB
(1) B miadparmi i3 craneBoro mpodHacTHILy,
muB. puc. 10.14, o6uaBa TOpIIi JUCTIB TOBUHHI
OyTH 3akpilUIecHI Ha OIOPHUX EJIEMEHTax
CaMOHapi3HUMU TBUHTAMH, TIO0ESIMH,
3BaplOBaHHIM, 00JTamMH a00 IHIMUMHU TUTIAMHU
KpIIJIeHb, $IKI HE BUCMHUKYIOThCS, abo He
3pi3al0ThCs 0 pYyHHYBaHHS HacTwIy. Bci
TUMW KPIIJIEHb MOBUHHI BCTAHOBIIOBATHCH B
OTOPHUI  eNeMEeHT O0e3MOCepeIHhO  Yepe3
HACTUJI HaNPUKJIaJ, yepe3 roppu NpodIIucTis,
SKIIO PO3PAXyHKOM HE TepeadayeHo iHIm
3axoqu mojx0 3abe3nedyeHHs  e(pEeKTUBHOI
nepenadi 3yCuib.

(2) TloB310OBXKHI  CTHKM CYMDKHHX  JIHCTIB
NOBMHHI ~ BHKOHYBAaTHUCh HA  3aKJIENKax,
CaMOHAapI3HUX TBHHTAaX, 3BaplOBaHHAM abo B
Oynp-sKMM 1HIIMKA crmoci0 1 He TOBHHHI
BHUCMHKYBAaTUCh a00 3pi3aTHCh 10 pyHHYBaHHs
HacTiily. Kpok KpiljieHb He MOBUHEH OYyTH
O1pImMM HiK 500 MM.

(3) Bixcrani Bix ycixX THUIIB KpIiIUIEHB JI0 KpaiB
abo TOpLIB JMCTIB NOBUHHI OYTH JAOCTaTHIMHU
JUIS BUKITIOYCHHSI TIEPEIYacCHOTO PYHHYBaHHS
HACTHITY.

(4) HeBenunuki, Oymb-sK po3TalIOBaHi OTBOPH,
10 YTBOPIOIOThCA HA IO He OutbiI Hik 3%
BiJl 3arajJibHO1 IUIOMIl TEPEKPUTTS, MOXYTh
OyTH yTBOpeHi 0e3 CHeliaJbHOro pO3paxyHKy
3a YMOBH, 1110 3arajibHa KUJIbKICTh KpIIJIEHb HE
3MeHmMnIack. OTBOpH, IIO PO3TALIOBYIOTHCS
Ha womi xo 15% Big 3arajpHOI  IUIOII

10.3.4 Profiled steel sheet diaphragms

(1) In a profiled steel sheet diaphragm, see
figure 10.14, both ends of the sheets should be
attached to the supporting members by means
of self-tapping screws, cartridge fired pins,
welding, bolts or other fasteners of a type that
will not work loose in service, pull out, or fail
in shear before causing tearing of the sheeting.
All such fasteners should be fixed directly
through the sheeting into the supporting
member, for example through the troughs of
profiled sheets, unless special measures are
taken to ensure that the connections effectively
transmit the forces assumed in the design.

(2) The seams between adjacent sheets should
be fastened by rivets, self-drilling screws,
welds, or other fasteners of a type that will not
work loose in service, pull out, or fail in shear
before causing tearing of the sheeting. The
spacing of such fasteners should not exceed
500 mm.

(3) The distances from all fasteners to the
edges and ends of the sheets should be
adequate to prevent premature tearing of the
sheets.

(4) Small randomly arranged openings, up to
3% of the relevant area, may be introduced
without special calculation, provided that the
total number of fasteners is not reduced.
Openings up to 15% of the relevant area (the
area of the surface of the diaphragm taken into
account for the calculations) may be
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MepeKpuTTs (IOl MMOBEPXHI JiarpaMu, IO
BpPaXOBYETHCS VIS PO3pPaxyHKY)
PO3MIIITYIOTHCS 3T1IHO 3 IeTanbHUM
po3paxyHkoM.  JlUISHKM 13 3HAYHUMU
OTBOpaMH TOBUHHI OyTH pO3[iJeHI Ha MEHIII
TUISTHKY, KOKHA 3 SIKHX TPAIIoE K OKpema
niadparma.

(5) Yci  HacTHM, SIKHMH  YTBOPIOETHCS
niagparma, B Iepuly 4Yepry  IMOBHHHI
PO3paxoBYBAaTHCh HA 3TUH. J[I1 HEJOMYIIEHHS
3HIDKEHHSI HECy4Oi 3/JaTHOCTI HAacTWIy NpHU
3THHI, KOJIHM BiH OTHOYaCHO BUKOPHCTOBYETHCS
1 sk miagparma KOPCTKOCTI, HANpyKEHHS B
HBOMY  HE HIOBUHHO HepEBHIIYBaTH
0,25 fyo / ym1.

(6) Hecyua 3pmaTHicTh miadgparmMu Ha 3CyB
MMOBUHHA BHU3HAYATUCh MiHIMaJIbHOIO
BEJTMYUHOIO TPAHUYHOI MIITHOCTI ITOB3IOBXKHIX
CTHKIB a00 KpIIJIeHb HACTUIy Ha OIOpax
napanenbHo Todpam abo s miadparm,
3aKpIINIEHUX  TUIBKM MO  TOB3JOBXKHIM
KpailoBUM eJeMEHTaM 1 3 KpIIUIEHHSM JIMCTIiB
HacTHily o Topuax. Po3paxyHkoBa Hecyya
3MaTHICTh JiadparMud TMpPU 3CYyBI TMOBHHHA
MIEPEBUIIYBATH [IEH PiBEHB MPU:

— pyllHYBaHHI  KpiIUIEHb  JIUCTIB  JO
IIPOTOHIB BiA 3CyBY 1 BiI’€éMHOI il BITpY He
MeHtr, Hix Ha 40%;

— Oyab-aKiil 1HIINA (Qopmi pyHHYBaHHS He
MeHIle, Hix Ha 25%.

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 should first be
designed for its primary purpose in bending.
To ensure that any deterioration of the
sheeting would be apparent in bending before
the resistance to stressed skin action is
affected, it should then be verified that the
shear stress due to diaphragm action does not
exceed 0,25 fyn / ymu.

(6) The shear resistance of a stressed-skin
diaphragm should 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 least 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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(a) Kpoxsa

(b) IMporin

(c) B’s13b mpoTH 3CyBY

(d) KpirutenHst HacThiy 70 B’5131 3CyBY
(e) Mporiu

(f) KpimsienHst HacTHIIy 1O IPOTOHY

(9) KpiruteHHs1 CyMi>KHUX JIMCTIB
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(a) Rafter

(b) Purlin

(c) Shear connector

(d) Sheet-to-shear connector fastener
(e) Purlin

(f) Sheet-to-purlin fastener

(g) Seam fastener

Pucynok 10.14 — Cxema okpemoi manemi

Figure 10.14: Arrangement of an individual panel

10.3.5 Jliagpparmu i3 cTajeBHX KaCeTHHX
npodginis

(1) st yrBOpeHHs miadparM IMHPOKi MOJIHILI
KaceTHUX Mpo(iJiB MOBHHHI MATH IiJICHUIICHY
YKOPCTKICTb.

(2) Kacerni mpodini B miapparmMax MOBHHHI
3’€HYBaTUCh MDK €000 IO  CTiHKax
MOB3/IOBXKHIX KpaiB Ha MeTBUpoOax (K
MIpaBWJIO, Ha 3aKJIENKaxX) 3 KPOKOM 3aKpillieHb
es He Oumpire Hixk 300 MM Ha BixgcraHi €y He
oureme HiK 30 MM BiJl IIUPOKOI TOJUIN, SK
nokasaso Ha puc. 10.15.

(3) st Oinbmr TOYHOI OIIHKKA JAePEKTIiB Y
3’€JHAaHHI MO>KHa 3aCTOCOBYBaTH METOJUKY
TaKy 5K, sKa TpUHAHATAa JUIsI HACTWIIB i3
MpOo(IUCTIB 3 TpaNeLi€EBUTHUMU TOPpaMHU.

(4) B rpannyHiii ctafii 3cyBHa cuia Tved Bil
pPO3paxyHKOBHX HaBaHTa)XEHb HE IIOBHHHA
MEPEBUILLYBATH Ty Rd:

10.3.5 Steel liner tray diaphragms

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

(2) Liner trays in shear diaphragms should be
inter-connected by seam fasteners through the
web at a spacing es of not more than 300 mm
by seam fasteners (normally blind rivets)
located at a distance ey from the wide flange of
not more than 30 mm, all 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) The shear flow Tyeq due to ultimate limit
states design loads should not exceed TyRrd
given by:

Tyra =843E {1, (t/b, )’ ..(10.22)

bi(H
la — MOMEHT iHepuii IIMPOKOI MOJHUI
BiJIHOCHO BJIacHOi oci, auB. puc. 10.9;

bu — 3aranpHa MIMpPUHA IUPOKOT TOJHITI.

where:

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

by, is the overall width of the wide
flange.
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Pucynoxk 10.15 — Po3ramnryBanHst MeTBHpOOiB B TOB3/I0BXKHIX CTUKAX
Figure 10.15: Location of seam fasteners

(5) 3cyBna cumina Tyser BiIl HOpPMATHBHHX (5) The shear flow Tyser due to serviceability
HAaBaHTAKCHb HE [IOBUHHA IEPEBUILYBATH design loads should not exceed Ty,cq given by:
Tv.cd:

Tv,cd =Sv/ 375 ...(10.23)
ae: where:

Sv — 3CyBHa JKOPCTKICTh miadparMu Ha Sy is the shear stiffness of the
OJIMHMINIO  JIOBXHHH TMPOJILOTY KAaCETHHX diaphragm, per unit length of the span of the
npodimis. liner trays.

(6) 3cyBHA KOPCTKICTh Sy Ha  OJUHHIIIO (6) The shear stiffness Sy per unit length may
JTOBXHHM  MOXe OyTH  BH3HAaueHa  3a be obtained from:
¢bopmysorOo:
L
= _alh, ..(10.24)
€; (b_bu)
ae: where:

L — 3aranpHa J0OBKUHA HiapparMu (B3IOBK L is the overall length of the shear
MPOJILOTY KaCETHHUX MPOQ1iiB); diaphragm (in the direction of the span of the

liner trays);

b — mmpuna giapparmu (b = by); b is the overall width of the shear

diaphragm (b = X by);

o — Koe(Dilli€HT KOPCTKOCTI. a s the stiffness factor.
(7) KoeoimieHT >xOpCTKOCTI ¢« 13 3amacoM (7) The stiffness factor « may be
npuiimaerbess  piBauM 2000 H/mm,  sixmno conservatively be taken as equal to
BIZICYTHI OiJIbIII TOYHI JaHi, IO OTPHUMAaHi 3a 2000 N/mm unless more accurate values are
pe3yabTaTaMyu BUIIPOOYBaHb. derived from tests.
10.4 IlepdopoBanuii HACTHII 10.4 Perforated sheeting
(1) MepdopoBanmii HacCTHI 3  OTBOPAMH, (1) Perforated sheeting with the holes arranged
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po3TanmoBaHUMU y (GopMi PiBHOCTOPOHHBOTO
TPUKYTHHKA, MOXE€ OYyTH pO3paxOBaHUU 3a
NpaBWJIaMH JUIS CYIUIBHOTO HACTHIY, 3a

TOBILIMHHU 3T1JHO 3 HABEACHUM HIDKYE.

Mpumitka: Taki TIpaBUIIa PO3paxyHKy
HA/JalOTh 3HA4YCHHS 13 3amacoM. bimbm ToyHi
C€KOHOMIYHI pIilIeHHS MOXYTb OYTH OTpHUMaHi
PO3paxyHKOM 3a pe3yJbTaTaMy BUIIPOOYBaHb, JIUB.
po3min 9.

(2) llpn Bukonanni ymoBu 0,2<d/a<0,9
XapaKTEPUCTHKH MIOBHOTO nepepizy
PO3PaxoBYIOThCS 3TiAHO 3 5.1, ajne i3 3aMiHO0
t Ha taeff, TKa BU3HAYAETHCS 32 BUPA3OM:

t,.; =118t (

ne:
d — niamerp oTBOpPY mepdopariii;

a — BiAcTaHb MK IIEHTpaMH OTBOpIB
nepdopariii..

(3) Ilpu Bukonanui ymoBu 0,2<d/a<0,9
XapaKTepUCTUKU  €(QEKTUBHOTO  Mepepizy
PO3PaxOBYIOThCS 3TIAHO 3 PO3ILIOM 5, aie i3
3aMiHOI0 t Ha fheff, KA BHU3HAYAETHCA 3a
BHUPA30M:

tor =t3/118(1-d/a)

(4) Hecyua 3maTHICTh OJHi€i CTIHKH TpU il
MICLIEBOT MOMNEPEYHOi CHIIU PO3PAXOBYETHCS
srimHo 3 6.1.9 i3 3amiHoro t Ha lceffr, sKa
BH3HAYAETHLCS 32 BUPA3OM:

toor =t [1—(d/a)2 S /SW] »

ae:
Sper — BHCOTAa YacTUHU TnepdopoBaHOT
CTIHKH 32 HaXUJIOM,

Sw — 3arajbHa BUCOTA CTIHKH 3a HAXUJIOM.
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in the shape of equilateral triangles may be
designed by calculation, provided that the
rules for non-perforated sheeting are modified
by introducing the effective thicknesses given
below.

NOTE: These calculation rules tend to give
rather conservative values. More economical
solutions might be obtained from design assisted
by testing, see Section 9.

(2) Provided that 0,2 < d /a < 0,9 gross section
properties may be calculated using 5.1, but
replacing t by taefr Obtained from:

1—ij ...(10.25)
0,9a
where:
d is the diameter of the perforations;
a is the spacing between the centres of

the perforations.
(3) Provided that 0,2<d/a<0,9 effective
section properties may be calculated using

Section 5, but replacing t by tperr Obtained
from:

..(10.26)

(4) The resistance of a single web to local
transverse forces may be calculated using
6.1.9, but replacing t by tcef obtained from:

...(10.27)

where:
Sper IS the slant height of the perforated
portion of the web;

sw Is the total slant height of the web.

1t



np JICTY —H b EN 1993-1-3:20XX

JOJATOK A
(000B’sI3KOBUH)

METO/JAU BUIIOBYBAHDb
A.1 3arajbHi moJ0KeHHHA

(1) B mpoMy m04aTKy HaBEICHI BiIIOBIIHI
CTaHJapTHI METOUKH MIPOBEICHHS
BUNIPOOYyBaHb 1 OOpOOKM pe3yibTaTiB, sKi
HEOOX1JIHI JIJIsl PO3PaXyHKIB.

Hpumitka 1: [Ipu 3aCTOCYBaHHI
X0JIOMHO(OPMOBAHMX €JIEMEHTIB 1 MPOQIINCTIB, K
MPaBUJIO, BUKOPUCTOBYEThCS 0araTo CTaHAapTHHUX
BHPOOIB, PO3paxyHKH SKAX MOXYTh HE MJaTh
€KOHOMIYHHX  pillleHb, TOMY  37eOiIbIIOTO
nepesara HaJlA€ThCS MPOEKTYBAHHIO 3a
pe3yabpTaTaMu BUIPOOYBaHb.

I[pumiTka 2: B HallioHAIBHOMY JIOJIATKY MOYKE
Oyt HaBeAeHa MmoAaTKoBa iH(opmamis 1momo
BHIIPOOYBAaHb.

IpumiTtka 3: B HamioHadhbHOMY  JIOJATKY
MOXYTh OyTH HaBeleHI Koe(imieHTH  As
KOpEryBaHHS  BK€  ICHYIOUMX  PE3yJIbTaTiB
BHIIPOOYBaHb 10 €KBIBAJIEHTHUX pE3YJbTaTiB
CTaH/IaPTHUX BUIPOOYBaHb, MPOBEICHUX
BiJITIOBIJTHO JIO ITLOT'O JIOJIATKA.

(2) e#t  momaToxk  3aCTOCOBYETBhCS  MPH
BUNPOOYBaHHI:

— Ipo¢IIMCTIB 1 KACETHUX MpoP1iiB, TUB. A.2;

— X0JI0THO(hOpMOBaHUX MPOGILTIB, TUB. A.3;

— KOHCTPYKIIiM B IIJIOMy Ta iX YacTHH, JUB.
A4,

— 0aJloK, PO3KPIIJICHUX BIiJ KPYTiHHS, IHB.
A5,

—npu o0poOIl pe3ynbTaTiB JUisl BU3HAUYEHHS
PO3paxyHKOBHX 3HA4€Hb, UB. A.6.

A.2 BunpoOyBanHs1 npodIMCTiB i KaceTHUX
npoginis

A.2.1 3arajbHi H0JI0KeHHA
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ANNEX A
[NORMATIVE]

TESTING PROCEDURES
A.1 General

(1) This annex A gives appropriate
standardized testing and evaluation procedures
for a number of tests that are required in
design.

NOTE 1: In the field 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 National Annex may give
conversion factors for existing test results to be
equivalent to the outcome of standardised tests
according to this annex.

(2) This annex covers:

— tests on profiled sheets and liner trays, see
A2,

— 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 values, see A.6.

A.2 Tests on profiled sheets and liner trays

A.2.1 General



(1) Mana  mMeroguka MpeacTaBicHa IS
npoduIMCTiB, ane He3BaKAYM Ha 1
METOJMKH, 3aCHOBAaHI Ha THX € MPHHIUIAX
BUINIPOOYBaHb, MOXYTh BHUKOPHUCTOBYBATHUCS
TaKoX 1 JUIS KaceTHUX MpodiIiB Ta IHIIMX
TUMIB  HACTWIIB  (HalmpwWKiIad, HACTHIIIB,
Bkazanux B EN 508).

(2) HaBaHTa)XeHHS MOJKE MNPHUKIAJATHCh 3a
JIOIIOMOTI' 0O MOBITPSTHUX MIIIKIB abo
BaKyyMHOI KaMEpH, CHUCTEMH 31 CTajieBUX abo
JIEPEB'THUX MONEPEUHUX 0aJIoK, 110
CTBOPIOIOTh HABaHTAXCHHs, HAOJMKCHE JI0
PIBHOMIPHO-PO3MOIJICHOTO.

(3) st BUKIIOYEHHS MPH BHUIIPOOYBAHHIX
3MHHAHHA TO(piB 3pa3KiB, MOXYTb OyTH
3aCTOCOBaHI TMomepedHi B’s3u  abo  iHmII
MPUCTOCYBAaHHS, Taki fK JepeB’sHl Opycwu.
Jlesiki mpHKITa i HaBeICHO Ha puc. A.l.

np JICTY — H b EN 1993-1-3:20XX

(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 examples
are given in figure A.1.

3aKjienka abo rBUHT
(a) Rivet or screw

norepeyHa B’s3b (MeTajieBa
mtaba)
(b) Transverse tie (metal strip)

JepeB’siH1 Opycu
(c) Timber blocks

Pucynoxk A.1 — [Ipuknany BiiMOBIAHUX IPUCTOCYBaHb JJi BUIIPOOYBaHb

Figure A.1: Examples of appropriate test accessories

(4) Ans  BumpoOyBaHb  Ha  MiJHOMHE
HaBaHTaXXCHHs, BUNPOOyBallbHA YCTaHOBKA
MOBHMHHA IMITYyBaTH JiiicHy poOoTy npodiucra
3a peaJlbHUX YMOB, IO BUHHUKAIOTh NpHU
ekcruryaranii. Tum 3’eHaHb JHMCTIB 0 OIOP
MTOBHHEH OyTh  TakuM  IKe, SAKAN
BUKOPHCTOBYETHCS HA MPAKTHUIII.

