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HAUIOHANBHWIA BCTYN

Llen ctangapT € ToTOXHUM nepeknagom EN 1993-1-3:2006 Eurocode 3 — Design of Steel Structures -
Part 1-3: General rules. Supplementary rules for cold-formed members and sheeting (€spokoa 3.
MpoekTyBaHHA CcTaneeux KOHCTpykuUin. YactuHa 1-3. 3arancHi npasuna. JJogatkosi npaswuna Anis xo-
nogHOOPMOBAHNX ENEMEHTIB | NPOMINbOBaHNX MUCTIB).

EN 1993-1-3:2006 nigrotoBneHo TexHidHum komitetom CEN TC 250, cekpeTtapiaTom SKOro Kepye
BSI.

o HauioHanbLHOro CTaHAapPTY OONYHYEHO aHIMOMOBHUA TEKCT.

Ha Tepuropii Ykpainu sk HaljioHansHuin ctaHgapT die nisa konoxka Tekcty JCTY-H b EN 1993-1-3:2012
"€spokog 3. MNpoekTyBaHHA cTaneBux KOHCTPYKLUiK. YacTuHa 1-3. 3aransHi npasuna. JogaTtkosi npasuna
Ans xonogHoopMoBaHUX enemMeHTiB i npodinsoanmx nucTiB (EN 1993-1-3:2006, IDT)", ska BuknageHa
YKpaiHCLKOK MOBOIO.

BignosigHo go A6H A.1.1-1-2009 "CuctemMa cTasaaptuaadii Ta HopMyBarHs B ByaiBHUUTBI. OCHOBHI
nonoXerHsa" el craHaapT BigHocUTLCS Ao Komnnekcy B.2.6 "KoHcTpykuii ByauHkis i crnopya”.

CTraHgapT MiCTUTb BUMOTU, SiKi BiANOBIgalTs YAHHOMY 3aKOHO4aBCTBY.

HaykoBo-TexHiuHa opraHisauis, signosiganbHa 3a uew ctaHaapTt, — TOBapucTBO 3 OBGMEXEHOIo
BiANOBIAANbLHICTIO "YKpaiHCbKUIA IHCTUTYT cTaneBux KOHCTPyKUin iM. B. M. LLinMaHoBcekoro™.

[o ctasgapTy BHECEHO Taki pedakuinHi 3mMiHu:

— crnoea "uewn eBponNencLKUA cTaHaapT" 3aMiHeHO Ha "uen ctaHgapT”,

— CTPYKTYpPHi enemeHTu ctaHaapTy — "TutynbHuit apkyw", "Mepegmosa”, "HauioHansHui BeTyn" —
oopMNIEHO 3MAHO 3 BUMOraMu HalioHanbHOT cTangapTuaauii YKpainu;

— 3 "Mepeamoeu go EN 1993-1-3" y uen "HauioHanbHuiA BCTYN" B3siTa Ta YactuHa, wo 6esnoce-
pedHbO CTOCYETLCA LUbOro CTanaapTy.

Mepenik HauioHanbHux ctasgaptis Ykpaikum (OCTY), igentnyHnx MC, nocunaHHs Ha ski € B
EN 1993-1-3:2006, HaBeaeHo B goaatky HA.

Konii He npuiAHATUX B YKpaiHi Sk HaLlioHanbHi HOPMATUBHUX JOKYMEHTIB, Ha AiKi € NOCUNaKHA B LIbOMY
cTaHaapTi, MoXHa oTpumaTty B FonoBHomy hOHAI HOPMATUBHUX [OKYMEHTIB.

TexdiyHa nonpaBka EN 1993-1-3:2006/AC:2009 po EN 1993-1-3:2006 nopasa B KiHUi
OCTY-H b EN 1993-1-3:2012 nicnsa nopatka HA.
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BCTYN

Lien €sponenicbkuin ctaHaapT EN 1993-1-3, €s-
pokoa 3. MNMpoekTyBaHHA cTaneBux KOHCTPYKUIA.
YactmHa 1-3. BaranbHi npasuna. [Jopatkosi
npasuna anis XxonogHoopMoBaHUX Npodinie |
nNpodinboBaHNx NUCTIB, po3pobrneHnin TexHIYHUM
koMmiteToM CEN/TC 250 "bygisenbHi €Bpokoan”,
cekpeTapiat fAkoro 3HaxoguTtbes npu  BS1.
CEN/TC 250 Hece nosHy BiANOBiAaNbHICTL 3a YCi
OygnisenbHi €Bpokoan.

Le €Bponencbkuii cTaHaapT MOXe OTpuMaTu
cTaTyc HauioHanbHOro cTaHaapTy WASAXom ny6ni-
Kauil ineHTuuHoro Tekcty abo yepes oTpUMaHHSA
niaTeepoXeHHs Ao keiTHs 2007 poky. Bci Hauio-
HanbHi CTaHAapTH, WO cynepeyvaTb NOMY, NOBUH-
Hi 6yTn ckacoBaHi 4o 6epesHsa 2010 poky.

Llen ctaHpapT 3amiHioe nonepegHin ctaHgapT
ENV 1993-1-3.

Y BigNOBIQHOCTI 3 BHYTPIWHIMKW NOCTaHOBamu
CEN/CENELEC HaujoHanbHi opranisauil 3i ctaH-
AapTtunsauii HacTynHWxX kpaiH 30608’A3aHi BNpo-
BaguUTW Uen €BpONEncLKNA cTaHgapT: ABCTpis,
Beneorisi, Benuka bputanis, MNpeuis, Oauis, Ecto-
Hif, Ipnanaia, Icnangis, Icnawis, ITanis, Kinp,
Natsig, lutea, JltokceMbypr, ManeTa, Hinepnas-
an, Himeywunna, Hopeeris, MNonklua, Moptyranis,
PymyHia, CnosauuvHa, CnoBeHis, YropluuHa,
®iHnaHaisa, Ppanuin, Yecbka Pecnybnika Wsein-
yapisi Ta Weeuis.

HAUIOHANLHUW OQBATOK [O EN 1993-1-3

B ubomy cTaHpapTi BkasaHo ge, sik anbTepHaTuea
HasedeHWM Npoueaypam, Moxe ByTn apobneHnit
HauioHaneHu Bubip. [Na UbLOro B HalioHanb-
HOMY cTaHaapri, ineHTuyHomy EN 1993-1-3, no-
BUHeH ByTu HaluioHanbHUin foaaTok 3 BU3Ha4e-
HUMW HauioHaNbHMMKW nNapameTpamu, siki Heob-
XiAHO BMKOPWCTOBYBATW MpW NPOEKTYBaHHI CTa-
neBnX KOHCTPYKLUiM Bypisensk i cnopya.

EN 1993-1-3 ponyckae HauioHanbHui BUGIp B
TakuxX NyHKTax:

-2(3)P

—2(5)

—3.1(3), npumitkn 1i 2
—3.24(1)
-5.3(4)
- 8.3(5)
- 8.3(13), Tabnuus 8.1
- 8.3(13), Tabnuus 8.2
—8.3(13), Tabnuus 8.3

Vi

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 Regu-
lations, the National Standard Organizations of
the following countries are bound to implement
this European Standard: Austria, Belgium, Cy-
prus, Czech Republic, Denmark, Estonia, Fin-
land, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxem-
bourg, Malta, Netherlands, Norway, Poland, Por-
tugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and United Kingdom.

National annex for EN 1993-1-3

This standard gives alternative procedures, val-
ues and recommendations for classes with notes
indicating where national choices may have to
be made. Therefore the National Standard imple-
menting EN 1993-1-3 should have a National
Annex containing all Nationally Determined Pa-
rameters to be used for the design of steel struc-
tures to be constructed in the relevant country.

National choice is allowed in EN 1993-1-3 through
clauses:

-2(3)P

- 2(5)

—3.1(3) Note 1 and Note 2

-3.2.4(1)

-5.3(4)

—8.3(5)

- 8.3(13), Table 8.1
—8.3(13), Table 8.2
—8.3(13), Table 8.3
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—8.3(13), Tabnuus 8.4 - 8.3(13), Table 8.4

—8.4(5) - 8.4(5)
—8.5.1(4) -8.5.1(4)

—-9(2) -9(2)
—-10.1.1(1) -10.1.1(1)
-10.1.4.2(1) -10.1.4.2(1)

- A.1(1), npumitka 2 -A.1(1), NOTE 2
—A.1(1), npumiTtka 3 -A.1(1), NOTE 3
—A.6.4(4) -Ab6.4(4)
—E(). -EM)

Vil
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1 BCTYN

1.1 Cchepa 3acTocyBaHHsA

(1) Crangapt EN 1993-1-3 BcTaHoBNOE BUMOru
[0 NpoeKkTyBaHHA XO0NoAHOOPMOBAHUX TOHKO-
CTIHHUX enemeHTIB i npodinbLoBaHux nucTie. Bu-
MOrM MOXHa 3acTocoByBaTH i Ansa xonoaHodop-
MOBaHUX cTtanesunx BUpoBGIB i3 TOHKUX rapsaude-
abo xonogHokaTtaHux nuctiB abo cmyr 6e3 no-
KPpUTTA abo 3 NOKPUTTAM, O BUrOTOBNSAIOTHLCS
LWASXOM XONOAHOI nNpokaTkn abo npecyBaHHS.
Bumoramu UbOro ctaHgapTy MOXHa KOPUCTyBa-
TUCL | ANs PO3paxyHKy NPodinboBaHUX CTaNneBuUx
NACTIB, 5iKi BUKOPUCTOBYIOTBCA sik onanybka npu
BnawTyBaHHi cTanes3anisobeToHHUX nNuT, AMUB.
EN 1994. Bumoru w00 BUroToBneHHsS CtaneBux
KOHCTPYKLI#A 3 XONOAHO(OPMOBaHNX ENEMEHTIB |
nucTiB HaBepeHo B EN 1090.

Mpumitka. MNpasuna uiei YacTUHW AONOBHIOKOTL iHLLI
yactuHmn EN 1993-1.

(2) Y uboMy cTaHpapTi HagaeTbCsl TakoX Me-
TOAWKA NPOEKTYBaHHSA 3 ypaxyBaHHsM poboTu
00LWNBKN NPY BUKOPUCTAHHI CTaneBoro HacTuny
B AKOCTi AiadpparMm XXopCTKOCTi.

(3) Us 4YactuHa He po3NOBCIOIKYETLCS Ha XO-
nogHodopmMosaHi npodpini Kpyrnoro abo nNpsiMo-
KyTHOro nepepisy, wo Bkrodeni 8 EN 10219,
nocunaHHsa Ha aki HasegeHo B EN 1993-1-1 Ta
EN 1993-1-8.

(4) B EN 1993-1-3 HaBeaeHO MeTOAWN MpPOEKTy-
BaHHA 3a pe3ynbTatamu po3paxyHKy i BUNPO-
6yeaHb. MeToq NPOEKTYBaHHS 3a pe3ynbTatamu
pO3paxyHKy MOXHa 3acTOCOBYBAaTU TiNbKW ANs

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-brak-
ing. 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 de-
sign using steel sheeting as a structural dia-
phragm.

(3) This part does not apply to cold-formed circu-
lar and rectangular structural hollow sections sup-
plied 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 cal-
culation and for design assisted by testing. The
methods for design by calculation apply only
within stated ranges of material properties and

BupaHus ogidinHe
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KOHCTPYKUIN, AKOCTI martepianiB i reoMeTpuudHi
XapakTepuCTUKM SIKUX 3HAaX0AsATbLeA B obnacTi, ae
HaKOMUYeHW 3Ha4YHUA AOCBIA | AOCTYNHI ekcne-
puMeHTaneHi gaHi. Lii obMexerHs He cTocytoTeeA
NPOEKTYBaHHS Ha OCHOBI BUNPobyBaHb.

(5) EN 1993-1-3 He pO3NoBCIOAKYETLCA Ha NpU-
CTpOI Ans nepegadi HaBaHTaxeHb Nig 4yac Bu-
NpobyBaHb Ta HaBaHTaXEHb, W0 BUHWKAOTL B
npoueci BUrOTOBNEHHS i TEXHIYHOro obcnyroBy-
BaHHSA.

(6) MNpaewna po3paxyHKy, W0 HaBedeHi B UbOMY
CTaHaapTi, MOXHa 3acTOCOBYBATH, AKLLO XONOA-
HodOpMOBaHi eneMeHTN 3a FPaHUYHUMU Bigxu-
namu BignoeiaawTs EN 1090-2.

1.2 HopmatuBHi nocunaHHs

Lleir eBponeicbkuii cTaHgapT MiCTUTbL YMOBM
iHWKX CTaHaapTiB, AKki HABOAATLCA B TeKcTi. [ns
3MiHWM | AONOBHEHHA HE NpUAATHI ANA BUKOPWUC-
TaHHS.

TyM He MeHLW B YacTuHI yrod, Wwo 6a3yTbea Ha
LBOMY €BPONENCHLKOMY CTangapTi, BU3HA4eHa
MOXIMBICTb 3aCTOCYBaHHA BiNbWIOCTI BUAAHL
HWKYeHaBe4EHMX AOKYMEHTIB, Ha siKi € NOCKMNaH-
HA. [lng HegaToOBaHMX NOCUNAaHL AiNCHE OCTaHHE
BnOaHHSA AOKYMEHTA, Ha AKUi NocunarTbLes.

EN 1993 €spokoa 3. NpoekTyBaHHA cTanesux
KOHCTpykKUi#. YacTnHm Big 1-1 go 1-12;

EN 10002 MaTtepianu metanesi. Bunpobyeannsa
Ha poaTtar. YactuHa 1. Metoa BunpobysaHb (3a
TemnepaTypu HaBKONWLLHBOrO CEPEAOBULLA);

EN 10025-1 BnpoGu rapsiuekartaHi i3 KOHCTPYK-
uinHof ctani. YactuHa 1. 3arancHi yMOBU nocTa-
YaHHS;

EN 10025-2 Bupobu rapsiyekartaHi i3 KOHCTpYyK-
uinHoi crani. YacrtnHa 2. TexHiuHi yMoBKM nocTa-
YaHHA HENErOBaHNX KOHCTPYKUIMHUX cTanen;

EN 10025-3 Bupobu rapsyekataHi i3 KOHCTPYK-
LiiHoi ctani. YactnHa 3. TexHiuHi yMoBKM nocTa-
YaHHA ANs HOPManisoBaHWX / HopManisoBaHWX
nig Yac npokaTky 3BaploBaHNX 4piBbHO3epHNCTUX
cTanen;

EN 10025-4 Bupobu rapsiiekaTtaHi i3 KOHCTpYK-
uinHoI ctani. YactnHa 4. TexHivHi ymoBKW nocTa-
YaHHA ONA TEPMO3MILHEHUX Ni4 Yac NpoKaTKu
3BaplOBaHKX APIOHO3EPHUCTUX KOHCTPYKLINHWUX
cTanew;

geometrical proportions for which sufficient expe-
rience and test evidence is available. These limi-
tations 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 mainte-
nance.

(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 provi-
sions which, through reference in this text, consti-
tute provisions of this European Standard. For
dated references, subsequent amendments to, or
revisions of, any of these publications do not aply.

However, parties to agreements based on this
European Standard are encouraged to investi-
gate the possibility of applying the most recent
editions of the normative documents indicated be-
low. 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 Metallic materials — Tensile testing:
Part 1: Method of test (at ambient temperature);

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

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

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

EN 10025-4 Hot-rolled products of structural
steels ~ Part 4: Technical delivery conditions for
thermomechanical rolled weldable fine grain
structural steels;
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EN 10025-5 Bupobu rapsyekataHi i3 KOHCTPYK-
LiHoI cTtani. HactuHa 5. TexHiuHi ymMoBM nocTa-
YaHHS  KOHCTPYKUIMHWX cTanei niasuieHol
CTiliKoCTi Ao atMocdepHoi Kopoaii;

EN 10143 Jlnctosa i wrabosa cranb 3 metane-
BMM HeNepepBHUM rapaynm noKpUTTaM. Jonycku
po3amipis i chopmu;

EN 10149 lNaps4yekaTaHi nnocki N1ctu i3 BUCO-
KOMILHOI cTani Ans XonogHoro npodyintoBaHHs.
YacTuHa 2. YMOBU nocTavaHHAa Ans HopManisosa-
HUX / HOpMari3oBaHWx Nig Yac NpokaTku cTanew.
YactuHa 3. YMOBM NocTavaHHsi TEPMO3MILHEHUX
NpPoOKaTHUX cTaneu;

EN 10204 MeTanu. Bugn KOHTpONbHUX AOKYMEH-
TiB (BKMtOYaoum 3MiHy A 1:1995);

EN 10268 XonoagHokaTaHi NNOCcKi MUCTU 3 BUCO-
KOMILUHUX HU3bKOMEroBaHUx cranen gns xonoa-
HOro npo@inoBaHHg. 3araneHi yMOBKM nocTa-
YaHHS;

EN 10292 JluctoBa i wtaboBa BMCOKOMILHA
crtanb 3 rapsyvMm MNOKPUTTSIM ANs XOMNO4HOro
npogintoBaHHA. TeXHIUHI YMOBU NOCTa4aHHS;

EN 10326 Jinctoea i utaboea cranb 3 Henepeps-
HUM NOKPUTTSM. TEXHIYHI YMOBU NOCTavyaHHs;

EN 10327 Jluctoea i wtabosa manoByrneuesa
cTank 3 HenepepBHUM MOKPUTTAM A5 XONO4HOro
npocintoBanHA. TeXHiUHI yMOBM NOCTAYaHHS;

EN-1ISO 12944-2 ®apbu i emani. 3axucT crane-
BMX KOHCTPYKUIA Bia Koposii nakocapboBumu
nokputTamn. YactuHa 2. Knacudikauis Hasko-
nnwHboro cepenosuua (1ISO 12944-2:1998),

EN 1090-2 BurotoBneHHs craneBux i antoMiHi-
€BUX KOHCTPYKUiW. YacTuHa 2. TexHiuHi BUMoru
00 CTaneBnX KOHCTPYKLIN:

EN 1994 €spokoa 4. lNpoektysaHHs ctanebe-
TOHHWUX KOHCTPYKLR;

EN ISO 1478 Pi3b camoHapi3HuX 'BUHTIB;

EN ISO 1479 CamMoHapi3Hi 'BUHTU 3 LWeCTUrpaH-
HOIO FONOBKOO;

EN 1SO 2702 TepmoobpobneHi ctaneBi camo-
Hapi3Hi r'enHTU. MexaHiuHi BnacTMBocCTi;

EN ISO 7049 CamoHapisHi r'BUHTU 3 KpYrnow
ronoBKO i XpecTonoaibHuM wniuem;

EN 1SO 10684 KpinunbHi Bupobu. TMokputta
rMMBOKOK raps4oL0 ranbBaHisalieto

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

EN 10143 Continuously hot-dip metal coated
steel sheet and strip — Tolerances on dimensions
and shape;

EN 10149 Hot rolled flat products made of high
yield strength steels for cold-forming:

Part 2: Delivery conditions for normalized/normal-
ized rolled steels;

Part 3: Delivery conditions for thermomechanical
rolled steels;

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

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

EN 10292 Continuously hot-dip coated strip and
sheet of steels with higher yield strength for cold
forming — Technical delivery conditions;

EN 10326 Continuously hot-dip coated strip and
sheet of structural steels — Technical delivery con-
ditions;

EN 10327 Continuously hot-dip coated strip and
sheet of low carbon steels for cold forming —
Technical delivery conditions;

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

EN 1090-2 Execution of steel structures and
aluminium structures. Part 2: Technical require-
ments for steel structures:

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

EN ISO 1478 Tapping screws thread;
EN I1SO 1479 Hexagon head tapping screws;

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

EN 1SO 7049 Cross recessed pan head tapping
screws;

EN ISO 10684 Fasteners — hot deep galvanized
coatings
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ISO 4997 XonogHokaTaHi IMCTH i3 KOHCTPYKLU M-
HoT cTani;

EN 508-1 Bupobu i3 meTaneBux n1cTiB ANS NoK-
piBni. TexHivHi yMOBM ANS CaMOHeCy4Ynx BUpobis
i3 cTani, anomiHilo abo Hepxagitovoi cTarni.
YacTtuHa 1. Ctans;

FEM 10.2.02 €Bponencbka henepalis cTenaxis,
cekuia X, ObnagHaHHS | npouecu cknaayBaHHs,
FEM 10.2.02, lNpoeKkTyBaHHA NONULL CTaneBux
cTenaxis, HOpMM NpoekTyBaHHA cTenaxis, Kai-
TeHb 2001. Bepcisa 1.02.

1.3 TepmiHn Ta BU3HaYeHHA

HoaatkoBo oo TepmiHie, HaBegeHux B EN 1993-1-1,
B UbOMY CTaHAapTi NpUAHATI Taki TepMiHW Ta
BU3HAYEHHS:

1.3.1 ocHoBHMI MaTepian

Mnockuid cTanesuni NUCT, 3 IKOTO LLINAXOM X0noa-
HOro OpMyBaHHR BUIOTOBMSATECS XOMOAHO-
dopmoBaHi npodini i npodinboBaHi NUCTH

1.3.2 ocHOBHa rpaHULA TeKYy4OCTi

['paHvLs TeKkydoCTi OCHOBHOrO Martepiany npu
posTary

1.3.3 piadhparmoBa pobora
Po6oTa obLnBKA Ha 3CYB Y CBOTIN MNOLLIMHI

1.3.4 kaceTHu npodink

lMpodinboBaHU NUCT 3 BENUKUMWU KpanoBUMMU
BigrMHamu, siki NpUM3HayeHi gns 3'eAHaHHA Npo-
dinis mix coboro i 4ns popMyBaHHS NNOLWINHA 3
No3A0BXHIMK pebpamu, ki 3aaTHI NigTpUMyBaTH
NOCKY 4acTuHy npodinboBaHOro nucTa, Lo
3HaxoguTbLCH MiXk pebpamu

1.3.5 YacTKOBe 3aKpinneHHs

OBMexeHHst NoNepeYHOro Yn KyTOBOro nepemi-
WweHHa abo aedopmallidi KpyuveHHs 4u genna-
Hauii enemeHTa abo MOro 4acTuHW, AKe aHa-
MOTYHO MPYXHLO-NOJATNMBIA onopi NigBULLYE
onip BTpaTi CTIMKOCTI, ane MEeHLLOK MIpOoH Hix
XOPCTKE 3aKpinneHHs

1.3.6 ymMOBHaHa rHyuKicTb
HopmosaHe 6€3po3mipHe 3Ha4YeHHS THY4YKOCTi

1.3.7 3akpinneHHs

O6MeXeHHs NonepeyYHoro YM KyTOBOro nepemi-
wieHHs abo aecpbopmMaltiit KpyYeHHs YM gennaHa-
Lii enemeHTa abo Moro YacTuHU, SKe NigBULLYE
onip BTpaTi CTIAKOCTI, aHanorivHo XXOPCTKi onopi

1ISO 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 manu-
tention, 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 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.

1.3.5 partial restraint

Restriction of the lateral or rotational movement,
or the torsional or warping deformation, of a mem-
ber or element, that increases its buckling resis-
tance in a similar way to a spring support, butto 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 mem-
ber or element, that increases its buckling resis-
tance to the same extent as a rigid support.
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1.3.8 npoekTyBaHHA 3 ypaxyBaHHAM poGoTu
oG LWnBKH

MeTog npoekTyBaHHSA, WO BpPaxoBYyEe BHECOK
AiacdbparmMoBoi poboTn 06LINBKN Y XKOPCTKICTb Ta
MIUHICTb KOHCTPYKUIT

1.3.9 onopa

Micue, B sIkoMy enemMeHT MOXe nepegaBsaTty
cvnu abo MOMEHTK Ha hyHAAMEHT abo Ha iHLWi
KOHCTPYKLIAHI €NEMEHTM YM YaCTUHU KOHCTPYKLUT

1.3.10 HOMiHaNbHa TOBLYUHA

BcraHoBnoBaHa cepeHs TOBLLMHA, LLIO BKNIOYaE
TOBLUMHY LIAPIB LMHKOBOrO i iHWWX MeTaneBux
NIOKPUTTIB NiCAS NPOKaTYBaHHSA, SKa BU3HAETLCAH
noctadansHukom crani (t,,, He BKNOYae TOB-
LWHY OPraHivyHUX NOKpUTTIB)
1.3.11 ToBWMHA cTaneBOi OCHOBU NUCcTa
HomiHaneHa TtOBLWMHA cTaneBoro nucra 6Ges
ypaxyBaHHSA TOBLMHN WApPIB LMHKOBOro M {HLLINX

meTaniaoBaHux NokpuTTis (f.,,)

1.3.12 po3paxyHkoBa TOBLYUHA

ToBlWKWHE CTaAaneBOi OCHOBW NUCTE, AKa BWKO-
PUCTOBYETLCH B pO3paxyHKy 3rinHo 3 1.5.3(6) Ta
3.24.

1.4 No3Hakn

(1) DonaTtkoeo oo Haeepennx B EN 1993-1-1
BMKOPUCTOBYHKOTHLCA TaKi OCHOBHI NMO3HaKMW:

fy — rpaHnUs TEKYHOCTI

fra — cepefHsi rpaHnuUa TeKy4oCTi

fub — OCHOBHa rpaHuus TeKy4ocTi

t — poO3paxyHkoBa TOBLIWHA CTaneesoi oc-
HOBM nWUCTa [0 XONOAHOro OopMy-
BaHHA 0e3 ypaxyBaHHS OpraHiyHuX i
MeTaneBux NoKpuTTiB

thom — HOMiIHanbHa TOBLWMHA nucTa nicnsa
dOpMyBaHHA 3 ypaxyBaHHAM LIMHKO-
BOro W iHWWX MEeTaneBux MNOKPUTTIB,
ane 6e3 opraHiYHNX NOKPUTTIB

toor — HOMiHanbHa ToBLMHA NUcTa 6e3 LnH-
KOBOIO i iHWNX MeTaneBnx NOKPUTTIB

K — NiHiNHa XOPCTKICTL B'A3I

C — KYTOBA XOPCTKICTb B'A3i

(2) [OopaTkoBi NO3HaKW BU3HA4YaKTLCHA MNpU
nepLlIoMy 3ragyBaHHi.

(3) OgHa no3Haka Moxe MaTh AeKiNbka 3HaYEHb.

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
other metallic coating layers when present rolled
and defined by the steel supplier (t,,,, not includ-
ing organic coatings).

1.3.11 steel core thickness
A nominal thickness minus zinc and other metallic
coating layers ((t,,)-

1.3.12 design thickness
the steel core thickness used in design by calcula-
tion 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

fva average vyield strength

fyb basic yield strength

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

thom nominal sheet thickness after cold form-
ing inclusive of zinc and other metallic
coating not including organic coating

teor 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.
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1.5 TepmiHonoris i ymoBHi nosHaku ansa
napamerTpiBs

1.5.1 ®opma nepepiszie

(1) XonogHodopmoBaHi enemMeHTH i NPodNMUCTy
MaloTb NOCTiIMHY HOMIHanNbHY TOBLUMHY i3 BCTa-
HOBNEHWUMU gonyckamMu MO AOBXWHI, ane norne-
pedHun nepepia mMoxe OyTM He3aMiHHUM abo
3MiIHHUM.

(2) NonepeynHi nepepisn xonoaHoOPMOBAHKX
€nemeHTIB i NpodNNCTiB CKNagaTbCs B OCHOB-
HOMY 3 A€eKiNbKOX NPAMONIHIRHUX AinAHoK, 06’en-
HaHWX KPUBOAIRIMHUMK GiNsHKaMMU.

(3) Tuvrnoei opmu nepepisia xonoaHoGopMoBa-
HUX eneMeHTIB HaBeleHO Ha puUcyHky 1.1.
Mpumitka. MeTogn pospaxyHKky, WO HaBegeHi B yac-
TuHi 1-3 EN 1993, zacTocoBytoTbCS HE gns BCiX hopM

abo cknageHwx nepepizis, AKi HaBedeHO Ha pUcyHKax
1.1i1.2

e
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1.5 Terminology and conventions for
dimensions

1.5.1 Form of sections

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

(2) The cross-sections of cold-formed members
and profiled sheets essentially comprise a num-
ber 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- O,ElVIHOLIHi npodini BigkpnTOro nepepiay
a) Single open sections

L L

:II'— L

b — cknageni npodini BigkpuTOro nepepiay
b) Open built-up sections

11

C — cknageHi npodpini 3amkHyTi
c) Closed built-up sections

PucyHok 1.1 — Tunosi hopmu nepepisiz xonogHohopMoBaHux Npodinis

Figure 1.1 — Typical forms of sections for cold-formed members
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(4) 3paskM nonepedHnx nNepepisiB XonoaHo- (4) Examples of cross-sections for cold-formed
dhopmoBaHuX efntemeHTiB | NpodNNUCTIB HaBedeHO members and sheets are illustrated in figure 1.2.
Ha pUCyHky 1.2.

|
Gml

a — nonepeyHi Nnepepian CTUCHYTUX | PO3TATHYTUX enemMeHTIB
a) Compression members and tension members

b — nonepe4Hi nepepiau 6anok # iHWWUX enemMeHTiB, WO NPaLioioTe Ha 3rH
b) Beams and other members subject to bending

VAAVARVARV ARV YERYA

e W W WL IS o N
/S UV UV LU Tt
SV OV L TTTTTT

¢ — nonepeuyHi nepepiav NpodnuncTis i kKaceTHUX Npoddinis
c) Profiled sheets and liner trays

PucyHok 1.2 — 3pasku xonoAHoOpMOBaKNX eNeMeHTiB i npodnucTis
Figure 1.2 — Examples of cold-formed members and profiled sheets
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MNpumitka. Y npasunax 4Yactniu 1-3 EN 1993 Buko-
PUCTOBYIOTLCH XapakTEPUCTUKUA BIAHOCHO TONOBHMX
oceit, aki Anst CUMeTpUYHKX Nepepisis BU3HAYaTLCS
BiAHOCHO FONOBHWX OCE Yy — Y i z — z, a Ans acu-
METPUYHUX NepepisiB, TakUX sIK KyTUKU i Z-NofibHi
npodini — BiGHOCHO ocer U — U i v — v. B okpemMux
BUMNaJKax OCi CKNageHuX nepepisis BU3HA4aTLCA B
3anexHoCTi Big, HasABHOCTI abo BigCyTHOCTI cumeTpil.

(5) lMonepeuni nepepian xonoAHOOPMOBaHNUX
npodinis i npodnucTiB MOXyTe GyTM Ak Ges
AOAaTKOBUX €rleMEHTIB XOPCTKOCTI, Tak i 3 NoB-
300BXHIMU eremMeHTaMu XOPCTKOCTI Ha CTiHKax
i/abo Ha nonuuykax.

1.5.2 ®opma enemernmis xopcmrkocmi

(1) Tunosi bopMmn enemeHTIB XOPCTKOCTI Xonoz-
HochopmoBaHux npodinie i NUCTiB nokasadi Ha
pucyHky 1.3.

NOTE: All rules in this Part 1-3 of EN 1993 relate to the
main axis properties, which are defined by the main
axesy—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.

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

1.5.2 Form of stiffeners

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

T N—

N

| l
i

L

a — BiTMHW Ta 3rMHU
a) Folds and bends

\J/

b — BurHyTnt abo okpyrne-
HUIA NPOMIXHUIA eneMeHT
XOPCTKOCTI

C — NpUKpIiNNeHMn 6ONTOM KyTUK
XOPCTKOCTI
c) Bolted angle stiffener

b) Folded groove and

curved groove

PucyHok 1.3 — Tunosi hopMuK enemMeHTIB OPCTKOCTI AN xonoaHodopmosaHux npodinis
i npochnucrTis
Figure 1.3 — Typical forms of stiffeners for cold-formed members and sheeting

(2) NoB3goOBXHI €NemMeHT XXOPCTKOCTI Ha Nonuy-
Kax MOXyTb BYTW KpanoBMMK abo NPOMIXKHUMMU.

(3) Tunoei kpanoBi enemMeHTN XOPCTKOCTI NOKa-
3aHi Ha pUCyHKy 1.4.

I \

a8 — OANHOYHI KPaWoBI BiagrvHW
a) Single edge fold stiffeners

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

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

_ l

b — noaginHi kpanosi BigrHn
b) Double edge fold stiffeners

PucyHok 1.4 — Tynosi kpalioBi €NemMeHTUN XXOPCTKOCTI
Figure 1.4 — Typical edge stiffeners
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(4) Twnosi nNPOMiXHI NOB3AOBXHI
YKOPCTKOCTiI NoKa3aHi Ha pucyHky 1.5.

eNeMeHTHn

NS

N

) W A W 4

) N—

a — NPOMBKHI €NEeMEHTM XOPCTKOCTI Ha NONNUSX
a) Intermediate flange stiffeners

(4) Typical intermediate longitudinal stiffeners are
illustrated in figure 1.5.

)/

b — NpoMiXHi enemeHTH XXOPCTKOCTI Ha CTiHKax
b) Intermediate web stiffeners

PucyHoxk 1.5 —~ Tunosi NpomixHi NOB3J0BXHI €MeMeHTU XXOPCTKOCTI
Figure 1.5 — Typical intermediate longitudinal stiffeners

1.5.3 Po3mipu npocpinie

(1) 3arancHi poamipu xonoaHohopMoOBaHuX ene-
MeHTIB | npodnnCTiB, Taki Sk WupuHa b, BucoTa h,
BHYTPIWHIA pafiyc 3rMHy r Ta iHWI 30BHIlLHi
pPo3Mipu no3HavaTbes cumeonamMm 6e3 iHaekcis,
Hanpuknag, a, ¢ abo d, i, 3a BiaCyTHOCTI OKpemMux
3acTepeXeHb, BUMIPIOOTBCA Big NOBEPXHI Npo-
cinto, SIK ue nokasaHo Ha pPUCYHKy 1.6.

1.5.3 Cross-section dimensions

(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 sub-
scripts, such as a, c or d, are measured to the face
of the material, unless stated otherwise, as illus-
trated in figure 1.6.

S

PucyHok 1.6 — Tunosa nosHaka po3mipis S-noaibHoro npodinio
Figure 1.6 — Dimensions of typical cross-section

(2) 3a BiacyTHOCTI 3acTepexeHb iHLWi po3Mipu
xonoAHoopMoBaHux npodinis i NpodnucTis
no3Ha4alThCa CUMBOMAMK 3 iHQekcaMu, a came
by, h, abo s, , i BumiptoTbCa abo no ockLoBIn
NiHii NucTa, abo cepeaHin ToYli KyTa 3ruHy.

(3) Ans noxvnux eneMeHTiB, Taknx 5K CTiHKa
TpaneuienoaibHoi rocdpu npodnucrta, BUCOTa
CTIHKM S BUMIPIOETLCA NapaneneHo Haxuny no
NPSIMIA MiXX TOYKaMW NepervHy CTiHKY | nonuub.

(2) Unless stated otherwise, the other cross-sec-
tional dimensions of cold-formed members and
sheeting, denoted by symbols with subscripts,
such as by, h, or s, are measured either to the
midline of the material or the midpoint of the cor-
ner.

(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.
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(4) PosropTka BUCOTH CTiHKU robpy BUMIpIOETLCSA
no cepeauHHiA NiHii, BkNoYaoun byabL-aki ene-
MEHTU XOPCTKOCTI Ha HiN.

(5) Posroptka wWMpUHW NONULi BUMIPIOETLCA NO
CepeanHHIN NiHiT, BKNOYaoYn 6yab-aki eneMeHTH
XOPCTKOCTI.