(5) llo6 oTpumatu pe3yabTaTH 3 IIUPOKOIO
cheporo 3aCTOCYBaHHS 1 BHUKJIIOYUTU BIUIUB
3alllEMJIEHHd Ha OIopax Ha pe3ylbTaTu

(4) For uplift tests, the test set-up should
realistically 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
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BUNPOOYBaHb, OakaHO  BUKOPHUCTOBYBATH
mapHipHe a00 KaTKOBE OOMHMpPaHHS.

(6) HarpsiMok ~~ HaBaHTa)KCHHS  [MOBUHHHI
3aTUIIATUCS MEPICHIUKYISIPHUM 10
MOYATKOBOT MOBEPXHI JIMCTA MPOTATOM YChOTO
polecy BUNMPOOyBaHb.

(7) Ans  BukmoveHHs BIUMBY aedopmarii
OIOp, OBHHHI TaKOXK BHMIPIOBATUCS MTPOTHHU
Ha 000X KIHISAX 3pa3KiB.

(8) Pesymbrar BUIPOOYBAHHS - e
MakCHMajbHA BEJIMYMHA HABAHTAXKCHHS, IO
Oe3mocepelHbO TpU3BENa J0 pYHHYBaHHS
3paska abo mepeayBaia IbOMY PYHHYBaHHIO.

A.2.2 BunpoOyBaHHs
3pa3kiB

(1) BunpoOyBaHHsl 3riiHO 3 PUCYHKOM A.2
MOKe OyTH BHKOPHCTAHO JUIS BU3HAYCHHS
IPaHUYHOrO MOMEHTY B CEpeIHHI MPOibOTy (
3a BIACYTHOCTI CWJIM 3CyBY) 1 €QeKTHBHOI
3rMHAIBHOT JKOPCTKOCTI.

O/THOIIPOJbOTHHUX

(2) ITIponbOT MOBUHEH OOWMPATHUCH TaK, MO0
pe3yJIbTaTH BUMIPOOYBAHb JIO3BOJISUIA OI[IHUTH
HECY4Yy 31aTHICTh 3pa3Ka 3a BUTHHOM.

(3) I'paHn4HMIT MOMEHT MOBUHEH BH3HAYATHCH
3a pe3yJbTaTaMHi BUIPOOYBaHb.

(4) 3runansHa KOPCTKICTh MTOBUHHA
BU3HAYaTUCh 32  rpadikoM  3aJeKHOCTI
MIPOTHHY BiJl HABAHTAKEHHSI.

A.2.3 BunpoOyBanHs
3pa3KiB

(1) BunpoOyBanHsl 3riiHO 3 pUCYHKOM A.3
MOke OyTH BUKOpHCTaHE IJs BH3HAUYCHHS
HECyd4Oi 3JaTHOCTI HEpPO3PI3HOTO JBO- abo
0araTonpoILOTHOTO 3pa3ka BiJl OTHOYACHOT il
Ha MPOMIKHUX OIOpax MOMEHTY 1 MOMepeyHOi
CHJIA Ta HOTo Hecyuoi 3JJaTHOCTI BiJl CHUIBHOI
nii MOMEHTY 1 OINOpHOi peakiii i JaHoi
IIUPUHU OTIOPH.

ABOINPOJbOTHUX

(2) HaBanTa)XeHHS IOBUHHO OyTH TIEPEBaYKHO
PIBHOMIPHO-PO3MOIIJIEHUM (Hampukiazm,
NPUKIIAJEHUM 3 BUKOPUCTAHHSAM IMOBITPSHOTO
Mimika abo BaKkyyM-KaMepH).

(3) YV skocti anmbTepHATHBH MOXe OyTH
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rotational restraint at the supports on the test
results.

(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 eliminate the deformations of the
supports, the deflections at both ends of the
test specimen should also 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 flexural 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) The flexural stiffness should be determined
from a plot of the load-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 internal
supports, and its resistance to combined
moment and support reaction for a given
support width.

(2) The loading should preferably be
uniformly distributed (applied using an air bag
or a vacuum chamber, for example).

(3) Alternatively any number of line loads



BHKOPHUCTAHE OY/b-SKE YHCIO 30CEPEIHKEHUX
HaBaHTaXEeHb (momepex MPOJIBOTY),
pO3TalOBaHUX JJII CTBOPEHHS MOMEHTIB 1
CWI, BIANOBIIHUX 3yCHJUISIM BiJl PIBHOMIPHO
PO3IOIIICHOTO HaBaHTAKEHHS. Hesxi
MPUKJIAM PaIiOHATBbHUX CXEM HaBEACHO Ha
pucyHky A.4.

A.2.4 BunipoOyBaHHsI HA IPOMIKHiH onopi
(1) Y sxocti anbrepHatuBH 10 A.2.3 MOKe
OyTH BHMKOpHUCTAaHA CXeMa, IO BKa3aHa Ha
pucyHky A.5, s BHU3HAYEHHA HECy4oi
31aTHOCTI HEPO3PI3HOTO IIBO- abo
0araTonpoJLOTHOTO JIUCTA TPU CHIIBHIN il
MOMEHTY I MOIEepeyHOoi CHIIM Ha MPOMIKHHX
ormopax Ta WOro Hecydol 3JaTHOCTI BiJ
CHUIBHOI 111 MOMEHTY ¥ OMOpPHOI peakiii ams
JIaHOI IIUPUHHU OIIOPHU.

(2) IposnboT 3pa3ka S, MO BHKOPUCTOBYETHCS
IUIE  300pak€HHS YACTHMHM HACTWIIY MIK
TOYKAMH TEPEruHy 3 KOXKHOI CTOPOHH BiJ
MPOMDKHOI OMOpPH B HEPO3PI3HOMY JIHCTI 13
nBoMa abo Oinmplie piBHUMH TposiboTaMu L,
MPUUMAETHCS 32 BUPA3OM:

(3) B mmactuuniii cramii, SAKIO MOXIHBUI
MEePEPO3MNOJIT  OMOPHOTO MOMEHTY, TMPOJIT
3pa3ka S MOBHHEH OyTH 3MEHIICHHH 3aJeXHO
BiJl CIIIBBIJIHOIIEHHS ONOPHOTO MOMEHTY 1
MOTIEPEYHOI CHIIH.
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(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
A4,

A.2.4 Internal support test

(1) As an alternative to 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) The test 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 (Al

(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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a) PiBHOMIpHO pO3MO/IiicHe HaBaHTaKEHHS 1 b) PosnoaincHe HaBaHTa)KCHHS, MPHKIIAICHE

NPUKIA]  AIbTEPHATUBHUX EKBIBAJCHTHUX 3a JIOTIOMOT'OF0 TOBITPSHOTO MimIKa (y sIKOCTI

30CEepEIKCHUX HaBaHTAKEHD, QIbTEPHATHBH 32 JOIOMOTOK BaKyyMHOT'O
CTEHJIa);

a) Uniformly distributed loading and an
example of alternative equivalent line loads b) Distributed loading applied by an airbag
(alternatively by a vacuum test rig)

(c) [onepeuna B’s13b
(c) Transverse tie

T

=N L

c¢) [Ipuknan onopHUX NPUCTOCYBAHb MIPOTU 3MUHAHHS
c) Example of support arrangements for preventing distortion
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Ez’ L{)\%f \%f \E : | | i*::

: | ~14hfe

d) [Ipukian cnoco0y MpUKIaICHHS 30CEPEIKEHOTO HAaBAHTAKEHHS
d) Example of method of applying a line load

Pucynok A.2 — OcHOBHI jaH1 A7 BUIPOOYBaHb OJTHO MPOJILOTHUX 3Pa3KiB

Figure A.2: Test set-up for single span tests
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Pucynok A.3 — Cxema BUNIpoOyBaHb JABOMPOJILOTHHUX 3Pa3KiB

Figure A.3: Test setup for double span tests
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Pucynok A.4 — [Ipukinaay MOKIIMBUX CXEM MPUKIIAJACHHS 30CEPEKEHIX HaBaHTa)KEHb

Figure A.4: Examples of suitable arrangements of alternative line loads

(4) Wupuna b 6anku, yepes sIKy MepeAAETHCS
HAaBaHTa)XEHHsI NpU BUIPOOYBAaHHI, MOBHHHA
BUOMpaTHCS TAaKOIO, K JiliCHA IIUpPUHA ONOPH,
1110 3aCTOCOBYETHCS HA MTPAKTHUILI.

(5) Kosken pe3yabTaT BHIPOOYBaHb MOXKE
OyTH BUKOPUCTAHO JUIl BU3HAUEHHS HECydoi
3aTHOCTI TPU CYMICHIH Jii 3TUHAIBHOIO
MOMEHTY 1 OmOpHOI peakiii (abo monepeyHoi
CWJIM) NIl KOHKPETHUX MPOJbOTY 1 IIMPUHU
ornopu. J{ist oTpuMaHHs pe3yibTaTiB B3a€MOII1
3TMHAJIBHOIO MOMEHTY 1 ONOpHOI peakuii,
BUNIPOOYBaHHS TMOBHHHI OYyTHM NPOBEICHI B
JEKUIBKOX PI3HUX MPOJILOTAX.

(6) O6poOKy pe3yabTaTiB BHUIIPOOYBAaHb IHB.
A.5.23.

A.2.5 BunpoOyBaHHs1 Ha KpaiiHiil onopi

(1) Cxema BumpoOOyBaHb 3TiIAHO PUCYHKOM
A.6, MOXXe OyTH BUKOPHCTaHA JIJIs BU3HAYCHHS
HEeCy4O0l 3/IaTHOCTI JIUCTa MpHU Iii MonepeyHoi
CWJIM Ha KpaiiHiil onopi.

(4) The width 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.
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(2) Ins Bu3HAYEHHS HECYydOl 37AaTHOCTI JIMCTa
Ha JII0 TIONEPEYHO] CUJIM NIPU Pi3HINA JOBXKHHI
U BiJ BHYTPIIIHBOI T'PAaHMII KPaWHBOI OMOPH
70 TOPIS 3pa3Ka, JUB. PUCYHOK A.6, TOBHHHI
OyTH MPOBEACHI OKpeMi BUITPOOYBaHHS.

IpumiTka: MakcuMaiabHe 3HAYCHHS OIOPHOI
peaxiiii, mo BH3HAYEHO IIiJ Yac BUNpPOOyBaHb Ha
3TWH, MOXE OYTH BUKOPUCTAHO SIK HY)KHS TPAHULIS
HEeCy4oi 3[aTHOCTI K JUIA 3pi3y TaK 1 MicIeBoi
TOTIEPEYHOI CHIIH.

(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: Value 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.

lF | F
L 4

h

i
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a) [IpomixkHa omopa mij rpaBiTaliiHUM HaBaHTaKEHHSIM;
a) Internal support under gravity loading
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L4 ﬂ / é -:‘+‘:-
% L] 5 S
F F wF
b) ITpomixkHa onopa npu miIOMHOMY HaBaHTaKCHH;
b) Internal support under uplift loading
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c) [IpomixkHa onopa npu HaBaHTAXKEHHI, IPUKIIAJIEHOMY JI0 PO3TATHYTOT MOJIHI
c) Internal support with loading applied to tension flange

Pucynok A.5 — Cxemu BUnpoOyBaHb Ha MPOMIXKHiHM oropi
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Figure A.5: Test set-up for internal support test
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ITo3HaueHHs:
ba = mupuHa onopw;

U= BIACTaHb BIO Kpaw JIMCTa JO
BHYTPIIIHBOI TPAHUII OTIOPH

L

¥

Key:
ba = support length

u= length from internal edge of end
support to end of sheet

Pucynok A.6 — Cxema BunpoOyBaHb 7151 KpaitHbO1 OMOPH

Figure A.6: Test set-up for end support tests

A.3 BunpoOyBanus
eJIeMEeHTIB

X0J101HOGOPMOBAHUX

A.3.1 3araabHi moJ10KeHHs

(1) Ilpu BuUnpOOOBYBaHHI KOXHHH 3pa3oK 3a
BCiMa MOKa3HUKaMU MOBUHEH OyTH MOAiOHUM
yacTUHI a00 LI KOHCTPYKUIi, $Ky BIH
MIPE/ICTaBIISIE.

(2) YMoBu oOmupaHHsS 3pa3KiB MOBHHHI OyTH
IIGHTUYHUMH TUM, HI0 3aCTOCOBYIOThCA B
peanbHOCTI. SIKIO MBOTO AOCSATTH HE MOJXKHA,
B SIKOCTI aNbTEPHATUBU MOBUHHI
BUKOPHUCTOBYBATHCS MEHII CIIPHUATINBI YMOBU
oOnMpaHHs, SIKI 3aHWXKYIOTh HECyuy 3JaTHICTh
a00 MiABUIYIOTh THYUKICTb.

(3) Ipuctpoi anst MpUKIAAEHHS HaBaHTAXEHb
npu BUNPOOYBaHHI TOBUHHI BIATBOPIOBATH
peanbHi yMOBH 1boro mpotecy. Lli nmpuctpoi
HE TMOBHUHHI MiJBUIYBaTH HECydy 3/1aTHICTh
MOTIEPEYHOro  Mepepizy MpHU  MONEpPeyHUX
nedopMalisix y mopiBHSHHI 3 Ti€lo, fka Oyna 0
OTpUMaHa y BHIIAQJKy IEepEeBaHTAXEHHA NpU
ekcrutyatarii. BoHM HE TMOBHHHI TaKOX
CTBOPIOBAaTH 30CEPE/DKEHI HAaBaHTAXKEHHS B

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 crosssection 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.
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MICIISIX HAUOLTBIITOT HECYUOi 3JaTHOCTI.

(4) Sxmo mama KoMOIHAIit HaBaHTAXCHb
BKJIFOYAE CHJIH, IO iFOTH OUIBII HiXK MO OHIN
JiHI, KOXHA CTajid HABaHTAXECHHA IPH
BHUNPOOYBaHHI MOBUHHA OYTH IPOIOPIIHHOIO
JIO0 KOYKHOT 13 IIUX CHII.

(5) Ha  koxHiii  cramil HaBaHTAXyBaHHS
nepemimieHHss abo  gedopmariii  MOBUHHI
BUMIPSATUCS B OAHOMY ab0  JIEKUIBKOX
XapakTEePHUX MICHAX KOHCTpyKIii. Bimmiku
nepemMimieHs abo aedopmariii He MOBUHHI
3HIMATHUCS, TIOKHM KOHCTPYKIISl TOBHICTIO HE
CTaOUTI3y€eTbCA TMICISI 4YEProBOTO  CTYIEHIO
HaBaHTaXCHHSI.

(6) 3pasok  BBaKAa€ThCS  3pYHHOBAHHM Y
KOXXHOMY 3 HACTYITHUX BHITA]KIB:

— oOBasIeHHS a00 PO3PUB;

— PO3BUTOK TPIIIMHU B XHUTTEBO BAKIUBIH
YaCTHHI 3pa3Ka;

— HaJAMIpHI IEPEeMIIICHHS.

(7) V pesynbTati BUIIpoOyBaHb MOBUHHO OyTH
OTPUMAaHO MaKCHUMaJIbHe 3HAYEHHS
HaBaHTa)XCHHS, MPHUKIAAeHe 0 3pa3ka abo B
MOMEHT pyilHyBaHHs, a0o Oe3noceperHbo
nepes pyiHyBaHHSIM.

(8) Tounicte  ycix  BuUMIpiB  MOBHHHA
BIJIOBIAATH BHUMIPIOBaHIM BENIWYMHI 1 Y
KO)KHOMY pa3i He IOBHHHA IIEPEBHUIYBaTH
+ 1% Bix mapamerpy, mo Bu3Ha4aeTbes. J[o
yBarW TaKOX TMOBHHHI TPHAMATHCH HUKYE
HaBe/eHi 3HaueHHs (1. (9)).

(9) Bumipn ~ reoMeTpUYHHX ~ IapaMeTpiB
MOMEPEeYyHoro  mepepizy  3paska, 110

BI/IHpO6OBy€TBC}I, IMOBUHHI BKJIFOYATH:

—3arajbHi po3Mipu (IIMpUHA, BHUCOTA 1
TOBXHUHA) 3 TouHICcTIO £ 1,0 MMm;

— MUPUHY TUIOCKUX YAaCTUH Tepepizy 3
TouHicTiO + 1,0 MM;

— paziycH 3ruHiB 3 TOUHICTIO £ 1,0 MM;
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(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 a load increment.

(6) Failure of a test specimen should be
considered to have occurred in any of the
following cases:

— at collapse or fracture;

—if a crack begins to spread in a vital 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) The accuracy of all 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 bends to an accuracy of
+1,0 mm;



— HaxXWJ IUIOCKMX 4YacTHH 3 TOYHICTIO
+2,0°

—KyTH MDK IUIOCKUMH TIOBEPXHSMH 3
ToyHicTIO + 2,0°;

— po3TallyBaHHsA W pPO3MIPH MPOMDKHHX
€JIEMEHTIB )KOPCTKOCTI 3 TouHIcTIO £ 1,0 MM;

— TOBIIMHA  BUXIJHOrO  Marepiany 3
touHicTiO + 0,01 MM;

— TOYHICTh yCIX BHUMIpPIB IONEPEYHOTO
nepepizy He noBuHHA nepesuinyBaT 0,5% Bifg
HOMiIHAJIBHUX PO3MIpIB.

(10) BumipsitoThCsl TAKOXK 1HINI TEOMETPUYHI
napamerpu, a came:

— pO3TallyBaHHs YaCTUH BIJTHOCHO OHA IO
OJIHOT;

— pO3TalIyBaHHS KPIIlJICHb;

— BeJIMYMHA KPYTWIBHOTO MOMEHTY IIpH
3aTATYBaHHI METAJIOBUPOOIB B KPIIICHHSX,
TOIIIO.

A.3.2 BunpoOyBanHsi mnpoQijil0 NOBHOIO
nepepisy Ha CTUCHEHHS

A.3.2.1 BunpoOyBaHHsi KOPOTKOIO CTOSIKA
(1) BumpoOyBaHHS KOPOTKOTO CTOSIKA MOXYTh
OyTM BHMKOPHCTaHI JJs OLIHKHA BIUIMBY
MICIIEBOI BTPAaTH CTIMKOCTI B TOHKOCTIHHHUX
npodinisx Ha BETUYHHY CHIBBIIHOIICHHS
Ba=Aeff/Ag 1 Bu3HaueHHSA pO3TAlLIyBaHHS
e(eKTUBHOI HENUTpaIbHOI OCI.

(2) V pasi, skmo BTpata MicCIEBOi CTIHKOCTI
IUIOCKUX €JIEMEHTIB Iepepi3y Bene 10 BTpaTu
HECy4Oi 3IaTHOCTI TpodiIo, TO 3pPa3oK
MOBUHEH MAaTH JIOBXKUHY, AK MiHIMyM, Yy 3
pasu Oulbllle MIMPUHU HOro  HaMOLIbII
IIMPOKOT'O TUIOCKOTO €JIEMEHTA.