(6) ToBwMHa t — Le po3paxyHKOBa TOBLUUHA
nncTa (3a HeobXigHOCTI i3 36inbLEHHAM Ha Be-
NNYNHY MiHYCOBOrO AONYCKY NO TOBLUMHI 3MiAHO 3
3.2.4), AKLWO HE OroBOPEHO iHLIE.

1.5.4 [lo3Haku ocel ennemeHmie

(1) NosHakn ocelt enemeHTIB B OCHOBHOMY Taki X
cami, ak 8 EN 1993-1-1, aus. pucyHok 1.7.

(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 stiff-
eners.

(6) The thickness t is a steel design thickness
(the steel core thickness extracted minus toler-
ance 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.

PucyHok 1.7 — No3Hakun ocen
Figure 1.7 — Axis convention

(2) Y npodnucTax i kaceTHUx npodinax 3acTto-

COBYIOTLCS Taki NO3HaKN OCEN:

— y -y BiCb NapanencHa NMAOLWMHI NUCTa;

— Z — Z BIiCb NepneHAuKynsipHa A0 NMOLLMHA
nncra.

2 OCHOBW NPOEKTYBAHHA

(1) Po3paxyHok xonoaHogopMoBaHNX eNeMeHTIB
i NnpodNUCTiB NOBMHEH BIgNOBIAATU 3aranbHUM
npasunam, siki HasegeHi 8 EN 1990 i EN 1993-1-1.
3araneHi npaBuna 3acTocyBaHHA METOAY CKiH-
YeHHUX enemerTiB (abo iHWKWX MeToniB) Hase-
AeHo B gogatky C EN 1993-1-5.

(2)P ina rpaHn4YHNX CTaHiB 3a HECYYOI0 3aaTHic-
Tio abo ekcnnyartauiiHol NpUAATHICTIO NOBUHHI
BCTaAHOBMIOBATUCL BiANOBIAHI YacTkoBi koedilli-
€HTU HafiRHOCTI.

(3)P Mpwn nepeBipoYHMX po3paxyHkax 3a rpaHnd-

HWMU CTaHaMM 3a HECYYOI0 34aTHICTIO YaCTKOBUWIA

KoediuieHT HafiNHOCTI vy NPUAMAETLCS:

— NpKW BU3HAYEHH] ONOPY NonepeyvHnx nepepisis
HaanuWKoBiA Aedopmalii 3 ypaxyBaHHSM
MicLieBOl | 3aranbHOi BTpaTW CTIRKOCTI = ¥ p0;
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(2) For profiled sheets and liner trays the following

axis convention is used:

— y-—y axis paralle! to the plane of sheeting;

— z -2z axis perpendicular to the plane of shee-
ting.

2 BASIS OF DESIGN

(1) The design of cold formed members and
sheeting should be in accordance with the gen-
eral 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 vy, shall be taken as

follows:

— resistance of cross-sections to excessive
yielding including local and distortional
buckling: yu0
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— PV BU3Ha4yeHHi onopy enemeHTiB i npodnuc-
TiB NpW 3aranbHin BTpaTi CTIKOCTI — yp1;

— Npu BU3HAYEeHHi 0Nopy nepepisie, ocnabnenmnx
oTBOpaMu Nif, KpiNnunbHi BUPOBU — ypyo.

NpumiTka. YNUCNOBI 3HAYEHHS ypy; MOXYTL OyTw BU3-

HaueHi B HauioHanoHoMmy pgogatky. Ona 6ygisens
pPEKOMEHAYIOTLCA TaKi 3HAYEHHS:

o = 1.00;
Ym1 = 1,00
YMm2 = 1,25.

(4) Mpw BM3HaYeHHI Hecy4oi 30aTHOCTI 3'e4HaHb
3Ha4YeHHs vy, AMB. B po3dini 8.

(5) ng nepeBipoYHMX PO3paxyHKIB 3a rpaHuy-
HAMW CTaHaMWn ekcniyaTauiiHoi npugaTHoOCTI
MOBMHEH 3aCTOCOBYBATUCH 4acTKOBUIW Koedi-
UIEHT HaAINHOCTI ¥y ger -

MpumiTka. 3Ha4YeHHs Yy sor MOXE BYTU BUIHAYEHO B
HauioHansHoMy popaTtky. [Ins 6ygiBens pekoMeHgy-
€TbCA NPUNMaTU:

YM,ser = 1,00.

(6) Mpw po3paxyHKy KOHCTPYKLUIA, WO BUrOTOBMEHI
i3 xonoaHOoOPMOBaHUX eNeMEeHTIB, HeobxigHO
PO3PI3HATU KNACWU KOHCTPYKLUIN, SIKi BCTAHOBINIO-
IOTECH 3a Hacnigkamu pynHyBaHHA y Bignosia-
HocTi 3 EN 1990, nogaTok B, a Takox HaBeaeHi
HUXKYe:

Knac I: KoHCTpykuia i3 x0nogHoopmMoBaHUX
enemMeHTiB i npodnucTie, Ska po3paxoBaHa 3a
yMOBM 3abe3neyveHHsa MILHOCTI i CTinkocTi cno-
PyAu B Uinomy;

Knac Il: koHCTpykuis i3 xonogaHodopMoBaHUX
enemeHTiB i nponucTie, sIka pospaxoBaHa 3a
yMOBU 3abe3neveHHs MILHOCTI i CTIIKOCTI oKpe-
MUX KOHCTPYKUIAHNX €NEeMEHTIB;

Knac Ili: koHcTpykuia i3 xonogHodopMoBaHUX
enemeHTiB i npodhnucTiB, WO BUKOPUCTOBYETLCH
TiNbKW ANA nepefadi HaBaHTaXeHb Ha Hecyuun
Kapkac.

Mpumitka 1. Ha pizHux cTagisx bygiBHALTBA MOXYTb
po3rnsaaTUCh Pi3Hi KNacu KOHCTPYKLUIN.

Mpumitka 2. Bumorn WoA0 BUrOoTOBNEHHS npodnuc-
Tis gue. EN 1090.

— resistance of members and sheeting where
failure is caused by global buckling: v 44

— resistance of net sections at fastener holes:
YM2-

NOTE: Numerical values for v, may be defined in the

National Annex. The following numerical values are
recommended for the use in buildings:

Tmo = 1,00;
Tm1 = 1.00;
Ym2 = 1,25

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

(5) For verifications at serviceability limit states
the partial factor yy sor Should be used.

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

YM,ser = 1,00.

(6) For the design of structures made of cold
formed members and sheeting a distinction
should be made between "structural classes" as-
sociated 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 Il: Construction where cold-
formed members and sheeting are designed to
contribute to the strength and stability of individual
structural elements;

Structural Class Ill: 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.
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3 MATEPIANN

3.1 3aranbHi nonoxeHHsA

(1) Bci ctani, o BMKOPUCTOBYOTLCA AMNS BUro-
TOBMEHHA XONoAHOMOPMOBAHUX €EMNEMEHTIB i
npoMnuncTiB, NOBUHHI OYTU npuaaTHAMK ang
xonoaHoro chopmMyBaHHs, a 3a HeobxigHOCTi | ANA
3BaptoBaHHa. Ctane Ans npodinis, sk nignsra-
10Tb ransbBaHisauii, NoBUHHa ByTun NpuaaTHoK Ao
ranbBaHi3auii.

(2) HomiHanbHi 3HaYyeHHA xapakTepuUCTUK MaTe-
piany, Wo HaBeaeHi B UbOMY po3aini, B NPOEKT-
HUX po3paxyHKkax MOBWHHI po3rnsgaTtucb sk
XapakTepuUCTUYUHI 3HaUYEHHS.

(3) Bumoru uiei yactunm EN 1993 3actocosy-
HOTBCA NpU po3paxyHKax XonoaHoopMoBaHUX
enemMeHTiB i NpodhnNNCTIB, BUFOTOBMEHUX i3 cTa-
nen, Knacu Sknx HaeeaeHo B Tabnuui 3.1a.

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 suit-
able for galvanizing.

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

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

Tabnuua 3.1a — HoMiHanbHi 3Ha4eHHA OCHOBHOT rPaHuLii TEKYYOCTi fyp | TMM4acosoro onopy f,

Table 3.1a — Nominal values of basic yield strength f,;, and ultimate tensile strength £,
Tun cTani CraHpapt Knac | f,, Hmm? | f, Himm?
Type of steel Standard Grade (N/mm?) | (N/mm?)
Buvpobu rapsyekartaHi i3 KOHCTPYKLUIMHUX cTanei. EN 10025: S 235 235 360
YacTtnHa 2. TexHiYHi yMOBM NocTavyaHHs Henero- YacTtuHa 2 S 275 275 430
BaHUX KOHCTPYKUIMHMX cTanen EN 10025: S 35 355 510
Hot rolled products of non-alloy structural steels. Part 2 5
Part 2: Technical delivery conditions for non alloy
structural steels
Bupobu rapsyekataHi i3 KOHCTPYKUINHWUX cTanen. EN 10025: S275N 275 370
YacTtnHa 3. TexHiYHi yMOBM nocTavyaHHs 3saplo- YacTtuHa 3 S 355N 355 470
BaHUX APiIBHO3EPHUCTUX KOHCTPYKUINHUX cTanew, EN 10025:
nigaaHux Hopmanisauii abo HopmanisysaneHoMy | Part 3 S420N 420 520
NPoKaTyBaHHIO S 460 N 460 550
Hot-rolled products of structural steels. Part 3: S 275 NL 275 370
Tec.hnlcal delivery condlt!ons for normalized/nor- S 355 NL 355 470
malized rolled weldable fine grain structural steels
S 420 NL 420 520
S 460 NL 460 550
Bupobu rapsiuekataHi i3 KOHCTPYKLUINHWUX cTanen. EN 10025: S275M 275 360
YacTtuHa 4. TexHiuHi yMOBWN NOCTa4YaHHA TepMo- YactunHa 4 S 355 M 355 450
MeXxaHi4HO 0bpobneHnx 3paproBaHnX EN 10025:

ApPIBHO3EPHNCTUX KOHCTPYKLINHKUX cTane Part 4 S420M 420 500
Hot-rolled products of structural steels. Part 4: S 460 M 460 530
Technical delivery conditions for thermomechanical S 275 ML 275 360
rolled weldable fine grain structural steels S 355 ML 355 450
S 420 ML 420 500
S 460 ML 460 530
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Apumitka 1. ins cranesoi wtabu TOBLUMHOKW MEHWe
HX 3 MM, aka Bignoeigae EN 10025, HopmaTuBHI
3HaUeHHA MOXyTb ByTu HaeegeHi B HauioHanbHOMY
poaatky. AkWwo wupuHa BuxigHol wrabun >600 mm,
UYMCNOBIi 3HA4YEHHS, BKa3aHi 8 Tabnuui 3.1a, peKomeH-
AyeTbes npuamaTh 3 koediuieHTom 0,9.

Apumitka 2. |Hwi knacu ctanei i BupobiB AuB. B
HauioHanbHOMy gogatky. Ak npuknag, B Tabnnui 3.1b
HaBegeHi knacu crtani, wWo BiANOBIAAlOTL BUMOram
UbOro cTaHgapTy.

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.

Tabnuus 3.1b - HomiHanbHi 3Ha4eHHs OCHOBHOI rpaHuLi TeKYHOoCTi fyp | TUMYacosoro onopy f,

Table 3.1b — Nominal values of basic yield strength f,;, and ultimate tensile strength f,
Tun crani Cranpapt Knac b H/mm? | £, HiMm?
Type of steel Standard Grade (N/mm?) | (N/mm?)
XONoJHOTAMHEHI NUCTY i3 KOHCTPYKUiNHOI cTani ISO 4997 CR 220 220 300
Cold reduced steel sheet of structural quality CR 250 250 330
CR 320 320 400
lapsayeoumHkoBarui Byrneuesni ctanesmin nuct  |EN 10326 S220GD+Z 220 300
i3 KOHCTPYKUIAHOI cTani 3 HenepepBHUX NiHIRA S250GD+Z 250 330
Continuous hot dip zinc coated carbon steel sheet
of structural quality S280GD+Z 280 360
S320GD+Z 320 390
S350GD+Z 350 420
Bupobu i3 cTani 3 BUCOKOI rpaHuLeo TeKYyHoCTi EN 10149: S315MC S 315 390
nnocki rapsiyekartaxi gns xonogxoro opmosmi-  [HacTtuHa 2 355 MC S 355 430
HIOBaHH4. YacTuHa 2. YMOBU NocTavYaHHa ang EN 10149:
TEPMOMEXaHIYHO 3MiL{HEHMX NPOKaTHUX cTanemn Part 2 420 MC S 420 480
Hot-rolled flat products made of high yield strength 460 MC S 460 520
steels for cold forming. Part 2: Delivery conditions 500 MC S 500 550
for thermomechanically rolled steels 550 MC S 550 600
600 MC S 600 650
650 MC S 650 700
700 MC 700 750
EN 10149: S 260 NC 260 370
;raﬂg:'j 93 S315NC 315 430
Part 3 S 355 NC 355 470
S 420 NC 420 530
XonogHokaTaHi nNocki BUpobu 3 BUCOKOMILIHUX EN 10268 H240LA 240 340
HU3bKONEroBaHUX cTanen ans XxonoaHoro H280LA 280 370
hopmMyBaHHs 0L 400
Cold-rolled flat products made of high yield H320LA 320

strength micro-alloyed steels for cold forming H360LA 360 430
H400LA 400 460
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Kineub Tadbnuui 3.1b

Tun cTani CranpapT Knac f,p HiMM? | £, HiMm?
Type of steel Standard Grade (N/mm?) | (N/mm?)
Cranesi wrabu i nUCTM BUCOKOT MILIHOCTI 3 EN 10292 H260LAD 240 2) 340 2)
rapaYnM NOKPUTTSM 3 HENEPEPBHUX MiHIN Ana H300LAD 280 2) 370 2)
XonogHoro hopMyBaHHs 320 2 400 2
Continuously hot-dip coated strip and sheet of H340LAD ) 00 2)
steels with higher yield strength for cold forming H380LAD 360 2) 430 2)
H420LAD 400 2) 460 2)
Cranesa wraba i nucT 3 HenepepsHuM rapsduMm | EN 10326 S220GD+ZA 220 300
LMHKOBO-amMOMiHIEBUM NOKPUTTAM (ZA) S250GD+ZA 250 330
Continuously hot-dipped zinc-aluminium (ZA)
coated steel strip and sheet S280GD+ZA 280 360
S320GD+ZA 320 390
S350GD+ZA 350 420
Cranesa wraba i nncT 3 HenepepsHumM rapaunm  |EN 10326 S220GD+AZ 220 300
arntoMiHIEBO-LIMHKOBUM NOKPUTTAM (AZ) S250GD+AZ 250 330
Continuously hot-dipped aluminium-zinc (AZ)
coated steel strip and sheet S280GD+AZ 280 360
S320GD+AZ 320 390
S350GD+AZ 350 420
Jluctoea i wTaboBa ManoByrnevleea crass 3 EN 10327 DX51D+Z 140 1) 270 1)
HernepepBHUM rapaYymMM LIMHKOBUM FIOKPUTTAM AN DX52D+7 140 1) 270 1)
XOnoAHoro hopMyBaHHs
Continuously hot-dipped zinc coated strip and DX53D+Z 140°1) 270 1)
sheet of mild steel for cold forming

BignosigHo.

sumed.

longitudinal tension are given in the table.

1) MiHiMansHi 3Ha4eHHs rpaHuLi TEKY4OCTi | TUMYACOBOTO ONOpPY B LUbOMY CTAHAAPTI He HaBeAeHo. [ins Beix knacie
cTani MiHiMansHi 3HaYeHHs! rpaHuLI TEKY4OCTi | TUMUYACOBOrO ONOPY MOXHA MpUitHATM 140 H/mm? i 270 H/mm?

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

2) 3Ha4yeHHs rpaHuLi TeKy4ocCTi cTanew npyu NonepeYyHoMy po3Tary HaBeAeHO B NO3HAYeHHI MaTepiany. 3Ha4YeHHs
rpaHuLi TeKy4OCTi NpU NOB3A0BXHLOMY PO3TAry HaBeAeHi B Tabnuui.

2) The yield strength values given in the names of the materials correspond to transversal tension. The values for

3.2 KoHcTpyKuUinHi cTani
3.2.1 Xapakmepucmuku 0CHO8HO20 Mamepiasly

(1) HoMiHanbHi 3Ha4yeHHA rparuvui TeKy4ocTi fyb
abo Tumyacosoro onopy f, NoBuHHI ByTW Npuit-
HATI:

a) 3HaderHnf, = Rep aBOR 0 o iy = Ry, 3rigHo si
CTaH4apTOM Ha Npokar;

6) 3a paHumMn B Tabnuuax 3.1a ta 3.1b;

B) 3a peaynsTaTamu eunpobyBaHrs.
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3.2 Structural steel
3.2.1 Material properties of base material

(1) The nominal values of yield strength £, or ten-
sile strength £, should be obtained

a) either by adopting the values f, = Rgp, orRpg 2
and f, =R, direct from product standards, or

b) by using the values given in Table 3.1aand b
c) by appropriate tests.
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(2) Axwo xapakTepuCTUYHi 3HAYEHHS BU3HA4a-
H0TbCA 3a pesynbTatammn BunpobyeaHb, TO BUNPO-
OyBaHHA MOBWHHI NpoOBOAMTUCH BiAMOBIAHO A0
EN 10002-1. KinbkicTb 3paskis Ans sunpobyBaHb
NOBUHHA BYTW HE MEHLIE HiXX M'aTb 3 ypaxyBaH-
HSIM HaCTynHoro subopy.

1. Pynonu:

a) npu Biabopi 3 NpoayKUiT Of4HIET NNaBKU — He
MEHLLE HiXX OQMH 3pa30K Ha KOXKHUK pynoH i3 30 %
3aranbHOI KiNLKOCTI PYNOHIB;

6) npu Bigbopi 3 NpoAykuii pi3HMX nnAaBoK —
MiHIMYM OZIMH 3PA30K Ha KOXHWA PYIOH.

2. llTabwu:

Minimym oamH 3pasok Ha 2000 Kkr Big KOXHOro
BMAY NPOAYKUil.

3pasku NoBuHHI BiAGMpaTUCh AO0BINbHO 3 KOXHOI
napTil noctayaHHs 3 opieHTauielo B3JOBX ene-
MEHTa KOHCTPYKUii. HopmaTueHi xapakTepucTukm
NOBUHHI BU3HAYaTUCL 3a pesynbTataMn cTaTuc-
TUYHOiI 06pobkn y BignosigHocTi 3 EN 1990,
popatok [1.

(3) JossonseTbCca BNacTMBOCTI cTani npy CTUCKY
i pO3TAry npuMMaT OQHAKOBUMN.

(4) Bumorn wono nnacTMYHOCTI NOBWHHI BiQNO-
Binatn 3.2.2 EN 1993-1-1.

(5) Po3paxyHKOBI 3HayeHHs1 i3M4HMX XapakTe-
PUCTUK MaTepianis NOBUHHI NPUAMATUCh 3rigHO 3
3.2.6 EN 1993-1-1.

(6) BnactuBoCTi MaTepianis npu NiaBULLEHUX
TemnepaTypax HaBefeHi B EN 1993-1-2.

3.2.2 Xapakmepucmuxu mamepiany Onsi xo-
nodnoghopmosaHux npogpinie i npoghrucmis
(1) Axwo B No3Haui rpaHnLi TEKYYOCTi BUKOpUC-
TOBYETbCH CUMBON f,, AO3BONSETLCH KOPUCTY-
BaTUCb CEpPEAHIM 3HAYEHHAM IPaHULi TEKYYOCTI
fya 3 AOAEPXaHHAM ymOB (4)+(8). B iHWUX BU-
nagkax HeobXiQHO BWUKOPUCTOBYBATM OCHOBHY
rpaHNLIO TEKYYOCTi fyb.

(2) CepenHe 3HadeHHS rpaHWUi TEKYYOCTI fya
npodinto nicng xonogHoro GOpMyBaHHA MOXeE
ByTn BU3HAYEHO 3a pesynbTaTamMn HaTypHUX

BUNpobyBaHb.

(3) Ak anbTepHaTtuBa, nigBULLEHE CEepenHE 3Ha-
YEHHS rpaHuLi TeKy4oCTi MOxe ByTu BU3HAYEHO
pO3paxyHKOM:

(2) Where the characteristic values are deter-
mined 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 alot 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 produc-
tion.

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 ba-
sis 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 givenin 3.2.6 of EN 1993-1-1.

(6) The material properties for elevated tempera-
tures are given in EN 1993-1-2.

3.2.2 Material properties of cold formed sec-
tions and sheeting

(1) Where the yield strength is specified using the
symbol fy the average yield strength f,, may be
used if (4) to (8) apply. In other cases the basic
yield strength fyb should be used. Where the yield
strength is specified using the symbol fyb the ba-
sic yield strength f,;, should be used.

(2) The average yield strength f,, of a cross-sec-
tion 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 us-

ing:

2 (fy +f,
o =fyp + (T 4o ) o < (f zy"), (3.1)

g
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Ae:
Ag — 3aranbHa NNnowa nonepey“Horo nepepisy;
k — koedilieHT, kit 3anexuTsb Big BUAY hopmy-
BaHHSA:
k =7 npu popMyBaHHi B NpoLeci NpoKaTKu;
k =5 npu iHWux meToaax opmyBaHHs;
n — KinNbKiCTb 3rvHis Ha 90° B nonepeYHoOMy nepe-
pi3i 3 BHYTpPIWHIM pagiycom r < 5t (44cno 3rvHis
NOBUHHO PaxyBaTUCh SK N NEPETVHIB);
t — po3paxyHkoBa TOBLUMHA CTanNeBoro nucTa ao
OpMYBaHHS, 3a BUKITIIOYEHHAM TOBLUWHW LIapiB,

MeTanesoro abo OpraHiyHOro nNOKPUTTIB, AWB.
3.24.

(4) 3a Hacnigkom xonogHoro opMyBaHHa nig-
BULLEHE 3HAYEHHA rpaHunLi TEKY4OCTi MOXe Bpa-
XOBYBaTUCh:

— MNPU OCLOBOMY HaBaHTAXEHHI €neMeHTiB, B
SIKNX edhekTUBHa NnotLla nepepisy A4 Aopis-
HIOE€ NOBHIA NNOLLi Ag;

~ MPpW BU3HAYEHHI Agy rpaHuLs Tekydocti f,
NoBUHHa ByTW 3aMiHeHa Ha fyb.

(5) CepengHe 3HadeHHS\ rpaHvLi TeKy4ocTi fra

MOXe BYTU BUKOPUCTAHO NPU BU3HAYEHHI:

— OMopy NonepeyHoro nepepisy npu oCbOBOMY
po3TAry eNemMeHTa;

— OMopy NonepevHoro nepepisy i onopy BTpari
CTIAKOCTi NpU OCLOBOMY CTUCKY €neMeHTa 3
NOBHUM eEKTUBHUM NONepeYHUM nepepi-
30M;

— Onopy nornepe4vHoro nepepisy Npu aii MOMeHTY
3 NOBHUM eheKTVBHUM NEPEPI3OM NONULb.
(6) MNpu 3rvHi AnNs BU3Ha4YeHHNA onopy nonepey-
HOro nepepisy 3 NOBHICTIO ehEKTUBHUMWU MNOSIU-
HAMW BIH MOXe ByTu nogineHnmn Ha m NNOCKUX
ernemMeHTiB, Takux Ak nonuui. MNicns uboro ¢op-
Myna (3.1) moxe ByTn BMKOpUCTaHa ANSA BU3HA-
YEHHS NiABULLEHOT rPaHnLI TEKYYOCTi fy,i okpeMmo
ONA KOXHOTO MOCKOro enemMeHTa / 3 NpunyLiex-

HAM, LWO:

m
ZAg,i fy

i=1

ZAQJ

i=1

ne:
Ag,,- — NOBHa nNsioWwa MnonepeyHoro nepepisy
NNOCKOro enemeHTa i, a Npu BU3HAYEHHI nigBu-
LEHOT rpaHuLi TEKy4OCTi f, ; 3 BUKOPUCTAHHAM
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where:;
Aq is 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 or-
ganic coatings, see 3.2.4.

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

— in axially loaded members in which the
effective cross-sectional area A equals the
gross areaAg;

— in determining Agf the yield strength £, should
be taken as f,.

(5) The average yield strength f,, may be 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 in-
creased yield strength f,; separately for each
nominal plane element i, provided that:

<f, (3.2)

where:

Ay, is the gross cross-sectional area of nominal
plane element i, and when calculating the increa-
sed yield strength f,; using the expression (3.1)
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chopmynu (3.1) LULMPUHA 3TMHIB KPaMOBMX NNOCKUX
€NeMEHTIB NPUNMAETLCA TakoK), WO OOPIBHKIE
AOBXMWHI Oyrn, Wo BigNoBigae NONoOBUHI KyTa
3rUHY AN KOXHOT nnouli Ag,,- .

(7) MigBULWEHHS rpaHuLi TEKyYOCTi 3a HAcNiAKOM
xonogHoro bopMyBaHHs He MOBUHHO BPaxoBY-
BaTUCb ANS enemeHTiB, ski nicna ¢opMyBaHHA
nigaadi Tepmoobpobui WNAXoM HarpiBaHHsa Ao
Temnepartypu > 580 °C npotarom 6inbwe 1 roa.
MNpumitka. binbw peraneHy iHdopmauilo AuB.Y
EN 1090, yacTtuHa 2.

(8) Ocobnuey yeary HeobXigHO 3BEPHYTU Ha Te,
wo gesaki snan tepmoobpobkn (Hanpuknag, sig-
nan) MOXyTb BUKIMKATU 3HWXKEHHSA TpaHuLi Teky-
YOCTi 4O MEHLUOrO 3Ha4YeHHS Hixk 6asoea rpaHuus
fy .

Mpumitka. Loao 3saploBaHHA XONO4HOGOPMOBAHMX
enemMeHTiB gue. Takox EN 1993-1-8.

3.2.3 CxunbHicmb cmaJsti 00 Kpuxkozo
pyliHy8aHHs

(1) Ane. EN 1993-1-1 ta EN 1993-1-10.

3.2.4 TosuwjuHa i epaHuYHi eidxunu

(1) Npaevna po3paxyHky, HaBeaexi B EN 1993-1-3,
MOXyTb BYyTW 3acTocoBaHi Ans cTanew B Aiana-

30HI TOBLUMH f,, .

Apumitka. [lianasoH ToBWMH t.,, ANsS NpodnUCTIB i
enemeHTisB Moxe Bytn HapaHun B HauioHanbHOMY
aopatky. PekoMeHaosaHi TOBLUMHU:
— ANs NpodnNUCTIiB | eNeMeHTIB:

0,45 MM <t <15 MM;
— Ansi 3'egHaHb:

0,45 MM < {50, <4 MM, guB. 8.1(2).
(2) MoxHa BukopucToBYBaTU OinblLly 260 MeHLY
TOBLUMHY 3a YMOBH, WO HECy4a 30aTtHICTb ene-

MEHTa BW3HaA4YeHa pO3paxyHKOM 3a pesynbTa-
Tamu sunpobyBansb.

(3) ToswwmHa cTanesoi ocHosu nucta ., no-

BYHH@ BUKOPUCTOBYBATUCL SK PO3paxyHKoBa Yy
pasi, Ko

the bends on the edge of the nominal plane ele-
ments should be counted with the half their angle
foreach areaAy; .

(7) The increase in yield strength due to cold form-
ing 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 annealing)
might induce a reduced yield strength lower than
the basic yield strength fyb.

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

0,45 mm tcor 15 mm
— for connections:

0,45 mm <., <4 mm, see 8.1(2).
(2) Thicker or thinner material may also be used,
provided that the load bearing resistance is deter-
mined by design assisted by testing.

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

t =ty npu (if) tol<5%, (3.3a)
t=ty = 199200 (on(if) tol>5%, (3.3b)
95
Ae tcor = 2‘nom - 2‘Mem. TOKP. (3.3¢) with tcor = 2‘nom - tmetallic coatings (3.3¢)

Ae tol — MmiHycoBuin fonyck Ha npokart, %.

Apumitka. [ns UWHKOBOrO MOKpWUTTSE Mapkn Z 275
fyure = 0,04 Mm.

where tol is the minus tolerance in %.
NOTE: For the usual Z 275 zinc coating, t,;,c = 0,04 mm.
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(4) Ons enemeHTiB | AUCTIB 3 HenepepBHO Ha-
HECEHUM rapayum MeTanesuM MNOKPUTTSM, Lo
MaloTb MiHYCOBI OMYCKU MeHLWe abo AOPIBHIOIOTL
"cneujiansHuM gonyckaM (S)" arigHo 3 EN 10143,
Moxe 6yTn 3acTocoBaHa po3paxyHKOBa TOBUIMHA
3rigHo 3 (3.3a). AKWwo MiHycoBWiA oNyck nepesu-
Wwye "cneuiansbHui gonyck (S)" arigHo 3 EN 10143,
po3paxyHKkoBa TOBLLUWHa MOXe 3aCTOCOBYBaTWUCh
3a (3.38).

(9) t,om — HOMiHaMbHa TOBLUMHA NWCTa nicns
xonogHoro d¢opMyBaHHA. BoHa wmoxe byTtu
NpUMHSITa Takow, WO AOPIBHIOE TOBLIMHI fAKCTA
BUXIZHOI 3aroTOBKW, AKWO NNOLL MNONEpeyYHoro
nepepisy Ao i nicna dopMysaHHsa GyayTh Biapis-
HATUCS He Binblue HiX Ha 2 %, B iHWUIMX BUNaakax
pPO3Mipn NigNAraTe YTOYHEHHIO.

3.3 Tunu 3’egHaHb
3.3.1 Bonmosei 3’°¢OHaHHA

(1) Bontu, rakm i wabu NoBUHHI BignosigaT
Bumoram EN 1993-1-8.

3.3.2 IHwWi munu 3acobie mexaHiYHO20
KpinmeHHs

(1) IHWi TMNK 3acobiB MexaHiyHOro KpinnexHs, a

came;

— CamOHapi3Hi I'BUHTU, WO BCTAHOBMNIOKTLCS B
nonepeaHeo 3pobnexHuit oTBip abo camo-
cBepnyBarbHi CaMOHapi3Hi 'BUHTH,

— Awbeni ons NpUcTpiniBaHHs,

— KOMGiHOBaHI 3aknenku

MOXYTb OyTWN BUKOPUCTaHI Y BiANOBIAHOCTI 3 Aito-
YnMn B EBpPOMi TEXHIYHUMU yMOBaMK Ha Biano-
BigHi BUpOOU.

(2) XapakrepucTuyHe 3Ha4YEeHHs1 ONopy Kpinunb-
HUX BMpOGiB 00 3cyBy F, gy | MiHIManbHe 3Ha-
YEHHs1 Oonopy po3TAry NpuAMalrTbCs 3rigHO 3
cTaHfapToMm Ha Bupib abo yarogxyeTteca 3 ETAG
abo ETA.

3.3.3 Mamepianu dns 3eaprogaHHs

(1) MaTtepianu ona 3saptoBaHHA NOBWUHHI Bigno-
BigaTh Bumoram EN 1993-1-8.
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(4) For continuously hot-dip metal coated mem-
bers and sheeting supplied with negative toler-
ances less or equal to the "special tolerances (S)"
given in EN 10143, the design thickness accord-
ing to (3.3a) may be used. If the negative toler-
ance is beyond "special tolerance (S)" given in
EN 10143 then the design thickness according to
(3.3b) may be used.

(5) t,om is the nominal sheet thickness after cold
forming. It may be taken as the value to thom of
the original sheet, if the calculative cross-sec-
tional areas before and after cold forming do not
differ more than 2%; otherwise the notional di-
mensions 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 F, g, and
the characteristic minimum tension resistance
Ft,Rk 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.
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4 NOBIOBIYHICTb
(1) OcHosHi BuMorn aus. B po3aini4 EN 1993-1-1.

Apumitka. B EN 1090, 9.3.1 BkasaHi chaktopu BNnmMBy
Ha BUFOTOBNEHHS, AKi HEODXiAHO BpaxoByBaTH B NPO-
yeci NPoeKTyBaHHS.

(2) OcobnuBy yeary HeoOXigHO npuAainATH
BUMaAKy 3acCTOCYBaHHA Pi3HUX martepianis, Konu
MOXYyTb CTBOPHOBATUCL YMOBWU ANSI BUHUKHEHHS
€neKTPOXiMiIYHOT KOPO3ii.

Mpumitka 1. BkasiBku LWOAO KOPOSIMHOI CTINKOCTI
KpinunbHWX BUPOGIB B 3anNeXHOCTI Big CTYyNeHA
arpeCcMBHOCTI  HABKOMWLLHBLOFO CepefoBullia OMB.
EN-ISO 12944-2, npopatok B.

Mpumitka 2. BkasiBky Woao NokpuTTa BUPO6GIB AMB. y
EN 508-1.

Mpumitka 3. Bkasisku wwogo iHWKUX BUpobiB auB. y
yactuHi 1-1 EN 1993.

MNpumitka 4. Bkasieku Wono rapsyeranspaHizoBaHux
KpinunbHUX Bupobie ams. y EN ISO 10684.

5 KOHCTPYKUIMHUN PO3PAXYHOK
5.1 Bnnus KyTiB 3ruHYy

(1) Ona npodinie 3 KyTaMu 3rMHIB TeOpeTUYHAa
WKUpUHa b, NNOCKNX AINSIHOK B Nepepisi NOBMHHA
BMMIPIOBATUCH Bif cepenHiX TOYOK CYCiflHiX 3rnHIB
(KyTiB), iIK MOKa3aHO Ha PUCYHKY 5.1.

(2) na nonepeyHnx nepepisis 3 KyTaMn 3ruHy
reomMeTpUYHi XapakTepUCTMKN Nepepisy BU3Ha4a-
IOTECA BUXOASAYM 3 HOMIHAnNbHOI reomeTpii none-
peYHoro nepepiay.

4 DURABILITY

(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 com-
positely, if these materials are such that electro-
chemical 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 bp of the plane elements
shouid be measured from the midpoints of the ad-
jacent 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.
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(a) — cepenHs Touka kyTa abo 3ruHy
(a) midpoint of corner or bend

X — nepeTuH cepeavHHnX nidin

X is intersection of midlines

P — cepenHs Touka kyTa

P is midpoint of corner

Im =r+t/2

CORD)

(b) — TeopeTnyHa WpuUHa b, Ana nnocknx
OiNAHOK nonuub
(b) notional flat width b, of plane parts of flanges

(c) — TeopeTuuHa WMUPKHE by, NNOCKOT YaCTUHM
CTiHKM (b, = BACOTa Haxuny sy,

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

(d) — TeopeTnyHa WpKHa by, NNOCKNX YacTyH,
CYMiXKHUX 3 eNeMEHTOM XOPCTKOCTi Ha CTiHUj

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

(e) — TeopeTnuHa WKpUHa b, NNOCKNX YACTWH,
CYMDKHUX 3 €NIEeMEHTOM XOPCTKOCTI Ha Nonuui
(e) notional flat width b, of flat parts adjacent to
flange stiffener

PucyHok 5.1 — TeopeTtnyHa luvpvHa bp NNOCKNX OiNstHOK NonepeYHoro nepepisy 6ins kyTiB 3ruHy
Figure 5.1 — Notional widths of plane cross section parts b, allowing for corner radii
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(3) Mpun BU3HAYEHHI TEOMETPUYHUX XapaKTepuc-
TUK nepepisis, gk Npasnno, HeobxigHO BUKOpPUC-
TOBYBaTW MeTog HabnuxeHHs. Bnnus kyTiB aruny
Ha onip nNepepizy MOXHa He BpaxoByBaTu, SIKLLO
BHYTPILWHIA pagiycr < 5tir <0,10b,, a nepepi3
MOXHa paxysaTth Taknm, WO CKNageHwni i3 nnoc-
KX enemeHTis, 06’€gHaHUX TrOCTPUMKW KyTamu
(3rigHO 3 puCyHKOM 5.2, NO3HaYMBLIN b, Ans BCIX
NNOCKUX ENEMEHTIB, BKMIOYAUN i PO3TATHYTI
enemeHnTn). MNpn BU3HAYEHHI reOMETPUYHNX Xa-
pakTepuCTUK NonepeyvHoro nepepisy 3aasxau spa-
XOBYETLCS BNMANB KyTiB 3rnHy.

(4) Bnnue KyTig 3rmHy Ha reomMeTpuYHI XapakTe-
PUCTWKK Nepepizy Moxe ByTn BpaxoBaHWiA 3MeH-
WEeHHAM X 3Ha4YeHb, AKi po3paxoBaHi ons nogid-
HOro nepepisy 3 rocTpumMu nepervHamn (ame. pu-
CYHOK 5.2) 3 BUKOPUCTAHHSAM TaKuUX NPUNyLweHs:

(3) Unless more appropriate methods are used to
determine the section properties the following ap-
proximate procedure may be used. The influence
of rounded corners on cross-section resistance
may be neglected if the internal radius r < 5t and
r <0,10b, and the cross-section may be as-
sumed to consist of plane elements with sharp
corners (according to figure 5.2, note b, for all flat
plane elements, inclusive plane elements in ten-
sion). For cross-section stiffness properties the
influence of rounded corners should always be
taken into account.

(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 =lgsn(1-28), (5.1b)
ly = ly,sh (1—48), (5.1¢)
n )
S, 173
i1 90°
) =0,43——n—————, (5.1d)

ae:

Ag — NoBHa nnoula nonepeyHoro nepepisy;
Ag,sh — nnowa Ay Ans nepepisy 3 roctpuMu
KyTamm;

bp,i — TEOpETMYHA WHPKMHA NNOCKOTO | enemMeHTa
B Nepepisi 3 rocTpUMn KyTamu;

Ig — MOMEHT iHepLii NOBHOrO NONepeYHoro ne-
pepisy;

Ig,sh — 3HaJYeHHs Ig ONs nepepisy 3 rocTpyumu
KyTamu;

l,, — CeKTopiansH1MiA MOMEHT iHepLjii NoBHOro ne-
pepiay;

lgsn — 3HaueHHs I, Ana nepepisy 3 roctpumu
KyTamu;

$ — KYT MiX BOMa NNOCKUMUW €NemMeHTamu;

m — KiNbKICTb NNOCKNX ENEeMEHTIB;

n — KiNbKICTb KPUBONIHIMHNX ENEMEHTIB;

r; — BHYTPIWHIA paalyc KpnBONIHINHOrO j-ro ene-

J
MEeHTa.

sz,i
i=1

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

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

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

Iy is the second moment of area of the gross

cross-section;

lgsn is the value of [, for a cross-section with
sharp corners;

l,, is the warping constant of the gross cross-sec-
tion;

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

¢ is the angle between two plane elements;

mis the number of plane elements;

n is the number of curved elements;

riis the internal radius of curved element j.
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PucyHok 5.2 — MNpunyileHHa woao ¢opmn 3rnHis
Figure 5.2 — Approximate allowance for rounded corners

(5) 3MeHwWeHi 3HaYeHHs, AKi BU3HaYaloTLCA 3a
dopmynamm (5.1), MOXyTb TakoX BUKOPUCTOBY-
BaTUCb ONA BU3HAYEHHS eheKTUBHUX XapakTe-
PWUCTMK NONEpPeYHOro nepepisy Aefr, Iy off » I eff i
lyeff 3 YpaxyBaHHAM TOro, WO TeopeTU4Ha
WMpUHa NNOCKUX ENEMEHTIB BUMIPIETLCH MK
TOYKaMU NepeTuHy iX cepeauHHUX NiHiN.

(6) Mpw sHYTpiluHbOMY pagiycir > 0,04t E/f, onip
norepeyvHoro Nepepisy BU3HavYaeTLCH 3a pesynb-
Tatamu sunpobysBaHb.

5.2 T'eoMeTpUUHI cniBBigHOWEHHA

(1) MNpasuna po3paxyHky, WO HaseAeHi B YaCTUHI
1-3 EN 1993, He noBWHHI PO3NOBCIOAKYBATUCh HA
npodcini, 8 AKMX BIAHOWEHHS WWPYHUA [0 TOB-
LWMHKM BUXOOATb 3a rpaHuui obmexeHb blt, hit, cit
Ta d/t, HaBeaeHux B Tabnuui 5.1.

Mpumitka. MpaHnuHi 3HaveHHs blt, hit, c/ti dit B Tab-
nvui 5.1 BigobpaxaloTe cdepy, B SKil HAKONMUYEHWI
[ocCTaTHIn AocBig, NiATBEpAKEHWA BUNpOGYBaHHAMM,
lMonepeyHi nepepisu 3 BIAHOLIEHHAM LWKXPWHU 40 TOB-
LWMHK Binblue HiXX BULLEBKa3aHi TAKOX MOXYTb 3aCTO-
COBYBaTUCb, SKLWO 1X ONip NpU FPaHWUYHKUX CTaHax 3a
HECY40l0 3AaTHICTIO i eKCnnyaTauiiHow NpUaAaTHICTIO
nepesipeHi BUNpobyBaHHsAMY i/abo pospaxyHkamu, Lo
niaTBEpAKEHI NEBHOI KiNLKICTIO BUNPOBYBaHb.
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(5) The reductions given by expression (5.1) may
also be applied in calculating the effective section
properties Agfr, Iy o, I o @Nd Iy ofr, provided
that the notional flat widths of the plane elements
are measured to the points of intersection of their
midlines.

(6) Where the internal radius r > 0,04tE/fy then
the resistance of the cross-section should be de-
termined 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, hit, c/t and d/t given
in Table 5.1.

NOTE: These limits b/t, hit, ¢/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 imit states are verified by
testing and/or by calculations, where the results are
confirmed by an appropriate number of tests.
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Tabnuua 5.1 — MakcumManbHi 3Ha4eHHS BigHOLLIEHHS WWPWUHU A0 TOBWMHN

Table 5.1 — Maximum width-to-thickness ratios
e—"—>] e—"—>]
—[—> <— bl/t<50

}— b/t<60

c/t<50
b \ b
K—*——*ﬁi ﬁ____ﬂ;i

_'fc"'n Tc"'ll b/t<90

t c/t<60
_Adk_ "’LL* d/t<50

b b
D — e E—

t b/t <500
h b 45°< ¢ < 90°

h/t<500sin¢

(2) Ans 3abe3neyeHHs HEOBXIAHOI KOPCTKOCTI i
nonepemkeHHs nepeayacHol BTpaTtW CTiMKOCTI
caMUM eNneMEHTOM >XOPCTKOCTI MOoro po3mipu
NOBUHHI BYTN B TaKUX MeXax:

(2) In order to provide sufficient stiffness and to
avoid primary buckling of the stiffener itself, the
sizes of stiffeners should be within the following
ranges:

02<c/b<0,6, (5.2a)
01<d/b<0,3, (5.2b)

ae posMmipu b, ¢ Ta d HaseaeHi B Tabnuui 5.1.
Y pasi, skwo ¢/b < 0,2 abo d/b < 0,1, BigrnHm
B3arani He BpaxoBylTeca (¢ = 0 abo d = 0).
Mpumitka 1. Mpy BU3HAYEHHI reOMeTpUYHUX Xapak-
TEPUCTUK e€EKTUBHOTO MOMNEPEYHOro nepepisy 3a
pe3ynbTatamMu BMnNpobyBaHb abo po3paxyHkiB Ui 06-
MEXEHHS! He BPaxoBYHOThCS.

in which the dimensions b, ¢ and d are as indi-
cated in table 5.1. If ¢/b < 0,2 or d/b < 0,1 the lip
should be ignored (¢ = 0 ord = 0).

NOTE 1: Where effective cross-section properties are

determined by testing and by calculations, these limits
do not apply.
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Mpumitka 2. Po3mip BiArvHy ¢ BUMIPIOETLCA NepneH-
AVKYNSPHO [0 NONUUi, HE3BaXawun Ha Te, Lo BiH
Moxe ByTu i He NepneHANKYNSPHUM A0 HeT.

Mpumitka 3. LWogo pospaxyHky METOAOM CKIHYEHHMX
enemeHTiB ame. aoaaTtok C EN 1993-1-5.

5.3 MogentoBaHHA po3paxyHKOBUX CXeM

(1) bBinbw TO4YHEe MoaentoBaHHA HaBOAWUTLCH B
EN 1993-1-5, ane HeaBaxaloum Ha Ue, eNeMeHTn
ronepeYyHoro Nepepisy Npu po3paxyHkax MOXyTb
ByTn 3mofgenboBaHi Tak, sk HaBeaeHo B Tabnuui
5.2.

(2) HeobxinHo BpaxoByBaTu CNiNbHAA BNNMB BCiX
eNeMeHTIB OPCTKOCTI.

(3) HepockoHanocTi, siki NoB’A3aHi i3 3armHansHo
i 3rMHanNbLHO-KPYTUIBHO hopMamKn BTpaTH CTilA-
KOCTi, HeobxigHO BpaxoByBaTW 3rigHO 3 Tabnu-
ueto 5.1 EN 1993-1-1.

MpumiTtka.
EN 1993-1-1.

(4) Ans HepockoHanocTen, NoB'AsaHWx 3 BTpa-
TOIO CTIAKOCTI 3@ NONepPEeYHO-KPYTUNbLHOW dop-
MOI0, NOYaTKOBE 3MilLlEHHA €y BIAHOCHO OCi Haw-
MEHLLIOT )KOPCTKOCTI Npodinio Moxe npuinmaTtucs
6e3 ypaxyBaHHs NOYATKOBOIO 3aKpydyBaHHS.

HeobxigHo Takox gmeutuc, 5.3.4

Mpumitka. 3HadeHHs Liel HepoCkoHanocCTi Moxe ByTu
HasegeHo B HauioHanoHoMy pacpatky. Benuuuua
eg/L = 1/600 npw pospaxyHKy B MpyXHii cTapji i
eg/L = 1/500 npn pospaxyHKy B NnacTuuHii cragil
peKoMeHayeTbCA ANA Nepepisie, BU3HAYEHNX 3 BUKO-
PUCTaHHAM KPUBOT CTIKOCTI NNOCKOI dopmn 3rnHy
3rigHo 3 6.3.2.2 EN 1993-1-1.

NOTE 2: The lip measure c 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 e 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
eg /L = 1/600 for elastic analysis and ey /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.

Tabnuua 5.2 — MogenioBaHHS eneMeHTIB NonepeyYHnx nepepisis

Twun enemMenTa Cxema

Table 5.2 — Modelling of elements of a cross-section
Tvn enemeHTa Cxema
Type of element Model

Type of element Model

o9 T
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e
“yn
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Kineub Tabnuui 5.2

Tvin enemeHTa Cxema
Type of element Model

Twvn enemeHTa Cxema
Type of element Model

5.4 KpuBuHa nonuub

(1) Bnnue KpMBUHW Ha Hecy4y 3AaTHICTb NPW 3rnHi
Ginbw wwupokol nonuui  npodinto  (KpUBUHK
BIQHOCHO HenTpanbHOI nnownHu) abo nonwuui
BUrHyTOro Npodinio 3i CTUCHYTOK 30BHILLIHLOK
CTOPOHOI MOXHa He BpaxoBYBaTW, SKLIO BOHA
ckrnagae Meslle Hix 5 % BucoTu nepepisy npo-
dinto. Y pasi, Akwo KpusnHa binblue, HeobxiaHo
BPaxoBYBaTU 3HWXEHHA HeCy4oi 34aTHOCTI, Ham-
pyknag, LWMAAXOM 3MEHILEHHA 3BUCY LUMPOKUX
NonuLb i BpaxyBaHHAM MOXMUBOIO 3rMHY CTIHOK.

Mpumirka. Ans kaceTHnx npodinis uen edext Bpaxo-
BaHuii B 10.2.2.2.

(2) Po3paxyHOK KpUBUHU MOXe BYTU BUKOHAHWUA
3a HaBefeHWMKN HmxYe chopMynamu. dopmynu
MOXHa 3aCTOCOBYBATW AN CTUCHYTUX i po3Tar-
HYTUX MONUYOK AK 3 efTEMEeHTaMW XOPCTKOCTI, Tak
i be3 HuX, ane 6e3 6nMM3bKo po3TalloBaHUX None-
PEYHMX €NEMEHTIB XOPCTKOCTI Ha NONNLAX:

— Ana npsMonidinHoro npodinto 40 HaeaHTa-

XeHHSA (OAnB. pUCyHok 5.3):

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 sub-
jected to flexure in which the concave side is in
compression, should be taken into account un-
less 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 in-
stance due to a decrease in the length of the lever
arm for parts of the wide flanges, and to the possi-
ble effect of the bending of the webs should be
taken into account.

NOTE: For liner trays this effect has been taken into
accountin 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 stiffen-
ers, but without closely spaced transversal stiffen-
ers at flanges.

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

u=2-4-°, (5.3a)

— ANst BUrHyTO! Banku:

ne:

u — gedopmadis 3rvHy nonuui y cepeguHy Ao
HeWTpanbHOI OCi (KpuBMHa), ANB. PUCYHOK 5.3;
b, — nonosuHa BIACTaHi MiX CTiHKamu Kopob-
yacTtoro i omera-npodino abo 3suc nonuui, AMB.
PUCYHOK 5.3;

Sals . (5.3b)

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

b 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;
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t — ToBUWIMHA NONWL;

Z — BiACTaHb Big nonuui 4o HelTpansHOI OCi;

r — pafiyc KpUBMHW BUrHYTOI Banku;

G5 — FONOBHE HaNPyXeHHS B NONUUSAX, Ke BU-
3HadeHe 4na npodinto NOBHOro nepepisy. Hanpy-
XKeHHs aAnsa e@eKTMBHOIO NONEPEYHOro nepepisy
BM3HAYaETLCA MHOXEHHSIM G, Ha BiAHOLIEHHS
echbekTUBHOT NNoLi NONMLi A0 NOBHOI.

2b,

——
B —3

—h“w——-

tis flange thickness;

z is distance of flange under consideration from
neutral axis;

r is radius of curvature of arched beam;

o, 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 ob-
tained by multiplying the stress for the effective
cross- section by the ratio of the effective flange
area to the gross flange area.

bs

T

PucyHok 5.3 — KpusnHa nonuub
Figure 5.3 — Flange curling

5.5 MicueBa Ta 3aranbHa BTpaTa CTiNKOCTI

5.5.1 3aczanbHi NonoxeHHs

(1) Mpw BU3HaYeHHI micLEeBOi | 3aranbHOl BTpaTK
CTIKOCTI XONOAHOOPMOBAHUX ENEMEHTIB i Npod-
nucTiB HeobXxiAHO BpaxoByBaTW BMNMB MicUEBOI
BTpaTW CTIMKOCTI i CTIAKOCTI hOpMU Nepepisy.

(2) Bnnue wmicueBoi BTpaTW CTIAKOCTI MOXe
BPaxoByBaTUCb BWKOPUCTAHHAM TE€OMETPUYHUX
XapakrepucTuk eeKTUBHOIO nepepisy, siki BU3-
Ha4yawTbesa 3rigHo 3 EN 1993-1-5.

(3) Mig 4ac nepeBipkn onopy Micuesi BTparTi
CTIVIKOCTi rpanuUs TeKYYOCTi fy NPUAMacETbCs SK
fyb NPU BU3HAYEHHI ePEKTUBHOI LUIMPUHU CTUCHY-
TUX entemMeHTiB 3rigHo 3 EN 1993-1-5.

Mpumitka. CtocosHo onopy Axe. 6.1.3(1).

(4) Ans ouiHkM ekcnnyaTauiiHoi NpuAaTHOCTI
edeKTNBHa WMpUHA CTUCHYTOTO ENeMeHTa BU3-
HaYaeTbCa 32 HANPYXEHHAM CTUCKY G com Ed ser
BiJl HOPMaTUBHOIO HABAHTAXEHHS.

(5) 3aranbHa BTpaTa CTiKOCTI hopMn nepepisy
enemeHTiB 3 Kpanosnumm abo npomixxHuMu ene-

MEHTamWu >KOPCTKOCTI NOKasaHa Ha pUCyHKy 5.4(d)
i po3rnspaeTbes 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, cal-
culated 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 f,;, when cal-
culating 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 6 qom g4 ser in the ele-
ment under the serviceability limit state loading.

(5) The distortional buckling for elements with
edge or intermediate stiffeners as indicated in fig-
ure 5.4(d) are considered in Section 5.5.3.
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(6) EdbexTn 3aransHOi BTpATW CTIMKOCTI NOBUHHI
BpaxoByBaTUCb 3a pucyHkoMm 5.4 (a), (b) i (c).
B Takux Bunagkax edektn BTpaTh CTIKAKOCTI
hopmMu nepepiay OLiHITLCS NiHIHUM {5.5.1(7))
ab0o HeniHiMHKMM po3paxyHKOM BTpPaTW CTIAKOCTI
(ame. EN 1993-1-5) uncnosumu metogamun, abo
BUMNpoBYBaHHAM KOPOTKUX CTOSIKIB.

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

PucyHok 5.4 — Mpuknagu BTpaTtyn CTiKOCTi hopMu nepepisy
Figure 5.4 — Examples of distortional buckling modes

(7) Bes 3actocyBaHHs crnpolleHoro cnocody
3rigHo 3 5.5.3, Npn AKOMY HanpyXeHHs BTpaTu
CTIVKOCTi B NpY>)XHiA cTaaii BU3HAYaoTLCS MiHik-
HUM pO3paxyHKoM, MoxXe OyTWU 3anpOnOHOBaHUI
HaCTYNHWA anropuTMm:

1) [Ins pi3HWUX AOBXMH XBUIb 40 NOBHOI AOBXWUHU
enemMeHTa BKIMIOYHO BU3HAUYNTUN HaNpYXEHHS, ke
BignoBigae BTpaTi CTIAKOCTI B MNpPYXHin cragii i
BCTAHOBWUTW afekBaTHy hopMy BTpaTu CTIAKOCTI,
OMB. pUCyHOK 5.5a.

2) BU3Ha4YNTU edeKTUBHY LUNPUHY (S) 3TiAHO 3
5.5.2 AnA 4acTok nonepevHoro nepepisy, LWo
BTPATUNN MICLEBY CTIMKICTb NPU MiHIManLHOMY
Hanpy>XeHHi, An.. pucyHok 5.5b.

3) BwusHauimtn npuBegeHy TOBWMHY (auB.
5.5.3.1(7)) anA KpanoBUX i NPOMIPKHNUX ENEMEHTIB
XOpPCTKOCTI abo iHIWKMX 4YacToK nonepeyHoro ne-
pepi3sy, AKi 3a3Hanu 3aranbHOi BTPATWU CTIMKOCTI
cdhopmMu nepepisy Big Ail MiHIManbHUX HarnpyXeHb,
OuB. pucyHok 5.5b.

4) BuaHaunTu 3aranbHUA onip BTpaTi CTINKOCTI,
AKWA Bignoeigae BTpaTi 3aranbHOi  CTINKOCTI
3rinHo 3 6.2 (3rvHanbHa, kpyTunbHa abo none-
peYHO-KpyTMnbHa opMa BTpaTU CTIMKOCTI B
3anexXxHoCTi Bi4 1i TMNY) ANS enemeHTa NOBHOI
OOBXUHU 3 e(PEKTUBHUM NMonepevHnm nepepiaom
3a 2)i3).

(7) Unless the simplified procedure in 5.5.3 is
used and where the elastic buckling stress is ob-
tained 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 buck-
ling stress, see figure 5.5b.

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

©) Brpata cTiikol chopmu
nepepisy
b) Distorsional buckling

HanpyXeHHs BTpaTi CTIAKOCTI

Buckling stress

a) Micuesa BTparta CTilikocTi
a} Local buckling

a) b) c)

HdosxuHa Hanigxsuni
Halve-wave length

PucyHok 5.5a — Npuknagn 3anexHocTi KPUTUYHUX HAaNpyXXeHb B NPYXHIA cTaaii Ans pisHux dopm
BTPaTV CTINKOCTI Big AOBXWHW HaniBXBUAI, a Takox hopm BTpaTH CTINKOCTI
Figure 5.5a — Examples of elastic critical stress for various buckling modes as function of halve-wave
length and examples of buckling modes

Onip Micyesii BTpaTi CTHKOCTI Onip 3aranbHiil BTPaTI CTiAKOCTI
Local buckling resistance Distorsional buckling resistance

3 SRR o
> \ Elapsﬂz dist%);:(ional A \  Moxnusuit B3aemMHUI BNMB MicLEesoi
X \ buckling \ i3aranbHol 8TpaTy cTilKocTi
e \ < \ Possible interaction local - global buckling
gg| | N L P
(LR o) “ o P, T — _‘ L od e .
b | BaranbHa sTpara crifkocTi
B NDYXHIN cTagil
N\ ( Elastic overall buckling
\ 4 _\
N Y — - "‘:‘“ .. ™~

_ 2-i xguni  3-1 xBuni
Ml_c:-uesa‘ BTpata twowaves three waves
CTIMKOCTI B NPYMKHIA Oniip 3aranuHift BTpaTi CTIAKOCTI

cranii 1-1 xauni - .
Elastic local Overall buckiing resistance

buckling, one wave

DoBxuHa enemeHTa
Member length

PucyHok 5.5b — Mpuknaan sanexHocTi HaBaHTaxeHHs Npy BTpaTi CTINKOCTI B NPYXHIn cragil
Ta onopy BTpaTi CTINKOCTI Bij 4OBXWHM enemMeHTa
Figure 5.5b — Examples of elastic buckling load and buckling resistance as a function of member
length
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5.5.2 lnocki enemeHmu 6e3 entemMeHmie
Xopcmkocmi

(1) EdektuBHy wWWpuHY enemeHTiB 6e3 ene-
MEHTIB XOPCTKOCTi HeObXiaAHO BU3HAYaTH 3rigHo 3
EN 1993-1-5, BUKOPUCTOBYIOHN TEOPETUYHY LLIN-
PUHY b, Ans b WNAXoM BpaxyBaHHS MOHUXY-
BanbHOro KkoediuieHTa Ana BTPaATU  CTIAKOCTI
NUCTIB, BUXOAAYM 3 IX YMOBHOI MHY4KOCTI —?tp.

(2) TeopeTuyHa WwupuKa b, Nrockoro enemeHTa
noBuHHa ByTu BM3HadeHa 3a pucyHkom 5.1 B nia-
po3aini 5.1.4. Y Bunagky, Konv nnockui enemenT
€ HaxXMNEHOo NNOLUHOW, TO NPUAMAETLCHA BU-
coTa 3a Haxunow.

Mpwumitka. Ans pewTn Bunagkie 6inbl TOYHUA MeTOA
BU3HAYEHHA eMEKTUBHOI LWMPUHU HaBEeOEeHo B [O-
AaTky .

(3) MNpwn BU3Ha4veHHi 3a meTogom EN 1993-1-5

MOXYTb BYTW 3aCTOCOBAHI TaKi NOMOXEHHS:

— CNiBBiAHOLWEHHA HanpyxeHb y 3a Tabnuuamu
41 i 4.2, ake HeoDxigHe AnNa BU3HA4YeHHS
eeKTUBHOI WNPpUKKM Nonuub npodinto nig
Qi rpagieHTa  HanpyXeHo, Moxe OyTu
obuuncrieHe 3 BUKOPUCTAHHAM XapaKTepucTuk
NMOBHOIO Nepepiay;

— CniBBIAHOLWEHHS HanpyxeHb ¥ 3a Tabnuusamu
41 i 4.2, ake HeobxigHe ONSA BU3HAYEHHSA
edEeKTUBHOI LUMPUHK  CTiHKK, MOxe Bytu
obuucneHe 3 BUKOPUCTaAHHAM edEeKTUBHOI
NMowji CTUCHYTOI nonuui i NOBHOI nnowi
CTiHKW;

— XapakTepuctukn edekTMBHOro nepepisy Mo-
XyTb OYTW YTOUYHEHi 3 BUKOPUCTaAHHAM cniB-
BigHOLWEHHA HanpyxeHe ¥, sike obuucnexe
Ana Bu3HayeHoro edekTMBHOro noneped-
HOro Nepepi3y 3aMicTb NOBHOroO nepepisy. MiHi-
ManbHa KiNnbKiCTe KPOKIB B iTepauitHOMy po3-
paxyHKy 3 rpafieHTOM HanpyXeHoro craHy
[OpPIBHIOE OBOM;

— crpoweHun Metoa, HasegeHun B 5.5.3.4,
MOXe ByTW BUKOPUCTAHWIA Ans CTIHOK Tpane-
uienogibHMx nNUCTiB, AKi 3HaAXoaATbLCS B YMO-
Bax 3MiHHOMO HaNpPyYXeHoro cTaHy.

5.5.3 Mnocki enemedmu 3 kpatiosumu abo
APOMDKHUMU eJieMeHmamu Xopcmxkocmi

5.5.3.1 BacanbHi nonoxeHHs

(1) PospaxyHOK CTUCHEHMX eNneMeHTIB 3 Kpaio-
BUMMK abo NPOMIKHUMUW ereMeHTaMmn XOPCTKOCTI
NOBUHEH IPYHTYBATUCA HA NPUNYLLEHHI, L0 ene-
MEHT XKOPCTKOCTI NpaLytoe AK CTUCHYTUI 3 Hene-

5.5.2 Plane elements without stiffeners

(1) The effective widths of unstiffened elements
should be obtained from EN 1993-1-5 using the
notional flat width b, for b by determining the re-
duction factors for plate buckling based on the
plate slenderness 2 .

(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 fol-

lowing 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 compres-
sion 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.

5.5.3 Plane elements with edge or inter-
mediate stiffeners

5.5.3.1 General

(1) The design of compression elements with
edge or intermediate stiffeners should be based
on the assumption that the stiffener behaves as
a compression member with continuous partial
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PEPBHUM 3aKPINNEHHSAM NPYXHO-NoaaTIMBUMUK
B'A35IMN, XKOPCTKICTb SIKUX 3anexuTb Bif rpa-
HUYHMX YMOB i 3rHAsNbHO! XKOPCTKOCTI CYMIKHUX
NIIOCKUX ENEMEHTIB.

(2) XopcTKicTb NpyXHO-NOAATNIMBUX B'A3eN ene-
MEHTa KOPCTKOCTI NOBWHHA BU3HAYaATUCL NpPU-
KNageHHAM OAMHUMHOIO HAaBaHTaKEHHS U Ha
OOMHULIID JOBXWHY, SIK BKa3aHO Ha pucyHky 5.6.
XKopcTkicTb B'A3en K Ha OAUHKLIIO JOBXNUHN MOXe
Byt BnsHaveHa 3a hopmynoto:

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 de-
termined 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=uls, (5.9)

he:

8 — nepeMilleHHA enemMeHTa »XOPCTKOCTI Bif
HaBaHTaXEHHA U, WO fAi€ y UEeHTPi TAXIHHA by
e eKTUBHOI YaCTKN NONePeYHOro nepepiay.

where:

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

a — haKkTu4Ha cxema
a) Actual system

t‘_ 92_.{

T

b1 e2rb2 91“_

b — ekBiBaneHTHa cxema
b) Equivalent system

Yy "y
By gy

u

Cruek 3rvH
Compression Bending

o

Yy
B3

<
e

Cruck 3ruH
Compression Bending

C — pO3paxyHKoBi cXeMu AnA BU3HaUYeHHs 6 eneMenTiB C- i Z-nogibHoi hopmu
c¢) Calculation of 8 for C and Z sections

PuicyHok 5.6 — BU3HaueHHS XOPCTKOCTI B'A3I
Figure 5.6 — Determination of spring stiffness
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(3) Mpwn BU3HAYEHHI KYTOBUX XOPCTKOCTEN B'A3i
Co, Cpq1 1| Cgp B 3anmexHocTi Big reomertpii
nonepeYvyHoro nepepisy NoBWHHI BpaxoByBaTWUCh
iHWIi eneMeHTn XOPCTKOCTI, AKi po3TawoaHi Ha
UboMy enemeHTi abo Ha Oyab-SKOMy iHWOMY
eneMeHTi nonepeyHoro nepepisy, Wo NigaaeTbes
CTUCHEHHIO.

(4) Ans kpaoBOro enemMeHTa XOPCTKOCTI nepe-
MilLlEHHS 8 BU3HA4YaeTbecA 3a hopmynoto:

uby 12(1-v?)

(3) In determining the values of the rotational
spring stiffnesses Cy, Cg 1 and Cy , from the ge-
ometry 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 el-
ement of the cross-section that is subject to com-
pression.

(4) For an edge stiffener, the deflection § should
be obtained from:

d=0b, +——- . 5.10a

Pr3 g8 (6102)
ae: with:
0= pr/Ce .

(5) Axwo kpanoBi enemMeHTN XOPCTKOCTI € Bia-
rmHamun nonuub C- i Z-noaibHux nepepisis, 10 Cy
NOBUHHA BU3HAYaTUCL Bid OOWHWUYHOIO HaBaH-
TaXeHHS U, WO fie, 8K nokasaHo Ha puc. 5.6(c).
BHacnigok 4yoro gnst nonuui 1 Bupas XXopcTKOCTI
B'A3i K4 € Takum:

3
K- EC_

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

1 (5.10b)

4(1=v?) b2h, +b3 +0,5bboh, k-

fe:

b, — BiacTaHb BiA NEpPeTUHYy CTiHKK i nonuui Ao
UeHTpa TSXIHHA edeKTUMBHOI nnoLli Kpanosoro
BiArMHY (BKNOYaoYn ehekTMBHY YacTky nonui
b.,) Ha nonuui 1, ane. pucyHok 5.6(a);

b, — BiACTaHb Bi NepeTUHY CTiHKKX 3 Nonuueto Ao
ueHTpa TsXiHHA edeKTUBHOI NNOoLli Kpanosoro
BiAMMHY (BKMOYaUM epekTUBHY YacTKy nonuui)
Ha nonuui 2;

h,, — BACOTa CTiHKK;

ks = 0 — sKwo nonuus 2 poatarHeHa (Tobto ans
Banku, sika 3rMHaeTLCH BIAHOCHO OCi y-Y);

A
k¢ =52 _ npy CTUCHYTIN nonuui 2 (sk npu
st

OCLOBOMY CTUCKY CTPWXHS);
Ks=1— npun CTUCKY CUMETPUYHOrO Nepepiay.
Agq i Ago — edekTBHa nnowa BiArvHy (BKMO-

Yalun edeKTUBHY 4YacTky by, AWB. PUCYHOK
5.6(b)) ons nonuub 1 i 2 BignosigHo.

(6) [Ona nNpoOMIKHOIO enemMeHTa KOPCTKOCTI
3HaYeHHs KyTOBOI XKOPCTKOCTI B'A3en Cq 1 1a Cy 2
MOXXHa NpMBNN3HO NPUNHATH TakUM, LLO AOPIB-

where:

b, is the distance from the web-to-flange junction
to the gravity center of the effective area of the
edge stiffener (including effective part b,, of the
flange) of flange 1, see figure 5.6(a);

b, 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;

h,, is the web depth;

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

A
kg = 752 4 flange 2 is also in compression (e.g.
s1

for a beam in axial compression);

ks =1 for a symmetric section in compression.
Agqand Ag, is the effective area of the edge stiff-
ener (including effective part b, of the flange, see
figure 5.6(b)) of flange 1 and flange 2 respec-
tively.

(6) For an intermediate stiffener, as a conserva-
tive alternative the values of the rotational spring
stiffnesses Cg 1 and C , may be taken as equal
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HIOE HYMIO | NepeMILlLEeHHS § MOXHa BU3HAYUTK 3a
dhopmynoio:

ubths  12(1-v?)

to zero, and the deflection & may be obtained
from:

" 3(bq+b9)

(7) MoHmxyBanbHU KoediuieHT Ans onopy
3aranbHin BTpaTti CTIKOCTi chopMu nepepisy y 4
(srvHanbHa dopma BTpaTu CTIMKOCTI enemeHTa
XOPCTKOCTI) NMOBUHEH BM3HA4YaTUCL 3 ypaxyBaH-
HSIM YMOBHOI FHYYKOCTi .4 TaKUM YMHOM:

i (5.11)

(7) The reduction factor y, for the distortional
buckling resistance (flexural buckling of a stiff-
ener) should be obtained from the relative slen-
derness 4 from:

xg =1,0 npn (if) 14 < 0,65, (5.12a)
xg =1,47-0,723%4 npu (if) 0,65< 1y < 1,38, (5.12b)
Ad _0.66 npw (if) A4 =1,38, (5.12¢)
Ag
ae: where:
g =fyp [Ocrs (5.12d)
ae: where:

Ger,s — KPUTUUHE HanNpyXeHHa B NPYXHIA ctagii
Ans enemeHTa (TiB) XOpCTKOCTI 3rigHo 3 5.5.3.2,
5.5.3.3 260 5.5.3.4.

(8) AnbTepHaTUBHO KpPUTWUYHE HarNpyXeHHs B
NPYXHIN cTagiic o, ¢ MOXe BYTu BU3HaYEeHO Npyx-
HWM PO3paxyHKOM MepLIoro NOpsiAKy Ha BTparty
CTINKOCTI 32 HeedOpMOBaHOK CXEMOK 3 BUKO-
PUCTaHHAM YncensHux metogis (aue. 5.5.1(7)).

(9) Ansa nnockoro enemeHTa 3 KpanuosuM i Npo-
MiXXHUM enemMeHTOM (TamMu) XOPCTKOCTI 3a BiacyT-
HOCTI Binblu TOYHOrO MeToAY PO3pPaxyHKy, BNAMB
NPOMIDKHOTO enemeHTa (TiB) XXOPCTKOCTI MOXHa
He BpaxoByBaTH.

5.5.3.2 llnocki enemenmu 3 kpatosumu eidau-
Hamu

(1) Ans kparoBOro BiArMHY HaBedeHa HWXYe
METO/IMKa MOXE 3aCTOCOBYBATUCH, SIKLLO KYT MiX
BIAMMHOM i NMNOCKUM €NeMeHTOM 3HaxoauUTLCA B
Mexax Bif 45° fo 135° i BUKOHYIOTLCA BUMOTU
5.2.
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o¢r s IS the elastic critical stress for the stiffener(s)
from 5.5.3.2,5.5.3.3 or 5.5.3.4.

(8) Alternatively, the elastic critical buckling stress
G¢rs May be obtained from elastic first order
buckling analysis using numerical methods (see
5.5.1(7)).

(92) 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 intermedi-
ate 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°.
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b/t<60
a) oguHapHui
a) single edge fold
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d
b/t<90
b) noasinHun
b) double edge fold

PucyHok 5.7 — Kpaiiosi BiarmHm

Figure 5.7

(2) MNonepe4vHniA Nepepis kpanoBoro BiArMHY nNo-
BWHEH CKNagaTucb 3 edEeKkTUBHOI 4YacTku erne-
MEHTAa XOPCTKOCTi, TOBTO YacTkun ¢ abo 4acTok C i
d, 5iK BKa3aHo Ha pUCYHKY 5.7, nnoc edeKkTMBHa
YacTka NNocKoro BiApi3ky bp.