(3) Ans mepdopoBaHux mpodiLTIB TOBKUHA
3pa3ka MOBMHHA BKIIIOYATH HE MEHII HIX IT'ITh
OTBOpiB  mepdopaiii, OpPUIOMYy  3pa3ok
TTOBUHEH BIPI3yBAaTUCh MO CEPEIHIN JIIHIT MIXK
JIBOMa OTBOpamH repdopartii.
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—inclinations of plane elements to an
accuracy of + 2,0°;

—angles between flat surfaces to 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.

(10) 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.3.2.1 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 the
ratio fa=Aet/ Ay and the location of the
effective centroidal axis.

(2) If local buckling of the plane elements
governs the resistance of the cross-section, the
specimen should have a length 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.
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(4) dns mpodii, 0 MalOTh KPaioBi BiATHHU
a00  MpOMIKHI  €JIEeMEHTH  >KOPCTKOCTI,
JIOBKMHA 3pa3ka MOBHHHA OYyTH TaKOI XK SK
OPUITYCTHMA pO3paxyHKOBa JTOBXXHHA
eIEMEHTa JKOPCTKOCTI TIPU  BTpaTi HUM
CTIHKOCTI.

(5) [lpu  3araynpHid JOBXKHMHI 3pa3ka, IO
nepesuiye 20 MiHIMaIbHUX pajiyciB iHepHil
Imin MIOBHOT'O TIONIEPEYHOT0 Tepepi3y npodisro,
MPOMDKHI PO3KPITUICHHS 13 TUIONIMHU TTOBUHHI
pO3TAIIOBYBATHCS 13 KPOKOM HE OLIbIIE HiX
20 imin.

(6) IMepen BUIPOOYBAHHIMHU po3Mipu
MOTICPEYHOTO Tepepidy 3pa3ka MOBUHHI OYyTH
MepeBipeHi Ha BIAMOBIAHICTE TPaHUYHUM
BIIXMJIEHHSIM.

(7) Kinmi 3paska micis Bifpi3aHHsS TOBHHHI
OyTH IUIOCKMMH 1 HEPIEHIUKYISIPHHUMHU 0
MI03]IOBXKHBO] OCI.

(8) OchoBe 3ycmiisi CTUCHCHHS IOBHHHE
nepeaBaTUCh Ha KOXKHUN KiHEIlb 3pa3Ka uepes
OTOPHI TUIACTUHHM TOBIIMHOIO HE MEHII HiX
30 MM, sIKI BUCTYMArOTh 3a Iepepi3 3paszka Io
KOHTYpY HE MeHIII HiX Ha 10 MM.

(9) B BumpoOyBanbHiii  MamMHI  3pa30K
MOBUHEH pO3TAlIOBYBATUCA MIXK ILIApOBUMHU
oropaMM Ha KOXHOMY KiHII. B omopHux
IUIACTUHAX  TOBMHHI Oyt  mepealadeHi
HEBEJIMKI BUCBEPJICHI 3ariuOJICHHS s
mapoBux omop. ILli omopu  mOBUHHI
pO3TalIOBYBAaTUCh HA OJIHIM JIiHIT 13 IIEHTPOM
TSOKIHHA ~ PO3PaXyHKOBOTO  €(EKTHUBHOTO
nepepizy 3paska. SIKIO TOJIOKEHHS IEHTPY
TSOKIHHS €()EKTUBHOTO Tepepi3y po3paxoBaHe
HETOYHO, HOro MOXHAa YTOYHHUTH 32
JIOTIOMOT 010 cepii BUIPOOYBaHb.

(10) YV BigkpuTOMy TONEpEYHOMY Tepepisi

MOXe Oytu BUIIPaBIICHA MOXJTHBA
CEepIIONOIIOHICTb.
(11) BunpoOyBaHHs KOPOTKHUX CTOSIKIB

MOXYTb OYTH BHUKOPHUCTaHI1 JUIsi BU3HAYCHHS
HECY4O0i 3JaTHOCTI MONEPEYHOro Iepepizy Ha
cTUcHeHHs. Jlng iHTepmnperanii pe3ysbTaTiB
BUINIPOOYBaHb MOBMHHI BapilOBaTUCh HACTYITHI
napamMeTpu:
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(4) In the 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 times the least radius of gyration of
its gross cross-section imin , intermediate lateral
restraints should be supplied at a spacing of
not more than 20 imin.

(6) Before testing, the tolerances of the cross-
sectional dimensions of the specimen should
be checked to ensure that they are within the
permitted deviations.

(7) The cut ends of the specimen should be
flat, and should be perpendicular to its
longitudinal axis.

(8) An axial compressive force should be
applied to each end of the specimen through
pressure pads at least 30 mm thick, that
protrude at least 10 mm beyond the perimeter
of the cross-section.

(9) The test specimen should be placed in the
testing machine with a ball bearing at each
end. There should be small drilled indentations
in the pressure pads to receive the ball
bearings. The ball bearings should be located
in line with the centroid of the calculated
effective cross-section. If the calculated
location of this effective centroid proves not to
be correct, it may be adjusted within the test
series.

(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:



— TOBIIMHA,;
— criBBiiHOMmEHHs Dp / t;
— cmiBBigHomeHHS fy / fyb;

— tuMuacoBuid omip fy 1 rpaHuIs TekydocTi
fyb;

— MOJIOXKEHHS HEHTPY TSOKIHHS
e(eKTUBHOTO mepepi3y 3paska;

— BIAXWJICHHS bopmu IIOTIEPEYHOT 0
nepepizy npodiiro;
— METOJI XOJIOZHOTO npodiTroBaHHS

(Hampukiiaz, 301IbIIEHHS TPAHULI TEKY4OCTi
3a paxyHOK JaedopMyBaHHS, SKE€ 3T0J0M
BHUKJTIOYAETHCS).
A.3.2.2 BunpoOyBaHHs eJIeMeHTa HA
CTIAKICTD

(1) BunpoOyBanHs1 ejeMeHTa Ha CTIHKICTh
MoO)e OyTH BHMKOPHMCTaHO Ui BHU3HAYECHHS
HECY4Oi 37JaTHOCTI TOHKOCTIHHHUX CTHUCHYTHX
€JIEMEHTIB TpU 3arajbHii BTpaTi CTIMKOCTI
(BKJIIOUAIOYM  3THHAJBHY, KPYTWIBHY Ta
3TUHAIIBHO-KPYTUIIbHY ¢dbopmu BTPaTH
CTIMKOCTI) 1 OIIIHKK B3a€EMOJII  MiCIIEBOT
Ta 3arajbHOI BTPATH CTIMKOCTI.

(2) o crocyerbcsi MeTomy BHIIPOOYBaHb B
LIOMY, BiH TaKHi e, sK 1 1751 BUIPOOyBaHHs
KOPOTKHX CTOSIKIB 3riiHO 3 A.3.2.1.

(3) st BU3HAYEHHS] KPUBOi BTPATH CTIMKOCTI
JUIs JIaHOTO THUMY MNpodiuIo 1 JaHOi Mapku
CTajll BHUIPOOYBaHHS 3pa3KiB Ha OCbOBE
HaBaHTAXEHHA NPOBOJATHCS 3a OCOOIMBOIO
METOMKO. 3HAUCHHS YMOBHOI THYYKOCTi 4 ,
10 MPUIMAIOTHCS PU MEPEeBipll 1 MiHIMaJIbHA
KUTBKICTh  BUMPOOYBaHb N A1  KOXKHOTO
3HAYEHHS HaBeaeHo B Tadmuii A.1.
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— the thickness;
—theratiobp/t;
—the ratio fy / fyb ;

—the ultimate strength f, and the yield
strength fyp;

—the location of the centroid of the
effective cross-section;

— imperfections in the shape of the elements
of the cross-section;

—the method of cold forming (for example
increasing the yield strength by introducing a
deformation that is 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-flexural
buckling) and the interaction between local
buckling and overall buckling.

(2) The method of carrying out the test should
be generally as given for stub column tests in
A3.2.1.

(3) A series of tests on 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 values of
relative slenderness 1 to be tested and the
minimum number of tests n at each value,
should be as given in table A.1.

Ta6aunsa A.1 — 3HaueHHs] YMOBHOI THYYKOCTI ¥ KUIbKICTh BUIPOOYBaHb

Table A.1: Relative slenderness values and numbers of tests
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P 0,2 0,5 0,7 1,0 1,3 1,6 2,0 3,0
N 3 5 5 5 5 5 5 5
(4) MMonibne BunpoOyBaHHS MOXe OyTH (4) Similar tests may also be used to determine

BUKOPHCTAaHO TaKOX JJIsl BU3HAYCHHS BIUIMBY
NPOMDKHHUX 3aKpillJIeHb Ha HECy4dy 3/aTHICTb
eleMeHTa y pa3i KpyTHJIbHOI (OpMH BTpaTH
CTIMKOCTI.

(5) Hnst iHTEepIpeTanii pe3yNbTaTiB
BUNPOOYBaHh TIOBMHHI BapilOBAaTUCh  Taki
napameTpu:

— mapaMeTpu JUIsl BUIPOOYBaHb KOPOTKHX
cTosikiB 3rigHo 3 A.3.2.1(11);

—3arajbHe 3HAUCHHS BIIXWJICHHSA BiJ
OpSMOJIIHIHHOCTI 1 HOro TOpIBHSHHA 31
CTaHJAAPTHHUM 3HAYCHHAM, AUB. (6);

—TUAIl  KIHIEBOIr'O abo MIPOMI>KHOTO
3aKpiruIeHHs (BiX 3TUHY, 00epTaHHs a0 TOTO i
JIPYroro pa3om).

(6) 3aranmpHe  3HAYEHHS ~ BIAXMJIEHHS  Bif
MPSIMOJIIHIHHOCTI TIOBMHHE BpPaxOBYBAaTUCS B
TaKu# CIIocio:

a) 3a JIOTIOMOT' 00 BiJIMTOBIHOTO
PO3PaxyHKY BU3HAYUTH KPUTHYHE CTHUCKAIOYE
HAaBaHTAXXEHHS Fcrpowtest U1 eleMeHTa 3
MMOYAaTKOBUM  BUTHHOM, 1[0  JIOPIBHIOE
BIIXHJIGHHIO BiJ TMPSMOIIHIMHOCTI 3pa3ska,
KU BUIIPOOOBYETHCA.

b) Tak camo, sik a), aje 3 MOYaTKOBUM
BUTHUHOM, piBHUM MAaKCUMAJIbHO
MPUITYCTUMOMY, BCTAHOBJICHOMY CTaHIApTOM
Ha HpO(I)iJ'IBI Fcr,bow,max,nom

) JlonatkoBuii TONMpPaBOYHUN KOEQIIIEHT:

Fcr,bow,max,nom / Fcr,bow,test

A.3.3 BunpoOyBanHss mnpoginiB MOBHOIO
nepepisy Ha po3TATrHEHHS
(1) i BUTIPOOYBaHHS MOXYTh

3aCTOCOBYBAaTUCh Il BU3HAUEHHS CEPENHBOI
BEJIMYMHU IPAHMIIl TEKY4OCTi MPOiIEO fya.

(2) HopxuHa 3pa3ka MOBUMHHA OYTH HE MEHIIIE
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the effect of introducing intermediate restraints
on the torsional buckling resistance of a
member.

(5) For the interpretation of the test results the
following parameters should be taken into
account:

— the parameters listed for stub column tests
in A.3.2.1(11);

—overall lack of straightness imperfections
compared to standard production output, see

(6);

—type of end or intermediate restraint
(flexural, torsional or both).

(6) Overall lack of straighness may be taken
into account as follows:

a) Determine the elastic critical
compression load of the member by an
appropriate analysis with initial bow equal to
test sample: Fer bow,test

b) As a) but with an initial bow equal to the
maximum allowed according to the product
specification: Fer bow,max,nom

c¢) Additional correction factor:

Fcr,bow,max,nom/ Fcr,bow,test
A.3.3 Full cross-section tension test
(1) This test may be used to determine the

average yield strength fya of the cross-section.

(2) The specimen should have a length of at



M'ITUKPATHOI IIMPUHU CaMOi IIUPOKOI TJIOCKO1
YACTUHU MOTEPEIHOTO TIepepizy.

(3) HaBaHTa)XeHHS TMOBUHHO IEPEIABATUCH
yepe3 KIHIEBI omopu, Mo 3a0e3MevyyrTh
pIBHOMIpHE pO3NOIUICHHS HANpyKeHb B
MONIEPEYHOMY TIepepi3i.

(4) 3oma pyHHYBaHHS MMOBHHHA
pO3TAIIOBYBATHCS HA BIACTaHI BiJ KIHIEBUX
OTMOp HE MEHIIOI HDK IIMPUHA HaWOLIBII
IIUPOKOI IUIOCKOI YaCTHHHM  IOIEPEYHOro

nepepisy.

A.3.4 BunpoGyBaHHsi mnpo(iil0 NOBHOIO
nepepisy Ha 3rMH

(1) L BUIPOOYBAHHS MOXYTb
3aCTOCOBYBAaTHCh JUIS BH3HAYCHHS HECYYOl
3/1aTHOCTI MPO(1SIF0 MPH 3THHI 1 CKPYyYyBaHHI.

(2) HomxuHa 3pa3ka MOBHHHA OYTH HE MEHII,
gk 'y 15 pasiB Oimpme  HaOLIBIIOTO
MONEPEYHOro po3mipy mpodiao. Biacrans
MK 3aKpIIUICHHSMH CTHUCHYTOTO TOSICY i3
IUIOIIMHN TIOBHMHHA OYTH TakKom X, SKY
3aCTOCOBYIOTH B PEAIbHOCTI.

(3) lnst  cTBOpeHHS 30HHM YHCTOTO 3THHY,
JIOBXXMHA SKOI MOBMHHAa OyTH HE MEHII HIX
0,2 mposikoTa 1 He Oubme Hixk 0,33 mponkoTa,
70 3pa3ka  MPHUKIAJAE€ThCS  3TUHAIBHUNA
MOMEHT 13 mapu 3ocepexeHux cui. L1 cumu
NPUKIAAAOTECS B LEHTPl 3CYBY Iepepidy
npodino. ITpodins MIOBUHEH Oytu
3aKpIIJIEHUN BIJT CKpydyyBaHHS B TOYKax
NPUKIAJCHHS HaBaHTaXeHHA. B  Toukax
NPUKIAJAaHHS  HaBaHTAXKEHHs, y  pasi
HEOOXITHOCTI, TOBHMHHa OyTH 3abe3nedyeHa
MiCIIeBa CTIMKICTh 3pa3ka, MO0 TapaHTyBaTH
pYHHYBaHHS 3pa3ka B LIEHTpPalbHIA YacTHHI
nposboTy. [IporMHN BUMIPIOIOTECS B TOYKaX
NPUKIAJCHHS HaBaHTAXEHb B  CEpeAuHIi
MPOJILOTY 1 Ha OMOpax 3pa3ka.

(4) ns iHTepIpeTamii pe3ybTaTiB
BUNIPOOYyBaHb MOBHMHHI BapilOBaTHUCh TakKi
napameTpH, sK:

— TOBIIIMHA;

— BigHomeHHs bp / 1]
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least 5 times the width of the widest plane
element in the crosssection.

(3) The load should be applied through end
supports that ensure a uniform stress
distribution across the crosssection.

(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) This test may be used to determine the
moment resistance and rotation capacity of a
cross-section.

(2) The specimen should have a length of at
least 15 times its greatest transversal
dimension. The spacing of lateral restraints to
the compression flange should not be less than
the spacing to be used in service.

(3) A pair of point loads should be applied to
the specimen to produce a length under
uniform bending moment at midspan of at
least 0,2 x(span) but not more than
0,33 x (span). These loads should be applied
through the shear centre of the cross-section.
The section should be torsionally restrained at
the load points. If necessary, local buckling of
the specimen should be prevented at the points
of load application, to ensure that failure
occurs within the central portion of the span.
The deflection should be measured at the load
positions, at midspan and at the ends of the
specimen.

(4) In interpreting the test results, the
following parameters should be treated as
variables:

— the thickness;

—theratioby/t;
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— BignomenHs fy / fyp |

— tuMuacoBuid omip fy 1 rpaHuIs TekydocTi
fyb;

— BIIMIHHICTh TIPH 3aKpIIJICHHI 1 M dYac
BUIIPOOYBaHb HA MTPAKTHIL;

— YMOBHU OOIIMPaHHS.

A.4 BunpoOyBaHHsl KOHCTPYKHid Ta iXx
YaCTHH

A.4.1 Ilonepeani BUNpodyBaHHs

(1) onepeni BUTIPOOYBaHHS 6e3
pYHHYBaHHS MOKHa BHKOPHCTOBYBAaTH IS
MiATBEPKCHHS HOpPMAaJIbHOI pobotu

KOHCTPYKIIi a00 ii YacTUHHU.

(2) pu HOMEPETHEOMY BUIPOOYBaHHI
HABaHTaKCHHs HEOOXIIHO MPUIMATH CyMapHO
BIJ:

— 1,0 x (pakTruHa BjacHa Bara IijJ Yac
BUNIPOOYBaHb);

— 1,15 x (iHmi nocTiliHI HaBaHTaXKEHHS);
— 1,25 x (kopOTKOYACHI HABAHTAXKECHHS)

alje He Mae HeoOXIIHOCTI  HpuiMaTu
HaBAHTAXKEHHS OinbIIe JIOITYCTUMOTO
PO3paXyHKOTO HABAHTAXKEHHS 1 JIOIMyCTUMOTO
HOPMAaTHBHOTO HABAaHTa)XEHHS Yy BHIIAJKax
(BKpail piakux) KoOMOIHaliii HOPMaTUBHUX
HaBaHTAXEHb.

(3) IIpu HOTepeTHIX BUIIPOOYBaHHSIX
HaBaHTAXKEHb MOJJIMBO JOIUIBHO 3POOUTH
npoOHe HaBaHTaKEHHS (HaBaHTaKEHHS, 10 HE
MEePEBUIIyE HOPMATHBHE 3HAYCHHS) 1 TICTS
I[bOTO 3HSATH HABAHTA)KECHHSI.

(4) Cnovyatky Ha KOHCTPYKIIIO IOBHHHO
nepeaBaTucs MIOBHE HOpMAaTHUBHE
HaBaHTaXeHHA. [Ipy I1bOMy KOHCTPYKLis
MMOBUHHA MPAIIOBATU TIJIBKU B MPYXKHIN CTaIli.
[Ticnsg 3HATTS HaBaHTaXEHHS 3aJIUIIKOBHNA
MIPOrMH HE MOBUHEH mnepeBuiyBatu 20% Bifg
MaKCUMaJibHO 3adikcoBaHoro. SKimo 1e He
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—the ratio fy / fyb ;

—the ultimate strength f, and the yield
strength fyp;

— 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) The test 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 total

serviceability limit state design load for the
characteristic (rare) load combination.

(3) Before carrying out the acceptance test,
preliminary bedding down loading (not
exceeding the characteristic values of the
loads) may optionally be applied, and then
removed.