(3) AnropuTm Bu3Ha4YeHHSA eEeKTUBHOI WNPUHN
CTUCHYTUX NOMNUUb 3 eNeMeHTamMu XOPCTKOCTI Y
BUrNS4i BiArvHIB HaBEAEHUM Ha PUCYHKY 5.8 i
NoBWMHEH CKNagaTUCh 3 Taknx eTanis:

Etan 1: Bu3Ha4yaeTbCa Nno4aTKkoBUN edhEKTUBHUA
nepepis enemMeHTa XXOPCTKOCTI 3 BUKOPUCTaAHHAM
eheKTUBHOI WIUPUHU, sika 0BYMCNIOETBCS MpU
Scom,ed = fyb [Ymo, BVB. (4) i (5);

Eran 2: Bu3HavaeTbCa NOHMXyBanNbHUA Koediui-
€HT 3arancHoi BTpaTu CTIAKOCTI hopMu nepepisy
(srvHanbHa dhopma BTpaTK CTIMKOCTI KparoBOro
erieMeHTa XOPCTKOCTi), BUKOPUCTOBYHKYN NMOYaTKO-
BUMA eheKTMBHUIN Nepepia enemMeHTa XOPCTKOCTI
i HaABHICTL HenepepBHOI NPYXHO-NOAATNMBOI
onopwu, aus. (6), (7) i (8);

Etan 3: iTepauiniiuMm po3paxyHKOM YTOYHIOETLCH
NOHMXKYyBansLHUA koedillieHT BTpaTu CTIAKOCTI
¢opmu nepepisy, aus. (9), (10).

(4) MouaTkoBi 3HaYEHHA €DEKTUBHOT LUMPUHN b gy
i bgp, WO HaBedeHi Ha pucyHky 5.7, BU3Ha4da-
0TbCA 3rigHO 3 5.5.2 3 npunyweHHsaMm, Lo
NNOCKWUA €NEMEHT bp 3akpinneHuin 3 gsox OokiB.,
auvs. Tabnuuo 4.1 EN 1993-1-5.

— Edge stiffeners

(2) The cross-section of an edge stiffener should
be taken as comprising the effective portions of
the stiffener, element ¢ or elements ¢ and d as
shown in figure 5.7, plus the adjacent effective
portion of the plane element bp.

(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 6 comgq = fyb /Ymo, S€€ (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 stiff-
ener), 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 b4 and b,
shown in figure 5.7 should be determined from
clause 5.5.2 by assuming that the plane element
b, is doubly supported, see table 4.1 in
EN 1993-1-5.
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(5) MouaTkoBi 3HaYeHHA ePEeKTUBHOI LLIMPUHN, WO
NnokasaHi Ha PUCyHKy 5.7, NOBUHHI BU3HaAYaTUCL B
Taku# cnocib:

a) AN 0AVHaPHOro BiATMHY:

Coff

Oe p BU3HA4YaeTLCH B 5.5.2 3 ypaxyBaHHAM Koe-
¢hivieHTa BTpaTh CTINKOCTI K
— AKWwo by . /b, <0,35:

— akwo 0,35« bp,c /bp <0,6:

Ko =0,5+0,833 (b /b, ~0,35)%;

6) AnSA NOABIMHOrO Bi4TUHY:

Ceff

Ae p Bu3HayaeTbecs 3a 5.5.2 3 ypaxyBaHHaM
koedilieHTa BTpaTW CTINKOCTI k; ANs 3akpinne-
HOro 3 fBox 6okiB enemMeHTa 3a Tabnuueio 4.1
EN 1993-1-5.

deff = Pbp,d )

Ae p BuU3HavaeTsca 3a 5.5.2 3 ypaxyBaHHAM
KoedilieHTa ks, SIK ANA BiAOKPEMNEHOIO ene-
MeHTa, 3a Tabnuuer 4.2 EN 1993-1-5.

(6) EdbextnBHa nnowa nonepeyHoro nepepiy Ag
KpanoBOro BiArMHYy BU3HaYaeTLCA 3a hopmynamu:

Ag =t(bgo +Cefr)

abo

As =t(bgp +Caq+Ce2 +deff) -

MNMpumitka. 3a HeoOXigHOCTI BpPaxoBYKTLCS 3aKPYr-
neHHs, aus. 5.1.

(7) KpuTuUHe HanpyXeHHs 6 o, ¢ BTPaTH CTIAKOCTI
KpanoBoro BiArMHYy B NpPYXHiA cTtafil BM3Haya-
€TbCs 3a HOPMYNOL0:

Sers =

he:
K ~ noroHHa »opcTkicTb B'A3i, ame. 5.5.3.1(2);

I — MOMeHT iHepuil edekTMBHOrO nepepisy
BiOMVHY, BU3HAYeHNA 32 eheKTUBHOK NMOLLEID
A BIIHOCHO LieHTPanbHoi oci a — a ehekTUBHOro
nonepeyHoro nepepiay, AMB. PUCYHOK 5.7.
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(5) Initial values of the effective widths ceff and
deff shown in figure 5.7 should be obtained as fol-
lows:

a) for a single edge fold stiffener:

=pbpc (5.13a)

with p obtained from 5.5.2, except using a value of
the buckling factor k ; given by the following:
- ifbpc /by <0,35

2 JKEI,

=0,5; (5.13b)
- if0,35< by /b, £0,6:
(5.13c)
b) for a double edge fold stiffener:
=pbpc (5.13d)

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

(5.13¢)

with p otained from 5.5.2 with a buckling factor k
for an outstand element from table 4.2 in
EN 1993-1-5,

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

(5.14a)
or

(5.14b)

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

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

, 515
A (5.15)
where:
K is the spring stiffness per unit length, see
5.5.3.1(2).

ls is the effective second moment of area of the
stiffener, taken as that of its effective area Ag
about the centroidal axis a — a of its effective
cross-section, see figure 5.7.
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a) MNoBHWI nonepeyYHuin Nnepepis i rpaHnYHi yMOBU
a) Gross cross-section and boundary conditions

b) ETan 1: ecbekTnBHUIA nonepeyHnid nepepis npu

K = Ha 6a3i 6 comeq = fyb [YMo

b) Step 1: Effective cross-section for K = = based on
S com,Ed =fyb /YMO

c) ETan 2: KpuTuuHe HanpyXeHHS G o, ¢ B NPYXHIN
cTagii ana edpekTmsHOI NNowwi Ay i3 eTany 1
c) Step 2: Elastic critical stress o, ¢ for effective area

of stiffener Ag from step 1

d) 3uvxeHa MILHICTb 3¢ fyp /Ypo ANS enemenTa
)KOPCTKOCTi 3 e(PEKTUBHOIO Noweto Ag i NOHUXKY-
BanbHUM KOEMILlIEHTOM ¥ 4 Ha 6asic g ¢

d) Reduced strength y 4 f,5 /7m0 Tor effective area of
stiffener A, with reduction factor y 4 based onc ., ¢

Imepauin 1
lteration 1

e) ETan 3: noeToptoeTbes etan 1 Ans po3paxyHky

eeKTNBHOI LUMPUHM i3 3HWKEHUM HaNpyXeHHAM
mfyb/ Two 3 CTUCKY O com,£d,i = Xd fyb /Ym0 314 13 iTepauii 1 aotw,
1T NOKU X ¢ n = Ad,(n-1): @€ Agn = Xd,(n-1)
imepauis n e) Step 3: Optionally repeat step 1 by calculating the
iteration n effective width with a reduced compressive stress

GcomEd,i = Xd fyb /Ymo With x4 from previous iteration,
continuing until Xd,n =Xd,(n-1) butxd,n < Xd,(n—1))

fyb/*fmo g £ /Y f) MpuitmaeTbea eeKkTUBHUI NONEPeYHUA nepepis 3
I yol Mo b, Cefri MPUBEEHA TOBLUMNHA {0y , LLIO KOPECTOH-
ki t {  nOyetbca sy
b - b, S an .
91"“’{ l"“ o2 é:, f) Adopt an effective cross-section with bg,, Co and
v reduced thickness t,4 corresponding to x 4

PucyHok 5.8 — Onip cTucKy nonuui 3 KpanoBuM BigrMHOM
Figure 5.8 — Compression resistance of a flange with an edge stiffener

(8) ANbTepHaTUBHO KPUTUYHE HANPYXKEHHS G ¢ o (8) Alternatively, the elastic critical buckling stress

npu BTpaTi CTIAKOCTI B MPYXHIR cTagii MoxHa
BM3HAYUTU, BUKOPUCTOBYHOHU HYUCNOBI METOAM
NPYXHUX PO3paxyHKiB Neploro nopsaky Ha
BTpaTy CTikoCTi, AmB. 5.5.1(7).

(9) MoHnxysanbHUA KoedilieHT 3aranesHol BTpa-
TU CTIAKOCTI ¥ 4 (3rMHanbHa opma BTpaTh CTiRn-
KOCTi KpamoBOro eneMeHTa >XOPCTKOCTI) BU3Ha-
YaETbCA B 3ANEXHOCTI Bi4 BENUYMHU o ¢ 3@
meToaom 5.5.3.1(7).

Gors May be obtained from elastic first order
buckling analyses using numerical methods, see
5.5.1(7).

(9) The reduction factor x4 for the distortional
buckling (flexural buckling of a stiffener) resis-
tance of an edge stiffener should be obtained
from the value of o, ¢ using the method given in
5.5.3.1(7).
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(10) Axwo x4 <1, 3HAYEHHS MOHMXKYBAMbLHOIO
KoediuieHTa CTINKOCTI MOXHa BWM3Ha4YUTU iTepa-
LiHO, NOYMHa4M 3 MOANMDIKOBAHUX 3HaYeHb p,
BU3HaveHnx 3rigHo 3 5.5.2(5), npuimatoum

S comEd,i FKXd fyb /Ymo 38 yMOBU, Wo:

I8 p,red

(11) NpueepeHa edhekTMBHA MMoWa efeMeHTa
XOPCTKOCTI Ag oy 3 YPaxyBaHHAM 3ruHanbHOI
hopMu BTpaTH CTIMKOCTI BUSHAYAETLCA Tak:

fop /v
_ yb/TMO
As,red =Yg As
O com,Ed
e
CcomEd — HaANPYXEHHS CTUCKY B3AOBX LEHT-

pancHOi OCi eneMeHTa XOpPCTKOCTi oB4vucneHe
ANns edpeKTMBHOrO NonepeYHoro nepepisy.

(12) Mpn BU3HAYEHHI rEOMETPUYHUX XapaKTe-
PUCTUK eMEKTUBHOIO MNONEpPeYHOro nepepisy
npuBedeHa edekTMBHA nnowa Ag oq NOBUHHA
BM3HA4aTUCb 32 NPUBELEHOK  TOBLIMHOKD
tred =tAs red [As AN YCIX €NEMEHTIB, Ki BKIIO-
YeHi B Ag.

5.5.3.3 Tlnocki enemMeHmu 3 NPOMKHUMU erfie-
MeHmamu Xxopcmkocmi

(1) AnropuTm, WO HaBOOUTBECS HWXYE, MOXHAa
3actocoByBaTu ANnsa ogHoro abo ABOX 0gHAKOBO
BUrHYTUX abo CKPYrNEHNX eNemMeHTIB XOPCTKOCTI
3 ypaxyBaHHsM TOro, WO BCi NNOCKI €nemMeHTH
po3paxoBaHi 3rigHo 3 5.5.2.

(2) MonepeyHun nepepis NpoMiXHOTO eneMeHTa
XOPCTKOCTI MPUAMAETHLCA TakuUM, WO CKNaaeHun
i3 caMoro enemMeHTa Ta CyMiKHUX edeKTUBHUX
4aCTUH NNockux BIAPI3KIB by, 4 i by, 5, AMB. puCy-
HOK 5.9.

(3) AnropuTm, nokasaHuu Ha pucyHky 5.10, ckna-
[aeTbeCs 3 Takux eTanis:

ETan 1: BU3Ha4YeHHs NOYaTKOBOro eheKTUBHOro
nepepisy enemMeHTa XXOPCTKOCTi 3a ePEKTUBHOW
LLIMPWHOID, 0BYMCNEHOIO 33 YMOBW, U0 €nemeHT
XOPCTKOCTi 3abe3nedye NOBHE 3alleMNEHHS i
S comEd =Tfyb /Ym0, 8vB. (4) i (5);

Etan 2: Ana BU3HAYEHHS NOHWXYBaNbHOIO Koe-
diuieHTa 3aranbHol BTpaTh CTIIKOCTI (3rMHanbHa
¢dopma BTpaTN CTIMKOCTI MPOMIKHOIC enemeHTa
XOPCTKOCTI)  BUKOPUCTOBYETLCA  NOYATKOBWUM
NOMEpPEeYHNA nepepia enemeHTa XOPCTKOCTi 3
NpUNyLWEeHHAM LWOAO HAABHOCTI HenepepsHOI
Npy>XHo-nopaatnueoi onopwu, ame. (6), (7) i (8);
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(10) If y 4 <1 it may be refined iteratively, starting
the iteration with modified values of p obtained us-
ing 5.5.2(5) With  com g4, €QUaltoy 4 fyp /Ym0, SO
that:

(5.16)

(11) The reduced effective area of the stiffener
As req allowing for flexural buckling should be
taken as:

(5.17)

where

S comEd 1S compressive stress at the centreline of
the stiffener calculated on the basis of the effec-
tive cross-section.

(12) In determining effective section properties,
the reduced effective area Ag,y should be
repreented by using a reduced thickness
treq =1Ag red [As for all the elements included in
As.

5.5.3.3 Plane elements with intermediate stif-
feners

(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 adja-
cent plane elements b, 4 and b, , 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 deter-
mined by assuming that the stiffener gives full
restraint and that o com £q4 =fyp /Ym0, S€E (4)
and (5);

— Step 2: Use the initial effective cross-section
of the stiffener to determine the reduction
factor for distortional buckling (flexural buck-
ling of an intermediate stiffener), allowing for
the effects of the continuous spring restraint,
see (6), (7) and (8);
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ETan 3: yTOYHEHHSA NOHMXYBaNbHOro koediuieHTa
3aranbHoi BTpaTu CTIAKOCTI erieMeHTa XopcCT-
KOCTI 34INCHIOETLCA iTepaTuBHO, gua. (9) i (10).
(4) MouaTkoBi 3HaYeHHA eEeKTUBHOI LUMPUHK
b1 g2 1Dy g1, AVB. PUCYHOK 5.9, NOBUHHI BU3HaYa-
TUCb 3a 5.5.2 3 NpunyilleHHsM, WO Nnocki ene-
MEHTN bp g1 bp » 3aKpinneHi 3 Asox 6okis, Ane. 4.1
EN 1993-1-5.

— 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 b, o, and
b, ¢4 shown in figure 5.9 should be determined
from 5.5.2 by assuming that the plane elements
b, 4 and b, , are doubly supported, see table 4.1
in EN 1993-1-5.

PucyHok 5.9 — [TpOMiXHI enemMeHTU XOPCTKOCTI
Figure 5.9 — Intermediate stiffeners

(5) EdhektnBHa nnouja nonepedHoro nepepisy
NPOMIXKHOIO efieMeHTa XopCTKocTi A NoBUHHA
BM3Ha4YaTMCA 3a POpPMYnoto:

(5) The effective cross-sectional area of an inter-
mediate stiffener Ag should be obtained from:

As =t(biep +b1ez +bs), (5.18)

Ae bg — wMpUHa enemeHTa XOPCTKOCTI, AMB.
pucyHok 5.9.

Mpumitka. 3a HeobXigHOCTI BPaxoBYOTLCS 3aKpyr-
NeHHsa 3ruHise, aus. 5.1.

(6) KputuiHe HanpyxeHHs o o, ¢ NpW BTpaTi CTil-
KOCTi NPOMIXHOFO eNemMeHTa }OpPCTKOCTi NMOBUHHO
BU3Ha4YaTUCA 3a hopmyInoto:

Sers =

in which the stiffener width b 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 o, ¢ for an inter-
mediate stiffener should be obtained from:

2yKEls (5.19)
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pe:
K — noroHHa »opcTKicTb B'A3i, Ane. 5.5.3.1(2);

I — MoMeHT iHepuii edekTUBHOro nepepiay,
BA3Ha4YeHUN 3a edeKTMBHOW nnoule  Ag
BiHOCHO UeHTpanbHOi OCi @ — a edeKTUBHOro
nonepeYHoro nepepisy, ANB. pUCYHOK 5.9.

(7) ANbTEPHATUBHO KPUTUYHE HANPYXEHHSA G ¢ ¢
npyu BTPaTi CTIMKOCTI B NPYXHiA cTagil MOXHa
BM3HAYUTU YMUCNOBUMWU METOLaMWU MPYXKHOFO
po3paxyHKy nepLloro nopsaky Ha BTparty CTii-
KoCTi, AnB. 5.5.1(7).

(8) MoHwxyBanbHWin KoediuieHT AnNs onopy
3aranbHin BTpaTi CTiNKOCTI hopMn nepepisy y 4
(3rHanbHa dhopma BTpaT CTIMKOCTI NPOMIXKHOIO
enemMeHTa XOPCTKOCTI) BU3HAYaeETLC B 3anex-

HOCTI Bifi 3HAYEHHA G, s 33 METOAUKOIO
5.56.3.1(7).

(9) Akwo x4 <1, 3HAYEHHS NOHWXKYBaNLHOMO
KoeqilieHTa MOXHa BM3HAYMTW iTepauiinHo, no-
YuHawun 3 MoaudikoBaHMX 3Ha4YeHb p, 0buuc-
neHux 3a 5.5.2(5), NPUAMAIOYUA Geompeqi K
Xd fyb /Ymo 3a ymosn, wio:

A p.red

(10) MNpuseneHa edekTBHA NNouia enemeHTa
XKOPCTKOCTI Ag o, WO OOYMOBMIEHA 3aranbHoO
BTPaTol CTIMKOCTI hOpMU Nepepidy (3rmHanbHa
dopMa BTpaTu CTIAKOCTI enieMeHTa XOPCTKOCTI),
BU3HaYaeTbCA SIK:

As,red =Xd As
G com,Ed

ae:
CcomEd — HaNPYXeHHs CTUCKY B3A0BX LEHT-
panbHOi OCi efieMeHTa XOPCTKOCTi, obuucneHe
ANns epekTMBHOro NoNepeYHoro nepepisy.

(11) MNpu BU3HAYEHHI TEOMETPUYHMX XapaKkTe-
PUCTUK edEeKTMBHOrGO MNONEpPeYHOro nepepiay
npusefeHa edekTusHa nnowa Ag .y NOBWUHHA
ByTn obuncneHa 3a NpPUBEAEHO TOBLUWHOW
treq =1As red [As ANS BCIX ENEMEHTIB, WO BKNIO-
YeHi B A,

:\«p Xd.

o
o JYMO. o6 (but) Ag reg < As .

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

I is the effective second moment of area of the
stiffener, taken as that of its effective area Ag
about the centroidal axis a — a of its effective
cross-section, see figure 5.9.

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

(8) The reduction factor y 4 for the distortional
buckling resistance (flexural buckling of an inter-
mediate stiffener) should be obtained from the
value of o s using the method given in
5.5.3.1(7).

(9) If x4 < 1it may optionally be refined iteratively,
starting the iteration with modified values of p
obtained using 5.5.2(5) with 6 .om gy, €qual to

Xd fyb /’)/Mo, so that:

(5.20)

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

(5.21)

where:

G com,Ed 1S compressive stress at the centreline of
the stiffener calculated on the basis of the effec-
tive cross-section.

(11) In determining effective section properties,
the reduced effective area Ag 4y should be
repreented by using a reduced thickness
tred =tAs req [AsS for all the elements included
in Ag.

i bp1 i i bpo i a) MoBHWI NoNepeyHUA Nepepis i rpPaHuyHi ymosu

X
Tm
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a) Gross cross-section and boundary conditions
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b) Etan 1: echekTuBHMIA NonepeyHnin nepepia npu

K = oo Ha 6a3i 6 com e = fyp /yMO

b) Step 1: Effective cross-section for K = « based on
ScomEd = fyb /YMO

c) ETan 2: KpuTu4He HanpyXeHHs G o, ¢ B NPYXHIN
cTaii 3 epekTMBHOKW nnouwieo Ag enemeHTa 3 etany 1
c) Step 2: Elastic critical stress 6, ¢ for effective area

of stiffener Ag from step 1

d) 3HkKeHa MILHICTb ¥ 4 fyp /Yo ENEMeHTa
)KOPCTKOCTi 3 €PEeKTUBHOI NMOLLEID Ag | MOHUXKY-
BarnbHUM KOEMDILIEHTOM y 4 Ha 6asic ¢, ¢

d) Reduced strength y 4 f,p /Ym0 for effective area of
stiffener A, with reduction factor y 4 based onc ¢, ¢

e) ETtan 3: noeToploeTbeca eTan 1 ang po3paxyHKy
eEeKTUBHOI WNPWHN i3 3MEHLIEHNUM HANPYXEHHAM
CTUCKY G com Ed,i = Xd fyb /YM0 3 g NONEPEAHLOT
iTepauil 4O BUKOHAHHS YMOBU Y g n = X d,(n—1): N€
Xdn < Xd,(n-1)

e) Step 3: Optionally repeat step 1 by calculating the
effective width with a reduced compressive stress
GcomEdi = Xd fyb [Ymo With x4 from previous iteration,
continuing until x4 n = xq,(n-1 PUtAgn < Xa,(-1)

) MpuimaeTbea ehekTMBHUI NONEPEYHNA Nepepis 3
by 2, by ¢ | NPUBEAEHE TOBLLUMHA {0y BIAMOBIAHO X g n

f) Adopt an effective cross-section with by g5, by o and
reduced thickness t,,4 corresponding to y 4

PucyHok 5.10 — Onip cT1cKy Nonuui 3 NPOMIXKHAM €NeMEHTOM XOPCTKOCTI
Figure 5.10 — Compression resistance of a flange with an intermediate stiffener

5.5.3.4 TpaneuyienodibHi nucmosi npocini 3 npo-

MDKHUMU enteMeHmamu Xopcmkocmi

5.5.3.4.1 3aranbHi NONoOXeHHHA

5.5.3.4 Trapezoidal sheeting profiles with inter-
mediate stiffeners

5.5.3.4.1 General

(1) Bumoru 5.5.3.4 po3noBcCoaXyloTbCs Ha Tpa-
neuienogibHi nponucTn i 3acTOCOBYIOTLCH pa-
30m 3 5.5.3.3 9k gnsa nonuub, Tak i ANs CTIHOK 3
NPOMPKHUMW eNeMEHTaMN XXOPCTKOCTI.

(2) YpaxyBaHHs1 cymicHoi po60oTv NPOMiDKHWX ene-
MEHTIB XXOPCTKOCTI K ANs nonuub, Tak i Ans CTi-
HOK Npu BTPaTi CTINKOCTI BUKOHYETLCS 3@ METO-
avkorw 5.5.3.4 4,

(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 stiff-
eners and 5.5.3.3 for webs with intermediate stiff-
eners.

(2) Interaction between the buckling of intermedi-
ate flange stiffeners and intermediate web stiffen-
ers should also be taken into account using the
method given in 5.5.3.4 4.
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5.5.3.4.2 Tonuui 3 NPOMiIXHUMU enNnemMeH-
TaMU XOPCTKOCTI

(1) Mpn piBHOMIPHOMY CTUCKY [OOMYCKaeTbCH,
Wo edekTMBHMIA NONepeyHnin nepepis nonuui 3
NPOMIKHUMW enemMeHTamMu XOPCTKOCTI cknaaa-
€TbCA i3 NpUBEAEHOI eekTUBHOI Nnowli Ag roq,
sika BKIOMaE nepepia enemeHTa XKopcTKocTi i ABi
npunerni cTpiuku 3aBlumpuikn 0,5b,. (abo 15 ¢,
AVB. pUCyHrok 5.11).

(2) Mpu ogHOMY €neMeHTi XOPCTKOCTI B LEHTPI
nonuui KpUTUYHE HanpyXeHHs G, g NPV BTpaTI
CTIMKOCTI B nNpyXHiN cTapii Bu3HavaeTbCs 3a
thopmynoto:

5.5.3.4.2 Flanges with intermediate stiffe-
ners

(1) If it is subject to uniform compression, the ef-
fective cross-section of a flange with intermediate
stiffeners should be assumed to consist of the re-
duced effective areas Ag 4 including two strips
of width 0,5b (or 15 t, see figure 5.11) adjacent
to the stiffener.

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

42k E
Scrs T A v \/
s

ne:
b, — TeopeTnuyHa WMPUHA NNOCKOTO eNemMeHTa,
AVB. pucyHok 5.11;

bg — WMpMHa enemMeHTa XOPCTKOCTI 3a NnepumeT-
pOoM, AUB. PUCYHOK 5.11;

As . I — nnowa i MOMeHT iHepuii nepepisy ene-
MEHTa XOPCTKOCTI 3riAHO 3 PUCYHKOM 5.11;

k, — KoedilieHT, WO BpaxoBye 4acTKOBE 3a-
LieMNEHHS BiA NOBOPOTY NMiACUIEHOT ENEMEHTOM
XOPCTKOCTI NONULUI, SKe CTBOPIOETLCA CTiHKaMWU
abo iHWMK NpunernuMm eneMeHTamm, ams. (5) i
(6). MNpu ocboBOMYy CTUCKY ANA BU3HAYEHHSN
edekTnsHol nnowwi k,, = 1,0.

dopmyna (5.22) moxe 3acToCOBYyBaTUCH | ANS
€NEeMEHTIB XXOPCTKOCTI Yy BUrASAI WUPOKUX rod-
piB, NNOCKa YacTUHa SKUX 3MEHLUEHa 3a YMOBU
MicLeBOT BTpaTW CTIAKOCTI, a bp y cbopmyni (5.22)
3aMiHIOETLCS Ha bBinblue i3 3HaveHb by, abo
0,25 (3b, + by), AvB. pucyHok 5.11. Llen niaxia
MOXXHa BUKOPUCTOBYBATH i ANS Nofvubs 3 ABOMa
abo pekinbkoma LWMpoKUMK rocppamm.

(3) MNpn cumeTpryHOMY po3TallyBaHHi Ha NONWL|
ABOX €NeMEeHTIB XOPCTKOCTi KpUTUYHE Hanpy-
XEHHS 6 ¢y ¢ MPY BTPATI CTINKOCTI B NPYXHIN cTaaii
NOBMHHO BU3Ha4yaTUCh 3a YOpMynoLo:

I t3
5 , (5.22)
4b,(2by +3bg)
where:
b, is the notional flat width of plane element

fo}
shown in figure 5.11;

b is the stiffener width, measured around the per-
imeter of the stiffener, see figure 5.11;

Ag ., |5 are the cross-section area and the second
moment of area of the stiffener cross-section ac-
cording to figure 5.11;

k, is a coefficient that allows for partial rotational
restraint of the stiffened flange by the webs or
other adjacent elements, see (5) and (6). For the
calculation of the effective cross-section in axial
compression the value k, = 1,0.

The equation (5.22) may be used for wide
grooves provided that flat part of the stiffener
is reduced due to local buckling and b, in the
equation (5.22) is replaced by the larger of b, and
0,25 (3b, + b), see figure 5.11. Similar method is
valid for flange with two or more wide grooves.

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

3
Ist (5.23a)

4,2k, E
Scrs = A = \/
s

je:

8b2 (3be +4by)

with:

be=2b, 4+ b,y + 2D,
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by=bys+05b,,

ae:

by, 1 — TEOpeTHYHa LMPUHA KPaNHBOTO NIOCKOro
efieMeHTa, AK NoKa3aHo Ha pUCyHky 5.11;

bp, 2 — TEOPETNYHA LWNPUHA CEPEAHBOTO MNOCKOTO
enemeHTa, AK NoKa3aHo Ha pUcyHky 5.11;

b, — 3aranoHa WMpNHa enemeHTa XOopCTKOCTI, AK
NOKasaHOo Ha PUCYHKy 5.11;

Ag , Ig — nnowa i MOMEHT iHepLil nonepe4Horo
nepepisy enemMeHTa }KOpPCTKOCTI.

Ov5beff+"’{ HO

k15t N’ }e-1 5t

Monepesnuit nepepis ans obumcnens /g
Cross section to calculate /g

where:
by, 1 is the notional flat width of an outer plane ele-
ment, as shown in figure 5.11;

by 2 is the notional flat width of the central plane
element, as shown in figure 5.11;

b, is the overall width of a stiffener, see figure
5.11;

A, I are the cross-section area and the second
moment of area of the stiffener cross-section ac-
cording to figure 5.11.

Monepeynuit nepepis ans obuncnexns Ag N
0,5b; efrle— —10,5b1 of

Sber Cross section to calculate Ag

j-15¢4|

min(15¢, 0,5bp 9

oo b

b4
7\1/\” a-.

A

PucyHok 5.11 — CTuck nonuii 3 oaH1UM, ABOMa abo Aekinbkoma enemMeHTaMm XopCTKoCTi
Figure 5.11 - Compression flange with one, two or multiple stiffeners

(4) Onsa gexinbKox enemMeHTIB XOPCTKOCTI Ha no-
nuui (TpeOX 0AHaKkoBKx abo binsue) edekTuBHa
nnoLa BCi€l NONnLi AOPIBHIOE:

Actr =pbet,

e p — NOHWXyBanbHUAHUIA KoedilieHT (AuB. fo-
paTtok E EN 1993-1-5) BignoBigHO 0O THYYKOCTI
%p, WO 6asyeTbCA Ha HanpyXeHHi npu BTpari

CTIKOCTI B NPYXHiN cTagji

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

(5.23b)

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

based on the elastic buckling stress

2
oors =1,8E /bgst; +3,6it2 ,
o ~e [o]

ne:

I — cyMapHuit MOMEHT iHepulii eneMeHTiB XopcT-
KOCTi BifiHOCHO LleHTpanbHol oci a — a 6e3 Bpa-
XYBaHHS TOBLMHU, BUPAXEHOT SK bt3/1 2;

(5.23¢c)

where:
I5 is the sum of the second moment of area of the
stiffeners about the centroidal axis a — a, neglect-

ing the thickness terms bt3/12;
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b, — wmnpwuHa nonnui (AvB. pucyHok 5.11);

b, — po3ropHyTa wWMpUHa nonuui (AUB. PUCYHOK
5.11).

(5) 3HaueHHs k, moxe ByTu BU3HAUYEHO 3 ypaxy-
BaHHAM AOBXWHW XBUII I, Nonuui, sika sTpatuna

b, is the width of the flange as shown in figure
5.11;

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

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

CTIMKICTb NPU CTUCKY, B TaKWi cnocib: follows:
— AaKWol, /s, 22: - ifly /s, 22:
kw =Kwo ; (5.24a)
— aKwol, /s, <2: - ifly /s, <2:
21, (1 ¥
kw =Kuo —(kwo —1) —b—(—b—J : (5.24b)
Sw Sw

ne:
S, — BUCOTa CTiHKK NO Haxuny, 4uB. puc. 5.1(c).
(6) AnbTepHaTUBHO KoedilieHT 3aLleMneHHs Big
noBoOpOTY K, MoXe ByTn 3 3anacom NpUAHATWI
1,0, 5K Npu WwapHipHoMy 3'eaHaHHI.

(7) 3HaveHHs I, i k,,, MOXyTb ByTn BU3HaYeHi 3a

chopmynamu:

— AN CTUCHYTOI Monuui 3 OAHWUM €NneMEeHTOM
XOPCTKOCTI:

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

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

(7) The values of I, and k,,, may be determined

from the following:

— foracompression flange with one intermediate
stiffener:

2
- 07‘\‘//31),) (2b, +3bg)

5 , (5.25)
Ko = | Sw+2ba (5.26)
Sw +0,5bd

ae: with:

bd = 2bp +bs;
— Ana cTUcHyTol nonuui 3 gsoma abo Tpboma — for a compression flange with two intermediate

enemMeHTamMn XXOpCTKOCTI: stiffeners:
lp =3,654\f/lsb12(3be —4b1)/t3 , (5.27)
Kyo = (2bg +Sy )} (3be —4by) . (5.28)
b4(4bg —6b4)+5s,,(3bg —4b4)

(8) MpusepeHa edbekTBHA nnolla eneMeHTa
XOPCTKOCTI Ag o 3 MOXIMUBOI 3aranbHOK BIpa-
TOIO CTiKOCTI (3rMHanbHa dopma BTpaTH CTINKOC-
Ti NPOMDKHOrO €nemeHTa XOPCTKOCTI), NOBUHHA
BM3Ha4aTuChb 3a hopMynoto:

As,red =%d As
S com,cer
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(8) The reduced effective area of the stiffener
Ag reg @llowing for distortional buckling (flexural
buckling of an intermediate stiffener) should be
taken as:

ane (but) Ag eq <Ag . (5.29)
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(9) Axkwo cTiHKM nonepeyvHoro nepepisy He nia-
CUneHi enemMeHTaMmn XOPCTKOCTI, 3HAYEHHS NOHK-
XyBanbHoro KoediuieHta y 4 Tpeba Bu3HavaTH 3a
MeToamkoto 5.5.3.1(7), BUKOPUCTOBYIOMN G ¢ ¢ -

(10) Mpu nigcuneHHi CTIHOK enemMeHTaMn XopcCT-
KOCTi NOHWXYyBanbHWA KoediuieHT x4 Tpeba
BM3Ha4yatu 3a 5.5.3.1(7), Bpaxosywoun moaundi-
KOBaHE KpUTUYHE HANPYXEHHA G oy mod B MPYXHIN
cTagii 3rigHo 3 5.5.3.4.4.

(11) Mpu oBYMCNEHHI reoMeTpUYHUX XapakTe-
PUCTUK e(PEKTUBHOIO Nepepily NpuseneHy edek-
TMBHY nnowy Ag g HEOOXiAHO Bu3Hayaty i3
NPUBEAEHOI TOBLWMHOW oy =tAg roq [As ANS
BCIX €NeMEHTIB, L0 BKMOYeHi B A .

(12) Mpwn po3paxyHkax 3a rpaHN4YHUMK CTaHaMu
ekcnnyaTtauiHoi NpuAaaTHOCTI XapakTepuCTUKK
edeKTUBHOro nepepisy HeobxigHO BM3HaA4aTU 3
BMKOPUCTAHHAM po3paxyHKOBOI TOBLUHM L.

5.5.3.43CTiHKM 3 eNeMeHTaMm XOPCTKOCTI
He Binblie ABOX

(1) EcdbexkTMBHUA NONepeYHUiA Nnepepia CTUCHYTOI
30HU CTiHKKM (@bo iHWOI YacTuHW nNepepily, fKa
3HaxXoAnTbCA B HEPIBHOMIPHOMY HanpyxXeHomy
CTaHi) NpUAMAETLCA TakuM, WO CKMagaeTbes 3
npuseaeHol ePeKTUBHOT NNOLW A oq HE Dinblue
HIXK 4BOX MPOMBKHUX €NeMEHTIB XOPCTKOCTI 4iNsiH-
KW, WO NpUASrae Ao CTUCHYTOT Nonuui i ginsHkuy,
WO npungarae 40 UEeHTpanbHOoi Oci €heKTUBHOIO
nonepeyHoro nepepisy, AMB. PUCYHOK 5.12.

(2) EcdbekTnBHMY NnoNepevHu nepepia CTiHKK, LWo
NOKa3aHWN Ha PUCYHKY 5.12, NOBMHEH BKITKOYaTH:

a) OiNAHKY WUPUHOIO Seff 1, LLO Npunsrae fo CTu-
CHYTOI nonwuui;

b) npuseaeHy edekTueHy nnowy Ag g OAHOTO
abo nBOX eNneMeHTIB XXOPCTKOCTI;

C) AINAHKY WWPUHO Seffn» WO NPUNArae Ao LeH-
TpanbHoT oCi;

d) 4acTUHY CTiHKMW, L0 PO3TATHyTa.

(3) EdektBHa nnowa enemMeHTa XOPCTKOCTI

NOBWHHA BU3HAYaTUCS Tak:

— Ansa ogHoro abo Ans Hanbnux4oro enemeHTa
YKOPCTKOCTI 10 CTUCHYTOT nonuui:

(9) If the webs are unstiffened, the reduction fac-
tory 4 should be obtained directly fromc ., 5 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 o ¢ meg given in 5.5.3.4.4.

(11) In determining effective section properties,
the reduced effective area Ag .,y should be
repreented by using a reduced thickness
treq =tAs red /As for all the elements included in
A

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

s

5.5.3.4.3 Webs with up to two intermediate
stiffeners

(1) The effective cross-section of the compres-
sion 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 ef-
fective areas Ag ;o4 Of up to two intermediate stiff-
eners, a strip adjacent to the compression flange
and a strip adjacent to the centroidal axis of the ef-
fective cross-section, see figure 5.12.

(2) The effective cross-section of a web as shown
in figure 5.12 should be taken to include:

a) a strip of width s adjacent to the compres-
sion flange;

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

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

d) the part of the web in tension.

(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(Seff,2 +Seff,3 +Ssa) s (5.30)

— ANna gpyroro enemMeHTta )KOpCTKOCTiZ

— for a second stiffener:

Asp =t(Seff 4 +Seff,5 +Ssb ) » (5.31)

A€ PO3MIpH Bl Sefr 1 80 Seff n» Ssa | Ssp BKA3AHI HA
PUCYHKY 5.12.

in which the dimensions s 110 Sefr ; @and sg, and
Sgp are as shown in figure 5.12.
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PucyHok 5.12 — EcdpekTuBHI NnonepeyHi nepepian CTiHOK TpaneuienogibHnx npodnucTis

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

(4) MouaTkoBe NONOXeHHs €MEKTUBHOI LEHT-
panbLHoi oci HeobxiAHO BU3HA4YaTK, BPaxoBYOUM
eeKTUBHI NonepeYyri nepepism NonNULbL i NOBHUA
nepepi3 CTiHOK. Y LbOMY BUNaaky edektneHa 6a-
30Ba WMPWHA S¢fr g BU3HAYAETLCS 3@ hOPMYNOLO:

(4) Initially the location of the effective centroidal
axis should be based on the effective cross-sec-
tions of the flanges but the gross cross-sections of
the webs. In this case the basic effective width
Seff,0 Should be obtained from:

Seff,0 = 0,76t \JE/(Y410) S com,Ed » (5.32)

fe:
C com,Ed — HanNPyXeHHs B CTUCHYTIA nonuui npu
AOCSAIHEeHHI rpaHunLi Hecy4oi 34aTHOCTI nepepiay.
(5) Akwo cTiHka HecTika, po3mMipu Bif Seg 1 AO
Seff,n BU3HAYAIOTLCHA TAKAM YUMHOM:

Seff,1 = Seff,0 »

Sefr,2 =(1+0,5h, /ec)Sefr 0,
Sefr,3 =[1+0,5(h, +hsz)/ec]Serr 0,
Sefr,a =(1+0,5h, /ec)Serr 0,
Sefr,5 =[1+0,5(hp +hgp)/eclSerr0

Seff.n =1,5Sefr 0 »

ne:
€. — BiACTaHb Bi e(PeKTUBHOI LIeHTPanbHOI Oci A0
LeHTpaneHOi nNiHii  CTUCHYTOI nonwuui, Aus.
pucyHok 5.12;

po3mipn h,, hy, he,, hg, BKa3aHi Ha pucyHky 5.12.

(6) Po3Mipu BiA Sgsr 1 A0 Seff ,CNOYATKY MOBMHHI
BU3Ha4aTuChb 3rigHo 3 (5) i, SKWO Nnockui ene-
MEHT, W0 PO3rMAAaeThCs, € CTIMKUM, KOPUTNYoTb-
C 3 ypaxyBaHHsIM TaknX NONOXEHb:
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where:
G com,Eq 1S the stress in the compression flange
when the cross-section resistance is reached.

(5) If the web is not fully effective, the dimensions
Sefr,1 10 Sefr n Should be determined as follows:

(5.33a
(5.33b
(5.33¢c
(5.33d
(5.33€)
(5.33f)

)
)
)
)

where:

e is the distance from the effective centroidal axis
to the system line of the compression flange, see
figure 5.12;

and the dimensions h,, h,, hs, and hg, are as
shown in figure 5.12.

(6) The dimensions S 1 t0 Sefr , Should initially
be determined from (5) and then revised if the rel-
evant plane element is fully effective, using the
following:
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— B CTiHUi ©6e3 eneMeHTIB XXOPCTKOCTI, SIKLLO Npu
Seff 1 +Seff.n 2 Sp CTiHKA HE BTpaYae CTiAKOCTI,
B €(peKTUBHY NNouLy CTiHKM BKNIOYaOTb:

Seff,1 = 0,4sp

Seffn = 0,6s, ;

— B CTiHUi, NiACUNEHOT ENEMEHTOM XXOPCTKOCTI,
AKWO NPU Sgpr 1+ Seff,2 2 Sz YaCTKaA CTIHKA S,
He BTpayae CTiNKoCTi, B etheKTuBHY nnotuy
CTiHKW BKNIOYAIOTb:

Seff 1

Seff,2 =

— B CTiHUi 3 OOHMM €neMEeHTOM XOPCTKOCTI,
AKULO NPV Sgfr 3 +Seff n = Sp HaCTKa CTIHKKM S,
He BTpaYae CTiNKOCTi, B eeKTUBHY NnoLLy
CTiHKWN BKITOYaAI0Tb:

[1+0,5(h, +hgg)/ecl

T2+0,5h, je; |

(1+0,5h, /ec) .
Sg——————
2+0,5h, /e,

— in an unstiffened web, if Sgfr 1 + Seff p 2 Sy the
entire web is effective, so revise as follows:

(5.34a)
(5.34b)

— instiffened web, if sgfr 1 + Sgfr, 2 2 S5 the whole
of s, is effective, so revise as follows:

Sa (5.35a)

(5.35b)

~ inaweb with one stiffener, ifsg5r 3 +Ser n 2 Spy
the whole of s, is effective, so revise as
follows:

Seff,3 =S

"2,5+0,5(h, +hgy)/ec

1,5s,

(5.36a)

S = )
o 5 540,5(h, +hgy)/ec

— B CTiHUi 3 ABOMa €NeMeHTaMN XXOPCTKOCTI:

— SKWWO NPW Sgfr 3 + Seff 4 = Sp HaCTKa CTIHKU Sp,
He BTpadae CTINKOCTi, B edeKkTUBHy nnouy
CTiHKM BKITIOHAIOTb:

1+0,5(h, +hga)/ec

(5.36D)

— in a web with two stiffeners:
— if Seff,3 +Seff,4 = Sp the whole of s, is effec-
tive, so revise as follows:

Seff,3 =S

b 270,5(h, +hg, +hp)iec

1+0,5hb /ec

(5.37a)

(5.37D)

Seff,4 =S

— SIKWO NPU Seff 5 + Seff p = Sp | HACTKA CTIHKKN S,
He BTpaJa€ CTilKOCTI, B e(heKkTUBHY Nnouy
CTiHKWN BKITIOYAKOTb:

1+0,5(hy +hgp )/ec

b 250,5(h, +hgy +hp /e

if Sefr 5 +Seff.n = Sp the whole of s, is effec-
tive, so revise as follows:

(5.38a)

Seff,5 =

S y
"2,5 +0,5(hp +hgp)/ec

1,55y 5.38b)

S = .
o 3 540,5(h, +hgp)/eg

(7) Ans ogMHapHOro enemMeHTa XOpCTKOCTi, a B
CTiHUi 3 [JBOMa enemeHTamMK >XOPCTKOCTi, AnS
HanNBNUX40ro enemeHTa XOPCTKOCTI 10 CTUCHY-
TOI Nonuui KPUTUYHE HaNpyXeHHs npu BTPaTi
CTIIKOCTi B NPYXHIR cTadii o g HEODOXIAHO
BU3Ha4atu 3a Hopmynoto:

(7) For a single stiffener, or for the stiffener closer
to the compression flange in webs with two stiff-
eners, the elastic critical buckling stress o g4
should be determined using:
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1,05k E I t3s,

Scrsa =

Ae 3Ha4YeHHA Sy NpUAMaETLCA:
— ONg O4AWHapHOro enemMeHTa XXOPCTKOCTI:

(5.39a)
AsaS2(S1—52)
in which s, is given by the following:
— for a single stiffener:
S1=0,9(5; +S55 +5¢); (5.39b)

— B CTiHUi 3 ABOMa eNeMeHTaMu XOpCTKOCTI ANA
HanbNMX4oro Ao CTUCHYTOI NOANL:

S{=84 +Sg5 +Sp +0,5(sgp +5¢),

ne:
SS9 =89—8,

ne:

k; — xoedilieHT, SKUM BpPaxoBYETLCS 4aCTKOBE
3aKpinneHHs CTIHKW NonNuUAMK Bi4 NOBOPOTY;

I — MOMEHT iHepLii nonepeyHoro nepepisy ene-
MEHTa XOPCTKOCTI, L0 BKMNIOYAE AOTO LUMPUHY S,
i ABI Npunerni YacTky CTIHKN WWPUHOK S 1
KOXXHa BiQHOCHO BracHoOi LieHTpansLHoI oci, napa-
nenbHOI NAOWWHI €eNEMEHTIB CTiHKW, OWUB. pUCy-
HOK 5.13. MNpun obuncneHHi /g MOXIUBY BiAMIH-
HICTb HaxuniB NAOCKUX EfIEMEHTIB CTiHKM Mo
obunasa 6okM BiA enemMeHTa MOXHa He Bpaxo-
ByBaTw;

S — AVB. PUCYHOK 5.12.

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

(56.39¢)
with:
-0,554, , (5.39d)
where:

ke is a coefficient that allows for partial rotational
restraint of the stiffened web by the flanges;

I is the second moment of area of a stiffener
cross-section comprising the fold width s, and
two adjacent strips, each of width s 4, about its
own centroidal axis parallel to the plane web ele-
ments, see figure 5.13. In calculating /, the possi-
ble difference in slope between the plane web
elements on either side of the stiffener may be ne-
glected;

s; as defined in Figure 5.12.

..iseffz
Ieffﬁi

MonepeyHui nepepia
ans obuncnerHs Ag
Cross-section

for determining A,

Monepeynui nepepis
ana obuucnexHs /
Cross-section

for determining /.

,;\

PucyHox 5.13 — EneMeHTH X0opCTKOCTI B TpaneuienogibHux npodnmcrax
Figure 5.13 — Web stiffeners for trapezoidal profiled sheeting
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(8) Y pasi BigcyTHOCTI AeTanbHiworo gocnia-
XEHHS KoediUiEHT 3aKpinneHHa BiA NoBopoTy K¢
MoxkHa npuimaty 1,0, 9k npu wapHipHomy 3'ea-
HaHHi.

(9) Ona opuHapHOrO CTUCHYTOTO enemeHTa
XOPCTKOCTI abo B CTiHUI 3 ABOMa enemMeHTamu
XKOPCTKOCTI Ans Hanbnwkyoro enemeHTa Ao
CTUCHYTOI nonuui ix npuBeaeHa edyekTUBHA
nnowa Ag, reg BU3HAYAETLCS 3a hopmMynoto:

(8) In the absence of a more detailed investiga-
tion, the rotational restraint coefficient kcmay con-
servatively be taken as equal to 1,0
corresponding to a pin-jointed condition.

(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
Asareq Should be determined from:

xd Asa

(5.40)

Asa,red =

(10) Ansa nonuub, HE NiACUNEHUX enemeHTamu
YOPCTKOCTI, MOHNXYBarbHUIN KOEWMILIEHT y 4 BU3-
Ha4vaeTbCa 3a metoaukor 5.5.3.1(7).

(11) Ons nonuub, nigcuneHux enemeHTamu
XOPCTKOCTi, MOHWXKYBanbHUN KoediLieHT x4
BMU3Ha4YaeTbCcs 3a Mmetopukow 5.5.3.1(7), ane 3
YTOUYHEHUM KPUTUYHUM HANPYXXEHHSAM G or mod B
NPY>XHiA cTaaii srigHo 3 5.5.3.4.4.

(12) Ans po3TArHyTOro OAWHAPHOTO enemenTa
XOPCTKOCTI  npuBeAeHy edeKkTUBHY  nnoLly
Asareqd TPE6a npuiimat Ag,.

(13) B cTiHKax 3 ABOMa eNneMeHTamMmn XOPCTKOCTI
epexkTvBHa nnowla Agp og ANS OPYroro ene-
MEHTa MOBWHHA NpUAMaTUCL Agy, .

(14) Mpn oBuUCNEHHI reOMeTpUYHUX XapakTe-
pUCTUK edPeKTUBHOTO Nepepidy npueeneHa edek-
TMBHa nnowa Ag, req NOBWHHA BU3HAYaTWUCH 3a
NpuMBEAEHOK TOBWMUHOKW g =% gt ANA BCIX
€NeMEeHTIB, AKi BKMIOYeHi B Ag, .

(15) Mpu pospaxyHKy 3a rpaHUYHMMKU CTaHaMu
eKkcnnyaTauiiHol NpuaaTHOCTI reoMeTpudHI xa-
paKTepPUCTUKN ePEKTUBHOIO NOMNEPEYHOro nepe-
Pi3y enemMeHTIB XXOPCTKOCTI MOBUHHI BU3HAYaTUCh
3 PO3PaxyHKOBOK TOBLUNHOIO L.

(16) XapakTepucTuku edpekTUBHOrO nepepisy Mo-
XyTb OyTU CKOpPUroBaHi iTepauiiHO, BUXOASUM 3i
BCTAHOBMNEHOro MONEPeaHLOoIo iTepaLield nono-
XEHHA LUEHTpanbHoT oci eheKTUBHOro nonepeu-
HOro nepepisy CTIHOK i BU3HaYeHUX ehekTUBHUX
nonepeyHux nepepisis NONUUbL 3 ypaxyBaHHAM
3MEHLUEHOI TOBLUMHKU .4 ANA BCIX cKnagosuX,
UIO BKIIOYEHI B NAOLLY €neMEHTIB >XXOPCTKOCTI
nonuub Ag. iTepadis NoBuHHa NpPOBOAUTUCH Ha
6asi 36inbLIeHOT ePEKTUBHOT LUMPUHA Sgf o, SKa
BM3Ha4aeTbCsa 3a hopMyno:

Seff.0 =0,95¢ /—E._ .
\ YM0 O com,Ed

1-(h, +0,5hg,)/ec

(10) If the flanges are unstiffened, the reduction
factor y 4 should be obtained directly from ¢, ¢
using the method given in 5.5.3.1(7).

(11) If the flanges are also stiffened, the reduction
factor y 4 should be obtained using the method
given in 5.5.3.1(7), but with the modified elastic
critical stress o ¢, moq given in 5.5.3.4.4.

(12) For a single stiffener in tension, the reduced
effective area Ay, oy Should be taken as equal to
Aga-

(13) For webs with two stiffeners, the reduced ef-
fective area Agy, g for the second stiffener,
should be taken as equal to Ag, .

(14) In determining effective section properties,
the reduced effective area Ag, oy Should be rep-
resented by using a reduced thickness f,oy = 1 4t
for all the elements included in Ag,.

(15) The effective section properties of the stiffen-
ers 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 pre-
vious iteration and the effective cross-sections of
the flanges determined using the reduced thick-
ness t,, for all the elements included in the flange
stiffener areas A . This iteration should be based
on an increased basic effective width sq¢ o Ob-
tained from:

(5.41)
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5.5.3.44 Tllpodnuctn 3 enemeHTamu
XKOPCTKOCTIi HA NONUUAX i CTiHKaX

(1) Ona npodnucTie 3 NPOMPKHUMKN enemMeHTaMm
XKOPCTKOCTI Ha NonuusX i CTiHKax, AUB. PUCYHOK
5.14, B3aemogist MiX 3aranbHOK BTPATOK CTiiA-
KocTi (hbopmu nepepisy (3rmHansHa hopmMa BTpaTtu
CTIAKOCTI €NeMeHTamMu XOPCTKOCTI Nonuub i CTi-
HOK) MOBWHHA BpPaxOBYBATUCb BUKOPUCTAHHSAM
YTO4YHEHOr0  KPUTUYHOTO HANPYXEHHA G ¢y mod
ANnst 060X TUNIB ENEeMEHTIB XXOPCTKOCTI Npy poboTi
B MPYXHiWA CTagii, sike BU3HaA4YaeTbCs 3a hopMy-
noo:

Ger,s

5.5.3.4.4 Sheeting with flange stiffeners
and web stiffeners

(1) In the case of sheeting with intermediate stiff-
eners in the flanges and in the webs, see figure
5.14, interaction between the distorsional buck-
ling (flexural buckling of the flange stiffeners and
the web stiffeners) should be allowed for by using
a modified elastic critical stress 6, g for both
types of stiffeners, obtained from

(5.42)

Oc¢r,mod = J
Scr,s
41+ B
Scr,sa

ae:

Ccr.s — KPUTUYHE HaNpyXeHHs B NPYXHin ctaaii
ONsi NPOMDKHOTO €enemeHTa >XOpPCTKOCTi  Ans
nonuui 3 OAWHAPHUM ENEeMeHTOM 3rigHo 3
5.5.3.4.2(2) i arigHo 3 5.5.3.4.2(3) gnsa nonuyi 3
ABOMa eneMeHTaMu XOPCTKOCTI;

G ¢rsa — KPUTUYHE HAMpPYXXEHHS B NPYXHIA craaii
Ans oguvHapHoro abo ansa Hanbnuxk4voro ene-
MeHTa A0 CTUCHYTOI nonuui Npu CTiHUi 3 ABOMa
eneMeHTammn xopcrtkocTi, aus. 5.5.3.4.3(7);

Ag — edeKkTMBHa nnowja nepepizy npomiKHOro
eneMeHTa XOPCTKOCTI nonuuyi;

Ag, — edekTBHa nnowa nepepisy NpoMiKHOro
enemMeHTa XOPCTKOCTI CTIHKMU,

Bs =1-(h, +0,5h,,)/ec. — ans npodinto, wo
3rMHaETbCS;

Bs =1 — ONs LeHTpaneHo CTUCHYTOro Npodinto.
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where:

G r s IS the elastic critical stress for an intermedi-
ate 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;

G ¢r sa 1S the elastic critical stress for a single web
stiffener, or the stiffener closer to the compres-
sion flange in webs with two stiffeners, see
5.5.3.4.3(7);

A is the effective cross-section area of an inter-
mediate flange stiffener;

Ag, is the effective cross-section area of an inter-
mediate web stiffener;

Bs =1—-(h, +0,5h.,)/e; for a profile in bending;

Bs =1for a profile in axial compression.
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PucyHok 5.14 — TpaneuienoaibHuit NnponncT 3 eneMeHTaMm XOPCTKOCTI Ha NONUUAX i CTIHKax
Figure 5.14 - Trapezoidal profiled sheeting with flange stiffeners and web stiffeners

5.6 Brpara cTinkocTi MeTaneBux NUCTIB MiX
eneMeHTaMM KpinneHHA

(1) BTpata CTifnkocTi MeTanesunx nuCTiB Mixk ene-
MEeHTaMW KpinfieHHsa NOBWHHA NepEeBIpATUCH ANs
€remMeHTIB, WO KOMMNOHYKTbCH 3 NUCTIB i Mexa-
HiYHUX KpinunbHWXx BMpobiB, auB. Tabaunuw 3.3
EN 1993-1-8.

6 PAHWYHI CTAHU 3A HECYYOIO
3OATHICTIO

6.1 Onip nonepe4yHoOro nepepisy

6.1.1 3azanbHi Nos1oxeHHs

(1) MNpwn npoekTyBaHHI 3aMiCTb pPO3pPaxyHKy Ha
onip MOXYTb BUKOPUCTOBYBAaTUCb pe3ynbratu
ekcnepuMeHTanbHUX BUNpobyBaHb.

Mpumirka. Y HenpyxHin ctaaii pobotn matepiany ans
OUiHKM Hecy4oi 30aTHOCTI nepepisis 3 BiAHOCHO BU-
COKUM CMIBBIAHOLEHHAM b, /t abo npy BpaxyBaHHi
BNMVBY 3CYBY MPWU BUKPUBIEHHAX CTIHKA NPOEKTYBaTH
Kpaile 3a pesynbTataMu eKcrepumeHTanbHUX BUNpo-
OyBaHb.

(2) Mpwn npoekTyBaHHI i po3paxyHkax BNINB
MiCLLeBOI BTPaTK CTIAKOCTI enemMeHTiB HeobXiaHO
BpaxoByBaTu LUMAXOM BWUKOPUCTaAHHA FeomeT-
PUYHUX XapakTEPUCTUMK edeKTUBHOIo nepepisy
3rigHo 3 5.5.

(3) MepeBipky enemeHTIB Ha oNip BTpaTi CTINKOCTI
HeobXigHO BUKOHYBaTH 3rigHO 3 6.2.

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 in-
stead 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, I t ratios, e.g. in refation 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 ef-
fective section properties determined as specified
in Section 5.5.

(3) The buckling resistance of members should be
verified as specified in Section 6.2.
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(4) Bna eneMeHTiB, CXMNbHUX OO0 3MiHK Mo4YaT-
KoBOI (hOpMK nonepevHoro nepepiay, NoBUHHA
BpaxoByBaTUCb MOXNUBA BTPATa CTINKOCTi CTUC-
HYTUX i 3irHYTUX B GOKOBOMY HANpPsiMKy MOJOK,
ane. 55i10.1.

6.1.2 Ocboeul pozmsz

(1) PospaxyHkoBui onip nonepeyHoro nepepiasy
npun ocboBoMy po3Tary Ny py Tpeba BU3HauaTH 3a
chopmynoio:

yaAg

(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 Ny g4 should be determined from:

Nt,Rd = ane (but) Nf,Rd < Fn,Rdv (61)

ae:
Ay — NOBHa Nnolya nonepeyHoro nepepisy;

Fnrg — ONip nepepizy HeTTO, nocnabneHoro B
MiCLISX BCTQHOBMNEHHS KpiNUNbHUX BUPOGiB, AMB.
8.4;

fya — cepefHe 3Ha4YeHHs rpaHvui TEKYYOCTi, AuB.
3.2.3.

(2) Ansa kyTuka, NpuKpinNeHoro ogHico Nonuy-
KO0, SIK | N8 iHWKNX TUNiB NepepisiB, Ak NpuKpin-
NIOIOTLCA 3 EKCLUEHTPUCUTETOM, PO3PaxyHKOBUIA
onip Tpeba BW3Ha4yaTW BINOBIAHO A0 BKAa3iBOK
3.6.3, EN 1993-1-8.

6.1.3 Ocbo8uili cmuck

(1) MNpn ocboBOMY CTUCKY pO3paxyHKOBWIA onip
nonepeyHoro nepepidy N;rg BWU3HAYAETLCA B
Takui cnocib:

— Y pasi, konu edeKkTuBHa nnowa nepepisy A g
MeHLWe noBHOI nnouyi Ag (3MEeHWEeHHs 8K
pe3ynsTaT Micuesoi i/fabo 3arantHol BTpaTh
CTIKOCTi nepepisy):

where:

Ag is the gross area of the cross-section;

Fn ra s the net-section resistance from 8.4 for the
appropriate type of mechanical fastener;

fra

is the average yield strength, see 3.2.3.

(2) The design resistance of an angle for uniform
tension connected through one leg, or other types
of section connected through outstands, should
be determined as specified in EN 1993-1-8, 3.6.3.

6.1.3 Axial compression

(1) The design resistance of a cross-section for
compression N, g4 should be determined from:

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

Nerd =Aetr fyp [TMo0 5 (6.2)

— Y pasi, konu edektueHa nnowa A, A0pIBHIOE
NOBHIK nnowwi nepepisy A, (To6To Micuesa abo
3aranbHa BTpaTa CTIMKOCTI nepepisy BUKIIO-
YeHa)

N¢ red =Ag (fyb +(fa _fyb)4(1‘xe/xe0))/YM0 )

ae:
Agff — €beKkTBHa Nnowa nonepeyHoro nepepisy
3rigHo 3 5.5, npuamatoun npu  piBHOMipHOMY
CTUCKY HanpyXeHHs fyb;

fya — CepefHE 3Ha4YeHHs rpaHuui TeKyYOCTi, AUB.
3.2.2;

f,b — OCHOBHE 3HAYEHHS rpaHuLLi TEKY4OCTi;

Aemax — YMOBHA rHYYKIiCTb €NiemMeHTa, sika Bigno-
BiAa€ HaNBINbLLIOMY CTIBBIAHOWEHHIO X ¢ /%00
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— if the effective area A4 is equal to the gross
area A, (section with no reduction due to local
or distortional buckling)

ane He Ginble Hix

(but not more than) Agfya[TMo - (6:3)

where:

Agiis the effective area of the cross-section, ob-
tained from Section 5.5 by assuming a uniform
compressive stress equal to fy ;

fya is the average yield strength, see 3.2.2;

fyp is the basic yield strength;

Aemax 1S the relative slenderness of the element
which corresponds to the largest value of A /2.¢0-
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[insi NNOCKMX enemeHTiB Ae =4, i Agg =0,673,
pve. 5.5.2.

[ina enemeHTiB, nigcuneHux pebpamu XopcT-
KOCTi kg = Ay i Agg =0,65, ams. 5.5.3.

(2) BHyTpilIHE NO3A0BXHE 3YCWUNNSA B €NEeMeHTI
HeobXiZHO MpuiAMaTK OilYMM B LEHTPI TAXIHHSA
NOBHOrO ONEPEeYHOro nepepisy enemeHTa. Taka
nepeaymoBa KOHCepBaTWMBHA, ane Moxe OyTu
BUKopucTaHa 6e3 gogatkosoro aHanisy. [Joaat-
KOBWI aHani3 Moxe aatu 6inbw peanbHe po3Ta-
WYyBaHHA BHYTPILIHLOrO 3ycunns, Hanpuknag, y
pasi piBHOMIpHOro CTUCKY enemMeHTa Hopmalb-
HOKO CUNOI0.

(3) PospaxyHkoBa Hecy4a 30aTHICTb BU3HaYeHa
npyu Aii OCbOBOro 3yCcuUnns B LUEHTPI TshKiHHS
MOBHOIO NOMEPEYHOro Nnepepisy. AKLO0 HANPSMOK
Ail He 36iraeTbCsa 3 LEHTPOM THXKIiHHA, HeobXigHo
BPaxoByBaTW EKCLEHTPUCUTET €p BiQHOCHO HENn-
TpaneLHOI oci (pUCYHOK 6.1), AKMI BU3Ha4YaeTLCH
3rigHo 3 6.1.9. Akwo BpaxyBaHHSA €KCLEeHTPUCH-
TETY NpMBOAUTL A0 NOKpaLLEHHA pe3ynbTaTty npu
BM3HAY€HHI HanpyXeHb, NOro MOXHa He Bpaxo-
BYBaTU NpW BUKOHAHHI pO3paxyHKy 3a rpaHuuero
TEKYYOCTi i BIACYTHOCTI B Nepepi3i Hanpy>eHHs
CTUCKY.

For plane elements g =3, and Ago =0,673,
see 5.5.2.
For stiffened elements A, = A4 and %..q = 0,655,
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 el-
ement.

(3) The 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 ey of the centroidal axes
(see figure 6.1) should be taken into account, us-
ing 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.

I

[MoBHMI NnonepeyvHniA nepepisa
Gross gross-section

JoT L

EdekTneHMIA nonepeyHnii nepepia
Effective gross-section

Nrg

PucyHok 6.1 — EcbekTnBHUIA nonepeYHuia nepepia npu CTUCKY
Figure 6.1 — Effective cross-section under compression

6.1.4 32uHanbHUlU MOMEHM

6.1.4.1 Onip cmucHymoi nonuyi npu pobomi 8
NPYXHIU | IpyxHo-nnacmuYHit cmadii

(1) PoapaxyHKoBWIA onip NONEpPEYHOro nepepisy
npyv gii MOMEHTY BIAHOCHO OfHIE€l 3 rofoBHUX
ocei M; py BU3HAYaETHCA B Takun cnocib (ams.
pUCYHOK 6.2);

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-sec-
tion for bending about one principal axis M; gy is
determined as follows (see figure 6.2):
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— Y pasi, Konu MOMEHT Oonopy edEKTUBHOrO
nepepizy Wep MEHLIE HK NPYXHUA MOMEHT
onopy nosHoro nepepisy W,,

Mc,Rd =

— ¥y pasi, Konn MOMEHT onopy edeKTMBHOro
nepepizy Weg i NpyXHuin MOMeEHT onopy W,
NOBHOIO Nepepi3y AOPIBHIOIOTL:

Mcra =Ty (Wel +(Wp "Wel)4(1“xemax/xeo))/YM0 )

ne
Aemax — YMOBHa FHYJKICTb eneMeHTa, sika Bigno-
BiAae HaMBiNbLIOMY CMiBBIAHOWEHHIO A /A o0-

[ns nnockux enemMeHTiB, 3akpinneHnx 3 ABOX
6oKiB e =Ap i koo =0,5+40,25-0,055(3 +y),

e y — CNiBBIAHOLLIEHHA HanpyXXeHb, ans. 5.5.2.

[na nnockux enemenTis, WO 3aKpinneHi 3 0AHoro
Boky ke =Ap ihgp =0,673, aus. 5.5.2.

Ons  enemeHTiB, nNigKpinnNeHnx enemeHTamu
XOPCTKOCTi Ao =Aq i hgg =0,65, ane. 5.5.3.

3anexHicTe onopy npu Aii 3rMHans-Horo MoOMeHTY
BiJ YMOBHOI THY4YKOCTi eNeMeHTa BKa3aHo Ha pu-
CYHKy 6.2,

— if the effective section modulus W, is less
than the gross elastic section modulus W,

Werr b [Ymo (6.4)

— ifthe effective section modulus W, is equal to
the gross elastic section modulus W,

ane He binbiue HixX

(but not more than) Wplfyb/YMoi (6.5)

where

Aemax IS the slenderness of the element which
correspond to the largest value of A, /A ¢p.

For double supported plane elements o =1,
and Agg = 0,5+0,25-0,055(3 +y) where v is
the stress ratio, see 5.5.2;

For outstand elements A¢ =X, and 4o = 0,673,
see 5.5.2;
For stiffened elements A, =14 and A¢q = 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.

Mc,Rk
Wer fp Werr f6
| | f
0 — =
O ;\.eo Z‘e

PucyHok 6.2 — 3anexHicTb 3rmHanbHOro MOMEHTY Bifi YMOBHOI THYy4YKOCTI
Figure 6.2 — Bending moment resistance as a function of slenderness

(2) Popmyna (6.5) npuaatHa AnNA 3acTOCYBaHHSA
3a TaKknx ymoB:

a) 3rMHanbHUM MOMEHT fi€ TinbkW BiAHOCHO
O/HIET 3 TONOBHUX OCEN;
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(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;
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b) enemMeHT He CxMMbHWA OO0 KPYTIHHA a6o Ao
KPYTUMNBbHOT YU 3ruHaNbHO-KPYTUITbHOI hopMU
BTpPatu CTikOCTi, abo [O BTpaTM CTIllKOCTI 3a
NonepeYvHo-KPYTUITbHOK DOPMOI0 UM 3aranbHOi
BTPATW CTIAKOCTI;

C) KyT ¢ Mix CTiHKOIO (AUB. puUCyHOK 6.5) i nonuueto
Binbuwe Hix 60°.

(3) Axwo Bumoru (2) 3aA0BOMNLHATLCS HE NOB-
HiCTIO:

Mcrd =

(4) EdbektuBHun MOMeEHT onopy W,g noBuHeH
BM3HA4aTUCb Ha basi ehekTMBHOrO NONEPEYHOro
nepepisy, Sk NigaaeTbCa 3rnHy TiNbKWU BiAHOCHO
rONoBHOI OCI NMPW MakcUMarnbHOMY Hanpy»XeHHI
O max,Ed» SIK€ OOPiBHIOE f /Ym0, BomycKaoun
npu uUboMy, WO edekTU MicueBol i 3aranbHOl
BTpaTW CTIMKOCTI BpaxoBaHo 3riaHo 3 5.5. [Mpwu
po3rnsifi NOBUHEH BpaxoByBaTUCL eheKT HepiB-
HOMIPHOrO pPO3N0OAINEHHA HanNpPy»eHb B Nepepisi.
(5) BigHoweHHA Yy =6 2/6 ¢, WO BUKOPUCTOBY-
€TbCS ANnd o0YMCnEeHHs eeKTUBHUX AinsiHOK
CTiHKW, MOXe BYyTM OTPUMaHO 3 BUKOPUCTAHHAM
nepepisy, kM cknagaetbes 3 eheKTUBHOT NRIOLL
nonuui i NOBHOI NNOLL CTiHKKW, ANB. PUCYHOK 6.3.

i_se,ﬁ}&f' 1

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

¢) 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:

Wei fya /YMO . (6.6)

(4) The effective section modulus W,z should be
based on an effective cross-section that is subject
only to bending moment about the relevant princi-
pal axis, with a maximum stress ¢ pax £¢ €qual to
fub [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) The stress ratio y =6 5 /6 4 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.

beg/Z beff/z
<> > fyb/ Ipat

Ze

Gom¥0,

PucyHok 6.3 — EdbekTUBHUI NonepeYHuiA nepepia Ans BU3HAYeHHSA onopy npu Al rpaHu4Horo
3rMHANLEHOrO MOMEHTY
Figure 6.3 — Effective cross-section for resistance to bending moments

(6) Mpu noyaTkoOBOMY PO3BUTKY TEKYYOCTI B CTUC-
HYTOMY BOIOKHI NOMNEepeyYHoro nepepisy, OKpiM
BpaxyBaHHsl BUMor 6.1.4.2, 3HaveHHsa W, Tpeba
BU3HauYaTW 3 ypaxyBaHHAM MiHIMHOIro po3noginy
Hanpy»xeHb B NOnNepeyvyHoMy nepepisi.

(7) IMNpw 3ruHi BIGHOCHO ABOX OCEN BUKOPUCTOBY-
€TbCHA KpUTEPIN:

My,Ed

M; eq
+

(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 W4 should be
based on a linear distribution of stress across the
cross-section.

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

<1, (6.7)

M cy,Rd

Mcz,Rd
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ae:
My £q — 3TMHANbHAA MOMEHT BIOHOCHO OCi Yy —y;

M, g4 — 3rMHanNbHUIA MOMEHT BIAHOCHO OCi Z — Z;

Mcy R — TP@HWHHWIA MOMEHT BIAHOCHO OCi Y -y,
L0 CNPUAMAETLCA NOMEPEYHNM NEPEPI3oM;

M¢z Rg — TP@HUYHWNIA MOMEHT BIAHOCHO OCi Z — Z,
L0 CNPUAMAETLCA NONEPEYHNM NEPEPI3OM.

(8) Akwo B cTAaTUYHOMY PO3paxyHKy NpUAMacTb-
CA AONYLWEHHS NPOo Nepepo3noiin 3rmHanbHUX
MOMEHTIB, Le NOBWMHHO OyTW niaTBEPHKEHO
pesynsTaTtamu BUnpobyBaHb 3rigHO 3 BUMOramm
po3ainy 9 npu BuKoHaHHi ymoB 7.2.