(4) The structure should first be loaded up to a
load equal to the total characteristic load.
Under this load it should demonstrate
substantially elastic behaviour. On removal of
this load the residual deflection should not
exceed 20% of the maximum recorded. If
these criteria are not satisfied this part of the



HiATBEPDKYEThCS, LEH eram BUIPOOYBaHb
HEOOXiTHO MOBTOPUTH. Y MOBTOPHOMY LMK
HaBaHTaKCHA KOHCTPYKIIist HOBHUHHA
JIEeMOHCTPYBaTH  JiHIHY  poOoTy  BiX
HOPMAaTHBHOTO HaBaHTAKCHHS, a 3aJIMIIKOBUH
NpOTrvH He moBHHEH nepesumryBatu 10% Bin
MaKCUMaJIbHOTO, 1110 3a()iKCOBaHUIA.

(5) Ipu HOTIepeIHIX BUINIPOOYBaHHSIX
HABaHTKCHHS  IPUKIAJAE€ThCI  IMOETAITHO
pPIBHUMH YacTMHaMH, 3 PIBHUMH iHTEpBaJaMH
32 94acOM 1 3 BUMIPOM IIPOTHHIB Ha KOXXHOMY
erami. Y pasi, SKIIO MPOTUHHU CTAIOTh 3HAYHO
HENiHIMHUMH,  TIOE€TallHEe  HABaHTAKECHHS
MTOBUHHO OYTH 3MEHIIIEHO.

(6) Ilpn  mocATHEHHI TPU  TONEPEIHBOMY
BUIIPOOYBaHHI HE0OX1THOTO piBHSA
HAaBAaHTA)XCHHS, BOHO IIOBUHHE 3aJIMINATUCH
HE3MIHHUM MDK JIeKUJIbKOMa MOCIIIIOBHUMUA
3amMcaMM TOKa3HUKIB 1 BUMIpaMH IPOTHHIB
JUIs  BCTAQHOBIICHHSI ~ 3aJIGKHOCTI  PI3HUX
nedopMariii  KOHCTPYKINi 3a 4YacoM, TaKuX,
Hanpukian, sk aedopmariii 3akpiruieHb ado
nedopmMariii, Mo BHKIMKAIOTHCS TIOB3YUICTIO B
IIUHKOBOMY TTOKPHUTTI.

(7) Busarrs HaBaHTaXCHb ITOBUHHO
BHUKOHYBATHCh PIBHMUMH CTYIIEHSMH 3 3aIIHCOM
MIPOTHHIB Ha KOXHOMY €TaIll.

(8) Koncrpykiiisi moBuHHa OyTH 3aTHOO
BUTPUMATH  TIONEPEIHE  BHUIPOOYBaIbHE
HaBaHTaXEeHHA 0e3 3HAYHHUX  MICHEBHUX
3MHUHaHb a00 JedekTiB, Akl O 3acBiquyBaIn
HETIPUJATHICTh KOHCTPYKITii VIS
BUKOPHMCTAHHS MiCIIsl BUIPOOYBaHb.

A.4.2 BunpoOyBaHHsI Ha MillHICTB

(1) BunpoOyBaHHsI Ha MIIHICTh MOXYTh OyTH
BUKOPHUCTaHI1 IS MiATBEPKEHHS
PO3paxyHKOBOT HECy4oi 3IaTHOCTI
KOHCTpYKLIi B misomy abo ii wactuuu. Ilpu
MEBHUN KUIBKOCTI OJIHAKOBUX KOHCTPYKLIIH,
3allpOEKTOBAHUX 32 OJIHIEI0 METOAMKOIO, 1
oIMH abo Ouiblie 3 iX NPOTOTHUIIB IPHU
BUNPOOYBaHHI BiJMOBIAAIOTh BCIM BHUMOTaM
00 iX MIIHOCTI, peliTa IUX KOHCTPYKIIH
3aBJSKU 1X TOTOXKHOCTI MPOTOTHIIAM 3a BCiMa
BIAMOBIAHUMHA MOKa3HUKaMH MOKe
BUKOPHUCTOBYBATUCH 0€3 BUITPOOYBaHb.

np JICTY — H b EN 1993-1-3:20XX

test procedure should be repeat. In this repeat
load cycle, the structure should demonstrate
substantially linear behaviour up to the
characteristic load and the residual deflection
should not exceed 10% of the maximum
recorded.

(5) During the acceptance test, the loads
should be applied in a number of regular
increments at regular time intervals and the
principal deflections should be measured at
each stage. When the deflections show
significant non-linearity, the load increments
should be reduced.

(6) On the attainment of the acceptance test
load, the load should be maintained for being
no changes between a set of adjacent readings
and deflection measurements should be taken
to establish whether the structure is subject to
any time-dependent deformations, such as
deformations of fasteners or deformations
arising from creep in the zinc layer.

(7) Unloading should be completed in regular
decrements, with deflection readings taken at
each stage.

(8) The structure should prove capable of
sustaining the acceptance test load, and there
should be no significant local distortion or
defects likely to render the structure
unserviceable after the test.

A.4.2 Strength test

(1) This strength test may be used to confirm
the calculated load carrying capacity of a
structure or portion of a structure. Where a
number of similar items are to be constructed
to a common design and one or more
prototypes have been submitted to and met all
the requirements of this strength test, the
others may be accepted without further testing
provided that they are similar in all relevant
respects to the prototypes.
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(2) Tepen  mpoBeneHHSM BUIPOOYBaHb Ha
MIIHICTh HEOOXITHO TIPOBECTH IOMNEpPEIHI
BUNPOOYBaHH: 3rigHO0 3 A.4.1.

(3) HaBanTaxxeHHST TOBHMHHO 3JiHCHIOBATHCH
CTYNEHSMHU JI0 PiBHS, LIO BiAIOBIJa€ HeCydii
3IaTHOCTI 32 MIIHICTIO 3 BHUMipaMH MPOTHHIB
HAa KOXXHOMY eTami HaBaHTaxeHHs. Jlis
MIITBEP/UKEHHS, 110 MOB3YYICTh KOHCTPYKIIIT
HE BIZOYBa€ThCS, TpaHUYHE HABAHTAKEHHS
YTPUMYETBCS TPOTATOM HE MEHII  HIK
1 roguHa 3 BUMipaMH B 1IeH 9ac IPOTHHIB.

(4) 3usaTTs HaBaHTAKCHHS ITIOBUHHO
BUKOHYBaTHCh PIBHUMU CTYIICHSIMH 3 3aIIUCOM
MPOTHHIB HA KOXXHOMY €Talli.

(5) [MoBHe BHMPOOYBajIbHE HABaHTAKEHHS (3
BJIACHOIO BAaroro BKIIOYHO) JUIsl BUIIPOOYBaHHS
Ha MIIHICT Fsr ITOBMHHO BH3HAYaTHCHL Ha
mizcTaBi MIOBHOT'O PO3paxyHKOBOTO
HaBaHTaXCHHS  Fed, sKe  BH3HAYAETHCS
PO3paxyHKOM JIJIsl PI3HUX IPaHUYHUX CTaHIB 3
BUKOPHUCTaHHSM BUPA3Yy:

(2) Before carrying out a strength test the
specimen should first pass the acceptance test
detailed in A.4.1.

(3) The load should then be increased in
increments up to the strength test load and the
principal deflections should be measured at
each stage. The strength test load should be
maintained for at least one hour and deflection
measurements should be taken to establish
whether the structure is subject to creep.

(4) Unloading should be completed in regular
decrements with deflection readings taken at
each stage.

(5) The total test load (including self-weight)
for a strength test Fsy should be determined
from the total design load Feq specified for
ultimate limit state verifications by calculation,
using:

Fstr = 7mi Lk Fed ..(A.2)

ne HWF — BIANOBIAHMH  Koe(ilieHT 3a
HaBaHTAXXEHHSIM, ¥Mi — Koe(ill1€EHT HaIHOCTI
JUI TPAHUYHOT'O CTaHy.

(6) KoedimienT 3a  HaBaHTaXEHHSIM M F
BpPaxoBy€ BIUIMB HABaHTAXCHHS Ha 3MiHY
HECY4Oi 3/JaTHOCTI KOHCTPYKLIi a00 11 yacTUHU
B 3aJ&KHOCTI B TpaHUIl TEKy4OCTl
Matepiany, MiICIeBOi CTIHKOCTi, 3araibHOi
CTIMKOCTI 1 OyAb-SKMX IHIIMX IapameTpiB 1
00CTaBHH.

(7) KoedirieHT 3a HaBaHTaKEHHSIM |LF MOXKeE
OyTH TNPUHHATUM  PIBHUM  BIJHOLIEHHIO
BEIMYMHM TPAHUYHOIO HABAaHTAXKEHHA 3a
HECYy4YOI0  3JaTHICTIO HpPH  CEPEIHBOMY
3HAYeHHI  TrpaHuIi  Tekydocti fym 70
BIIMOBITHOI BEJIMYMHU TIPH HOMIHAIBHOMY
3HAYeHHI TpaHuli Tekydocti fyp B TOMY
BUTIAJIKY, SIKIIO pealbHe MPECTaBICHHS 00
HECY4Ol 3/JaTHOCTI KOHCTPYKLIi abo 11 yaCTUHU
OTPHMAaHO PO3PAaXyHKOBUM IIJISIXOM 3TiHO 3
BUMOTaMHM IIbOTO CTaHAApTy abo I1HIIUM
JIOMyCTAMHM  METOJIOM  pPO3paxyHKy 3
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in which W r is the load adjustment coefficient
and ywmi is the partial coefficient of the ultimate
limit state.

(6) The load adjustment coefficient pr should
take account of variations in the load carrying
capacity of the structure, or portion of a
structure, due to the effects of variation in the
material yield strength, local buckling, overall
buckling and any other relevant parameters or
considerations.

(7) Where a realistic 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 i r may
be taken as equal to the ratio of (the value of
the assessed load carrying capacity based on
the averaged basic vyield strength fym)
compared to (the corresponding value based
on the nominal basic yield strength fyy).



ypaxyBaHHSM BIUIUBY BCiX (opMm BTpaTu
CTIAKOCTI.

(8) 3nauenns fym TMOBMHHO BHW3HAYATHCh Ha
MiJICTaBl  BUMIPSHUX TPaHHUIb TEKYy4OCTI
Mmatepiany fybobs UIS PI3HHUX €IEMEHTIB a0o
YaCTMH  KOHCTPYKIIi, = BpPaxOBYKOYH  iX
BiJIMOBIAHY BaXKIJIUBICTb.

(9) Sxmio peanbHi TEOPETHYHI MPEACTABICHHS
11010 HECy4oi 3/IaTHOCTI HE MOXYTh OyTH
OTpUMaHi, TOJI 3HA4YeHHS KoedilieHTa 3a
HAaBaHTAXXCHHAM |lF TOBHHHO NpPUHMATHChH
piBHUM  TONpaBOYHOMY  Koe(ilieHTy 3a
HECY4OI0 3[aTHICTIO MR 3riHO 3 A.6.2.

(10) IMpwu aii BUpoOYyBaIbHOTO HABAHTAKCHHS
3pa30K HE MOBMHEH BTPATUTU CTIHKICTh abo
MaTH TPIIIMHY Y OyAb-AKiil 4acTHHI.

(11) IMicast 3HATTSA HaBAHTAXKCHHS IIPOTHUH
MMOBUHEH 3MEHIIUTUCH HEe MeHIe Hik Ha 20%.

A.4.3 BunpoOyBaHHs1 3pa3ka 10 NOBHOIO
PYHHYBaHHA

(1) BunpoOyBaHHsl 10 TOBHOTO PYHHYBaHHS
3IHCHIOIOTbCS /ISl BHU3HAYEHHS PEaJIbHOTO
MeXaHi3My pyHHYBaHHS 1 FPaHUYHOI HECy4ol
3JTaTHOCT1 KOHCTPYKLii a0o ii By3na. Skumo B
MOJTAITBIIIOMY 3pa3oK HE mijsrae
BUKOPUCTaHHIO, WOro Ticias MPOBEACHHS
BUNIPOOYBaHh Ha MIMHICTh 3rigHO 3 A.4.2
MOXHa  BUKOPUCTATH i OTPUMAaHHsA
J07aTKOBO1 1H(opMartii.

(2) AnbTepHaTHBHO BUNPOOYBaHHS ()
[IOBHOTO PYHHYBaHHS MOXYTh 3/11CHIOBaTUCH
JUIl BU3HAUEHHS peasibHOi Hecydoi 34aTHOCTI
Ha [0  PO3PaxyHKOBOTO  TPaHUYHOTO
HABaHTa)XKCHHS pu BUIIPOOYBaHHI.
BpaxoByroun, 10 CHoYaTtKy IPOBOASTHCS
norepeaHi BUMPOOYBaHHS Ta BUMPOOYBAaHHS
Ha MIIHICTh, OLIHKAa TPAaHUYHO MOXJIUBOI
BEJIMYMHHM PO3PaXyHKOBOTO HABAaHTAXKEHHS 1
MoBUHHA OyTH 3po0JieHa Ha MIACTaBl IHUX
BUIIPOOYBaHb.

(3) Ilepen mouyarkom BUIPOOYBaHb 3pa3Ka IO
MOBHOTO PYWHYBAaHHS CIIOYATKY IPOBOISTHCS
BUINIPOOYBaHHS Ha MIIHICTb 3rigHO 3 A.4.2. Ha
miJcTaBl poOOTH 3pa3ka Mpu BUNPOOyBaHHI Ha
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(8) The value of fym should be determined
from the measured basic strength fysons Of the
various components of the structure, or portion
of a structure, with due regard to their relative
importance.

(9) If realistic theoretical assessments of the
load carrying capacity cannot be made, the
load adjustment coefficient pr should be taken
as equal to the resistance adjustment
coefficient pr defined in 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 a test to failure may be
carried out to determine the true design load
carrying capacity from the ultimate test load.
As the acceptance and strength test procedures
should preferably be carried out first, an
estimate should be made of the anticipated
design load carrying capacity as a basis for
such tests.

(3) Before carrying out a test to failure, the
specimen should first pass the strength test
described in A.4.2. Its estimated design load
carrying capacity may then be adjusted based
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MIIHICTB JUIsl HBOTO MOXE OYyTH BCTaHOBJIICHO
TpaHUYHE 3HAYEHHS PO3PaxyHKOBOTO
HaBaHTAXECHH.

(4) B mporieci BumpoOyBaHb 10 PyHHYBaHHS
HABAaHTAXXCHHS  CIIOYATKy  IMPHUKIANAETHCS
CTYNCHSMH JI0 PpiBHA, IO  BIJNOBIJAE
BUNIPOOYBaHHIO Ha MilHICTh. B mopanbmomy
CTYIIEHl HaBaHTaXXCHHs MOBUHHI oOupartucs 3a
OLIIHKOIO TpadiKy IpOTHHIB.

(5) I'parnnuHIM HABaHTaXXEHHSM, 110
BIJIMOBia€  BTpaTi  HECy4oi  3JATHOCTI,
MOBHHHO OyTH BUNPOOYBaJlbHE HABAHTAKCHHS
B Ty MHTh, KOJIU KOHCTPYKLis abo ii yacTuHa
HE MOXYTh cIpuiiMatu Oynb-sKe 301TbIIeHHS
HABaHTAKCHHSL.

Hpumitka: [le Moxe cratucs npu 3HAYHOMY
BUKPHBJCHHI €JIEMEHTy. B gedkux Bumagkax
3Ha4YHa JedopMallisi MO)Ke BU3HAYATH 3aBEPIIICHHS
BUTNIPOOYBaHb.

A.4.4 llopiBHAIBbHI BUIIPOOYBAHHS
(1) NopiBHsuibHI ~ BUOPOOYBAaHHS ~ MOXYTh
BUKOPUCTOBYBATHUCH JUIS:

— HepeBipkdu  POOOTH  KOHCTPYKLI M
HAaBaHTAXCHHSM ISl TIOPIBHSHHS 3 JaHHUMH,

110 OTpUMaHi 3a AHATITUYHUMU
PO3PaxXyHKOBHMH MOJICIISIMU;
— BU3HAYECHHS KUTBKICHUX 3HAaYEHb

napaMeTpiB po3paxyHKOBUX MOJENEH, TaKHX
SK MIIHICTh a00 YKOPCTKICTh €JIEMEHTIB abo
BY3JIIB.

A.5 BunpoOyBaHHs 6aJ10K, 3aKpillJIeHUX Bil
CKpPY4YyBaHHS

A.5.1 3aranbHi noJ10KeHHs
(1) Metoauka nux BHIIPOOYyBaHb MOXeE OyTH
3acTocoBaHa s Oajok, SKi  YacTKOBO
3aKpilieHl  BiJ  CKpy4YyBaHHS  CTaJieBUM
npoHACTUIOM 3 TpamnelieBUAHUME rodpamu
a00 MoIOHUMH HaCTUIIAMHU.

(2) st MmeTomka Mosxe OyTH BUKOPUCTaHA JIJIst
NPOTOHIB, pUremiB, OaJOK MEePeKpUTTIB 1
IHIMUX TOMIOHUX THUMIB TPHU BiAMOBIIHOMY
PO3KPIIUIEHI.

A.5.2 BunpoGyBaHHs /151 NPOMi2KHOI onopH
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on its behaviour in the strength test.

(4) During a test to failure, the loading should
first be applied in increments up to the strength
test load. Subsequent load increments should
then be based on an examination of the plot of
the principal deflections.

(5) The ultimate load carrying capacity should
be taken as the value of the test load at that
point at which the structure or assembly is
unable to sustain any further increase in load.

NOTE: At this point gross permanent
distortion is likely 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 stiffness of
members or joints.

A.5 Tests on torsionally restrained beams

A.5.1 General

(1) These test 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



A.5.2.1 Cxema BUNIpoOyBaHb
(1) Cxema BumpoOyBaHb, 110 HaBeICHA HA PHUC.
A.7, Moxxe OyTH BUKOpPUCTaHA JUIsl BA3HAYEHHS
HECYy40i 3JaTHOCT1 HEPO3PI3HO1 OaIKH 3 JBOMA
abo Ounplie MPOIBOTAMH TNPH CyMICHINH [ii
3TUHAJIBHOIO MOMEHTY 1 MOMEepPEeYHOi CUIIM Ha
MPOMDKHHUX OIOPaX.

pumitka: Cxema TaKOX MOJXKE
BUKOPUCTOBYBATUCH JIs1 CUCTEM, IO 3’€I[HYIOTI)C5{
Ha HaKJIaJKax ado yHAITyCK.

A B
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A.5.2.1 Test set-up

(1) The test set-up shown in figure 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
sleeved and overlap systems.

a

Pucynok A.7 — CxeMa BUIIpoOyBaHb JIsl IPOMIXKHOT OMOpHU

Figure A.7: Test set-up for internal support tests

(2) Omopu A i E moBuHHI OyTH BiAIOBiTHO
mapHipHOIO 1 KartkoBor. IloBopor Oanku
BIJIHOCHO TIO3/I0BKHBOI OCl Ha IIMX OMOpax
MOXe OYyTHM BUKIIOUEHUH, HaNpHUKIaA, 3a
JIOTIOMOTO10 YIIOPIB.

(3) Crioci6 mpukiajgeHHS HaBaHTAXEHHS B
tourfi C moOBMHEH OYTH TakuM, SK @pH
eKcIuTyaTarfii.

IIpumiTka: B 6araThox BHNajkax i€ O3HAYAE,
mo 3MimeHHs o00ox momuus B Toumi C
BUKJIFOUAETHCS.

(4) PosramoBani Ha BiacTaHi € Bif KOXHOI

oropu TIPHIIATN JUIST BHUMIpIOBaHHS
nepemMimieHb, auB. puc. A.7, TOBUHHI
¢ikcyBatu B Toukax B 1 D wmoxnmBi
MepeMilleHHsT Uil BUKJIIOYEHHS 1X 13
pe3yibTaTiB  BHU3HAYCHUX IMEpPEMINIEHbh B
tour C.

(5) IlponboT S moBuHEH OyTH OOpaHWU Tak,
1100 CTBOPIOBAJIOCH CITIBBITHOIICHHS BETMYUH
3THHAJIBHOTO MOMEHTY 1 TONEepeYHOi CHIIH
TaKUM JKe, SIKE MOXIIMBE B pEalbHUX yMOBaX
npu I'PaHUYHOMY PO3paxyHKOBOMY

(2) The supports at 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) The method of applying the load at C
should correspond with the method to be used
in service.

NOTE: In many cases this will mean that
lateral displacement of both flanges is prevented
atC.

(4) The displacement measurements at points
B and D located at a distance 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.

1¢
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HaBaHTAXEHHI.

(6) st IBOTIPOSILOTHHUX OAJIOK 3 MPOJIBLOTOM
L npu PIBHOMipHO-PO3MOAIICHUX
HABaHTAXCHHAX  TPOJLOT S  OOMpAETHCA
piBauM 0,4 L. Ane, sikiio Oyjie BpaxoByBaTHUCh
MEepepo3noiiji  OMOPHOTO  MOMEHTY B
IUTACTUYHIA  cTagii, mpoJboT S  TpHU
BUNPOOYBaHHI TMOBUHEH OYyTH 3MEHIIECHUU B
3aJIEKHOCTI BiJ BIJITOBIHOTO
CHIBBIJHOIICHHS ~ OMOPHOTO  MOMEHTY 1
IIOIIEPEYHOI CUIIH.

A.5.2.2 IlpoBeneHHsi BUNIPOOYBAHHS

(1) domatkoBO 1O  3arajbHUX  [PaBHJI
BUIIPOOYBaHb MOBUHHI OyTH BpaxOBaHI OKpeMi
crieruQivHi acreKTH.

(2) BunpoOyBaHHs i 3amuc MPOTUHIB MOBUHHI
BUKOHYBAaTHCh 10  TOTO  4acy, KOJH
npuKIaJeHe HaBaHTaxeHHs Oyne Ha 10 — 15%
MEHIIE 3a MAaKCUMalbHO JOIycTUME abo
MIPOTHH JIOCSATHE 3HAuUCHHS y 6 pa3iB Ounbime
HDK BeJIMYMHA MaKCHUMaJIbHOTO MPOTHUHY B
MPYXHIN cTafii.

A.5.2.3 O6pooka pe3yabTaTiB BUNPOOYBaHb
(1) Bumipeni baxTuaHi pe3yibTaTu
BUINIPOOYBaHb Robsi MOBUHHI OyTH CKOpETroBaHi
3rigHo 3 A.6.2 Ui OTpUMAaHHS 3HA4YeHb Radij,i,
MOB’SI3aHUX 3  HOMIHaJIbHOIO  0a30BOIO
rpaHunero Tekydocti fyp 1 po3paxyHKOBOIO
TOBIIIMHOIO CTaJI, AUB. 3.2.4.

(2) nst KOXKHOT BETMYUHH MPOJILOTY S OMOPHA
peakuiss R moBuHHa OyTH OTpUMaHa SK
CKOpETOBaHE  3HAUEHHS  MaKCHUMaJbHOTO
HaBaHTaXXeHHS Fmax B IpoJbOTI S. BignosinHe
3HAYCHHST OMOPHOTO MOMEHTY ITOBHHHE
BU3HAYATHCh SIK:

3a 3BHMYAil BIUIMB MOCTIHHOTO HAaBAHTAXXEHHS
MOBUHEH BpPaxOBYBAaTUCh TpU BU3HAUCHHI
MoMmeHTy M 3rigHo 3 (A.3).

(3) O6uasi Bemuuman M 1 R it KOXHOT
BEJIMYMHM TPOJBOTY S TOBUHHI OyTu
BiJI0OpakeH1 rpadivyHo, K MOKa3aHO Ha pHUC.
AB8. JIna npomiknux cnomydesb M 1 R
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(6) For double span beams of span L subject to
uniformly distributed loads, the test span s
should normally be taken as equal to 0,4 L.
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) In addition to the general rules for 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 a value 6 times the maximum elastic
displacement.

A.5.2.3 Interpretation of test results

(1) The actual measured test results Robs;i
should be adjusted as specified in A.6.2 to
obtain adjusted values Ragj,i related to the
nominal basic yield strength fy, and design
thickness t of the steel, see 3.2.4.

(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 Fmax for
that value of s. The corresponding value of the
support moment M should then be determined
from:

M= (A3)

4

Generally the influence of the dead load
should be added when calculating the value of
moment M following the expression (A.3).

(3) The pairs of values of M and R for each
value of s should be plotted as shown in figure
A.8. Pairs of values for intermediate
combinations of M and R may then be



3HAQYEHHS 11X MOXYTh BH3HAYaTHCA 3a
THIAHOIO IHTEPIOJIAIIETO.

M

@ \
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determined by linear interpolation.

(b)

>
R

(a) pesyabTaTu BUNIPOOYBaHb IS PI3HUX MPOJILOTIB S, (D) JTiHIs IHTEPITOIAIIT
(a) test results for different test spans s, (b) linear interpolation

Pucynoxk A.8 — CriBBiiHOIIIEHHS M1k OTOpHUMHU MOMeHTOM M 1 peakuiero R

Figure A.8: Relation between support moment M and support reaction R

(4) Yuctuit mporMH B TOYIl MPHUKIAICHHS
HaBaHTaxkeHHs C Ha puc. A.7 MOXHa
OTpUMATH  BIJHIMAHHSIM BIJT BHUMIPSHOTO
MOBHOT'O 3HAYEHHS CEPEIHbOrO 3HAYEHHS
MPOruHIB, BHUMIpIHUX B Toukax B 1 D,
po3TalioBaHUX Ha BijcTaHi € Big omop A i E,
uB. puc. A.7.

(5) Inst xoxkHOTO BHUIIPOOYBaHHS MPUKIAJICHE
HaBaHTAXXEHHA [IOBMHHO BIJNOBIJaTH Ha
rpadiky 4YuUCTOMY NpOruHy, auB. puc. A.9.
3rigHo 3 TpadikoM MOBOPOT € MOBUHEH OyTH
OTpUMaHUil  JuId  Jiala3oHy  BEJIHYUH
MIPUKJIaIEHOTO HABAHTAXECHHS SIK:

(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,
see figure A.7.

(5) For each test the applied load should be
plotted against the corresponding net
deflection, see figure A.9. From this plot, the
rotation @ should be obtained for a range of
values of the applied load using:

20, —0, -0
:—( e a) ...(A.4a)
0,55 —e
2|0, —0, — O,
- (P' =) ...(A.4b)
0,5s—e
ne: where:
Oel — UNCTHH TPOTMH B  JaHOTO Oe is the net deflection for a given load

HAaBaHTA)XCHHsI Ha BUCXIJHIM YacTUHI KPUBOI

on the rising part of the curve, before Fmax ;

1¢
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10 Fmax;

Opl — UHCTUH TMPOTMH BIJ TOrO X
HABaHTAXXCHHA Ha CIAgHIM YacTHUHI KPHBOI
micisa Fmax;

Olin — (aKkTUYHUN YUCTUH TPOTHUH BIJ
JAHOTO HABAaHTAXKEHHS, M0 OyB OTpUMaHUi
MPOTSTOM JIiHIHHOT poO6oTH, TUB. puc. A.9;

Oe — CEpelHE B3HAYCHHS NPOTUHY, IO
BUMIpSIHUIN Ha BIJICTaHI € BiJI ONOpPH, TUB. PHC.

A.7;
S — BUNIPOOYBAJILHUM MPOJIbOT;

€ — BIJICTaHb MK OMNOPOK 1 TOYKOIO
BUMIpIOBaHHS MIPOTHUHY, AUB. puc. A.7.

Bupaz (A.4a) BHKOpPUCTOBYETHCS, SAKIIO
pPO3paxyHKH BHUKOHaHI i1  e(EKTUBHOTO
nonepedHoro  mepepizy.  Bupaz  (A.4b)
BUKOPHUCTOBYIOTb, SIKIIIO PO3paxyHKH
BUKOHAHI Ui TOBHOTO  IONEPEYHOIrO
nepepizy.

(6) CriBBignomienus mixk M i € moBuHHI OyTH
300pakeHl TpadiuHO, SK TOKAa3aHO Ha pHC.
A.10, B mpoueci KOXKHOTO BUMPOOYBAaHHS IS
JAHOTO TPOJIOTY S, IO BIJMOBITAE BEIUYUHI
nponboTy Oanku L. Po3paxyHkoBa 3anexHicTh
M—6 nns Hecydoi 34aTHOCTI Oajaku Ha
NPOMDKHIA OMOpi 3a YMOBHM 3TMHY MOBHMHHA
Oytu mpuiiHsaTa piBHOIO 0,9 BiA cepeaHBOro
3HaYeHHS MOMEHTIB M a1is BciX BUNpPOOyBaHb
0aJ0K MpoaboTOM L.

Hpumitka: Ipu MTOBHOMACIIITAOHOMY
MPOBEICHHI BUIIPOOYBaHb /151 BU3HAUYCHHS BIUIUBY
TOPH30HTAJIBHOTO  HABAaHTAXEHHS 1  BTPaTH
CTIMKOCTI BIJIbHOI HOJIHII B 30HI CEPEeIHBOI OIOPH
BHUIIICHABEICHE 3HM)KEHHS IOBUHHO OYTH MEHILIUM
3a 0,9, nus. 10.1.3.2(4).
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Oplis the net deflection for the same load
on the falling part of the curve, after Fmax ;

oiin 1S the fictive net deflection for a given
load, that would be obtained with a linear
behaviour, see figure A.9;

Oe Is the average deflection measured at
a distance e from the support, see figure A.7;

S is the test span;

e is the distance between a deflection
measurement point and a support, see figure
AT

The expression (A.4a) 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.

(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 shown in figure A.10. The design
M — @ 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 all the tests corresponding to
that value of the beam span L.

NOTE: Smaller 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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E I 75,( \\

L J

Olinz Yal,2 )2

Pucynok A.9 — 3anexHicTh MiXK HaBaHTaKeHHIM F 1 uuctum nporuaom &

Figure A.9: Relation between load F and net deflection &

L J

Mmean = cepeaHs BeTUYHHA, Mg = po3paxyHKOBa BeIMYHHA
Mmean = mean value, Mg = design value

Pucynok A.10 — TunoBa 3aiexHicTh MOMEeHT—TI0BOPOT (M — 6)

Figure A.10: Derivation of moment-rotation (M — @) characteristic

A.5.3 Oninka 11010 00MeKeHHs A.5.3 Determination of torsional restraint
CKPY4YYBaHHIO

(1) Cxemu BumpoOyBaHb, 110 HABEJICHI HA PHC. (1) The test set-up shown in figure A.11 may
A.11 moxyTh OyTH BHUKOPUCTaHI Ui OLIHKH be used to determine the amount of torsional
CTYIECHIO PO3KPIIUICHHS BiJ CKPyYyBaHHS, SIKE restraint given by adequately fastened sheeting

1¢
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CTBOPIOE TPHUKPITUICHUH HACTHJI a00 1HIIHI
€JIEMEHT, 10 PO3TAIIOBY€ETHCS
NEPIEHAUKYIISIPHO 10 OAJIKH B MPOJIBOTI.

(2)3a  ummMum  cxemamH ~ BHIPOOYBaHb
PO3TIISAIAIOTECS JIBA BHIW 3aKPIIJICHHS BIJ
CKpPYYyBaHHsS 3 PI3HHUMH XapaKTePHUCTUKAMHU
KOPCTKOCTI:

a) [ToronHa »opcTKicTh 13 wiomuHu Ka,
sSKa BIONOBITAE KPYTHUJIBHIA  KOPCTKOCTI
3’€JHAHHS HACTUITY 3 OATIKOIO;

b) [Moronna >xopctkicth i3 miommHu Kg,
sSKa BIAMOBiJA€ JeIUlaHallii  IMONEPEYHOro
nepepizy IporoxHy.

or by another member perpendicular to the
span of the beam.

(2) This test set-up covers two different
contributions to the total amount of restraint as
follows:

a) The lateral stiffness Ka per unit length
corresponding to the rotational stiffness of the
connection between the sheeting and the beam;

b) The lateral stiffness Kg per unit length
due to distortion of the cross-section of the
purlin.

(3) 3aranbHa MIOB3/I0BXKHS KOPCTKICTB (3) The combined restraint per unit length may
BHU3HAYAETHCS 3a (HOPMYIIOPIO: be determined from:
(1/Ka+1/Kg)=06/F ..(A.5)

Ie:

F — HaBaHTa)x€HHS HA OJUHUIIO JOBKHHHU
3pa3ka, SIKMA BHUIPOOOBYETHCSA 1 BHUKIIMKAE
ropuzoHTanbHe nepemimenss h/10;

h— 3aranpna Bucora 3pas3ka,

O — TOPU3OHTAJIbHE MEPEMIIIEHHS! BEPXHbOT
MOJIMII 32 HAaIpaBJieHHsM aii F.

(4) Tlpn  omiHIli pe3ysibTaTIB BHIIPOOYBAaHB
OKpeMi MapaMeTpH TOBHHHO OyTH NPUHHSITO

SIK 3MIHHI, a caMe:

— KIJIBKICTh  METBUPOOIB  KpIMJICHHS HA
OJIMHUIIO JOBJKMHU 3pa3Ka

— TUT METBUPOOIB;

—3rUHAIbHA  KOPCTKICTh ~ Oalmku,  MI0
3aJIEKUTH Bif 11 TOBIIMHHU,

— 3TUHAJIbHA KOPCTKICTh HWIKHBOI TTOTHIT
HACTHITY, IIO 3aJIeXKHUTh BiJ ii TOBIIMHY;

— po3TalIyBaHHS METBUPOOIB KPIMJICHHS Ha
MOJIMI1 HACTUITY;

— BICTaHb BIJ METBHUPOOIB /0O LEHTPY
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where:

F  is the load per unit length of the test
specimen to produce a lateral deflection of
h/10;

h is the overall depth of the specimen;

o is the lateral displacement of the top
flange in the direction of the load F.

(4) In interpreting 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;

— the flexural 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 fasteners in the flange
of the sheeting;

—the distance from the fasteners to the
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MMOBOPOTY OaJIKu;

centre of rotation of the beam;
— 3arajbHa BHUCOTa OaJIKu;

— the overall depth of the beam;

— HasgBHICTH 130AwUil MDK Oalkorw 1

—the possible presence of insulation
HaCTHIIOM.

between the beam and the sheeting.

= 450 mm

(a) mactun, (b) meTBupib, (C) mpodins, (d) HaBaHTaXXEHHS, (€) )KOPCTKA OIopa
(a) sheeting, (b) fastener, (c) profile, (d) load, (e) clamped support

a) Bapianr 1
a) Alternative 1

)
=

b}
——

N s e

o
A
|
|
|
oo
w0
%
W

1,50, < d < 3d,

(a) mactu, (b) meTBHpiO, (C) mpodink, (d) HaBaHTaXeHHS, (€) 130111 3a HeoOXiaHicTIO, (f) mepeB’sHi
BKJIATUIII
(a) sheeting, (b) fastener, (c) profile, (d) load, (e) insulation if available, (f) timber blocks

b) BapianT 2
b) Alternative 2

Pucynok A.11 — ExcniepuMenTanbHe BU3HadeHHs kopcTkocTelt Ka 1 Kg

Figure A.11: Experimental determination of spring stiffness Ka and Kg

A.6 O0po0ka pe3yabTaTiB BUNPOOYBaHb A.6 Evaluation of test results

A.6.1 3aranbHi mo10KeHHS A.6.1 General
(1) 3pazok, 1O BUIPOOOBYETHCS, MOXKHA (1) A specimen under test should be regarded

1¢
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BBaXaTH 3pyWHOBAHUM, SIKIIO HABAaHTAKCHHS
IpU BHUIIPOOYBAHHI JOCITIO MaKCUMAalbHOTO
3Ha4YeHHI abo gedopmariii  MEepeBHINUIN
rpaHUYH] 3HAUCHHS.

(2) MeBni  medopmariii  eleMEHTIB  MMOBHHI
3a7J0BOJIBHATH 3arajibHi BUMOI'H:

It:
0 — MakCHMaJIbHUH TPOTHH  OaJKu
poasoToM L ;

@ — KyT HaXUJIy KOHCTPYKIIIi.

(3) Ipu BumpoOyBaHHI 3’€nHaHb abo0 iX
JacTHH, J€¢ HeoOXimHa TOYHA  OI[IHKA
nedopmarlii  (HanmpukiIaa, TpPH BH3HAYCHHI
3aJIC)KHOCTI MOMEHT—TIOBOPOT P HAKJIaIKaX)
PO3BUTOK AedopMaliiii miJ yac BUIPOOYBaHb
HE 0OMEXKYETHCSI.

(4) Y pasi mnactuaHOl 200 MOMKIHBOT KPUXKOT
dbopmu pyHHYBaHHS TIiJ Yac BUIPOOYBaHb
HEOOXITHO JOAEP)KYBAaTUCh TEBHUX IpaBHII
Oesneku. BpaxoByrouu, mo Kpuxki Qopmu
pyHHYBaHHS TiA dYac BeIMKOMacIITaOHUX
BUIIPOOYBaHb, SIK MPAaBUJIO, HE TIPOSBIIOIOTHCS,
y pa3i HEoOX1AHOCTI MOBUHHI OYTH MPOBEACHI
J0JJaTKOB1 OUIBLI JIeTalbHI BUIIPOOYBaHHS.

Hpumitka: Onucanuii BUMAIOK — BUKJIIOYHO
JUIsl 3’ €JHAHb.

A.6.2 KoperyBanus
BUIIPOOYBaHb

(1) PesynpraT BUNpOOyBaHb MOBUHHI OyTH
Je10 CKOpUIOBaH1 Ui  BpaxXyBaHHS
BIIMIHHOCTI BHMIpPSHUX TNpU BUNPOOYBaHHI
XapaKTEPUCTUK  3pa3KiB 3  HOMIHAIHHUM
3HAYEeHHSMU.

pe3yJbTaTiB

(2) BumipsiHa OCHOBHA TpaHHUI TEKY4OCTi
fyb,obs HE TIOBMHHA BiPi3HATHCS OUIBII HIX Ha
25% Bim HoOMiIHaNBbHOT 0a30BOi TpaHUIIl
TeKy4ocTi fyh, TOOTO fyp obs > 0,75 fyp.

(3) Bumipsina ToBmMHa fohs HE TMOBHHHA
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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<L/50 ...(A.6)
¢ <1/50 (A7)
where:

o is the maximum deflection of a beam
of spanL;

¢  isthe sway angle of a structure.

(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 sleeves), 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: This is often the case for connections.

A.6.2 Adjustment of test results

(1) Test results should be appropriately
adjusted to allow for variations between the
actual measured properties of the test
specimens and their nominal values.

(2) The actual measured basic yield strength
fyb.obs Should not deviate by more than — 25%
from the nominal basic yield strength fy, i.e.
fyb,obs > 0,75 fyb.