6.1.4.2 Onip poamsizHymoi nonuui npu po6omi
npyXxHil i ApyxxHo-nnacmuyHit cmadii

(1) Mpw Aii 3rMHanNbHOro MOMEHTY TINbLKW BigHOC-
HO OZHI€El roNOBHOI OCi NONEPeYHOro nepepisy, a
TEKYYIiCTb 3'ABNAETLCA CMOYaTKy B KPanHbLOMY
PO3TArHYyTOMY BOMOKHI, NNacTuyHa poboTta pos-
TATHYTOI 30HW MOXe BpaxoByBaTUCb He3 obme-
XeHHA aedopMadiin BOTWU, NOKM MaKCUManbHe
HanpyXeHHa Gcompeqy HE OOCATHE 3HAYEHHS
fub /Ymo- Y UbOMY pO3Aini po3rnsaaeTLea Tinbku
3rVH. Y BUNaAKy CyMiCHOI Aii OCbOBOT CUNK i 3rnHy
HeobxiaHO KopUCTyBaTUCH pekoMeHaauiamn 6.1.8
ab0 6.1.9.

(2) EdbekTnBHUI MOMEHT Onopy Wpp,efr NEpepisy
npu obmexeHux nnactnyHux AecbopMauisx B
TakoMy BUNaaKy BU3HA4YaeTbCa Ha nigctasi Bini-
HINHOTO PO3NOAINEHHsT HaNpyXeHb B PO3TATHYTIA
30Hi, ane MNiHiNHOro — B CTUCHYTIN.

(3) EdextuBHa wnpuHa b,y enemenTa nig gieto
HanpyxeHb pi3Horo 3Haka 6e3 npoBedeHHs
BinbWw ToYHOro axanisy npwu GiniHinHOMy poano-
Aini Hanpy>XeHb MOXe BU3HauNTUCA 3rigHo 3 5.5.2
Ha 6asi b, (avs. pucyHok 6.4), npurimatoumn npu
UboMmy y = —1.

where:

My eq is the bending moment about the major
main axis;

M, gq is the bending moment about the minor
main axis,

Mcy rg is the resistance of the cross-section if
subject only to moment about the main y — y axis;

M¢; re is the resistance of the cross-section if
subject only to moment about the main z — z axis.

(8) If redistribution of bending moments is as-
sumed in the global analysis, it should be demon-
strated 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 6 com gq reaches fyp, /[ypo- 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 sec-
tion modulus W, o+ 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 b, of an element subject to stress
gradient may be obtained using 5.5.2 by basing b,
on the bilinear stress distribution (see figure 6.4),
by assumingy =-1.

"éz‘—’:—

PucyHok 6.4 — BenuuunHa b, Anst BU3Ha4eHHS €(PEKTUBHOT LIMPUHK
Figure 6.4 — Measure b, for determination of effective width

54


arymarenko
Прямоугольник


(4) 3arancHuit po3paxyHoK, BUKOHAHWNIA 3 ypaxy-
BaHHAM Nepepo3noginy 3rMHanbHUX MOMEHTIB,
noBuvHEH 6yTu niaTBepAXeHUn pesynbTaTamu
BMNpobyBaHb 3rigHO 3 BMMOramm posginy 9 3a
YMOBMW BUKOHAHHS BUMOT, HaBeAeHNX B 7.2.

6.1.4.3 Echexm 3aniaHeHHs 3cysy

(1) EdbekT 3anisHeHHs! 3CyBY NOBMHEH BPaxoBY-
BaTUCb 3rigHo 3 sBumoramu EN 1993-1-5.

6.1.5 3cyeHe 3ycunns

(1) Onip nonepeyHoro nepepisy A0 3CyBY BU3Ha-
YaeTbCs 3a BUPA3oM;

Vb.Ra =

ne:
foy — MeXa MILHOCTI Npy 3CyBi, LIO BPaxoBYeE
BTpaTy CTIMKOCTI CTiHKW, HaBeaeHa B Tabrninui 6.1;
h, — BWCOTa CTiHKM MiX CcepeanHHUMU
naowmnHamMu (HerWTpanbHUMKU  ocaMU)  NONULb

(auB. pucyHok 5.1(c));

¢ — KYT Haxuny CTiHKA BiAHOCHO nonuub, AYB
PUCYHOK 6.5.

(4) If redistribution of bending moments is as-
sumed in the global analysis, it should be demon-
strated 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 Vj, gy should be
determined from:

, (6.8)

where:
fy, is the shear strength considering buckling ac-
cording to Table 6.1;

h,, is the web height between the midlines of the
flanges, see figure 5.1(c);

¢ is the slope of the web relative to the flanges,
see figure 6.5.

Tabnuusa 6.1 — Mexa milHocTi f,, NpuW 3CyBi 3 ypaxyBaHHsIM BTpPaTU CTilAKOCTI

Table 6.1 — Shear buckling strength fp,
. . Crinka 6e3 enemenTa )opcTkocTi Ha | CTiHKa 3 eNEeMEHTOM >OPCTKOCTI Ha
YMOBHa MHYYKICTb CTiHKM . 1)
Relative web slenderness onop! onopt
Web without stiffening at the support | Web with stiffening at the support 1)
Ay <0,83 0,58 f,, 0,58 f,,
0,83 <k, <1,40 0,48 fp Ay 0,48 fy [y
A > 1,40 0,67 f, /7.2 0,48 fyp, /A

port reaction.

D EnemeHT xOpCTKOCTI Ha oropi, Hanpuknagd, pebpa >XOPCTKOCTi, ki BCTAHOBIIOKTHCA ANA BUKMTIOYEHHS
BMKPUBIIEHHS! CTIHKM | PO3PaxoBaHi Ha CNPUIMHATTS OMOPHOI peakuii.

1) stiffening at the support, such as cleats, arranged to prevent distortion of the web and designed to resist the sup-

(2) YMOBHa rHY4KiCTb CTiHKM XW NOBWHHA BU3Ha-

YyaTuch Tak:
— AnAa cTiHoK 6e3 NoB3aoBXHIX pebep XopcT-
KOCTI:

_ sw |fup
hy, =0,3462W Y2 .
v t VE

— [ns CTIHOK 3 NOB34OBXHIMU pebpamn XopcT-
KOCTi, ANB. PUCYHOK 6.5:

(2) The relative web slenderness %,, should be

obtained from the following:
— for webs without longitudinal stiffeners:

(6.10a)

— for webs with longitudinal stiffeners, see figure
6.5:
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_ f, — s, |f,
Ty =0,34630 (23400 0ty T, > 0,34652 |0
t \ k. E t VE

(6.10b)

with:

113
!
ke :5,34+2—':9[Z S] ,

npv Ubomy:
ne:
I¢ — MoMeHT iHepuii nepepisy oavHapHoOro

NoB3JOBXHbOro pebpa XOPCTKOCTI 3rigHO 3
5.5.3.4.3(7) BigHOCHO OCi @ — a, AK NoKasaHo Ha
PUCYHKY 6.5;

Sy — 3aranbHa 3a HaxWrnoM BUCOTa CTiHKM, SK
NnoKasaHo Ha PUCYHKY 6.5;

Sp — BWCOTa 3a HaxWnom HanbinbLoi Nnockoi
4acTKM CTiHKW, ANB. PUCYHOK 6.5;

S,, — NOKasaHa Ha pUCYHKY 6.5 BUCOTa CTiHKK 3a
HaxuioM M cepeaHiMMU TOUKaMW KyTiB 3ruHy,
AvB. pUcyHok 5.1(c).

Sg

where:

I 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;

sy 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;

s, is the slant height of the web, as shown in fig-
ure 6.5, between the midpoints of the corners,
these points are the median points of the corners,
see figure 5.1(c).

PucyHok 6.5 — NosagosxHe pebpo XOPCTKOCTI CTiHKK
Figure 6.5 — Longitudinally stiffened web

6.1.6 Kpymnuii MoMeHm

(1) Mpu Aii HaBaHTaXeHHA 3 eKCUEHTPUCUTETOM
BIIHOCHO LUEHTpa 3CyBY MNOMNEPEYHOro nepepisy
HeobXxiaHO BpaxoByBaTH BNAUB KPYTiHHSA.

(2) Mpw BU3HAYEHHI KPYTHOrO MOMEHTY, NOMo-
XEHHA UeHTparnbHOI OCi, UeHTpa 3ruHy i npueseae-
HOro ueHTpa obepTaHHA HeobxiaHo poarnsaaTu
NOBHUI NONEPEYHUIA Nepepis.
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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 im-
posed rotation centre to be used in determining
the effects of the torsional moment, should be
taken as those of the gross cross-section.
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(3) HopmanbeHi HanpyxeHHs 8ig no34osXHbOT
cnm Ny i 3rHanbHuX MOMeHTiB M, £ i M, g, no-
BMHHI BU3Ha4aTuchb Ha 6asi signosigHux edek-
TUBHUX MONEpeYyHux nepepisis arigHo 3 6.1.2 —
6.1.4. JOTWYHI HanpyXXeHHs BiA nonepeynnx cun i
Bifl BiNbHOrO KpyTiHHA (3a CeH-BenaHnom), Hop-
MarbHi | OOTUYHI HanpyXeHHA Big AennaHauii
nepepisy NOBWHHI BU3HAYATUCHL 3a XapaKTepuc-
TUKaMu NOBHOrO NonepeYvHoro nepepisy.

(4) B nonepeyHux nepepisax, CXMIbHUX A0 Kpy-
TiHHS, NOBWHHI BUKOHYBaTUCb Taki ymoBW (Han-
pvknag, O3BOMEHO BUKOPUCTAHHA CepefiHboro
3Ha4YeHHA rpaHnLi Teky4vocTi, ame. 3.2.2):

Stot Ed < fya/YMo ,

Tiot Ed <

f,
2 ya
\/Gtot,Ed+3Ttot,Ed <t

ae:

Otot E4 — PO3PaxyHKOBE MOBHE HOpMaribHe Han-
pyXeHHs, obuncneHe ana edekTUBHOro none-
pevHoro nepepisy;

Ttot E¢ — PO3PaxyHKOBE NOBHE AOTUYHE Hanpy-
XeHHs, obuucneHe ONA NOBHOMC MOMNEPEYHOrO
nepepiay.

(5) CymapHi HopMarbHi 6o £y | AOTUYHI Tyot £y
HanpyXeHHsa oBuYnCnIoTLCA 3a opMYyamMun;

Otot,Ed = ON,Ed TOMy,Ed Y OMz,Ed TCw,Ed »

Ttot,Ed = Tvy.Ed T TVz,Ed + Tt.Ed T TwEd »

Ae:

OMy,Eq — PO3pPaxyHKOBE HarpyXeHHs Bif 3ru-
HanbLHOro MOMEHTY M, -, (BU3Ha4aeTbCs ANs
eheKTUBHOIO NonepeyHoro nepepisy);

O Mz,Ed — PO3PaxXyHKOBE HOPMasibHE HaNpPYXEeHHS
Bifl 3rMHANbHOTO MOMEHTY M, g, (BU3Ha4aeTLCH
AN edheKTMBHOro NonepeyHoro nepepiay);

ON,Ed — PO3paxyHKOBE HOpMasibHE HamnpyXeHHs
Bifi NO370BXHLOI cunn Ngy (BU3HavaeTbCs Ans
eeKTMBHOIo NoNepeYHoro nepepisy);

OwEd — PO3PaxyHKOBE HOpPMalibHE HanpyXeHHn
BiA4 AennaHauii (BUM3HaA4aeTbLCA ANS MNOBHOIO
nonepeyHoro nepepisy);

TyyEd — PO3paxyHKoBe 3CyBHE HanpyXeHHs
3CyBY Bi MOnepeqHoi 3CyBHO! CUIMK V) Ed (Bn3-
HavaeTbCcs ANS NOBHOTO NONepeYHoro nepepisy);

(3) The direct stresses due to the axial force Ngy
and the bending moments M, -, and M, g, should
be based on the respective effective cross-sec-
tions 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 follow-
ing conditions should be satisfied (average yield
strength is allowed here, see 3.2.2):

Ymo

(6.11a)
f./\3
M, (6.11b)
(6.11c)
TMO
where:

S ot £ 1S the design total direct stress, calculated
on the relevant effective cross-section;

Tiot, E4 1S the design total shear stress, calculated
on the gross cross-section.

(5) The total direct stress o, gy and the total
shear stress 14, g4 Should by obtained from:

(6.12a)
(6.12b)

where:
o my,Ed is the design direct stress due to the bend-
ing moment M, g4 (using effective cross-section);

o \mz,E4 1S the design direct stress due to the bend-
ing moment M, g4 (using effective cross-section);

o N Eq IS the design direct stress due to the axial
force Ng,4 (using effective cross-section);

cy.Ed IS the design direct stress due to warping
(using gross cross-section);

Tyy,Eq 1S the design shear stress due to the trans-
verse shear force V| g (using gross cross-sec-
tion);
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Tyz,Ed — PO3PaxyHKOBE 3CYyBHE HamnpyXeHHs Bif
nonepeyHol 3cyBHOI cunn V, o, (BU3Ha4aeTbCH
ANsi NOBHOrO NOMNEPEYHOro nepepiay);

Tt £¢ — PO3PaxyHKOBE AOTUYHE HanpyXeHHs Bif
BiNbHOro KpyTiHHA (3a CeH-BeHaHom) (BM3Haua-
€TbCA AN NOBHOMO NONEPEYHOro nepepisy);

Tw,Ed — PO3paxyHKOBE AOTUHHE HanNpPyXeHHs Big
fennaHauii (BM3Ha4YaeTbCs ANA NOBHOIMO none-
peyHoro nepepiay).

6.1.7 Micyeei nonepeyHi cunu

6.1.7.1 3azarnbHi NONOXeHHS

(1)P Onsa BUKNIOYEHHA 3MUHAHHSA, BUKPUBMNEHHS i
BTpaTW CTIAKOCTI CTiHKW Npu Ail onopHoi peakuji
abo iHwWoi MicLeBOl NoNepeYHOT cunn, Ak nepe-
[aloTbCca Yyepe3 NONuULo, BENUYMHA Takoi cUnu
NOBWHHa 3310BOSMBLHATH YMOBY:

Tyz Eq IS the design shear stress due to the trans-
verse shear force V, g4 (using gross cross-sec-
tion);

1t £4 IS the design shear stress due to uniform (St.
Venant) torsion (using gross cross-section);

Tw,Eq 1S 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 Fg, shall satisfy:

Fea < RwRrd - (6.13)

ne:
Ry ra — MiCLLEBUIA NONEPEYHNIA ONIP CTIHKM.

(2) MicuesuiA nonepeyHmnit onip CTiHKM BM3Haua-
€TbCS TakK:

a) AKWO CTiHKa b6e3 eNeMeHTIB XXOPCTKOCTI:

— ANdA NoNepeYvHOro nepepisy 3 OAHIEl CTIHKO
3rigHo 3 6.1.7.2;

— B OyAb-AKkoMy iHLIOMY BUNaAKy, BKAKYAKOUMN i
npodnuctw, srigHo 3 6.1.7.3;

b) sikuio criHka 3 eneMeHTaMn XOopCTKOCTI 3rigHO
36.1.7.4.

(3) Mpn nepenavi MicLEBOro HaBaHTAXEHHS 4K
OnopHOI peaxkuii Yepe3 pebpo KOPCTKOCTI, fKe
NiACUNIOE CTiHKY, BUKNOYAE il BUKPUBIMEHHS i
3gaTHe CnpuiMaTtu MicueBy nonepevHy cuny,
nepesipka CTiHKM Ha MiCLEBUA onip He 34iNCHIo-
€TbCS.

(4) B 6ankax, o cknagatTbCs 3 IBOX €NEMEHTIB
lwBenepHoro abo 6yab-AKOro iHWOro nepepisy i
06’eqHylOTbCA CTiHKamMu, Micua aetanen Kpin-
NEHHS CTIHOK NOBMHHI pO3TalLoBYyBaTUCh Bnnxkye
[0 nonvub.
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where:
Ry ra is the local transverse resistance of the
web.

(2) The local transverse resistance of aweb R,, gy
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 ap-
plied 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 consid-
ered.

(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.
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6.1.7.2 lonepeyHi nepepiau 3 00HIED CMIHKOM
6e3 enemerHmia xxopcmkocmi

(1) MicueBnin nonepeynuii onip CTiHKM AnA
nonepeyHuX nepepisis 3 ofHiew CTiHko 6e3
eneMeHTIB >KOPCTKOCTI, ANB. PUCYHOK 6.6, Moxe
OyTn BU3HAYEHWI 3rigHO 3 BKasiBkaMu (2), SKILO
nepepis BigNOBIAAE TakUM KpUTEPIAM:

6.1.7.2 Cross-sections with a single unstiffened
web

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

h,, 1t <200, (6.14a)
rit<e, (6.14b)
45°< ¢ < 90°, (6.14c)
ae: where:

h,, — BUCOTa CTiHKM MiX CEepeauHHUMMN MNOLLU-
HamMu nonuub;

r ~ BHYTPILUHIA pagiyc KyTiB 3ruHy;

$ — KYT Haxvny CTiHKV BigHOCHO nonuub, rpaa.

] Ry ra l Ru.rd RWRd; R rd [ J Rw.rd l Ry.rd

h,, is the web height between the midlines of the
flanges;

r is the internal radius of the corners;

¢ is the angle of the web relative to the flanges

[degrees].
l 2R,

w.Rd

PucyHoK 6.6 — 3pa3sku npochiniB 3 04HIEI0 CTIHKOW
Figure 6.6 — Examples of cross-sections with a single web

(2) Ona nonepeyHnx nepepisis, WO BiANOBIAAKOTE
KpuTtepiam (1), MicLeBui nonepeyHni onip CTiHKK
Ry rg MOXe BusHayatuca 3a opMynamu, LLO
HaBeeHi Ha PUCYHKy 6.7.

(3) 3HaueHHs KoedilieHTiB kq — k5 BU3Ha4a0TLCA
Tak:

(2) For cross-sections that satisfy the criteria
specified in (1), the local transverse resistance of
a web R, gy may be determined as shown if
figure 6.7.

(3) The values of the coefficients k; to k5 should
be determined as follows:

ky=133-033k,
k,=1,15-0,15rt ane (but) k,>0,50 i(and)k, <1,0,

ky=0,7+0,3 (¢ /90)2,

ky=122-022k,

ks =1,06 -0,06 r/t ane (but) k5<1,0,

ae:
k=11 228 [f,, — HMm?].

where:
k= £, 1 228 [with f,, in N/mm?].
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[ina opnHOYHOro MicLUEeBOTro HaBaHTaXeHHs abo oNopHOT peakuii:
For a single local load or support reaction

i) c <1,5h,, Bia BiINbHOTO Kpato:

i)c <1,5h,, clear from a free end:

— AN npoinis 3 NOAMUAMU, MACUNIEHUMY €NeEMEHTaMM1 XOPCTKOCTI:
— for a cross-section with stiffened flanges:

K1k ok [9,04 - hgétw +o,o1§}i}t2fyb

RwRrd = » ; (6.15a)
M1

— ans nonuub 63 eneMeHTIB XXOPCTKOCTI:
— for a cross-section with unstiffened flanges:

— akwo (if) sg /t < 60:

¢ hy /t Ss |42
RW,Rd = y (615b)
SSD- YM1
— akuwpo (if) sg/t > 60:
hy, /t Ss |,2
k1k2k3{5,92— W}[O,71+0,015vf-}t fub
Rwrd = (6.15¢c)
TM1
s ii) ¢ >1,5h,, BiO BiNbHOTO Kpalo:
ﬁfﬂ i) ¢ >1,5h,, clear from a free end:
' — akwo (if) sg/t < 60:
‘_—C_.‘! hW /"’t SS 2
kakgks|14,7 -9 111+0,007% |t2f,,
49,5 t
Rwra = ; (6.15d)
YM1
— sakwo (if) sg /t > 60:
kakaks|14,7- "0/ 0 75 10,0115 |27,
49,5 t
Rw,Rd = (6156)
YM1
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PucyHok 6.7a — MicueBi HaBaHTaXeHHSs | ONOpHi peakuii — nonepeyHi Nepepiau 3 OOHIEID CTIHKOK
Figure 6.7a) — Local loads and supports — cross-sections with a single web
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b) Insa ABOX NpOTUAIKYNX CUM 3 BIACTAHHIO MK HUMY MeHwe HixX 1,5 Ay,
b) For two opposing local transverse forces closer together than 1,5 h,,:

i) ¢ <1,5h,, BiA BINLHOrO Kpato:
i)yc <1,5h,, clear from a free end:

h,, /t s 5
Kikok+|6,66 —— Y- 11+0,01-5. {t-f,
thaks 0,06~ [ 10,01% i,

Rwra = (6.15f)
TM1
ii) ¢ >1,5h,, BiA BiINLHOrO Kpato:
ii)c>1,5h,, clear from a free end:
kakaks(21,0 "%t 11410,0013% |¢2f,,
16,3 t
Rw.ra = (6.159)

TMA

PucyHok 6.7b — Micuesi HaBaHTaXxeHHs | ONOPHi peakuii — nonepeYHi nepepian 3 oOHIE CTIHKOW
Figure 6.7b) — Local loads and supports — cross-sections with a single web

(4) Axuwio NOBOPOT CTIHKM BUKITKYAETLCS 3a paxy-
HOK BiZNOBIQHOrO ii 3akpinneHHn abo 3a reomer-
pieto nepepisy (Hanpuknag, nepepian 4-i i 5-1 Ha
pUcyHKy 6.6), MicueBun nonepeyvHui onip CTiHKA
R, rg MOXE BU3HAUATUCH TakK:

a) ANst OQNHOYHOT CUIMK UM ONOPHOI peakuil:

i) c<1,5h,, (Ha BinbHOMY KiHUi abo 6insa Hboro),
ans nepepisis 3 nonuusMn 6e3 abo 3 enemen-
TaMn XOPCTKOCTI:

S 2
k718,8+1,1 :}t b

(4) If the web rotation is prevented either by suit-
able 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 R, gy may be determined as follows:

a) for a single load or support reaction

i) c<1,5h,, (near or at free end) for a cross-sec-
tion of stiffened and unstiffened flanges

; (6.16a)

Rw,Rd =

i) ¢>1,5h,, (paneko Bif BINbHOro KiHUSA), ANs
nepepisie 3 nonuuamu 6e3 abo 3 enemeHTamMmu
XOPCTKOCTI:

YMA

ii)c >1,5h,, (far from free end) for a cross-section
of stiffened and unstiffened flanges
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* S 2
k5k6{13,2 +2,87 Lts—} o

Rwrd =

b) Ans npoTugitounx HaBaHTaxeHs abo peakuiit:

i) c<1,5h,, (Ha BinbHOMY KiHUi a6o 6ina HLOro),
Ans nepepisis 3 nonuusMn 6e3 abo 3 enemen-
Tamu XOpPCTKOCTI:

fS 2
k10k11|:8,8+1,1 ts:lt fyb

: (6.16b)

b) for opposite loads or reactions

i) c<1,5h,, (near or at free end) for a cross-sec-

tion of stiffened and unstiffened flanges

; (6.16¢)

Rwrd =

i) ¢>1,5h,, (paneko Big BinbHOro KiHUA), AnA
nepepisis 3 nonuusMn 6es abo 3 enemeHTamu
JKOPCTKOCTI:

TMA1

ii)c >1,5h,, (loads or reactions far from free end)

for a cross-section of stiffened and unstiffened
flanges

Ss |,2
kgkg {13,2+2,871f73}t fub

Rwra =

Tyt KoedilieHTN kg —k 11 NOBUHHI BU3HA4aTUCL
Tak:

(6.16d)

Where the values of coefficients ks to k44 should
be determined as follows:

ks =1,49-0,53 k ane (but) ks > 0,6,

ke=0,88-0,12t/1,9,

kz =1+ 85/ t1750, akwo (if) sg/t<150;

kg=11/k, akuwo (if) s,/ t<66,5;

k;=1,20,
kg = (1,10 — s,/ t/665)/ k, siwo (if) s¢/t> 66,5

akwo (if) sg/t> 150,

kg=0,82+0,15¢/1,9
k1o = (0,98 — s/ t1865) / k
ki1 =0,64 +0,31t/1,9

ne:
k =1,/ 228 [f,,, = H/mm?].

S — HOMiHanbHa JOBXWUHA KOPCTKOT ONopH.

Y pasi 4BOX pPiBHUX NPOTUAIIYMX MiCLEBUX None-
PEYHUX cur, po3nodineHnx Ha HeoHaKoBiIn 40B-
XWHi, NOBUHHO NPUINMATUCSA HAUMEHLLIE 3HaYEHHS
S,
6.1.7.3 lNonepeyHi nepepisu 3 dsoma abo binbuie
cmiHkamu 6e3 enremeHmie xopcmkocmi

(1) B nonepeyHux nepepisax 3 gsomMa abo Ginsule
CTiHKaMn, B TOMy uucrhi i npodnucTu, aAuB. pucy-
HOK 6.8, micueBuin nonepeyvHMin onip CTiHKK Ges
€fiEMEHTIB XOPCTKOCTI NOBUHEH BU3Ha4aTUCSs
3rigHo 3 (2) 3a yMOBMU, AKLO:
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where:
k= 1f,5,1 228 [with £, in N/mm?].
S, is the nominal length of stiff bearing.

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

6.1.7.3 Cross-sections with two or more unstiff-
ened webs

(1) In cross-sections with two or more webs, in-
cluding sheeting, see figure 6.8, the local trans-
verse resistance of an unstiffened web should be
determined as specified in (2), provided that both
of the following conditions are satisfied:
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— BiACTaHb € BiA HaBaHTaXeHOi 4acTUHW A0
BiNBLHOro Kpakw He meHwe Hixk 40 mm, AguB.
pPUCYHOK 6.9;

— nonepeyHuin nepepis BiAMNOBIAAE TaKUM KpK-

— the clear distance ¢ from the bearing length for
the support reaction or local foad to a free end,
see figure 6.9, is at least 40 mm;

— the cross-section satisfies the following

Tepiam: criteria:
rlt<10, (6.14a)
h, /t<200sin¢ , (6.14b)
45°< ¢ <90°, (6.14c)
ae: where:

h,, — BUCOTa CTiHKA MiX CEPeauHHUMU MMOLLK-
HaMu Nonuub;

I — BHYTPILLHIA pagiyc KyTiB 3runy;
¢ — KyT Haxuny CTiHk1 BiAHOCHO NonNuLb, rpag.

h,, is the web height between the midlines of the
flanges;

r is the internal radius of the corners;

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

Ry ra RuRra Ru,rd

RwRrd Ru.rd Rura

Rw.rd ] J Ru.ra Ru.rd l l Rurd ‘ Ry rd Rurd !

PucyHok 6.8 — 3pasku npodinis 3 ABOMaA CTiHKaMu
Figure 6.8 — Examples of cross-sections with two or more webs

(2) MNpw noTpUMaHHi ABOX YMOB, HaBeaeHrux B (1),
MicLeBuniA nonepeyHmnin onip R, gy KOXHOI CTiHKN
npodinto BU3HavyaeTbCa 3a HopmMynor:

Ruwpra =at> Jip E (1 —0,1\/r7) LO,5 +4/0,021, /tJ(2,4 +(¢/90)2/YM1 :

ae:

I, — edhekTMBHa OOBXMHA OMNOPHOT YacTUHU AN
BiANOBIAHOI KaTeropii, gus. (3);

o — koedilieHT ansa BianosiaHOI kateropii, AvB
3)-

(3) SHaueHHA L, i a HeobxigHO NpuAMaTH 3rigHo 3
(4) Ta (5) BignoBigHO. MakcumanbHe po3paxyH-
KOBe 3HaueHHsA I, = 200 mm. Insa onopu xonoaHo-
¢hopmMmoBaHOro npodinto 3 ogHiero CTiHkow abo

(2) Where both of the conditions specified in (1)
are satisfied, the local transverse resistance
Ry, rq PEr web of the cross-section should be de-
termined from

(6.18)

where:
I, 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 I; and a should be obtained
from (4) and (5) respectively. The maximum de-
sign value for I, = 200 mm. When the support is a
cold-formed section with one web or round tube,
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kpyrnoi Tpybu senuynHa sg npuitMaetscs 10 Mm.
Bignosigha kateropis (1 abo 2) 3anexuTtsb Bif
BigCTaHi e MiX MICLLEBUM HaBaHTaXEHHAM i Hal-
6nvnxyoto onopot abo BiAcTaHi ¢ Big onopHoi
peakuii, abo MicueBOro HaBaHTaXeHHA A0 Binb-
HOro Kpato, ANB. PUCYHOK 6.9.

(4) 3HaveHHA eDEKTUBHOI SOBXUHN ONOPHOT Yac-
TUHK [, NOBMHHO BM3HA4YaTUCb B Takuii cnocio:

a) aAns kaTeropii 1:

I =10 MM (mm);

b) ans karteropii 2:

By, £0,2: I, =sq,
—By 20,3: I, =10 mm (mm);

- 0,2< B, <0,3: I, BU3HA4Ya€ETLCA 3a NiHINHOW
iIHTepnonsuieto Mix 3HadeHHsamu I, Big 0,2 go
0,3,

for s¢ should be taken a value of 10 mm. The rele-
vant category (1 or 2) should be based on the
clear distance e between the local load and the
nearest support, or the clear distance c 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:

(6.19a)
b) for Category 2:

(6.19b)

(6.19¢)

- 0,2< B, <0,3: Interpolate linearly between the
values of I, for 0,2 and 0,3

ae: with:
B, = ‘VEd,1I—'VEd,2|
Y |VEd,1l+lVEd,2| ,

|Vea,1| 1 |Veq,2| — aBcomothi senuumkm none-

PEYHUX CUM Ha KOXHIKW CTOPOHI Big MicueBoro
HaBaHTaxeHHst abo ONopHoi peakuii, Npy UbOMY
|Vea, |2 |Vea,2| i S5 posTawosana Gins xopctkoi
onopu.

(5) 3HaueHHs koedilieHTa o NOBWHHI Npuiima-
TUCb TaKUMMU:

a) Ana kateropii 1:

— Ana npodnucrie:

in which | Vgg 1 and | Vgg, 2| are the absolute values

of the transverse shear forces on each side of
the local load or support reaction, and
|Veq,1| > | Ve, 2land sgis the length of stiff bearing.

(5) The value of the coefficent o should be ob-
tained from the following:

a) for Category 1:

— for sheeting profiles:

a =0,075; (6.20a)
— ANA KaceTHUX i oMera npodinie: — for liner trays and hat sections:

a =0,057; (6.20b)
b) ans kareropii 2: b) for Category 2:
— Ons NpodnuncTis: — for sheeting profiles:

a =0,15; (6.20c)
— ANA KaceTHux i oMera npodinis: — for liner trays and hat sections:

a =0,115. (6.20d)
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c
<> < |h,

HH
]

Kateropis 1

Category 1

— MicLieBe HaBaHTaXXEeHHs po3TauloBaHe Ha BigcTani e < 1,5 hy, Big
Handnux4oi onopw;

— local load applied with e < 1,5 h,, clear from the nearest support;

Kateropis 1
Category 1
— MicueBe HaBaHTaXeHHs po3TalloBaHe Ha BifcTaHi ¢ < 1,5 hy, Bif

BINIbHOTO Kpato;
— local load applied with ¢ < 1,5 h,, clear from a free end;

KaTteropis 1

Category 1

— OnopHa peakuia postawosaHa Ha BigcrtaHi ¢ < 1,5 h,, Bia BiNbHOro
Kpato.

— reaction at end support with ¢ < 1,5 h,,, clear from a free end.

KaTeropisa 2

Category 2

— MiCLieBe HaBaHTaXeHHsA po3TallosaHe Ha BiacTtaHi e > 1,5 h,, Big
HanbnNmx4oi ornopu,

— local load applied with e > 1,5 h,, clear from the nearest support;

KaTteropis 2

Category 2

— MicueBe HaBaHTaXXEHHs po3TalloBaHe Ha BifcTani ¢ > 1,5 hy, BiA
BifNIbHOrO Kpato;

— local load applied with ¢ > 1,5 h,, clear from a free end,

KaTteropia 2

Category 2

— peakLis Ha KpalHiii onopi po3TalloBaHra Ha Biacrawi ¢ > 1,5 h, Big
BINbHOro Kpato;

— reaction at end support with ¢ > 1,5 h,, clear from a free end;

KaTeropis 2

Category 2

— peakuist Ha NPOMIXHIN 0nopi.
— reaction at internal support.

PucyHok 6.9 — Micuesi HaBaHTa)KeHHs | ONOpHi peakuii — kaTeropii npodinis 3 ogHieto i binblue

CTiHKamm

Figure 6.9 — Local loads and supports — categories of cross-sections with two or more webs
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6.1.7.4 CmiHku 3 enemMeHmamu xopcmyocmi

(1) MicueBui nonepeyHuWi onip CTiHKA 3 enemeH-
TaMU XOPCTKOCTI MOXe OyTH BU3HAYEHWA 3FiOHO 3
(2) ansa npochinis 3 NOB3JOBXKHIMK eNeMeHTaMm
XKOPCTKOCTI y BUrMaai NOABIVHOIO BUTUHY CTiHKA B
obuasa OOKWU BiA cepeauHHUX NiHIA CTIHKW Bia
TOYOK NEPETUHY 3 NONULIAMU, ONB. PUCYHOK 6.10,
3 IOTPUMAHHSM YMOBW:

2<

ae:
€max — OINbLUAN EKCLEHTPUCUTET TOYOK 3rUHY
CTIHKW BiQHOCHO NMpPSAMOI, WO 3'€AHYE KiHLLi CTiHKW.
(2) Ons nepepisie 3i cTiHkaMu 3 eneMeHTamu
XOPCTKOCTI, WO BignoeigawnTb (1), mMicuesuir no-
nepeyHuii onip CTiHKM MoXe OyTWU BU3HaYEHWIA
MHOXEHHSAM BiAMNOBIAHNX 3HaYeHb 3riaHo 3 6.1.7.2
abo 6.1.7.3 nopgiGHOT cTiHkM 6e3 enemeHTiB
XOPCTKOCTI Ha KoeilieHT:

Kas =1,45-0,05€ gy /t ane (but) ks < 0,95 +35000t% € min/(b25,) ,

ne:
b, — posropHyTa WwupuHa nNonuuj, WO HaBaHTa-
XeHa, aus. pucyHok 6.10;

€min — MEHLLINI EKCLLEHTPUCUTET TOUOK 3rMHY Bia-
HOCHO NPAMOI, LWLO 3'€QHYE KiHLi CTiHKU;
Sp — BACOTa 3@ HAXUNOM NNOCKOT YaCTKU CTiHKN,

Hanbnux4oi go nonuui, AMB. pucyHok 6.10,

Sp

Emax 19

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 1S the larger eccentricity of the folds relative
to the system line of the web.

(2) For cross-sections with stiffened webs satisfy-
ing the conditions specified in (1), the local trans-
verse 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 a,s
given by:

(6.22)

where:
b, is the developed width of the loaded flange,
see figure 6.10;

€min IS the smaller eccentricity of the folds relative
to the system line of the web;

s, is the slant height of the plane web element
nearest to the loaded flange, see figure 6.10.