(3) The actual measured thickness tons should



MIEPEBUIILYBATH HOMiHaJIbHY TOBIIUHY
Mmatepiany thom (auB.3.2.4) OuIbIn HIX Ha
12%.

(4) KopuryBaHHs MOBHHHI OyTH BUKOHAHI 1 10
BiJTHOIIICHHIO JI0 BUMIPSHUX 3HAY€Hb TOBIIMH
Matepiany tobscor 1 0a30BOT TpaHMIll TEKY4OCTI
fybobs TIPH BCiX BHMPOOYBAaHHSX, KPIM TaKHX,
e Ui TapaMeTpud BHKOPUCTOBYBAIUCH JUIS
MEPEBIPKU  PO3PaxXyHKOBOI MOJENi, B SKHX
BKa3iBKH (5) HE MOXKYTb OyTH 3aCTOCOBaHi.

(5) CxopuroBane 3Ha4eHHS Radj,i, 1K pe3yJibTar
i-0 BUIIPOOYBaHHS, TOBUHHO OYTH BHU3HAYCHO
3 BUKOPUCTaHHSIM pE3yJIbTaTy BUIPOOYBaHb
Robs,i
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not exceed the nominal material thickness tnom
(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 tobscor and the basic yield strength
fyb,ons for all tests, except if values measured in
tests are used to calibrate a design model then
provisions of (5) need not be applied.

(5) The adjusted value Ragj,i Of the test result
for test i should be determined from the actual
measured test result Rops,i USING:

Radji = Robs,i / LR ..(A.8)

1e R — MOMpaBOYHMM KOe(Dilli€HT 32 HECYYOr0
3IaTHICTIO:

f
Hr =

(6) IMokasuuk crenens o B Gopmyni (A.9)
HOPUIMAETHCS B 3aJIEKHOCTI:

— K110 fyb obs < fyb a=0

— K110 fyb,obs > fyb a=1
g npoduuctiB ab0 KaceTHUX NpodiiiB, B
SKMX CTHCHYTI €JEMEHTH MaloTh JOCHTH
3Ha4HI BifHOIIEHHs bp/t, BTpara MicieBoi

cTiiiKocTi € hopmoro pyitHyBanHs: « = 0,5.

(7) Nokazuuk crenenst S B ¢dopmyni (A.9)
NPUAMAETHCS B 3aJISKHOCTI:

— KO fobs,cor < teor, ﬂ =1
— K110 tobs,cor > Leor,

—ns  BUNpoOyBaHb MpoduiucTiB  abo
KaceTHHUX MpodiiB, p=2

— ISl BUNPOOYBAaHHS KOHCTPYKIiN abo
1X YaCTHH:

—1pu by / £ < (bp / iim, p=1

in which pr is the resistance adjustment
coefficient given by:

a t B
J [ otbs,corJ (Ag)

(6) The exponent « for use in expression (A.9)
should be obtained as follows:

— |f fybyobs < fyb . a=0

— if fyb,obs > fyp : a=1
For profiled sheets or liner trays in which
compression elements have such large bp/t
ratios that local buckling is clearly the failure

mode: a=0,5.

(7) The exponent £ for use in expression (A.9)
should be obtained as follows:

— if tobs,cor < teor : p=1
— if tobs,cor > teor :

—for tests on profiled sheets or liner
trays p=2

—for tests on members, structures or

portions of structures:
—ifbp/tg(bp/t)lim: ﬁ:l

1¢
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—nmpu bp /t>21,5(bp / tiim, L=2

—mpu  (bp/thim< bp/t<1,5 (bp/ t)im,
S upuiiMaeTbes 3a JTIHIMHOIO 1HTEPHOJISALIEO 1
TpaHUYHE BiJHOIICHHS IIMPUHH O TOBIIMHH
(bp / t)iim BU3HAUa€eTHCS 32 HOPMYJIOHO:

—ifbp/t>1,5(bp/t)|im: ,322

—if (bp / t)lim < bp /t< 1,5 (bp / t)lim:
obtain £ by linear interpolation.
in which the limiting width-to thickness ratio
(bp / t)iim given by:

f f
(b, 1) =064 |E5 leg,lg\/Z AR .(A.10)
fim fyb Ucom,Ed O-comEd

Ie.
bp — HOMIiHalbHA INUPUHA I[UIOCKOTO
€JIEMEHTY;

Ko — koedillieHT 00 BTpaTH CTIHKOCTI
3rigHo 3 tadi. 4.1 abo 4.2 EN 1993-1-5;

OcomEd —  HalOULIbIIE  pPO3paxyHKOBE
Halpy)XeHHs CTHCHEHHS B CIEMEHTI B
TpPaHUYHOMY CTaHi.

[pumiTka: 3HaueHHs, sIKE BU3HAYCHO 3TIIHO 3
A.6.2 MOoXHa He BpaxOBYBaTH, SKIIO NpH
BUMPOOyBaHHI  3pa3kiB 3 lobscor / teor < 1,06,
OTpUMaHMi pe3ynbTar He nepeBuIye 1,02 Ragj,i.

A.6.3 HopmaTHBHi 3HaYeHHS

A.6.3.1 3aranbHi mosoxkeHHs

(1) HopmaTuBHi 3HAYCHHS MOXYTb
BU3HAYATHCh CTATHCTHYHO 3@ HASBHOCTI
pe3ynbTaTiB  HE MEHII HDK  YOTHPHOX
BUNIPOOYBaHb.

Mpumirka: JouinpHine MaTH OUTBIITY
KUIBKICTh pe3yNbTaTiB BHIPOOYBaHb OCOOJIMBO,
SIKIIO KOJIMBAHHS 1X JOCTaTHBO 3HAYHI.

(2) Ilpn KiABKOCTI pe3yJbTATIB BHIIPOOYBAaHBb
He OuIblIe TPHOX MOKE OYTH 3aCTOCOBaHUMN
MeToz 3rigHo 3 A.6.3.3.

(3) SAx110 HEOOXITHO BH3HAYUTH MaKCHMAaJIbHE
abo cepenHe HOPMATHUBHE 3HAYCHHS, MOXKHA
BUKOPUCTATH  BIANOBIJHE  TEPETBOPEHHS
BHIMOT, 3aJIaHuX IS MiHIMaJbHOTO
HOPMAaTUBHOTO 3HAYCHHS. MiHnimManabHe
HOpDMATUBHE 3HAYCHHS  BU3HAYAETBHCA 3
BUKOPUCTAHHSM TaKUX BUMOT.
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where:

bp is the notional flat width of a plane
element;

ko is the relevant buckling factor from

table 4.1 or 4.2 in EN 1993-1-5;

owomed IS the largest  calculated
compressive stress in the element, at the
ultimate limit state.

NOTE: In the case of available test report
concerning sheet specimens with topscor / teor < 1,06
readjustment of existing value not exceeding 1,02
times the Rag;i value according to A.6.2 may be
omitted.

A.6.3 Characteristic values

A.6.3.1 General

(1) Characteristic values may be determined
statistically, provided that there are at least 4
test results.

NOTE: A larger number is generally
preferable, particularly if the scatter is relatively
wide.

(2) If the number of test results available is 3
or less, the method given in A.6.3.3 may be
used.

(3) The characteristic minimum value should
be determined using the following provisions.
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) HopmatuBHe 3HauyeHHs Rk, sike orpumane
3a pe3yibTaTaMH 4YOTUPHOX BHIIPOOYBaHb,
BHU3HAYAETHCS 32 GOPMYIIOL0:
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(4) The characteristic value Rk determined on
the basis of at least 4 tests may be obtained
from:

Rk = Rm +/—ks ..(A.11)

ne: where:

S — cTraHmapTHE BIAXWICHHS pPE3yJbTaTiB S is the standard deviation;
BHUIPOOYBaHb;

k — xoedimienT, MmO BpaxoBye 00CST k is the appropriate coefficient from
BHUOIpKH 3a Tabm.. A.2; table A.2;

Rm— cepenHe apudmeTHyHe 3HAYCHHS Rm is the mean value of the adjusted test
pe3ynbTaTiB BUNIPOoOyBaHb Radj ; results Ragj ;
3HaK «+» ab0 «—» MOBUHEH OOWUPATUCH VIS The unfavourable sign "+" or "-" should be
KOHKPETHOTO 3HAUCHHS, 10 PO3TJISIIAETHCS. adopted for given considered value.

IMpumirka: Sk npaBwio, A7 HOPMaTHBHOTO NOTE: As general rule, for resistance

3HAYEHHsI 32 HECYYOI0 3J]aTHICTIO OOMPAETHCS 3HAK
«—», a JAJs TIOBOPOTY, HANpPHUKIAA, MOXYTh OyTH
MPUAHATA O0HMIBA 3HAKH.

(5) CranmapTHe BIAXWICHHS S BH3HAYA€THCS
3a BUpPa3oM:

S5 foa]

i=1

3

characteristic value, the sign should be taken
and e.g. for rotation characteristic value, both are
to be considered.

(5) The standard deviation
determined using:

s may be

0,5

(Ruys —(]/n)(il:Rad”jz} /(n—l) (A12)

ae: where:
Radji — BLAMOBiAHWIT  pe3ynbTar  i-0 Radj,i 1S the adjusted test result for test i ;
BUINIPOOYBaHHS,
N — KUIBKIiCTh BUITPOOYBaHb. n is the number of tests.
Taoauus A.2 — 3nadennst koedimienra K
Table A.2: Values of the coefficient k
N 4 5 6 8 10 20 30 0
K 2,63 2,33 2,18 2,00 1,92 1,76 1,73 1,64
A.6.3.2 HopmaTusHi 3HAYEHHA npu A.6.3.2 Characteristic values for families of

cepiliHUX BUNIPOOYBAHHSAX
(1) Cepiitni BUNIpOOYBaHHS, IO MPOBOISTHCS

tests
(1) A series of tests carried out on a number of

1
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Ha JESIKId KUIBKOCTI MOAIOHUX KOHCTPYKIIIH,
iX YacTUH, €JIIEMCHTIB, JIMCTIB, IHIIHMX
CKJIQJIOBUX KOHCTPYKIIHM, B SKUX OIMH abo
JIeKiIbKa MapaMeTpiB BiJPi3HIIOTHCS, MOXKYTh
PO3IIIAIATHCh SIK €IMHA Cepisi BUIIPOOyBaHb 3a
YMOBH, 110 BCi BOHU MalOTh OJHAKOBY (Gopmy
pyinyBanHs.  I[lapamerpu, 1m0  MOXYTh
BiJIPI3HSTHUCH, € PO3MIPH MONEPEYHOTO
nepepizy, MNPOJLOTH, TOBIIMHA 1 MIIHICTh
Marepiany.

(2) HopmaTuBHa Hecyda 3/aTHICTh €JIEMEHTIB
3 1€l cepii MOKe BU3HAYATHUCh HA ITiJICTaBl
BIJMIOBITHOI PO3PaxyHKOBOI 3aJIe)KHOCTI, IO
3B’513ye pe3yNbTaTh BHIPOOyBaHb 3 Yycima
OOyMOBIIGHUMH BHUIIE MapaMeTpamu. Llg
pO3paxyHKOBa  3aJIeKHICTh  MOXe  OyTH
3aCHOBaHAa Ha  BIJNOBIHUX  PIBHSHHIX
OyIiBeNbHOI MeXaHIKM abo0 BHU3HAYATHCh
EMITIPUYHUM IUTSIXOM.

(3) Po3paxyHkoBa 3aJeKHICTh JOMOBHIOETHCS
koedimienTamu, K1 JIOIIOMAararoTh
ONTUMI3yBaTH CIIIBBIIHOIICHHS pPE3YJbTaTiB
BUNIPOOYBaHb A OUIBII ~ TOYHOTO 1
MPAKTUYHOTO  BHW3HAYCHHS  HOPMATHUBHOI
HECYYOl 3J]aTHOCTI.

MpumiTka: [HdpopMmaris momo 1miei MeTOTUKH
HaBejieHa B qojatky D EN 1990.

(4) ns PO3paxyHKy CTaH/IapTHOTO
BIJIXWJIEHHSI S KO>KEH pe3ysibTaT BUNPOOYBaHb
CMOYaTKy TIOBMHEH OYyTH HOpMai30BaHUM
IUIAIXOM  MOAUTYy HOro Ha  BIJMNOBIJIHE
3HAa4YeHHs, LI0 OTPUMaHe 13 PO3PaXxyHKOBOI
3aJIeKHOCTI. SIKIIO PO3paxyHKOBY 3aJI€KHICTh
neperBoputu  3rizHo 3 (3),  cepenHe
apudMeTUYHE 3HAYEHHS  HOPMAaII30BaHUX
pe3ynbTatiB  Oy/ne JOpiBHIOBAaTH — OJMHMIII.
Kinpkictsb BUIIPOOYBaHb n ITOBUHHO
JOpIBHIOBAaTH 3arajibHiil KUTBKOCTI CepiiHUX
BUNIPOOYBaHb.

(5) B cepii, mo cki1agaeTbes 3 4OTHPHOX abo
Oinpiie BUMpPOOyBaHb, HOPMAaTHBHA Hecyda
3naTHICTh Rk TOBMHHA BU3HAyYaTHCS 3a
¢opmynoro  (A.11), mpu umpomy Rm
NPUAMAETECS  PIBHUM  3HAYEHHIO, IO
OTPUMAHO 3 pO3PaXyHKOBOI 3aJ€XHOCTI 3
BUKOpPHCTaHHAM KoedimieHta K 3rigHo 3
tabaunero A.2, SKMil BIONOBiZA€ KUIBKOCTI
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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 all 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 process is given
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 tests in the family.

(5) For a family of at least four tests, the
characteristic resistance Rk should then be
obtained from expression (A.11) by taking Rm
as equal to the value predicted by the design
expression, and using the value of k from table
A.2 corresponding to a value of n equal to the
total number of tests in the family.



BHIPOOYBaHb N 3a Cepi€ro.

A.6.3.3 HopmaTuBHi 3HAYeHHSI npu
HeBeJMKIH KiJIbKocTi BUIPOOYBaHb

(1) Ipu  mpoBeneHHi  TIIBKH  OJHOTO
BUIIPOOYBAHHS HOPMATHBHA HECyda 3/1aTHICTh
Rk MOBMHHA BH3HAYaTHCS B 3aJIEKHOCTI Bij
pe3ynbTaTa BUIIPOOYBaHb Radj
3 BUKOPUCTaHHSIM BUPa3Yy:

e 1Nk — Koe]illieHT, M0 BpaxoBye ¢Gopmy
pyiHYBaHHS:

— MpY TUIACTUYHOMY pYHHYBaHHI1
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A.6.3.3 Characteristic values based on a
small number of tests

(1) If only one test is carried out, then the
characteristic resistance Rk corresponding to
this test should be obtained from the adjusted
test result Ragj using:

Rk = 0,9 77« Ragj ..(A.13)

in which 7k should be taken as follows,
depending on the failure mode:

—yielding failure:

n«=0,9;

— IIPU PO3BUTKY HAIMipHUX nedopmanin

— gross deformation:

nk«=0,9;

— IIPH BTPATi MICIEBOi CTIHKOCTI

nk=08..

B 3aJIEKHOCTI BiJl BIUIMBY ii Ha poOOTY B3araii,

— MY 3arajbHii BTpaTi CTINKOCTI:

— local buckling:
0,9

depending on effects on global behaviour in
tests;

— overall instability:

nk=0,7.

(2) B cepii 3 n1Box ab0 TphOX BUIPOOYBaHb 3a
YMOBH, IO KOX€H pe3ynbTar Radji mnpu
BUNIPOOYBaHHSX BIJIPI3HSAETHCS B1Jl
cepenHporo 3HadeHHs Rm B mexax =+ 10%,
HOpMaTHBHa Hecyda 3JaTHICTb Rk 3a
pe3yabTaTaMy BHIIPOOYBaHb BU3HAYAETHCS SIK:

(3) Hopmarushi 3HAYCHHS YKOPCTKOCTI
(Hampuksiad, 3rUHaNIbHA a00  KPYTUIIbHA)
NpPUAMAIOTECST  SIK  CepeHbOAPUPMETHIHE
3HA4YeHHs HE MEHII HiXX JBOX BUIPOOYyBaHb, 3a
YMOBHM, IO  KOXEH 3  pe3yJbTaTiB
BIJIPI3HAETBCS BiJl CepeIHbOAPU(DMETHUHOTO
3Ha4yeHHs.B Mexax = 10%.

(2) For a family of two or three tests, provided
that each adjusted test result Ragji is within
+10% of the mean value Rm of the adjusted
test results, the characteristic resistance R
should be obtained using:

17k Rm (A.14)

(3) The characteristic values of stiffness
properties (such as flexural or rotational
stiffness) may be taken as the mean value of at
least two tests, provided that each test result is
within £ 10% of the mean value.

1
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(4) ITpu  mpoBeacHHI OTHOTO BHIPOOYBAHHS
HOpPMAaTHUBHE 3HAYCHHS YKOPCTKOCTI
3MeHInyoTh 10 0,95 abo 36umpmyroTs 10 1,05
B HECTIPUATIUBHI OiK.

A.6.4 Po3paxyHKoBi 3HAYEHHS

(1) Po3paxynkoBe 3HAYEHHS HEeCyJoil
31aTHOCTI R4 TOBMHHO BCTAHOBIIIOBATHCS B
3QJIEKHOCTI Bijl BIAMOBIIHOTO HOPMAaTHBHOTO
3HaueHHs Rk, sKe BHU3HAYCHO TiJ Yac
BHUNPOOYBaHb SIK:

Ie:
¥M — KOeQiIlieHT HAIIHHOCTI;

Nsys — KOe(IlieHT, SKUM BpaxOBYETbCA
BIIMIHHICT ~ yMOB  pOOOTH  mig  4Yac
BUIIPOOYBAHb 1 MPU EKCILTyaTallii.

(2) 3HaueHHS Tsys MOBUHHO BH3HAYATUCH B
3aJIeKHOCTI BiJ MOJIeNi BUTTPOOYBaHb.

(3) Ans wacTwimiB Ta iHIIKUX MPOQLTIB, sKi
BUIIPOOOBYIOTHCS 13 3aCTOCYBAHHSAM BIJTOMHX
CTaHJIapTHUX MeToAMK (Bkirouatoun A.3.2.1 —
BUTIPOOYBaHHS KOPOTKWX cToskiB, A.3.3 —
BUNIPOOYyBaHHS Ha po3TarHeHHa 1 A.3.4 —
BUNIPOOYBaHHS Ha 3TUH) KOEDILIEHT 77sys
npuitmaerses piBHUM 1,0. [lng BunpoOyBaHHS
0aJoK, 3aKpilJIEHUX BiJ MOBOPOTY 3TIIHO 3
po3auiom A5, 7Jsys TPUHAMAETBCS TaKOX
piBauM 1,0.

(4) Ans iHmUX BUAIB BUMPOOYBaHb, MPU SIKHUX
MOXJUBUN  (akTop HecTtabulbHOCTI  abo
poboTa KOHCTPYKLIKH abo iX YaCTHH HE MOXe
Oytu JIOCTaTHBLO IOCIIKEHa, IUIA
3a0e3neueHHss  HEeoOXiAHOT  HaAiiHOCTI

3HaYeHHS  7Jsys T[OBHHHO  IpUAMAaTHCh
BUXOJISIYM 3 pEATbHUX YMOB BUIIPOOYBaHb.

Mpumirka: KoedinienT 3a HagidHIiCTIO ywm
Mo>ke OyTH HaBelleHUH B HAI[lOHAIILHOMY JOJATKY.
Oxkpim 3HAYCHbD, i (6) HaBeIEHI B
noxatky I EN 1990, PEKOMEHTY€EThCS
BUKOPUCTOBYBATH 3Ha4E€HHS 3 po31iiiB 2 abo 8.
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(4)In the case of one single test the
characteristic value of the stiffness is 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 Rq should
be derived from the corresponding
characteristic value Rk determined by testing,
using:

R
= gy — ..(A.15)
M
where:
M is the partial factor for resistance;
T sys is a conversion factor for

differences in behaviour under test conditions
and service conditions.

(2) The appropriate value for msys should 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) 7ss may be taken as
equal to 1,0. For tests on torsionally restrained
beams conformed to the section A.5, 77sys = 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 7sys should be assessed taking into
account the actual testing conditions, in order
to achieve the necessary reliability.

NOTE: The partial factor ym may be given in
the National Annex. It is recommended to use the
ywm-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.
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A.6.5 EkcnayaTauiiina HagiHicTh A.6.5 Serviceability
(1) HeoOXigHO BpaxoByBaTH BHMOTH, IO (1) The provisions given in Section 7 should
HaBeJieH] B po3ii 7. be satisfied.
JTOIATOK B ANNEX B
(moBimKOBHiIT) [INFORMATIVE]
JOBI'OBIYHICTb METBUPOBIB DURABILITY OF FASTENERS
(1) dns xoucrpykmii kmacis I, 11 i 1l moxe (1) In Construction Classes I, Il and Il table
BHKOPHUCTOBYBATHUCH Tab. B.1. B.1 may be applied.

Tab6auus B.1 — Marepian MeTBUpOOiB U KPITUIEHHS B 3aJISKHOCTI BiJl KOPO31MHOTO CEPEAOBHUIIA
(cTocyeThCs TUIBKY KPIIJICHHS JINCTOBUX MaTepialiB). BpaxoByeThCs TUIBKHU BIpOTiIHICTH KOPO3ii.
Knacudikarist cepenosuiia npuitaaTa 3rigao 3 EN 1ISO 12944-2.

Table B.1: Fastener material with regard to corrosion environment (and sheeting material only for
information). Only the risk of corrosion is considered. Classification of environment according to EN
ISO 12944-2.

Martepian MeTBUPOOGiB
Material of fastener
EnextpomizHo-
KHaCI/IC])iKaLIiH MaTepiaJI OLIMHKOBaHa rapﬂ'-IGOI_II/IHKOBaHa
cepeoBHIIA eTa cranb. Topmuna | crans °. Tommna | 3minHeHa HepxkaBitoua Cranb
Classification of|  Sheet | Amowiniii n01<7pHTm r|1_(|)1<pg_1"m > 45 Mmé crai, 1.4006 ¢ HepiKapiioda, | o
environment | material |Aluminium > TMKM ot-dip zinc coate Stainless steel, case  |Stainless steel, Monel®
Electro steel °. Coat hardened. 1.4301¢
galvanized steel. thickness 1.4006 ¢ 1.4436 ¢
Coat thickness > 45 um
>7 um
C1 A B,C X X X X X X
D,E S X X X X X X
C2 A X - X X X X
C,DE X - X X X X
S X - X X X X
C3 A X - X - X X
C,E X - X (X)© (X)© -
D X - X - (X)© X
S - - X X X X
C4 A X - (X)© - (X)© -
D - - X - (X)© -
E X - X - (X)© -
S - - X - X
C5-1 A X - - - (X)© -

1
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Df - - - (X)© -
S - - - X -
C5-M A X - - (X)¢ -
Df - - - (X)© -
S - - - X -

Mpumitka: MeTBuUpoOH i3 cTali 0€3 MOKPUTTS
MOXYTh BHUKOPHUCTOBYBAaTHCh B KOPO3ilHOMY
cepenoBui kiacy Cl.

A = amoMiHI HE3QIEKHO Bl MOKPUTTA
MOBEPXHi

B = cranesuii mucT 6€3 MOKPHUTTS

C = rapsYeOlMHKOBAHUNA  CTAaJE€BUHA  JIHCT
(Z275) abo 3 amOMOIMHKOBUM TOKPUTTSIM

(AZ150)

D = raps4coLMHKOBaHUIl CTaleBUH JUCT 3
naxo(apOoBUM 200 TOTIMEPHUM MOKPUTTSIM

E= crameBuii nucT 3  aIIOMOIMHKOBHM
nokputTsaM (AZ185)

S = HepxkaBitoua CTallb

X = pexkoMeHJIOBaHUH TUN Martepiany 3
ypaxyBaHHSIM KOpPO3ii

(X) =pexkomenmoBaHuii THI Marepiany 3
ypaxyBaHHAM KOpo3ii 3a crieu(piyHuX yMOB
—-= Marepiai, Mo He PEKOMEHIYEThCS
U1l 3aCTOCYBaHHS B KOPO3iiHOMY cepeloBHIL
a — CTOCYETbCS TUIBKH 3aKJIETIOK

b — cTocyeThCsI TINIBKU TBUHTIB 1 TAOK

C — 13omroroya 1aiba 13 JOBTOBIYHOIO
MaTepiay MiXK JIUCTOM 1 METBUPOOOM

d — Heprkagiroua craib EN 10 088
€ — BIPOT1IHICTh 3HUKHEHHS KOJIHOPY

f — oOoB’s3koBa  mepeBipka  JIHCTa
MOCTa4aTbHAKOM
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NOTE: Fastener of steel without coating may
be used in corrosion classification class C1.

A = Aluminium irrespective of surface finish

B = Un-coated steel sheet
C = Hot-dip zinc coated (Z275) or aluzink
coated (AZ150) steel sheet
D = Hot-dip zinc coated steel sheet + coating

of paint or plastics

E = Aluzink coated (AZ185) steel sheet

S = Stainless steel

X = Type of material recommended from the
corrosion standpoint

(X) =Type of material recommended from the
corrosion standpoint under the specified
condition only

-= Type of material not recommended from
the corrosion standpoint

a Refers to rivets only
b Refers to screws and nuts only

c Insulating washer, of material resistant
to ageing, between sheeting and fastener

d Stainless steel EN 10 088
e Risk of discoloration.

f Always check with sheet supplier
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(2) Knacudikariss 30BHIIIHBOIO CEpeIOBHIIA (2) The environmental classification following
srizno 3 EN-ISO 12944-2 wnaBenena B EN-ISO 12944-2 is presented in table B.2.
Tabu. B. 2.

Ta6aunsa B.2 — Kitacudikaris atmochepHOro cepeoBuina Moo BIUTMBY Ha KOpo3io 3rigHo 3 EN
ISO 12944-2 1 xapakTepuCcTHUKa THIIIB 30BHIIIHHOTO CEPEIOBHIIA

Table B.2: Atmospheric-corrosivity categories according to EN ISO 12944-2 and examples of typical
environments

KaTe_rf)pi;I Crynis XapaKTepuCTHKa TUIIB CEPEAOBHILA B 3aI€KHOCTI BiJl KITIMATUYHOTO BIUIHABY (IOBiIKOBO)
KOPOSIHHOTO KOpO3iitHOT . . . . . .
cepeoBuIIa HeGesmeKI Examples of typical environments in a temperate climate (informative)
Comosity | Gorrsivtylvel oo P e
C1 Ayxe Hu3bKui - BynmiBmi, 1mo oOnNaMoOOTHCT 3
very low YUCTUM TIOBITPSIM, HAMpPHKIA/,
odicu, Mara3uHu, IKOJIH, TOTEI.
Heated buildings with clean
atmospheres, e. g. offices, shops,
schools and hotels.
C2 Husbruit Atmocdepa 3 HU3BKMM piBHeM | bynmiBai  6e3  omameHHs, e
Low 3a0pynHeHHs. B OCHOBHOMY | MOXJIMBE YTBOPEHHS KOHJCHCATY,
CLIbChKA MICIIEBICTb. HaIpUKJIaJ, CKJIaad, CIHOPTHUBHI
3aJId.
Atmospheres with low level of
pollution. Mostly rural areas. Unheated buildings where
condensation may occur, e. g.
depots, sport halls.
C3 Cepemriii | Micpka i mpommuciioBa atmocdepa [ BupoOuuui  mpumimieHsst 3
Medium 3 TIOMIPHUM BMICTOM CIPYHCTOTO | BUCOKOIO BOJIOTICTIO 1 JAESKUMHU
anriapumxy. Obmacti y306epexiks 3 | BUIITICHHIMA y MOBITPA,
HU3BKUM BMICTOM COJI. HANIPUKJIAT,  MIANPUEMCTBA 3
BUTOTOBJICHHS Xap4YoOBHX
Urban and industrial atmospheres, | mpoaykTiB, npaisHi, 6poBapHi.
moderate sulphur dioxide
pollution. Coastal areas with low | Production rooms with high
salinity. humidity and some air pollution,
e. ¢. food-processing plants,
laundries, breweries and dairies.
C4 Bucoi IIpomucnoBi 30HHU, y30epexokss 3 | XiMiuHI — 3aBOAM,  IUIABAJIbHI
High CEpEeIHIM BMICTOM COJII. OaceitHu, mpubepexHi Kopadie- i
cynHoBepdi.

1
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(MOpCEHKHiT)
Very high
(marine)

3 BUCOKMM BMICTOM COJIEH

Coastal and offshore areas with
high salinity.

Industrial areas and coastal areas
with moderate salinity. Chemical plants, swimming pools,
coastal ship- and boatyards.

C5-1 Ayxe sucokuii | [[poMuciioBi 30HH 3 BHCOKOMW | Bymismi abo paiionun 3 Mmaiixe
(mp OM\ZC;;OBHH) BOJIOTICTIO 1 arpecUBHOIO | TOCTIHHUM KOHEHCAaTOM 1
high (industrial) [ aTMocdepoto. BHCOKHUM 3a0pyTHEHHSM ITOBITPS.

Industrial ~ areas  with  high | Building or areas with almost
humidity and aggressive | permanent condensation and with
atmosphere. high pollution.
Kinenp Tabmmmi B.2
Kareropis Crvmins XapaKTepuCTHKa TUIIIB CEPEAOBHINA B 3aI€KHOCTI BiJl KITIMATUYHOTO BIUIHABY (IOBiIKOBO)
Koposiiinoro Kopgsifn{o'i . . . . . .
CepeIoBHIIA HeGesmeK Examples of typical environments in a temperate climate (informative)
L 30BHIIIHE CepeIOBHUIIIE BaytpimHe cepenopuiie
Corrosivity - : :
category Corrosivity level Exterior Interior
C5-M Ayxe sucokuii | [TppOepexHi TPUMOPCHKI pailoHH

ByniBni abo paiionnm 3 Mmaibke
[IOCTIHHUM KOHEHCATOM 1
BHUCOKUM 3a0pYJIHCHHSIM MOBITPSL.

Building or areas with almost
permanent condensation and with
high pollution.
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JTOJJATOK C
(moBimKOBHIT)

KOHCTAHTHU NOIIEPEYHUX

IHEPEPI3IB TOHKOCTIHHHUX
MNPOPILJIIB

C.1 Binkputuii npodinb
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ANNEX C
[INFORMATIVE]

CROSS SECTION CONSTANTS FOR
THIN-WALLED CROSS SECTIONS

C.1 Open cross sections

Pucynoxk C.1 — By3noBi 3’€THaHHS MTONIEPEYHOTO TIEPEPI3Y

Figure C.1: Cross section nodes

(1) Tominutu momepeyHuid mepepi3 Ha N
yactuH. Hymepamis wactun Bigx 1 go n.
[Toznauntu By3num Mik vactuHamu. Homepu
By31iB Bix 0 mo Nn. YactuHa | 0OMEXyeThCs
Bysmamu 1—1 Ta i. [lo3Hauutu By3IH,
KOOP/AMHATH 1 TOBIIUHY (€(EKTUBHY).

By3nu 1 yactunu

(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 is
then defined by nodes i — 1 and i. Give nodes,
co-ordinates and (effective) thickness.

Nodes and parts

1
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[Tnoma monepeyHoro nepepizy 4aCTUHU

Area of cross section parts

dA

[Tnoma monepeyHoro nepepizy

|:ti \/(Yi —yi.) +(z-2,) }

Cross section area

N

CraTuyHMii MOMEHT 1 KOOpIWHATa UEHTPY
TSOKIHHS TIEpepi3y BIIHOCHO OCi Y

Syo = Zn:(zi + Zil)d_ZAi

MomeHT  iHepumii  mepepily  BITHOCHO
IMOYAaTKOBOT OCi Y 1 HOBO1 OCi Y, 1110 MPOXOIUTH
gepe3 HEeHTP TSOKIHHA epepizy

n

Iy =Z
i=1

CraTuyHMil MOMEHT 1 KOOpJIMHATa UEHTPY
TSOKIHHS TIepepi3y BiIHOCHO oOci Z

Szo = i(yi + yi—l)%

i=
MowmeHT iHepIii BIIHOCHO MOYaTKOBOI OC1 Z 1

HOBOi OCi Z, IO TPOXOIUTH Yepe3 IEHTP
TSOKIHHS TIEpepizy

Izo = Z[(Zi )2 +(Zi—l)2 +Z-Z;,

BignmenTpoBuit MoOMEHT iHepmii mepepisy
BIJIHOCHO OCel Y Ta Z 1 HOBUX OCeH, IO
MIPOXOJIATH Yepe3 IEHTP TSHKIHHS

n

)20 =Z(2'yi—l'zi—1+2'yi it Yia L tYicZig

i=1

T'o;oBHA OCB
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2 2 dA
[(Zi) +(Zi—1) +Zi'zi—1:|? Iy

dA

First moment of area with respect to y-axis and
coordinate for gravity centre

Second moment of area with respect to
original y-axis and new y-axis through gravity
centre

— Az?

gc

y0
First moment of area with respect to z-axis and

gravity centre

SZO
A

ygc =

Second moment of area with respect to
original z-axis and new z-axis through gravity
centre

_ 2
Iz _IZO_Aygc

Product moment of area with respect of
original y- and z-axis and new axes through
gravity centre

)d_A. I =1 _ SyOSzO
6 yz yz0 A
Principal axis
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IIPU IBOMY if
(I.—1ly) =0
iHaKIIe otherwise
a=0

|§=%Py+h+J0,4yf+m;}

|n=%Py+u—J0,4yf+m;}

CekropiaibHi KOOPAUHATH Sectorial co-ordinates

wo=0 @ =Yi1Z4i —YiZia W; = W1 + Wy
Cepenne 3HAYEHHS CEKTOPiaIbHOI Mean of sectorial coordinate
KOODIHHATH

Iw:i(wi—l—'—wi)% @ = L,

— 2 mean A
CexTopianbHi KOHCTaHTH Sectorial constants
n dA S I
_ _ 0w
IywO —2(2' Vig @ +2-Y o+ Yo Y, 'a)i—l) Iyw = IywO -
i-1 6 A
” dA Sl
_ _ y0 ' w
00 —Z(Z'C‘)H'ZH +2:0; -2+ w4 ; + o, 'Zi—l) I, = 1o —
i=1 6 A
- [ 2 2 dA |az,
IwwOZZ(wi) +(a)i—1) T 0,0, 3 Lo =lio =
i=1 A
Lentp 3cyBy Shear centre
L1, =11 1. 1, +1 1
_ () Yo © yz _ Yo Oy Zw " Yz _ 2
Voo = 2= (1,1,-12 =0
y z yz y'z yz
Koncrantu gemmmanarii Warping constant
Iw = Ia)a) +Zsc|yw - ysclzw

2(
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KpyTtunbHi KoHCTaHTH
n t. 2
Sttt
i1

CekropianbHa KOOpJUHATA LIEHTPY 3CYBY

]

MakcumanbHa CeKTOpiallbHa KOOpAWHATA i
CeKTOpiaJibHMI ~ MOMEHT  omopy  (mpu
0OMEIKEHHI CKpy4YyBaHHs)

@ :max(|w5|)

max

Bincranp M eHTpamMu 3CyBY 1 TSDKIHHS

Ys = Ysc — Yge

[TonapHuit MOMEHT iHepIli BIAHOCHO LIEHTPY
3CYBY

p

Koeoiuient acumerpii zj 1 Yj

W:ﬂ_génﬁhf+%{@;lﬂi+

I, = 4

KOOpPJMHATH LIEHTPY YaCTHUH IONEPEYHOro
nepepizy BIJHOCHO LIEHTPY 3CYBY

_YitVYia
Yo, = T Ygc

Mpumirka: z;=0 (y;=0) m1a mnomnepevyHUx
nepepisiB, B IKUX Bich Y (BICh Z) € BiCCIO CHMETPIl,
quB. puc. C.1.
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Torsion constants

|
W, =—
" min(t)

Sectorial co-ordinate with respect to shear
centre

W, = a)j ~ Wppean + Zsc (yj - ygc)_ ysc (Zj - ch)

Maximum sectorial co-ordinate and warping
modulus

wmax

Distance between shear centre and gravity
centre

Zs = Zsc — Zgc

Polar moment of area with respect to shear
centre

=1, +1,+A(y?+2?)

Non-symmetry factors zj and y;

2 M:I+ Ye, (yi - yi—l)'(zi _ Zi‘l)} dA

12 6

¥ M} o =) (v yi—l)} dA

where the coordinates for the centre of the
cross section parts with respect to shear center
are

Z,+12,,

_ A
¢ 2 gc

NOTE: z;=0 (y;=0) for cross sections with
y-axis (z-axis) being axis of symmetry, see Figure
C.1.



C.2 KoHCTaHTH TONEpPeYHUX mepepisiB s
npo@ijis 3 BiaruHamu

(1) dns momepeyHHMx IMEpepi3iB 3 BiArMHAMHU
MOKHa KOPHUCTYBaTHCh (OopMyJamMH 3TilHO 3
C.1. [Ina uporo HEOOXITHO TIEPEUTH Bif
TOBIIMHM BiaruHy t = 0 10 HaCTYNHOI YaCTHHU
3t#0, ouB. 3—4-51 6-7 na puc. C.2.
Ilepepizu 3 BiATMHaAMH — II€ Taki, B SKHX
OUTBII HIK JIBI YaCTHHH 3’€THYIOTHCS B OIHIN
TOYILII.
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C.2 Cross section constants for open cross
section with branches

(1) In cross sections with branches, formulae
in C.1 can be used. However, follow the
branching back (with thickness t =0) to the
next part with thickness t = 0, see branch 3 — 4
—5and 6 — 7 in Figure C.2. A section with
branches is a section with points where more
than two parts are joined together.