?RwRd
L ,

RW,RdT
]

PucyHok 6.10 — CTiHKM 3 enemMeHTaMu XOPCTKOCTI
Figure 6.10 — Stiffened webs
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6.1.8 CymicHa dist poamsiay i 32uUHy

(1) Npu cymichin Aii Ha npodbini NO340BXHLOrO
po3Tary Ny i 3ruHanbHux MoMeHTiB My £y i M, £y
MOBWHHA BUKOHYBaTUCb YMOBA:

6.1.8 Combined tension and bending

(1) Cross-sections subject to combined axial ten-
sion Ngy and bending moments M, £, and M, g4
should satisfy the criterion:

M M
Neg  MykEd ZEd 4 (6.23)
Nt,Rd Mcy,Rd,ten Mcz,Rd,ten
ae: where:

Nt rg — PO3paxyHKOBUIA onip nonepeyvHux nepe-
pi3iB Npun piBHOMIpHOMY po3Tary (6.12);

My Rdten — PO3PaxyHKOBMA ONip NOMNEpPeyHOro
nepepiay Npn MakcMmanbHOMY po3TaryBanbHOMY
Hanpy>XeHHi Big MOMEHTY, WO Ai€ BiAHOCHO OCi
y-vy(6.1.4)

M2 Rdten — PO3PaXyHKOBWW ONip NonepeyHoro
nepepiay Npy1 MakcMMansHOMY PO3TAryBansHOMY
Hanpy>XeHHi Bi4 MOMEHTY, WO Aie BiAHOCHO OCi
z—-2z(6.1.4).

(2) Axwo Mcy,Rd,com < Mcy,Rd,ten abo

Mcz,Rd,com S Mcz,Rd,ten (Tyt Mcy,Rd,com !
Mz Rd.com — ©ONip monepeyHoro nepepisy npu
MaKCMManbHOMY CTUCKANbHOMY HanpyXXeHHi BiA
MOMEHTY, WO Ai€ BigHOCHO BiANoBiAHOT oci), no-
BUHHA BUKOHYBATUCb Taka ymoBa:

My eq

M; eq

N; rq is the design resistance of a cross-section
for uniform tension (6.1.2);

Mcy R ten i the design moment resistance of a
cross-section for maximum tensile stress if sub-

ject only to moment about the y — y axis (6.1.4);

M, rd ten IS the design moment resistance of a
cross-section for maximum tensile stress if sub-
ject only to moment about the z — z axis (6.1.4).

2)If Mcy,Rd,com < Mcy,Rd,ten or

Mcz,Rd,com S Mcz,Rd,ten (where Mcy,Rd,com and
M, Ra,com @re 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 satis-
fied:

_Nea 4. (6.24)

M cy,Rd,com

6.1.9 CymicHa dist cmucky i 32ury
(1) Mpun cymicHin aii Ha npodini NO3AOBXHLOro
ctucrerHst NEd i sruHansHUX MomeHTiB M g4 i

M, g4 NOBUHHA BUKOHYBATUCL YMOBA:

NEd My,Ed + AIVIy,Ed

Mcz,Rd,com

s M; eq + AM; g4

Nt Rd

6.1.9 Combined compression and bending

(1) Cross-sections subject to combined axial
compression NEd and bending moments M, =4
and M, g, should satisfy the criterion:

Nc,Rd Mcy,Rd,com

ne N gy BU3Ha4aloTk 3riaHo 3 6.1.3, @ Mgy, ry com i
M2 Rd.com — 37AHO 3 6.1.8.

(2) DonaTtkoBi MOMEHTU AM |, £y | AM, £ BIA 3Mi-
LEHHSt LEHTParnbHMX 0Cein NOBUHHI NPUAMAaTUC:

<1, (6.25)

Mcz,Rd,com

in which N, g, is as defined in 6.1.3, My, ry com
and M., gy com are as defined in 6.1.8.
(2) The additional moments AM,, gy and AM; g4

due to shifts of the centroidal axes should be
taken as:

AMy gq = Ngg eny

AM; eq = NEeg eny

De €y, i ey, — 3MILLEHHS LieHTpasnbHux ocey -y i
Z — Z BiAHOCHO OCbOBUX 3yCWnb, AuB. 6.1.3(3).

in which ey, and ey, are the shifts of y —y and
z — z centroidal axis due to axial forces, see
6.1.3(3).
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(3) Akuio Mcy,Rd,ten < Mcy,Rd,com abo
M¢; Raten € MczRd,com» NOBUHHa By Ty Binnosia-
HICTb 32 TaKMM KpUTEpPIEM:

(3) If Mcy,Rd,ten = Mcy,Rd,com or
M:2 raten S Moz Rd.com the following criterion
should also be satisfied:

Myeq +AMy £q . Mzed + AMzed  Ngg <1

M cy,Rd. ten

A€ Mgy, rd ten » Mcz Rd ten BU3HAYEHI B 6.1.8.

6.1.10 CymicHa disi 3cysHOi i n03d08xHBOI
CuJjlu ma 32uHasibH020 MOMeHmy

(1) Ans nonepeynnx nepepisis Npu cymicHin Aii
No3A0BXHLOT CUNKN Ng , 3TMHANBLHOTO MOMEHTY
Mg, i nonepeyHoi cunn Vg BNNUB OCTaHHLOI
He BPaxoByeTbCA, AKWO Vgy < 0,5V, oy . Y Bu-
nazky, Konu 3acyesHa cuna 6inblue Hixk NonoBuHa
Onopy CTiHKW1 [0 3CYBY, NOBUHHA BUKOHYBAaTUCh
yMoBa:

Neg +My,Ed +(1_A’:’f,Rd ](ZVEd
pl,Rd

Nrs My Rq

ne:
Ng4 — PO3paxyHKOBWI onip NoNepeyHoro nepe-
pi3y Npu piBHOMiIpHOMY po3Tary abo CTUCKY, WO
HaBegeHwur B 6.1.2 a60 6.1.3;

M, rs — PO3paxyHKOBWI onip nonepevHoro
nepepisy npu Aii MOMEHTY, WO HaBeEeHUI B
6.1.4;

Viw.Rg — PO3PaxyHKOBWIA ONip CTiHKM OO 3CyBY,

wo Hasegernun B 6.1.5(1);

M rg — MOMEHT ONOpY NoNepeYHoro nepepisy,
WO CKNagaerbeca TiNbkn 3 eekTUBHOI NNOoLLi
nonuupk, Ame. EN 1993-1-5;

M p1,Rd — MOMEHT ONOPY NOMEPEYHOro nepepiay
B NNacTtu4Hiv ctagil, gaus. EN 1993-1-5.

[na enemeHTiB i npocnucTie 3 Oinbll HiX
OAHIEIO CTIHKOW V|, py AOPIBHIOE CyMi onopis
BCIX CTiHOK, WO ckNagawTs nepepis. [Ous.
EN 1993-1-5.

6.1.11 CymicHa dis 32uHanbHO20 MOMeHMy
i Micyeso2o HagaHmaxeHHs1 a6o OMOPHOT
peakuii

(1) Mpu ogHouacHin aii Ha nonepeyHKi nepepis
3rMHanNbHOrO MoMeHTy Mg, i nonepeyHoi cunu
Bi MiCLEBOro HaBaHTaxeHHs abo onopHol
peakuii Fgy NOBUHHI BUKOHYBaTUCL Taki yMOBU:
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(6.26)
Mcz,Rd,ten Nc,Rd

in which Mgy rg ten » Mez R ten @re 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 Ng;, a bending moment
Mg, and a shear force Vgy; no reduction due
to shear force need not be done provided that
Veg < 0,5V, gy - If the shear force is larger than
half of the shear force resistance then following
equations should be satisfied:

2
—1] <10, (6.27)
Viv.Rd

where:

Ng, is the design resistance of a cross-section
for uniform tension or compression given in
6.1.20r6.1.3;

M, rq is the design moment resistance of the

cross-section given in 6.1.4;

Viw.re 1S the design shear resistance of the

web given in 6.1.5(1);

M; gy is the moment of resistance of a cross-
section consisting of the effective area of
flanges only, see EN 1993-1-5;

M1 rq is the plastic moment of resistance of the
cross-section, see EN 1993-1-5.

For members and sheeting with more than one
web V,, rq is the sum of the resistances of the
webs. See also EN 1993-1-5.

6.1.11 Combined bending moment and local
load or support reaction

(1) Cross-sections subject to the combined ac-
tion of a bending moment Mg, and a transverse
force due to a local load or support reaction Fgy
should satisfy the following:
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Meg /Mcrg <1,

Feq /Rwpra <1,

Mgy

ne:
M:rgs — MOMEHT onopy Ansa nepepisy 3rigHo 3
6.1.4.1(1);

R\, rg— MiCLeBUIA NONepeYHN onip CTiHKK 3riaHO
36.1.7.Y Bnpasi (6.28c) arnHansHuiA MOMEHT Mg,
Moxe ByTu obuncnenun Gins kpaw onopwu. Ons
enemMeHTiB i NpodnucTiB 3 BinbLU HiX OAHIE0 CTiH-
kot R, gy MPUAMAETLCS sik CyMa Hecy4yol 3par-
HOCTIi CTiHOK.

6.2 Onip BTparTi CTiKKOCTI

6.2.1 3a2anbHi NOI0XEHHS

(1) Ons enemMeHTiB 3 NoNnepeyHUMU nepepizamu,
CXUAbHUMW 0O CKPyYyBaHHS, MOBMHHA BpaxoBy-
BaTUCb MOXIMBa MONepeYHo-KpyTunbHa dopma
BTpPaTWU CTIAKOCTiI CTUCHYTUX nonuup i B BinbLwin
Mipi nonnub, WO 3rMHaTLCA B CBOIN NNOUMHI.

(2) EchbekTu MicueBOi i 3aranbHOT BTpath CTINKOCTI
HeobXxifHO BpaxoByBaTH 3rifHO 3 BKa3iBkamu 5.5.

6.2.2 3azansHa popma empamu cmidkocmi
(1) PospaxyHkoBui onip BTpari cTiikocTi Ny gy
npv NOB3A0BXHLOMY 3rnHi HEOOXiAHO BU3HaA4aTH
3a EN 1993-1-1, kopucTylouuchb BIignoOBIgHOW
KpMBOIO 3rigHo 3 Tabnuueto 6.3 B 3anNexHOCTI Bif
TUNy nonepedHoro nepepiay, dhopmu BTpaTth CTiln-
KOCTi i rpanHuui TekyqocTi, aus. (3).

(2) Kpvea BTpaTtu CTIMKOCTI ANA NonepeqHnx
nepepisie, He HaBegeHMx B Tabnuui 6.3, moxe
6yTn oTpymaHa TOTOXHO.

(3) Onip BTpaTi CTIRKOCTI ANS 3aMKHYTUX CKna-
AeHNX nonepeyvHux nepepisis HeobxigHo BU3Ha-
YaTu, BUKOPUCTOBYIOUMU:

— KpWBY BTpaTtu CTIAKOCTI b y noegHaHHi 3 rpa-
HULEH TEKYYOCTi fyb NAOCKOro NUCTa, 3 SKOro
X0NoAHUM hOpMYBaHHAM BUPODASETLCH ene-
MEHT;

— KpuBY BTpaTWU CTINKOCTI € y NOe€AHaHHI 3
CepeaHiM 3HaAYEHHSIM TPaHULi TeKy4oCTi fya ,

sika BU3HAYAETLCA ANs eAemMeHTa nicns Nnoro

dopmyBaHHS 3rigHo 3 3.2.3 Npn A g = Ag .

v fEd 405,
Mc,Rd Rw,Rd

(6.28a)
(6.28b)

(6.28¢)

where:
M. gy is the moment resistance of the cross-
secion given in 6.1.4.1(1);

Ry, rqe is the appropriate value of the local trans-
verse resistance of the web from 6.1.7. In equa-
tion (6.28c) the bending moment Mgy may be
calculated at the edge of the support. For mem-
bers and sheeting with more than one web, R, gy
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 sus-
ceptible 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 Sec-
tion 5.5.

6.2.2 Flexural buckling

(1) The design buckling resistance N, g, 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-sec-
tion, axis of buckling and yield strength used, see
(3).

(2) The buckling curve for a cross-section not in-
cluded 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 £, of the flat sheet material out
of which the member is made by cold forming;

— buckling curve c in association with the aver-
age yield strength £, of the member after cold
forming, determined as specified in 3.2.3, pro-
vided that A=A, .
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6.2.3 KpymunbHa ma 32uHanbHO-KPyMusisHa
¢ghopmu empamu cmitikocmi

(1) Ans enemeHTIB BIAKPUTOrO KOCOCUMETPUYHOTO
nonepeyHoro nepepisy (Hanpuknag, Z-noaiGHux
MPOroHiB 3 OAHAKOBUMW MONUUSMK) MOBUHHA
BPaxoByBaTUCb Taka MOXNUBICTb, WO onip ene-
MEHTa 3a YMOBW BTPaTH CTIAKOCTI 3a KPYTUIMBHOKO
dopMoto Moxxke ByTK MeHLLe HiX onip enemMeHTa
BTpaTi CTIKOCTI 3a 3rmHanbHOK OPMOI0.

(2) Ans eneMeHTiB BIigKPWUTOro nNOMNEpPEYHOro
nepepiay 3 OAHIE0 BICCIO CUMETPIl, ANB. PUCYHOK
6.12, NnoBNHHA BpaxoByBaTUCh Taka MOXIUBICTb,
Lo onip eneMeHTa 3a YMOBUW BTpaTW CTIAKOCTI 3a
3rMHaNbHO-KPYTUNbLHOK OPMOKD  MOoXe bByTu
MeHLIe HiX onip enemeHTa BTpaTi CTIAKOCTI 3a
3ruHansHo HoOpMOI0.

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 buck-
ling.

(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+.

PucyHok 6.12 — lMpodini 3 oaHieto Bicclo CUMETPIl, CXWUIMBHI A0 BTpaTK CTIMKOCTI 3a
3rMHaNbHO-KPYTUNBLHOK HOPMOKD
Figure 6.12 — Monosymmetric cross-sections susceptible to torsional-flexural buckling

(3) Ans enemeHTiB acUMETPUYHOro BIAKPUTOro
nonepeYyHoro nepepisy NOBUHHa BpaxosyBaTWUCh
Taka MOXNMBICTb, WO ONip 3a yMOBW BTpaTu
CTIAKOCTI 3a KpyTUNbHOKW abo 3rnMHanbHO-KpY-
TUNbHOK HOPMOID MOXe ByTU MeHLe HixX onip
enemeHTa BTpaTi CTIAKOCTI 3a 3rMHanbHo dop-
MOH0.

(4) PospaxyHkoBuid onip BTpaTi CTIAKOCTI Np Rd
3a YMOBMW BTpaTu CTIAKOCTI 3a KpyTUNBHOK abo
3TUHaNBLHO-KPYTUNLHOK hopmo HeobXiaHO BU-
3HauuTK 3rigHo 3 6.3.1.1 EN 1993-1-1, kopucty-
IOYUChb BiANOBIOHOK KPWBOK BTpPaTuM CTINKOCTI
BIAHOCHO OCi z — Z 3rigHOo 3 Tabnuueto 6.3.
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(3) For members with non-symmetric open
cross-sections, account should be taken of the
possibility that the resistance of the member to ei-
ther torsional or torsional-flexural buckling might
be less than its resistance to flexural buckling.

(4) The design buckiing resistance Ny gy for
torsional or torsional-flexural buckling should be
obtained from EN 1993-1-1, 6.3.1.1 using the rel-
evant buckling curve for buckling about the z — z
axis obtained from table 6.3.
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Ta6nuua 6.3 — Kpusi BTpaTu cTitkocTi npodinie pisHnx Tmnis

Table 6.3 — Appropriate buckling curve for various types of cross-section
Tun npodinto BTpaTa crimkocrl Kpwnsa BTpaTtu CTilAKOCTi
Type of cross-section BIAHOCHO oc! Buckling curve
Buckling about axis
T
m Npu BUKOPUCTaHHI f byab-sika
. . b
l if f,, is used Any
y-Jpo—— j———f v
nNpyv BUKOPUCTaHHI fya byab-aka
if £, 5 is used *) Any ¢
Y-y a
z-2 b
byab-ska b
Any
byab-sika c
Any
abo 6yp,b-H§MVI . Byab-sika
nonepeYHuin nepepia Any c
or other cross-section

*) CepeaHio BenUuMHY rpaHuLi TeKy4ocTi f,, He A03BONSAETLCS BUKOPUCTOBYBATH, KpIM BrNaaKy Acir = Ag .
*) The average yield strength fya should not be used unless Agp = Ay .

(5) Kputnuna cuna N, r AN KpyTUnbHOI hopmMu
BTPaTW CTIlKOCTi B NpyXHin cragii pobotu ans
BiNbHO 0bNepTOoi 6anku NOBUHHA BU3HAYaTUCh 3a
BUPA3oM:

1
Ncr,T 27(G/t +

lo

(5) The elastic critical force N,y for torsional
buckling of simply supported beam should be de-

termined from:

anIW J
2 )
lT

(6.33a)
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TyT: with:
i2 =i +iZ +y2 +22, (6.33b)
ae: where:
G — Moaynb 3CyBY; G is the shear modulus;
I — nocTiiHa Kpy4YeHHS NOBHOIO Nepepiay; Iy is the torsion constant of the gross cross-sec-
tion;
1, — nocTiHa fennaHauii NOBHOro nepepisy; I, is the warping constant of the gross cross-
section;
I, — pagiyc iHepLjii NOBHOro Nepepidy BiAHOCHO OCi i, is the radius of gyration of the gross cross-
Y-y secion about the y — y axis;
i, = papiyc iHepLii NOBHOrO repepi3y BiZHOCHO OCi i, is the radius of gyration of the gross cross-
z-1z secion about the z — z axis;
I+ — pospaxyHkoBa [OBXWHa enemeHTa, WO I+ is the buckling length of the member for tor-
BTpayac CTINKICTb 3a KPYTUIbHOK (DOPMOIO; sional buckling;
Yor Zo, — KOOpAMHATW UEHTpa 3CyBY BiZHOCHO Yo Z, are the shear centre co-ordinates with re-
LEHTpa TAXIHHS NOBHOIO nepepisy. spect to the centroid of the gross cross-section.
(6) Ans nepepisis 3 4BOMa ocaMU cuMeTpii (Han- (6) For doubly symmetric cross-sections (e.g.
puknag, y, = z, = 0), kputndHa cuna N, 7z Ang Yo= Z, = 0), the elastic critical force N, 7 for tor-
3rMHaNbHO-KPYTUNBHOT POpMUY BTPATU CTIKKOCTI B sional-flexural buckling should be determined
NPYXHi cTaaii NnoBMHHA BU3Ha4YaTUCA 3a BUpa- from:
30M:
Ner,7e = Ner7 (6.34)
npn UboMy Nep 1< Nepy i Nep 7 < Ng, 5 provided Ny < N, and N, 7 < N, .

(7) Ons nonepevyHux nepepisiB CUMETPUYHUX
BIANOBIAHO OCi ¥y — Yy (Hanpuknaa, z, = 0) npu
KPYTWUMBHO-3rMHanbHin oopMi BTpaTu CTINKOCTI B
NPYXHidA cragii kputnaHa cuna N, 7z NOBUHHA
BM3HaA4YaTUCH 3a BUPA3OM:

(7) For cross-sections that are symmetrical about
the y —y axis (e.g. z, = 0), the elastic critical force
N¢, 7 for torsional-flexural buckling should be de-
termined from:

2 2
N N N N
Nepp = —n¥ |44 ST _ flq_enl +4(¥_°J e, (6.35)

2p Ncr,y Ncr,y Io Ncr,y
ne: with:
2
ﬁ=1—[y.—°).

Io

(8) PospaxyHkoBa [OBXWHa Iy enemeHTa, siKuii
BTpayae CTiMKICTb 3a KPYTUNbHOI abo 3rnHanb-
HO-KPYTWUBHOK (DOPMOIO, MOBUHHA BU3HA4YaTUCh
3 ypaxyBaHHAM CTyNeHs MOro 3akpinneHHs Big
CKpYy4YyBaHHS | fiennaHauii Ha KOXXHOMY KiHUui ene-
MEHTa JOBXWUHOW L.

(9) B 3anexHocTi Big TMNY 3’€4HaHHSA MO KiHUAX
enemMeHTa MOXYyTb NPUAMATUCL Taki 3HaAYEHHS
Ir/ L
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(8) The buckling length I+ for torsional or tor-
sional-flexural buckling should be determined
taking into account the degree of torsional and
warping restraint at each end of the system length
Ly

(9) For practical connections at each end, the
value of I/ L+ may be taken as follows:
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— 1,0 gnsa s'egHaHb 3 YacTKOBUM 3aKPINeHHSM
Bifl CKpyYyBaHHS | gennaHadii, AnMB. pUCYHOK
6.13(a);

— 0,7 gng 3’egHaHb 3 CyTTEBMM 3aKpinfleHHAM
Bifl CKpyyyBaHHA | AennaHallii, AuB. PUCYHOK
6.13(b).

— 1,0 for connections that provide partial
restraint against forsion and warping, see
figure 6.13(a);

— 0,7 for connections that provide significant
restraint against torsion and warping, see
figure 6.13(b).

A
|

i

|

|

|
—
|

|

L

Buaow konox
Column o be considered

a — 3'e4HaHHs 3 YaCTKOBUM 3aKPiNNeHHAM Bi CKpyYyBaHHSA i gennaHadlii
a) connections capable of giving partial torsional and warping restraint

3aMkHyTi nepepisn abo nepepisu 3
fonTamu, WO NpoXoasTh Yyepes Asi
CTiHKW enemMeHTa

Hollow sections or sections with

bolts passing through two webs
per member

Buaw xonou
Column 1o be considered

b — 3'egHaHHs 3 CYyTTEBMM 3aKpIiNneHHAM Bif CKpydyBaHHs | gennanauji
b) connections capable of giving significant torsional and warping restraint

PucyHok 6.13 — 3akpinneHHs Big ckpydyBaHHs i gennaHadii
Figure 6.13 — Torsional and warping restraint from practical connections

6.2.4 Tonepe4yHoO-KpymMunLHa ¢hopma
empamu cmitikocmi eJleMeHmMie npu 32UHi
(1) PospaxyHkoBWKA onip BTpaTi CTiNKOCTI ene-
MeHTa, CXUFbHOFO A0 KPYTUNbLHOI hopMu BTpaTH
CTIKOCTI, NOBMHEH BU3HaA4aTUCb BIAMOBIAHO OO0
EN 1993-1-1, nigpoaain 6.3.2.2, BUKOPUCTOBY!O-
Un KpUBY BTpaTU CTIMKOCTI b.

(2) Ue#t meTO He 3aCTOCOBYETLCS ANS nepepisis

i3 CYTTEBUM KyTOM MiX rOnoBHUMMK ocamMu edoek-
TUBHOTO i MOBHOIO Mepepisis .

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 sec-
tions that have a significant angle between the
principal axes of the effective cross-section, com-
pared to those of the gross cross-section.
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6.2.5 Ocboeuli cmuck 3i 32uHom

(1) Baaemogisi MixX 0CbOBOIO CUINOI | 3rMHaNbHUM
MOMEHTOM BPaxoBYETbCS MPW pO3paxyHKy ApY-
roro nopsaky, sk skasaHo 8 EN 1993-1-1, Ha 6asi
XapaKkTepuUCTUK eeKTUBHOIO MonepeyHoro ne-
pepi3y 3rigHo 3 5.5. [lue. Takox 5.3.

(2) AnbTepHaTMBHO MOXHa CKOpUcTaTUchb op-
mynot (6.36):

Ae N rq — PO3paxyHKOBUM OMip BTpaTi CTIAKOCTI
enemeHTa, obyncneHnn 3rigHo 3 6.2.2 (3rmHanb-
Ha, KPyTUNbHAa, 3rMHanbHO-KPYTUAbHA dopmMu
BTPaTW CTIAKOCTI) | My, gy — PO3paxyHKoBMI OMip
enemeHTa npu Aii MOMeHTY 3rigHo 3 6.2.4 3 ypa-
XyBaHHAM 3a HeobxigHocTi Mg, sik BNMMB BiA
epeKTiB HenTpanksHoi oci.

6.3 OcboBU# PO3TAT 3i 3rMHOM

(1) 3acTtocoByloTbCA NPUAOMU, KK | NPU CTUCKY
3rigHo 3 6.2.5.

7 TPAHWYHI CTAHU EKCNNYATALIUHOI
NMPUOATHOCTI

7.1 3aranbHi NONOXeHHA

(1) Ons xonoaHoMOPMOBAHWX €ENeMeHTIB |
npocnuCTiB NOBUHHI 3aCTOCOBYBATUCA NpaBuna
pO3paxyHKy 3a rpaHU4HUMKU CTaHamu ekcnnya-
TauiiHOT NpMAaTHOCTI, WO HaBeaeHi B po3aini 7
EN 1993-1-1.

(2) MNpu pospaxyHKy 3a rpaHUYHUMK cCTaHaMu
eKcnnyaTauinHol NpuaaTHOCTI NOBMHHI BpaxoBy-
BaTWUCH XapakTepucTuku edekTUBHOIO nonepey-
HOro nepepisy xonoaHo(opMOBaHUX €MEMEHTIB i
npodpnucTis 3rigHo 3 5.1.

(3) MomeHT iHepuii Moxe ByTU BU3HaYEHWIA anb-
TEPHaTUBHO IHTepnoASLIE MK NOBHUM i edbek-
TUBHUM NONEPEYHUMU NepepizamMn 3a BUPa3oM:

Mgy
Mp rd

0.8
Np Ra

6.2.5 Bending and axial compression

(1) The interaction between axial force and bend-
ing 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 ef-
fective cross-section obtained from Section 5.5.
See also 5.3.

(2) As an alternative the interaction formula (6.36)
may be used

0,8
] <1,0, (6.36)

where Ny, » is the design buckling resistance of a
compression member according to 6.2.2 (flexural,
torsional or torsional-flexural buckling) and My, gy
is the design bending moment resistance accord-
ing to 6.2.4 and Mg, 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.

(2) The properties of the effective cross-section
for serviceability limit states obtained from Sec-
tion 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 calcu-
lated alternatively by interpolation of gross
cross-section and effective cross-section using
the expression

(03
lfic =lgr —%—(/gr ~1(S)efr ) » (7.1)

ae:
lgr — MOMEHT iHepUii NOBHOTO NONEpPeYHoro ne-
pepiay;
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where:

lgr is second moment of area of the gross

cross-section;
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Ggr — MakcumanbHe 3rvHasibHe HarpyXeHHs
CTUCKY 3a rpaHn4YHUMK CTaHaMu ekcrnyarauii-
HOI npuaaTHoCTi Ha 6asi NoBHOro nonepe4Horo
nepepiay (8 popmMyni 3i 3Hakom "nntoc");

1(G)eff — MOMEHT iHepuii edekTuBHOro none-
peyHoro nepepisy, obuncneHnn 3 ypaxysaHHsaM
MiCLEeBOI BTpPaTK CTIMKOCTi NpU MakCUManbHOMY
HanpyXeHHi ¢ 2 o g,, NP LbOMY 3a aBCOMIOTHUM
3HAYEHHAM MaKkCcUMarkbHe HanpyXeHHs1 € Hak-
BiNbWWM Yy MeXax po3paxyHKOBOI [10BXWUHU ene-
MeHTa, WO po3rnsfacTbes.

(4) MomeHT iHepuii edexkTuBHOTO nepepisy /.4
(abo I5;) B3OOBX NpoNbOTY MOXe ByTW 3MiHHUM.
AnbTepHatMBHO  MOXe  BUKOPUCTOBYBaTUCH
NOCTINHE 3HAYEHHA MOMEHTY, 0BbuMcneHoro Ha
6a3i makcmanbHOro abcontoTHOro NPONLOTHOMO
MOMEHTY Bif HOPMATUBHOIO HABaHTAXEHHS.

7.2 MnactnyHi gecdopmauii

(1) Tpu BU3HaAYEHHI PO3PaxyHKOBOrQ OMOpy 3
ypaxyBaHHAM MOBHOIO pPO3BUTKY NNAcTUYHUX
pecdopmMadii KOMOiHALLIO ONOPHOTO MOMEHTY i
peakKuii Ha NPOMIXHIA onopi HeobXiaHo NpUAMaTK
3 koediuieHToM He Binbiue Hix 0,9 3 BUKOpUC-
TaHHAM v pg gor» AMB. PO3AIN 2(5).

(2) O6'egHaHMin pO3paxyHKOBWUA ONip MOXHA
BU3Ha4aTu 3rigHo 3 6.1.11, ane ana rpaHUYHUX
CTaHiB ekcnnyaTtauifHoi NpuaaTHOCTI cnig BUKO-
pUCTOBYBaTU e(EeKTUBHUIN NONEpeYHnii nepepis
I YM ser -

7.3 NporvHu

(1) MporMHn MOXyTb BU3HAYATUCL 3 NPUNYLLEH-
HAM poBoTuK B NPyXHIN cTagil.

(2) Npw BU3Ha4eHHI NPOrUHIB, 3yCUIb i MOMEHTIB
HeoOXxigHO BpaxoByBaTW BNMWB NigAaTNUBOCTI
3'egHaHb (Hanpuknag, npy Hepo3pi3Hux banou-
HUX cUCTemax i3 3’€/HaHHAMMN BHAMNYCK i Ha Hak-
nagkax).

8 PO3PAXYHOK 3'€QHAHb

8.1 3aranbHi NONOXeHHs

(1) MNpunyweHHa Ta BUMOMM LWOAO PO3paxyHKy
3’eanaHb gus. EN 1993-1-8.

(2) Mpasnna, WO HaBeOEeHi HUXKYE, CTOCYOTbCS

enemeHTisa ToBLWMHOW f.,, <4 MM, ski B EN

1993-1-8 He po3rnsaalThCs.

c gr IS maximum compressive bending stress in
the serviceability limit state, based on the gross
crosssection (positive in formula);

I(c)ef is the second moment of area of the effec-
tive cross-section with allowance for local buck-
ling calculated for a maximum stress ¢ 2 6 g, in
which the maximum stress is the largest absolute
value of stresses within the calculation length
considered.

(4) The effective second moment of area Iy
(or Ig.) 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 combina-
tion of support moment and support reaction at an
internal support should not exceed 0,9 times the
combined design resistance, determined using
YM.ser» S€€ section 2(5).

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

YM,ser-

7.3 Deflections

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

(2) The influence of slip in the connections (for ex-
ample in the case of continuous beam systems
with sleeves and overlaps) should be considered
in the calculation of deflections, forces and mo-
ments.

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
teor<4 mm, not covered by EN 1993-1-8.
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8.2 3’eQHaHHsA CTUCHYTUX efieMeHTIB, KiHueBi
Ta BHanycK

(1) 3’eaHaHHs CTUCHYTUX eneMeHTiB, KiHuesi abo
BHaMyck, NOBWHHI By T PIBHOMILHMMM 3 OCHOBHUM
enemeHTom abo pospaxoBaHi Ha At goaaTko-
BOTO 3rMHanbHOr0 MOMEHTY BHacnigok aedop-
MOBaHOI CXeMWU enemeHTa, sIK JOMOBHEHHS A0
BHYTPIWHbOrO 3ycunna cTucky Ngy i 4O BHYT-
PILLHIX MOMEHTIB M, £y Ta M, £, WO o64UCneH
Mpu 3aranbHUX po3paxyHKax.

(2) Axwo po3paxyHOK APYroro NOpsiAKy He BUKO-
HyBaBCA, A04ATKOBUA MOMEHT AMgy NOBUHEH
npuimaTucb B NONEPEYHOMY Nepepisi BiAHOCHO
OCi, sKKin BignoBigae HaWMeHLWle 3Ha4YeHHs no-
HWXKXyBanbHOro KoedilieHTa y Npyu 3rnmHanbHiin
topmi BTpaTh cTinkocTi, aus. 6.2.2.1(2). Benu-
YnHa AMgy obuncntoeTbes 3a hopMynoro:

AMEgg = Ngy (; -

ne:
Ag— €hexTnBHa nnotla nonepeyHoro nepepiay;
a — BiacTaHb 40 HaNnBNNXYOT TOYKN NepPErnHy Big
3'elHaHHA KiHLeBoro abo BHaNycK;

[ — pospaxyHkoBa AOBXMHA M TOYMKaMu nepe-
TMHY 4aCTWUHU enemeHTa, WO BTPaATUB CTINKICTb
BiAHOCHO NEBHOI OCi;

W — MOMEHT onopy eheKTMBHOro NonepeyHoro
nepepisy Npu 3ruHi BigHOCHO NEBHOT OCi.

Takoro Tuny 3'e4HaHHsi NOBWMHHI TAKOX pO3paxo-
BYBaTUCb 3 ypaxyBaHHAM A04AaTKOBOI BHYTpILL-
HbOI 3CYBHOI cHUnu:

AViey = _”’\zEd [

(3) 3’eaHaHHs KiHUEBI Ta BHaNycK NOBWHHI BUKO-
HyBaTWUCb Tak, Wob 3ycnnnsa nepegasanmch HUIMK
Ha edeKTUBHI YacTKn NONEPEYHOro nepepisy.

(4) Ak KOHCTPYKTUBHE BUKOHAHHSA 3’€QHaHb Ha
KIHUAX eneMeHTIB He J03BONSAE YiTKO BU3HAYMTU
niHito Aii BHYTPIWHBOI OCbOBOI cUNn, HeobXigHO
BCTAHOBUTU MOXMWBUN e€KCUEHTpUcUTeT 1T Afi i
BpaxyeBaTl B pPO3paxyHKy BiAMNOBIOHI A40AATKOBI
MOMEHTU, HE3BaXaumn Ha Te, WO ENEMEHT MOXe
MaTW i oaHe 3’eQHaHHS, KiHLeBe abo BHanycK.
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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 Ng, and the internal moments

M, eqand M, g,0btained from the global analysis.

(2) In the absence of a second-order analysis of
the member, this additional moment AMgy
should be taken as acting about the cross-sec-
tional axis that gives the smallest value of the
reuction factor y for flexural buckling, see
6.2.2.1(2), with a value determined from:

Weff na

—Lsin——, (8.1a)

Aot

where:
Agiis the effective area of the cross-section

ais the distance from the splice or end connection
to the nearer point of contraflexure;

I is the buckling length of the member between
points of contraflexure, for buckling about the rel-
evant axis;

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

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

1}% (8.1b)
ff

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

(4) If the constructional details at the ends of a
member are such that the line of action of the in-
ternal 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.
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8.3 3’egHaHHA Ha MexaHi4YHUX 3acobax
KpinneHHs

(1) 3a chopmMoto 3’egHaHHA HA MEXaHiYHUX 3aco-

Bax kpinneHHsA NOBMHHI ByTN KOMNaKTHUMKW. Po3-

TalyBaHHA KpinunbHUX BUPOLIB NOBUHHO 3abes-

nevyBaTtn HopManbHi YMOBW iX BCTAHOBMNEHHS B

npoueci MOHTaxy abo pEMOHTY.

Npwumitka. Jogatkosy iHdbopmauio ame. y 1-8 EN 1993.

(2) 3ycunnsa 3cyBY Ha OKpeMi KpinunbHi BUpoGn

[OMyCKalTbCA TakuMu, WO AOOPIBHIOKWTL 3a

YMOBM:

~ KpiNMAbHI BUPOOU MaOTb OOCTaTHIO NNacTu4-
HICTb;

— 3pi3 He € KPUTUYHOIO HOPMOIK PYIHYBaHHSA.

(3) Mpu BU3Ha4EHHI oNopy KpiNMNsLHUX BUPOGiB, Ha

SiKi 30e6iNbworo AikTb CTAaTUYHI HaBaHTaXEeHHS,

Tpeba kepyBaTUCHL BKa3iBKaAMMU:

— Tabnuui 8.1 gna 3aknenok nNpu ogHoGIMHOMY
KnenaHHi;

— Tabnwuui 8.2 ans caMoHapi3HUX 'BUHTIB;

— Tadbnuui 8.3 gna atobenis;

— Ttabnwuui 8.4 onsa GonTi..

MNpumitka. Ons BU3HAYEHHA PO3PaxyHKOBOro onopy

KpinunbHUX BMPOGIB 3a pesynbTatamMyv BUNpobyBaHb
ave. 9(4).