I'_‘_.'."\.I H’N w I‘_‘_.':‘\.I -
e JT R TR i
7 0 3 0 3 5
a7 mal S — [+ —-||4—2'B E-'.':_l::I

fy

b

I

[Tonepeunwii epepis
Cross section

By3znu 1 enemenTH
Nodes and elements

Jliniltina MOXIelb
Line model

Pucynok C.2 — By3110Bi 3’€/1HaHHSI 1 YaCTUHH MTONIEPEYHOT0 Mepepi3y 3 BiABOJaMHU
Figure C.2: Nodes and parts in a cross section with branches

C.3 KpyTuiIbHi KOHCTAHTH i LEHTP 3CyBY
npodio 3 3aMKHEHOI0 YACTHHOIO

O¢

C.3 Torsion constant and shear centre of
cross section with closed part

Pucynok C.3 — IIpodinb 3 3aMKHEHOIO YaCTHHOIO
Figure C.3: Cross section with closed part

(1) For a symmetric or non-symmetric Cross
section with a closed part, Figure C.3, the

(1) Ans  cumerpuyHHX ab0 HECHMETPUYHHX
nepepisziB 3 3aMKHEHOI0 YacTuHolo, puc. C.3,

2(
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KOHCTaHTH TIpU  BIIBHOMY  CKpPYYYBaHHI
BHU3HAYAIOTHCS SIK HABEJICHO HIDKYEC

= 4A
t St

e

torsion constant is given by

Wi = 2 At min (ti)

where

A = Ovsg(yi - yi—l)(zi + Zi—l)

(ti=0)

JOIOATOK [
(moBimKOBHIT)

BU3HAYEHH ECEKTUBHUX
W PUHU I TOBINUHU KPAUOBHUX
EJIEMEHTIB 3MIITAHUM METOAOM

(1) B upomMy [nonatky HaBEICHHH METOJ
BU3HAYCHHSI €(QEKTHBHOI IIMPHHU KPalOBHX
CTHCHYTHUX €JIEMEHTIB, SIK aJbTepHaTHBa 5.5.2.
EdexTuBHa miioma eleMeHTa CKIAJaeThCs 13
YaCTKH 3 €(PEKTUBHOIK IMUPUHOIO Deo 1 gacTkm
3 e(eKTHUBHOIO TOBIIMHOI feff Ha OCTaHHIN
IIMPHHI eJeMEHTa 3 TOBHOI IIMPHHOIO Dp,
nauB. Ta0m. JI.1.

IIpu  Bu3HayeHHiI  KoedillieHTa  BTpaTH
crifikocti Ko 3rimHo 3 Tabn. /.1 ymoBHa

THYYKICTb A, 1 penyKUiiHuH KoedilieHT p

BU3HAYAETHCA 3rigHO 3 5.5.2.

KoedimieHnT criBBiTHOIICHHS HANpPYXeHb I/
0 BUKOPUCTOBYETHCS JUIsl  OOYHMCIIEHHS
koedimieHTa BTpaTH CTIHKOCTI Ko,
BU3HAUAETHCS, BUXOISYM 3 PO3MOALICHHS
Halpy)XeHHsI B  TOBHOMY  IIONIEPEYHOMY
nepepisi.

(2) Hecywa 3pmaTHicTh mepepisy NOBHHHA
BU3HAYATHCS 32  NPUNYOICHHAM  TIPO

PO3MOAINIEHHS HAINPY)XEHHS B Iepepi3i IMpH
poOOTi B pYyXKHIM CTaIi.

Ta6auus .1 — CtucHyTi KpaioBi e1eMEHTH
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Annex D
[informative]

MIXED EFFECTIVE
WIDTH/EFFECTIVE THICKNESS
METHOD FOR OUTSTAND ELEMENTS

(1) This annex gives an alternative 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 tefr times the rest of the
element width by. See Table D.1.

The slenderness parameter /Tp and reduction

factor p is found in 5.5.2 for the buckling
factor ks in Table D.1.

The stress relation factor y in the buckling
factor ks may be based on the stress
distribution for the gross cross section.

(2) The resistance of the section should be
based on elastic stress distribution over the
section.



Table D.1: Outstand compression elements
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MaxkcruManbHe CTHCHEHHS Ha BUTFHOMY ITOB3/IOBXKHBOMY Kpai
Maximum compression at free longitudinal edge

PoszmoaineHHs HanpyKeHHS
Stress distribution

EdexTuBHI mmprHa i TOBIIMHA
Effective width and thickness

KoedirtienT criiikocTi
Buckling factor

1

[
RN
- .DD

1>y>0
beO = 0,42 bp

terr = (1,750 — 0,75) t

1>y>-2
e
3+y

Kinens Tabmumi 1.1

MaxkcruManbHe CTHCHEHHS Ha BUTRHOMY ITOB3JIOBXKHBOMY Kpai
Maximum compression at free longitudinal edge

PosmopineHHs HanpyXeHHS
Stress distribution

EdextuBHI mmpuHa i TOBIUHA
Effective width and thickness

KoedimienT crifikocTi
Buckling factor

|-—D|—l'| ﬂ”ﬁ' i
o #
¥

i._beﬂg,‘ K

- b -

]

<0

tesr = (1,750 — 0,75 0,15y) t

2>y>-3

ko=3,3(1+y) + 1,252

w<-3

ko= 0,29 (1-y)?2

MaxkcuManbHe CTUCHEHHS Ha 00IepTOMY MOB30BKHBOMY Kpai
Maximum compression at supported longitudinal edge

Po3noxinenHs HanpyxeHHsI
Stress distribution

EdexTrBHI mMprHa i TOBIIMHA
Effective width and thickness

KoeimieHT cTiikocTi
Buckling factor

e

o 1>wy>0 1>y>0
AT
]r beo = 0,42 bp _ 117
7 1+3y
terf = (1,750 —0,75) t
w<0 0>py>-1

Ko=1,7 -5y + 17,112

2(
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- (-y) et

b =
Coy-)
tet = (1,750 0,75) t

Ko=5,98 (1-y)?

JOIJATOK E
(moBimKOBHIT)

HABJINKEHUA PO3PAXYHOK
ITPOI'OHIB

(1) IMporonun C-, Z- abo X-noniOHOi (hopmu
nepepisy 3  JOJaTKOBUMH  €JIEMEHTaMH
YKOPCTKOCTI Ha CTiHII a00 moiuIli abo 6e3 HUX
PO3paxoByOThCs 3riAHO 3 (2) + (4) 3a Takux

YMOB:

— po3mipu HOTMEPEYHOT O nepepizy
BIJIIIOBIJAIOTH HaBeaeHUM B Ta0i. E.1;

—OpPOTOHM 13  IUJIOLIMHU  PO3KPIIUIEHI
npo¢HACTUIIOM 3 TpaneuieBUAHUMHU roppami,
IpH YOMYy TOPH3OHTAJIBHE PO3KPIIUICHHS €
HEeMepepBHUM 1  3a/I0BOJIbHSE  BUMOIaM
HepiBHocTi (10.1a);

— IPOTOHU  PO3KPIIJIEHI Bl TOBOPOTY
npoHACTUIOM 3 TpamneLieBUAHUMHE rodpamu

3rigHo 3 tadi. E.1;

—OPOTOHM MAalOTh PIBHI HOPOIBOTH 3
PIBHOMIPHMM HaBaHTAXXEHHSIM.

Heﬁ METO/ HC 3aCTOCOBYETLCA:

— JUISL CUCTeM, B SIKMX JJIS PO3KPIIUICHHS
3aCTOCOBYIOTHCS CTPUIKHI;

— JUI1 CHCTEM, IO 3 €QHYIOTHCS YHAIYCK,
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Annex E
[informative]

SIMPLIFIED DESIGN FOR PURLINS

(1) Purlins with C-, Z- and X-cross-sections
with or without additional stiffeners in web or
flange may be designed due to (2) to (4) if the
following conditions are fulfilled:

— the cross-section dimension are within the
range of table E.1;

—the purlins are horizontally restraint by
trapezoidal sheeting where the horizontal

restraint fulfill the conditions of the equation
(10.1a);

—the purlins are restraint rotationally by
trapezoidal sheeting and the conditions of table
E.1 are met;

—the purlins have equal spans and uniform
loading

This method should not be used:

— for systems using anti-sag bars;

— for sleeve or overlapping systems;



abo Ha HaKJIaJgKaXx;
— Ji1 CHCTCM, 11O canﬁMame OCBOBEC

3ycusutst Neg.

MOXKJIUBICTD
OyTH

pumitka: OdMexxeHHs — abo
3aCTOCYBaHHS I[LOTO METOAY MOXYTh
HaBE/ICHI B HAI[IOHAJILHOMY JIOJIaTKY.

np JICTY — H b EN 1993-1-3:20XX

— for application of axial forces Ngg.

NOTE: The limitation and validity of this
method may be given in the National Annex.

Tabmuusa E.1 — O6MexeHHs Ipu 3aCTOCYBaHHI HAOIMKEHOT'O METOJly PO3PaxyHKIB 1 3
BUKOPHUCTAHHSM IHITNX 0OMEXeHb 3riHO 3 Tabm. 5.1 1 po3ainy 5.2 (Bick Y mapanenbHa i BiCh Z

NEPICHIUKYIIAPHA BEPXHIN TOHIL)

Table E.1: Limitations to be fulfilled if the simplified design method is used and other limits as in
Table 5.1 and section 5.2 (the axis y and z are parallel respect rectangular to the top flange)

THIL HPOTOHY timml |y it hib it blc Lih
purlins t [mMm]
b i
cl I
=y b >1,25 <55 <160 <343 <20 <40 >15
Tl
¥ oh >1,25 <55 <160 <343 <20 <40 >15
=}
(2) Po3paxyHkoBe  3HAUCHHS 3THHAIBHOTO (2) The design value of the bending moment

MOMCECHTY ITOBUHHO 3aJI0BOJILHATH YMOBY.

IS

Meq should satisfy

...(E.1)

2(
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f
M LT,Rd — (_y

Ym1

i
Weffy — MOMEHT omopy e(eKTUBHOTO
MONIEPEYHOT0 MepPePi3y BITHOCHO OCi Y-Y;

Y LT — KOe(ILi€HT CTIMKOCTI, 10 BPaxoBYeE
BTpaTy CTIHKOCTI TUIOCKOi (opMU 3THHY 13
CKPYYyBaHHSIM B 3aJIEKHOCTI BiJl A, ; 3T1JIHO 3

6.2.3, e LT 3aMIHIOETBCS HA (LT eff |

X
Jweﬁ , ot ...(E.2)
kd
and
Wesry IS section modulus of the effective
cross-section with regard to the y-y axis;
XLT is reduction factor for lateral

torsional buckling in dependency of 4 . due to
6.2.3, where a7 is substituted by o Teff ;

i and
_ W, f
I ...(E.3)
M cr
W |
Oirer = 0oty = ...(E4)
Wes y
i and
o LT — Koe(ili€HT HEAOCKOHAIOCTI 3T1THO 3 oLT is imperfection factor due to 6.2.3;
6.2.3;
Wely —  MOMEHT  OmOpy  IOBHOI'O Wely IS section modulus of the gross

MOTIEPEYHOT0 TIepepizy BITHOCHO OCi Y-Y;
ke — xoediuient 3rizHo 3  aHo . E.2, mo

BU3HavaeThes 3a dopmysioro (E.5) i Bpaxosye
YaCTKOBI PO3KPIIJICHHS IPOTOHY;

L
Ky :(%_azﬁj’

o1, a2 — Koe(imieHTy 3rifHo 3 aHO . E.2;
L — nponboT nporoxy;

h — moBHa BHCOTa MPOTOHY.

cross-section with regard to the y-y axis;

Kd is coefficient for consideration of
the non restraint part of the purlin according to
equation (E.5) and table E.2;

%ﬁ‘: >1.0 ...(E.5)
a1, o coefficients from table E.2;
L span of the purlin;
h overall depth of the purlin.

Ta6muus E.2 — Koedimientn a1, a2 ais popmynu (E.5)

Table E.2: Coefficients 1, a2 for equation (E.5)

208

Cxena IIporonn Z-noni6ui | Ilporonu C-noni6ui | Iporonu T-noxiGHi
System Z-purlins C-purlins >-purlins
a1 az ai a di a2
1.0 0 1.1 0.002 1.1 0.002
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JTHO TIPOJIbOTHA OalKa,
rpaBiTalliiiHe
HaBaHTAXKCHHS
single span beam
gravity load

JTHO TIPOJIbOTHA OalTKa,
i aiioMHE
HaBaHTa>XCHHS
single span beam
uplift load

1.3

Hepo3pi3Ha OaJika,
rpaBiTaliifae
HaBaHTaXCHHS
continuous beam
gravity load

1.0

3.5 0.050 1.9 0.020

0.020 1.6 0.020

Kineup Tabaumi E.2

Cxema
System

[Iporonu Z-noxi6Hi
Z-purlins

ITporonun C-noni6Hi | IIporouu X-momioHi
C-purlins X-purlins

ai

a a1 a a1 a2

Hepo3pi3Ha OaJika,
migioMHe
HABaHTAXCHHS
continuous beam
uplift load

1.4

0.010 2.7 0.040 1.0 0

(3) KoeirrieHT cTiiKOCTI TPUIAMAETHCS 3T1THO
3 (E.6) mpu rpagiTaniifHOMy HaBaHTa)KCHHI1

OJIHOTIPOJIBOTHOT Oaku abo 3a ymosw (E.7)

Jc

(3) The reduction factor y Lt ¢ may be chosen
by equation (E.6), if a single span beam under
gravity load is present or if equation (E.7) is

met
yur=10 ...(E.6)
M 2
el,u
Coz ;" K, ..(E7)
where
Metu = Welu fy ...(E.8)

2(
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MOMEHT B TIPYXHIA cTaaii B TMOBHOMY
MOTIEPEeYHOMY TIepepi3i BIIHOCHO TOJIOBHOI OCi
u-u;

v — MOMEHT iHepIIii MOBHOTO MOMEPEYHOTO
niepepizy BiTHOCHO APYTroOpsaHOi OCi V-V,

Ko — KoedilieHT, 10 BPaXxOBYE CTaTUYHY
CXeMy MPOToHYy 3rijHo 3 Tabxa. E.3.

Hpumitka: Jns C- i Z-nogiOHUX MPOTOHIB 3
piBaIME monatamMu Iy = 1, Wy = Wy, 1 Mejy = Mey.

YMOBHI MO3HAa4YeHHsI Oceli HaBeaeHi Ha puc. 1.7 B
migposaim 1.6.4.

Taoauus E.3 — Koediuient Ko

Table E.3: Factors ku

elastic moment of the gross cross-section with
regard to the major u-u axis;

Iv moment of inertia of the gross cross-
section with regard to the minor v-v axis;

ko  factor for considering the static
system of the purlin due to table E.3.

NOTE: For equal flanged C-purlins and X-
purlins Wy=Wy, and Mey = May.
Conventions used for cross section axes are shown
in Figure 1.7 and section 1.6.4.

IV = IZy

CrarudHa cxema I'pasiTariitHe HaBaHTa)KEHHS Bin’emne HaBaHTaKEHHS
Statical system Gravity load Uplift load
2.3 — 0.210
e Py 0.07 0.029
L=l Lo 0.15 0.066
] 0.10 0.053

(4) Ins BumajkiB, mo He po3risiuaroTh B (3),
KOe(ILIEHT CTIHKOCTI YLT OOYHCIIOETHCS
3riIHO 3 6.2.4 B 3aMEXHOCTI Bill A 1 1 QLTef.
I'pannunmii MoMeHT Mcr B IpyXHilt cTaaii npu
BTpaTi CTIAKOCTI B IUIOCKiH (opmi 3TUHY
obuucioeThes 3riano 3 (E.9):

M

ne
I, — diktuBHEE MoMeHT iHepmii 3a CeH-

Benanom npu BUIBHOMY CKpY4YyBaHHI, SIKUH
BpaxoBy€ €(QEKTHBHICTb 3aKpillJICHHS BiJ

210

[

%JGlelv

(4) The reduction factor y.t should be
calculated according to 6.2.4 using A, and
aLTeff IN cases which are not met by (3). The
elastic critical moment for lateral-torsional
buckling M¢ may be calculated by the
equation (E.9):

...(E.9)

where
I, is the fictitious St. Venant torsion

constant considering the effective rotational
restraint by equation (E.10) and (E.11):



kpyrinas (E.10) i (E.11)
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. L?
It :|t+CD% (EIO)
It — MoMeHT iHepuii MNpPH BIIBHOMY It is St. Venant torsion constant of the
ckpyuyBanHi 3a CeH-BeHanowM; purlin;
1 1
1C, = + (E.11)
CD,A CD B CD,C
Cpa, Cb,c — KpYTHIIBHI )KOPCTKOCTI 3TiAHO Cba, Cpc rotational stiffnesses due to
310.1.5.2; 10.1.5.2;
Cp,B — KpyTHJIbHA KOPCTKICTh MPOTOHY MPH Cop rotational stiffnesses due to

JerutaHamii  #oro IOIEPEeYHOro  mepepisy
3riguo 3 10.1.5.1, Cpp = Kg h%, ne h = Bucora
nporony; Kg BusHauaerbes 3rigao 3 10.1.5.1;

K — koedilieHT, 110 BpaxoBye BTpaTy
CTIMKOCTI TIOCKOI (OpMHU 3THUHY 3TITHO 3
tabn. E.4.

distorsion of the cross-section of the purlin due
to 10.1.5.1, Cpg = Kg h?, where h = depth of
the purlin and Kg according to 10.1.5.1;

k lateral torsional buckling
coefficient due to table E.4.

Taoauus E.4 — Koedirient K BTpat cTifikoCTi MI0CKOT GOPMHU 3THHY 31 CKPYIYBAHHSIM JUIs IPOTOHIB

3 PO3KpIIUIEHOT BiJ] KPYTIHHS BEPXHBOIO MOJIHIIEIO

Table E.4: Lateral torsional buckling coefficients k for purlins restrained horizontally at the upper

flange
CraTtnyHa cxeMma I'pasiTariitHe HaBaHTa)KEHHS Bin’emHe HaBaHTaXEHHSA
Statical system Gravity load Uplift load
(111 10.3
A A
L
BENEED 21.7
oy, —
Ll
EENEERNEN 18.3
5 & & A
Ll Ly
HINREEREEEED
Siehs & O 20.5
Ll L=l L—r
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YKH/: 91.080.10

KurouoBi cjioBa: craneBi KOHCTPYKIi, XomogHodopmoBaHi mpodini, mpodIucTi, TpaHUYHI CTaHH,
MIIHICTh, HAJIMHICTh, CTIWKICTh, HECyYa 3JaTHICTh, O€3IeKa, TOBrOBIYHICTh, CTaJlb, PO3PAXYyHKH,
POCKTYBaHHS, METBUPOOH, BUIIPOOYBaHHSI.

['enepanbHuil AUPEKTOP
TOB «Ykpincranpkos iM. B. M. IllumanoBcbKkOTOY,
1.T.H., Ipod. O. lllnmaHOBCHKUH

3acTymHUK TeHEePAIbHOTO AUPEKTOPA, I.T.H., Tpod. B. I'opaees

3acTyNMHUK TeHEePaIbHOTO AUPEKTOPa 3 HAYKOBO-
TEXHIYHOT TOJTITHKH B. Anpianos

HavanpHuk Biaainy JileH31HHO-A03BIILHOT pOOOTH
KOMILIEKCY HAyKOBO-TE€XHIYHOI MO TUKA I. Bonkos

["o510BHUI KOHCTPYKTOP HAYKOBO-IOCIITHOTO A. Karyn-Jlinauk
Ta MPOEKTHOTO BiJIITy HOBHX THITIB KOHCTPYKIIIH

ITpoBigHMI 1HXEHEP CITy>KOH yueHOIo cexpeTraps B. Tpoxumenn
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