(4) B tabnuusx 8.1 — 8.4 npUAHATY Taki NO3HAKM:

A — NOBHa Mnouja NonNepevHoro nepepisy
KpinMNbHOro BUPOOY;

A — nnouwia nepepisy po3TArHyTOl YaCcTUHM
KpinMnbHOro BUpooy;

ALt — nNnouwa nocnabneHoro nepepisy ene-
MEHTa, O 3'€AHYETbCS;

BLrs — 3HWKYBanbHWA KoediuieHT Ans npo-
TSOKHUX By3nie 3rigHo 3 EN 1993-1-8;

d — HOMIHanNbHWA giamMeTp KPINUNLHOrO BU-
poby;

d, — HOMiHaNbLHWIA giaMeTp OTBOPY;

dy — fiameTp wanbu abo ronoBkK Kpinunb-
HOro Bnpoby;

e, — BiACTaHb B3JOBX 3ycuUnns Big UeHTpa
KpinunbHOro Bupoby 40 Hanbnux4oro
Kpalo enemeHTa, Wo 3’ €AHyETbCS, AVB.
pucyHok 8.1;

e, — BigcTaHb Nonepek 3ycunio Big LeHTpa

KpinUnbHOro BMpOBY 40 HaWbNMK4oro
Kpalo enemeHTa, Lo 3’'€4HYETLCS, AMB.
pUCyHOK 8.1;

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 1993.

(2) The shear forces on individual mechanical fas-
teners 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 sym-
bols should be taken as follows:

A the gross cross-sectional area of a fas-
tener;

A the tensile stress area of a fastener,

Anet the net cross-sectional area of the con-
nected part;

BLf the reduction factor for long joints ac-
cording to EN 1993-1-8;

d the nominal diameter of the fastener;

d, the nominal diameter of the hole;

dy the diameter of the washer or the head

of the fastener;

e4 the end distance from the centre of the
fastener to the adjacent end of the con-
nected 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 con-
nected part, in the direction perpendicu-
lar to the direction of load transfer, see
figure 8.1;
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ub — TMMYacoBWA ONip po3Tsiry martepiany
KpinunbHOTo BUpObY;

fu,sup — TUMYacoBMWA ONip PO3TAry OMNOPHOro
efnemeHTa, B SKAWN BCTAHOBIIOETLCS
I'BUHT;

n — KINbKICTL NUCTIB, SKi KpinnaTbLCa Ao

ONOPHOTO €efneMeHTa 3a [ONOMOrow
remHTa abo arobens;

ng — KifbKICTb KpinunbHMX BUpobiB B 0f-
HOMY 3'€JHaHHi;

Py — BiACTaHb MK LEHTpamu KpinunbHMX
BUpoGIB B3QOBX 3ycUNnsi, AuB. pUcy-
HOK 8.1;

o) — BIiACTaHb MK UEHTpaMu KpinUMbHUX
BMpPOGIB Nonepek aycunnio, AuB. pUcy-
HOK 8.1;

t — TOBLUMHA HAUTOHLWIOFO e€eneMeHTa B
3'eQHaHHi;

ty — TOBLUMHA HaWTOBLLOIO €nemMeHTa B
3'eAHaHHi;

t

sup — TOBWMHA ONOPHOTo enemMeHTa, B AKOMYy

3aKpinneTLCA rBUHT abo Arobens.
(5) TMpu BM3HaAYeHHi pPO3paxyHKOBOIrO OMNopy
KpinunNbHUX  BMPOGIB  YacTkoBUM  KoedilieHT
HafiNHOCTI v, NPUAMAETLCS Ypyo.
Mpumitka. BenuunHa vy, mMoxe OyTM HasefeHa B

Hau,iOHaanomy AoaaTtky. PeKOMeH,D,ySTbCH npuiMaTun
Ymo = 1,25.

fub the ultimate tensile strength of the fas-
tener material;

the ultimate tensile strength of the sup-
porting member into which a screw is
fixed;

u,sup

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;

Jo the spacing centre-to-centre of fasten-
ers in the direction of load transfer, see
figure 8.1;

P2 the spacing centre-to-centre of fasten-
ers in the direction perpendicular to the
direction of load transfer, see figure 8.1;

t the thickness of the thinner connected
part or sheet;

t the thickness of the thicker connected
part or sheet;

t

sup the thickness of the supporting member

into which a screw or a pin is fixed.

(5) The partial factor vy, for calculating the design
resistances of mechanical fasteners should be
taken as yy».

NOTE: The value yy, may be given in the National
Annex. The value vy, = 1,25 is recommended.

Hanpsamok git

3ycunna \ 4‘7 |
Direction of !
load transfer

PucyHok 8.1 — PoaTawyBaHHa KpinunbHWX BUpo6iB
Figure 8.1 — End distance, edge distance and spacings for fasteners and spot welds
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(6) Axwio onip BUCMUKYBaHHIO KPiNUABLHOrO BUPO-
By Fode MEHLWWIN HiK NpoaasnioBaHHio F, b.Rd
AeopMaTUBHICTb 3’€AHAHHA NOBUHHA BI/I3H:’:Na-
TUCb 3a pesynbTataMu BUNpo6yBaHb.

(7) Axwo kpinunbHi BUpObK B rodppax npocnnc-
TiB pO3TalIOBYHOTLCS HE NO LEHTPY, Onip camo-
Hapi3HUX reuHTIB | At0BeniB NpoaaBNtoOBaHHIO, L0
HaBeaeHun B Tabnuuax 8.2 i 8.3, noBuHeH ByTn
3MeHLWeHWN. Tak, Npy 3MilLEeHHI KpiINUNBHOro BU-
poby Big UEHTpa nonuui Ha 4BepTb 1i WUPUHK
po3paxyHKOBUA onip NPUIAMAETLCH 0,9Fp,Rd , a
Npw po3TalyBaHHI KPInUNbHUX BUPOBIB Ha Takin
Xe BigcTaHi Big ueHTpa B obuapa Goku npun-
MaeTbea 0,7F) gy Ha KOXHWA KpinunbHWUA BUPID,
AVB. PUCYHOK 8 2.

(6) If the pull-out resistance F, gy of a fastener is
smaller than its pull-through resistance £, g, 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 sheet-
ing. If attachment is at a quarter point, the design
resistance should be reduced to 0,9F, g4 and if
there are fasteners at both quarter pomts the re-
sistance should be taken as 0,7F, gy per fastener,
see figure 8.2.

LL:_\#__/ Nei/

de longd

del' l07

PucyHok 8.2 — 3HMXKeHHSA Onopy KpinunbHUX BUPOGIB 0 BUCMUKYBaHHS Y 3aNe€XHOCTI Big cxemu
iX po3TallyBaHHA
Figure 8.2 — Reduction of pull through resistance due to the position of fasteners

(8) Axwo kpinunbHUA BUPIG OaHOYAcHO nigaa-
€TbCA BNIIMBY 3CYBY i pO3TAry 3a YMOBMH, WO F; gy
Ta FV,Rd BU3Ha4eHi 3rigHo 3 Tabnuusmun 8.1 — 8.4,
onip 3’e4HaHHA NepeBIPSETLCA 3a YMOBM:

Ft rd

(8) For a fastener loaded in combined shear and
tension, provided that both F, gy and F, g4 are de-
termined 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.Rd <1. (8.2)

min(Fp rd»Fo,Rd)

(9) 3miny hopmKM NOBHOIO NONEPEYHOro Nepepisy
MOXHA HE BPaxXOBYBaTU, SKUIO PO3PaxyHKOBUN
onip BU3HaA4YEHUI 3a pO3paxyHKOM 3rigHo 3 Tab-
nuamn 8.1 — 8.4 i npu 34iNCHEHHI KPINNEHHA
yepes NONMLID LLMPUHOKD He Binblie Hix 150 mm.

(10) [HiameTp oTtBOpiB AN8 FBUHTIB MOBUHEH

BiANOBIAATUN TEXHIYHUM YMOBaM BUPOOHUKa. Taki

YMOBM NOBUHHI ByTn NnobyaosaHi 3a HaCTyNHUMM

Kputepiamu:

— MOMEHT 3aKpydyBaHHS NOBUHEH ByTK Ginblue
Hi>XK MOMEHT AN Hapi3aHHS pi3bbun B enemenTi,
W0 3’eHYETLCS;

— MOMEHT 3aKpy4yBaHHS NOBUHEH ByTN MeHLWe
HXK MOMEHT, WO MOXe NPu3BecTn A0 3puBY
pi3bbu abo oo 3pi3y ronosku sBnpody;

min(Fp ra+Fn,Rd )

(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;
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— MOMEHT 3aKpy4yBaHHsi NOBUHEH BYyTU He Binb-
we 2/3 MOMEHTY, o MOXEe NpPWU3BECTN A0
3pi3y ronoBKu.

(11) Ons npoTtskHUx By3niB HeobxiaHo Bpaxo-
BYBaTW MOHWXYBaNbHUN koedilieHT B, ¢ 3rigHo 3
EN 1993-1-8, 3.8.

(12) Ui npaBuna pospaxyHKy 3aknenok Ans
0AHOBIYHOTO KNenaHHA MOXKHa 3acTOCOBYBATU Y
BUMNaZKax, Konu giameTp OTBOPY HE NepeBuLLye
piameTpa 3aknenky Sinbwe Hix Ha 0,1 mm.

(13) Ons 3’egHaHb Ha H6ontax M12 i M14, konu
AiameTp oTBOpIB Ha 2 MM Binblwe giameTtpa bon-
TiB, npaBuna HaseaeHi B EN 1993-1-8.

— the threading torque should be smaller than
2/3 of the head-shearing torque.

(11) For long joints a reduction factor §; ¢ 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 di-
ameters 2 mm larger than the bolt diameter, refer-
ence is made to EN 1993-1-8.

Tabnuus 8.1 — Po3paxyHok Hecy4oi 34aTHOCTI 3aknenok nNpu ogHOGIMHOMY KnenaHHi R

Table 8.1

— Design resistances for blind rivets "

3aknenku npu poGoTi Ha 3cyB:
Rivets loaded in shear:

Onip 3MMHaHHIO:
Bearing resistance:

e o NPUNMAETLCS B 3aNEXHOCTI:
In which a is given by the following:

—sakwo (ify t=t;; a=3,6+t/d, ane(but)
— aKwo (if) ty>2,5¢: a=2,1
— akuwo (if) t<t4<2,5t:

Onip nepepi3y HeTTO:
Net-section resistance:

Onip 3piay:
Shear resistance:

Fo.ra =afydt/ypmo, ane (but) Fy gy <fieqt/(1,2yp2),

) a<2,1

o NPUIMMaKTL 3a MIHIMHOK IHTepnonsLjeto.
a obtain a by linear interpolation.

Fn,Rd = Apet fu/YMZ .

Onip 3pisy F, gy BU3Ha4aIOTh 3a pe3ynbTatamu anpo6yBaHb

Shear resistance F,, g4 to be determined by testing * ) and

Fura =Fvrk [Tm2 -

*1)

Ymosu: 4 F —>192F n
Conditions: 4 v.Rd ' b’Rd/ fBLr)
abo (or) Fyrd 21,2FRy-

3aknenkun npu po6oTi Ha po3TAr: 2)

Rivets loaded in tension: 2

Onip npoaaBnoBaHHIO:
Pull-through resistance:

Onip BUCMWUKYBaHHIO:
Pull-out resistance:

Onip npoaasnioBaHHIO Fp,Rd BU3Ha4aloTb 3a pesynbTatamv BUNpobysaHb 1),
Pull-through resistanceF, 4 to be determined by testing +1),
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KiHeub Tabnuuj 8.1

[ns 3aknenok He BU3HAYaETLCS.
Not relevant for rivets.

Onip poaTsry:

Tension resistance:

Onip po3tsry F; gy BU3Ha4aOTh 3@ pesynbTaTamu BUNpobysaHb 1),
Tension resistance F; p, to be determined by testing 1),

YmoBu:
Conditions:

Fira 2 2FpRd

Cdrepa 3acTocyBaHHA: 3)

Range of validity: 3)

eq21,5d, pq23d, 2,6 MM (mm) < d < 6,4 MM (mm)
e, >21,5d, po 2 3d,;

f, <550 H/mMm? (N/mm?2)

') [lonyckaeTbes, W0 HaknagHa rofoBka 3akmnernki po3TallioBaHa Hag HANTOHILMM 3 FIMCTIB, L0 3'€AHYIOTLCS.

D In this table it is assumed that the thinnest sheet is next to the preformed head of the blind rivet.

2) 3aknenkut 3 NOTAHOIO FONIOBKOK B 3'€AHAHHSIX HA PO3TAT HE 3aCTOCOBYIOTh.

2) Blind rivets are not usually used in tension.

3) MianaaoH 3acTOCYBaHHS Tak1X 3aKNENOK MOXe BYTH iHLIMM NPY BUSHAYEHHI ONOpy 3a pesyrbTaTamui BUNpo-
OyBaHb.

%) Blind rivets may be used beyond this range of validity if the resistance is determined from the results of tests.

4 Taki YMOBW NOBUHHI BUKOHYBATUCH 32 HEOBXiAHOCTI 0bMexeHHs fedhopMaTUBHOCTI 3'€AHaHHS. AKLLIO YMOBU He
BUKOHYIOTLCSH, AethopMaTUBHICTb 3'€GHaHHS HeobXiaHO oBmexXyBaTh IHLWUMK enieMeHTamMmn KOHCTPYKLUIT.

*) 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.

Mpwvmitka.*! B HauioHansHOMY foaaTKy Moxe Haga- NOTE:*" The National Annex may give further infor-
BaTUCb 40AaTKOBa iHhopMaLif LWOoA0 ONopy 3aKnenok mation on shear resistance of blind rivets loaded in
3CyBY, NPOAABMOBAHHIO Ta PO3TArY. shear and pull-through resistance and tension resis-

tance of blind rivets loaded in tension.
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Tabnuus 8.2 — PoapaxyHOK HECY4Oi 3[aTHOCTI caMOHapi3HMUX rBUHTIB 1)
Table 8.2 - Design resistances for self-tapping screws

CamoHapisHi rBMHTN B 3’€4HaHHSX, WO NPaUIOOTL Ha 3CYB:
Screws loaded in shear:

Onip 3MUHaHHI0:
Bearing resistance:

Fo.ra = fydt/ypm2
e ol NPUAMaETLCA B 3aNeXHOCTI:
In which « is given by the following:

~ sKwo (if) t =1tq; o =3,24t/d , ane (but) @ <2,1

— Akuwo (if) t, > 2,5t Ta (and)f< 1,0 MM (mm): a =3, 24t/ d, ane (but) a <21

— akwo (if) £ > 2,5t Ta (and)t 21,0 Mmm (mm): o <£2,1

- akwo (if) t< t4< 2,5t o MPUAMaLOTL 3a NIHINHOKW iIHTeprnonaALieto.

a obtain a by linear interpolation.

Onip nepepisy HeTTO:
Net-section resistance:

Fn,Rd = Anet fu/YMZ .
Onip 3pisy:
Shear resistance:

Onip 3pisy F, g4 BU3HAYaIOTb 3@ pesynbTatamn BUNPObyBaHb +2)
Shear resistance F, g4 to be determined by testing *2)

Fyra =Fyre[Ym2 -

Ymosu: 4

FapasprrTy A >1,2F, .
Conditions: v.Rd b.Rd
660 (Or) ZFV,Rd 2 1’2Fn,Rd-

CamoHapi3Hi rBUHTY Npu po6oTi Ha po3Tar
Screws loaded in shear:

2)
2)

Onip npogasnioBaHHKIo:
Pull-through resistance:

— ONS CTaTUYMHUX HaBaHTaXeHb:
— for static loads
Ford =dwtfy/Ym2
— ANgA FBUHTIB Npu Aii BITPY abo Npu CNonyyYeHHi CTaTUMHUX HaBaHTaXeHb i BITPY:
— for screws subject to wind loads and combination of wind loads and static loads:

Fp,Rd =0,5dtf, [ym2

Onip BUCMUKYBaHHIO:
Pull-out resistance:

— sAKWo (if) fgyp/s<1 Ford =0,45d tsypfysup /Ym2  (KPOK pisi);
(s is the thread pitch);

— AKWo (if) typ/s21  Fopy =0,65d gy fy sup/YM2 -
Onip posrary:
Tension resistance:

Onip po3Ttary F; gy BU3Ha4atoTh 3a pesdynbTatamu sBunpobysaHqb *2),

Tension resistance Ft,Rd to be determined by testing *2),
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Kineub tabnuui 8.2

Ymosu: 4

Conditio Fird = XFpRd-

Conditions: * tRd = 2FpRa

abo (or) Ft,Rd 2 FO,Rd-
3)

Cdrepa 3acTocyBaHHA:
Range of validity: 3)

3aranbHe: e123d, pq423d, 30Mm(mm)<d <8,0Mm(mm),
Generally: e, 21,5d, p, 23d.

w 0,5 MM (MmM) <t <1,5mMm (mm) Ta (and) t4= 0,9 MM (mm),
For tension:

f, <550 HimmZ (N/mm?2)

" HonyckaeTbes, WO ronoBka rBUHTa po3TalloOBaHa Hag HAWTOHLLUM 3 NACTIB, LLO 3'€AHYIOTHCS.
) In this table it is assumed that the thinnest sheet is next to the head of the screw.

2 HonyckaeTbes, Wwo wakba 4ocuTh XOpPCTKa, LWo BUKNtoYae HeGaxaHy il aedopmaliio Ta Bigpye rofoBKu FBUHTA.

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.

3) CamoHapiaHi rBuHTH MOXYTb 3aCTOCOBYBATUCh B iHLIOMY Jiana3oHi npy BU3HAYEHHI X onopy 3a pe3ynbTaTamu
BUNpoGyBaHb.

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

4) Taki yMOBW NOBUHHI BUKOHYBaTUCh 3@ HEOGXIAHOCTI oBbMexeHHs AedopMaTUBHOCTI 3’€AHaHHSA. AKWO YMOBU HE
BUKOHYIOTbCSH, AeOpMaTUBHICTb 3'€gHAHHA HeobXiaHO obmexyBaTH IHLWIKMK eneMeHTaMm KOHCTPYKUT.

) 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. *2 B HauioHanbHoMy popatky moxe 6yTu NOTE: *? The National Annex may give further infor-
HapgaHa AojaTkoBa iHopMadlis Wwoao onopy camo- mation on shear resistance of self-tapping skrews
Hapi3HUX rBUHTIB 3pi3y i po3Tary. loaded in shear and tension resistance of self-tapping

skrews loaded in tension.

Tabnuus 8.3 — Po3paxyHok Hecy4oi 30aTHOCTI Arobenis
Table 8.3 — Design resistances for cartridge fired pins

Owo6eni npu poboTi Ha 3cyB:
Pins loaded in shear:

Onip 3MUHaHHIO:
Bearing resistance:

Ford =32, d t/ym2
Onip nepepisy HeTTO:
Net-section resistance:

Fn,Rd =Anet Ty /YM2 .
Onip 3piay:
Shear resistance:

Onip 3pisy F, gy BU3HAUAIOTL 3a pesynsTatamu BunpobysaHb *3)

Shear resistance F, g, to be determined by testing *3)

Fora =Furk [Ym2 -

Ymosu: 3) _
CondivtlionS' 3) FV,Rd =1 ’SZFb’Rd abo (Or) zFV,Rd >1 15Fn,Rd-
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KiHeub Tabnuui 8.3

AoGeni npu poGoTi Ha po3Tar:
Pins loaded in tension:

Onip npogaenBaHH0: "
Pull-through resistance: ")

—~ ANS CTaTUYHNX HaBaHTaXeHb:
- for static loads

Ford =dwtfy/vym2;
— AiA BITPOBMX HaBaHTaXeHb i KOMBiHaLii BITDOBUX i CTATUYHUX HABAHTAXKEH!
— for wind loads and combination of wind loads and static loads:

Fp.rd =0,5dytf, /ym2 -

Onip BUCMUKYBaHHIO:
Pull-out resistance:

Onpi BUCMUKYBaHHIO £, gy BU3HAYaAETLCA 3a pesynbTatamu sunpobysaHs *3),

Pull-out resistance F, g4 to be determined by testing +3),
Onip po3Tary:
Tension resistance:

Onip posTtary Ft rg BU3Ha4aOTb 3a pesynbTatamn BUNpobysaHb *3),

Tension resistance Ft,Rd to be determined by testing *3),

Ymosu: 3)

ZMOBEA. F, > YF, abo (or) F > FyRd-

Conditions: 3 o,Rd p,Rd (or) Frra 2 FoRrd

Cdepa 3acTocyBaHHs: 2)

Range of validity: 2)

3aranbHe:

Generally: eq24,5d, 3,7 MM (mm) < d < 6,0 MM (mm),
e, > 4,5d Ans (for) d = 3,7 mm (mm): fg,, > 4,0 vm (mm),
p124,5d Ans (for) d =4,5 mm (mm): tg,, > 6,0 MM (mm),
po 2 4,5d Ans (for) d=5,2 mm (mm): tg,, > 8,0 MM (mm),
f, <550 Himm2 (N/mm?)

Ans posrary: 0,5 MM (Mm) <t < 1,5 MM (mm), tg,n = 6,0 MM (mm).

For tension:

R HonyckaeTbea, Wo wanba gocuTh XKOPCTKA, WO BUKNOYaE Hebaxkany il gecdopmadito Ta Bigpvis ronoeku grobens.
" 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) NoGeni MOXyTb OyTn BUKOpPUCTAHI B IHLLIOMY fiiana3oHi Npy BU3HAYEHHI ix onopy 3a pe3ynbTaTamu BUnpobyBaHb.
2) Cartridge fired pins may be used beyond this range of validity if the resistance is determined from the results of
tests.

%) Taxi YMOBM NOBWHHI BYKOHYBATUCh 3a HEODXiAHOCTIi 0GMeXeHHA AeopMaTUBHOCTI 3'€4HaHHS. FAKLWO YMOBM He
BUKOHYIOTbCH, Ae(POPMAaTUBHICTL 3'€QHaHHs HeobXigHO oOMeEXyBaTV IHWNMY eNeMeHTamMU KOHCTPYKLT.

%) 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.

Mpumirka. *3) B HauioHanbHomy pnogatky moxe 6yTu NOTE: *¥ The National Annex may give further infor-
HapgaHa gopaTkoBa iHdopmauisa woao onopy arbenis mation on shear resistance of cartrige fired pins loaded
npu po6oTi Ha 3pi3, BUCMYKYBAHHSA | pO3TAT. in shear and pull-out resistance and tension resistance

of cartridge fired pins loaded in tension.
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Tabnuusa 8.4 — Po3paxyHok Hecy4oi 3gaTHocTi 6onTis
Table 8.4 — Design resistances for bolts

Bontu npu poboTi Ha 3cyB:
Bolts loaded in shear:

Onip 3MUHaHH: 2)

Bearing resistance:

2)

= =250k f,dt/vy,, BEUb HanMeHLwa BenuuuHa Big 1,0 abo e 1/(3d)
b.Rd bkifu 12 with o p, is the smallest of 1,0 ore/(3d) and

k4=(0,8t+1,5)/2,5 ansa (for) 0,75 MM (mm) < < 1,25 mm (mm),
k4=1,0 ans (for) t> 1,25 mm (mm).

Onip nepepisy HeTTO:
Net-section resistance:

Fnra = (1+3r(do/u _0,3))Anetfu/YM2 , ane (but) Fpry < Aner iy /Ym2 -

ae:
with:

[number of bolts at the cross-section] / [total number of bolts in the connection];
u=2ep,ane (but) u<ps.

Onip 3pisy:
Shear resistance:

— Ans knacis MiuHocTi 4.6, 5.6 i 8.8:
— for strength grades 4.6, 5.6 and 8.8:

Fyra =0,6fup As [Ym2 ;
— AnsA knacis miyHocTi 4.8, 5.8, 6.8 10.9:
— for strength grades 4.8, 5.8, 6.8 and 10.9:

Fura =0,5Tu As [Tm2 -

[kinbKicTb GonTis B nonepeYyHoMy nepepisi] / [3araneHa KinbkicTb 6ONTIB Y 3'€AHaHHI];

Ymoswu: 3)

Conditions: %) Fyra 21,2 Fp g @60 (or) XF,rg 21,2F Ry

Bontu npu po6oTi Ha po3TAr:
Bolts loaded in tension:

Onip npogaBnOBaAHHIO:
Pull-through resistance:

Onip NPoAaBnioBaKHIo F, gy BU3HAYAETLCS 38 pe3ynbTaTamm sunpo6ysaHb *).

Pull-through resistance F;;de to be determined by testing *4),

Onip BUCMUKYBaHHIO: BonTiB He CTOCYETLCS.
Pull-out resistance: Not relevant for bolts.
Onip posTsry:
Tension resistance: Fira = 0,9 As /YMZ .
Ymosu: 3)

- F 22 F .
Conditions: ¥ trd 2 2Fp R
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KiHeub Tabnuui 8.4

Cdepa 3actocyBanHs: ')
Range of validity: )

e, 21,5d,, py >3d,,

f, <550 H/mm2 (N/mm?2).

e121,0d,, p423d,, 3Mm (mm)>t>0,75 mm (mm).

MiHiManeHun poamip bonta:

Minimum bolt size: M8.

Knacu miuHocCTi:

Strength grades: 46-109.

parts of the structure.

Y BonTu MOXYTb By T1t BUKOPUCTaHI B iHLIOMY fiana3oHi Npy BU3HaYeHHi ix onopy 3a pe3ynbtatamv BunpobysaHb.
Y Bolts may be used beyond this range of validity if the resistance is determined from the results of tests.

2) Mpu ToBWMHAX 3 MM i Ginblue HeoBXiAHO kopucTtyeaTuch npasunamu 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.

3) Taki YMOBU MOBUHHI BUKOHYBATUCh 3a HEOOXiAHOCTI 06MexeHHs AedopMaTUBHOCTI 3'€gHAHHS. AKWO YMOBU He
BUKOHYIOTHCH, AedOpMaTUBHICTb 3'€QHaHHS HeOBXiAHO 0BMeXyYBaTH iHLWMMKN enemMeHTamMn KoHCTPYKLT.

% 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

Mpumitka. ** B HaujoHaneHOMy AoaaTKy Moxe Ha-
AaBaTtucb 4oaaTtkosa iHopmMaList woao onopy GonTis
NpOAaBNIOBaHHIO NPWU PO3TSrY.

8.4 ToukoBe 3BaplOBaHHA

(1) ToukoBe 3BapioBaHHs MoOxe GyTu 3acToco-
BaHe Ansi NpokaTHOro abo OLWMHKOBaHOIO OCHOB-
HOro maTtepiany TOBLUIMHOK A0 4 MM 33 YMOBH,
Wo ToBUMHA BinblU TOHKOro enemMeHTa B 3'efl-
HaHHi He nepesuulye 3,0 MM.

(2) Toukose 3BapoBaHHA BUKOHYETLCA abo 3Ba-
pHOBaHHAM ONOpOM (KOHTaKTHE 3BapioBaHHA) abo
NponnaBneHHsIM.

(3) PoapaxyHkoBuit onip F, gy 3BapHOi TOYKM Ha
3Di3 BUKOHYETLCA 3rigHO 3 Tabnuueto 8.5.

(4) B Tabnuui 8.5 npuinHATI Taki no3Haku:

A, — nocnabreHa nnowa nonepevHoro ne-
pepisy enemeHTa, WO 3'€AHYETLCS;

n, — KINbKICTb 3BaPHUX TOYOK B OAHOMY 3'ea-
HaHHi;

t — TOBL{MHA HANTOHLIOrO efleMeHTa abo
nucTa y 3’eAHaHHI, MM;

t — TOBL{MHA HAaWTOBUIOro enemMeHTa ato

nucTa y 3’eHaHHi, MM;
napameTpu e, e,, Py, Py, AnB. 8.3(5).

(5) Mpu obuncneHHi po3paxyHKOBOro ornopy 3Bap-
HUX TOYOK YacTKOBUN KOEmiLiEHT HaZiHOCTI vy
MPUAMEETLCH ¥ /0.
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NOTE: **) The National Annex may give further infor-
mation on pull-through resistance of bolts loaded in
tension.

8.4 Spot welds

(1) Spot welds may be used with as-rolled or gal-
vanized parent material up to 4,0 mm thick, pro-
vided 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 F, g, 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:

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

n, is the number of spot welds in one con-
nection;

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

ty is the thickness of the thicker connected

part or sheet [mm];

and the end and edge distances e; and e, and the
spacings p,4 and p, are as defined in 8.3(5).

(5) The partial factor y,, for calculating the design
resistances of spot welds should be taken as y /5.
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MpumiTtka. 3HayeHHs vy o MOxe OyTM HasedeHO B
HauioHansHoMy aofaTky. PekomeHgyeTbesa npunmaTi
Ymo = 1,25.

NOTE: The National Annex may chose the value of
Yum2- The value vy,0 = 1,25 is recommended.

Tabnuus 8.5 — Po3paxyHok HeCcy4oi 34aTHOCTI 3BapHUX TOYOK

Table 8.5

— Design resistances for spot welds

3BapHi ToOukM npu poboTi Ha 3CyB:
Spot welds loaded in shear:

Onip 3MWHaHHIO | PO3PUBY:
Tearing and bearing resistance:

— aKwo (if) t <1< 2,5¢:

- akwo (if) £4>2,5¢t:

Hecyuya 3gaTHicTb kpato enemeHdTa:
End resistance

Onip nepepisy HeTTO:
Net section resistance:

Onip 3pisy:
Shear resistance:

Fiv Rd =2,7Jtdsf, [ypa . TYT tB MM (with tin mm)

Fio.ra =2,7tdsf, /a2 , ane (but) Fy gy < 0,7d2f, fypz i(and) Fp rg <3,1tdsf, /vmz -
Fera <1,4 teqfy/vymo -
Ford =Anetfu[Ym2 -

n 2
Fy ra =st fu [Tm2 -

YmMoBu:
Conditions:

FV,Rd > 1’25Ftb,Rd’ abo (or) FV,Rd 2 1!25F9,Rd , abo (OI') ZFV,Rd > 1:25Fn,Rd .

Cdrepa 3acTocyBaHHSA:
Range of validity:

2d, <e,<6dg, 3ds < pq<8dg,
er <4d;, 3ds < po <6dy .

(6) BHyTpiwWwHIN giameTp dg NOBUHEH BU3Ha4aTUCh
TakK:
— TPV 3BapOBaHHI NPOMNABAEHHAM:

(6) The interface diameter d; of a spot weld
should be determined from the following:

— for fusion welding:

dg =0,5t+5 MM (mm);

— Mpu 3BapOBaHHi ONOPOM:

— for resistance welding:

dg =54/t, TyT t B MM (with £ in mm).

(7) BHaveHHn dg 3BapHOi TouKK, sika Byna BUKO-
HaHa B peanbHUX YMOBax, NOBUHHE OYTU nepe-
BipeHo BUMNPOByBaHHAM Ha 3pi3 3paskiB 3 oau-
HOYHUM HanycKOM, fK NOKa3aHO Ha pUCyHky 8.3,
3a npasunamu posfiny 9. ToewuHa t B 3pasky
NMoBMHHA BiANOBIAAT TOBLUMHI, BUKOPUCTAHIA Ha
npakTuu,i.

(7) The value of dg actually produced by the weld-
ing procedure should be verified by shear tests in
accordance with Section 9, using single-lap test
specimens as shown in figure 8.3. The thickness t
of the specimen should be the same as that used
in practice.
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L i
1 FSd hatl 1
"’l !*ds 00 mm (mm)){ —)l I'(‘ds
3BaploBaHHA OnopoM 3BaproBanHA
(KOHTaKTHE 3BapOBaHHA) 1 APONNIABNEHHAM
Resistance weid : ® 8ds Fusion weld

3,5d; = e £6d;

545

PucyHok 8.3 — 3paskn ansa sunpobyBaHb 3BapHUX TOUOK Ha 3pi3

Figure 8.3 — Test specimen for shear tests of spot welds

8.5 3aproBaHHA BHanyck

8.5.1 3aczanbHi nonoxeHHs

(1) Bumorn uboro po3aginy NOBWUHHI 3aCTOCOBY-
BaTUCb NPU NPOEKTYBAHHI 3’€4Hanb BHANYCK, L0
BUKOHYIOTbCH AYrOBUM 3BaplOBaHHAM, MpU TOB-
LWKHI enteMeHTiB He Oinbwe Hix 4,0 mM. Ons
BinblWOoi TOBWMHM BKa3iBKM HA NPOEKTYBaHHA
HaBoasTbcA B EN 1993-1-8.

(2) Posmipu 3BapHMX LWIBIB NOBUHHI oBupatncs
TakuMy, LWoO MIiUHICTL 3’€AHaHHS BM3Ha4anach
He 3BapHUM WBOM, a TOBLUMHO enemMeHTiB abo
nncTiB, WO 3’€AHYIOTLCS.

(3) MoxxHa ponycTutu, LLO Npu KaTeTi WwBea He
MeHWe ToBMHN enemeHTa abo nucra, SKi
3'eAHYtOTbCA, BUMOTa (2) BUKOHYETHLCS.

(4) Mpun po3paxyHKy onopy 3BapHOro 3’eAHaHHA
BHaNyck 4acTkoBui KoediluieHT HadinHOCTI vy
MOBWHEH NPUAMATUCSH ¥ py2.

MNpumitka. 3HaueHHs vy, Moxe OyTU HaBeaeHo B

HaujoHanbHoMy fioaaTtky. PekoMeHayeTbCs NpuimaTti
YM2 = 1,25

8.5.2 Kymoei weu 38apHuUx 3’€¢0HaHb

(1) PoapaxyHkosu#i onip F, g, KYTOBOTO 38apHOro
WBa NOBUHEH BU3HAaYaTUCS 3a hopMyno:

— NS ¢naHroBoro Wwea:

Fwrd =tLys(0,9-0,45L,, ¢ /b)f, /YMZ , Akwo (if) L, s < b;

Fura =0,45tb1, [ym2 ,
— Ans noboeoro (Topuesoro) wea:

Fura =tLye (1 -0,3Ly. /'/b) fu /'}’MZ

ae:
b — wupuHa enemedTa abo nucrta, WO 3'€QHY-
€TbCS, ANB. PUCYHOK 8.4;
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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 mate-
rial, lap welds should be designed using EN
1993-1-8.

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

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

(4) The partial factor y,, for calculating the design
resistances of lap welds should be taken as y .

NOTE: The National Annex may give a choice of yy;5.
The value vy, = 1,25 is recommended.

8.5.2 Fillet welds

(1) The design resistance F,, g, of a fillet-welded
connection should be determined from the follow-

Tg%or a side fillet that is one of a pair of side fillets:
(8.4a)
akwo (if)y Ly, s >b; (8.4b)

— for an end fillet:
Ans nobosoro wea, AKWo Ly, ¢ < b (8.4¢)

[for one weld and if L, ¢ < b]

where:
b is the width of the connected part or sheet, see
figure 8.4;
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Lw,e — ethbekTnBHa goexuHa NoboBoro WBa, AuB.
pucyHok 8.4;

L, s — edekTuBHa OoBxXuHa (hnaHroBoro wWsa,
OVB. pucyHok 8.4,

L, ¢ is the effective length of the end fillet weld,
see figure 8.4;

L, <is the effective length of a side fillet weld, see
figure 8.4.

PucyHok 8.4 — 3'egHaHHs BHaMNycK
Figure 8.4 — Fillet welded lap connection

(2) Axwo 3'eaHaHHR BUKOHYETHCS 3@ 4OMNOMOIOH
no6oBux i naHroBMX KyTOBUX LUBIB, 3aranbHWUA
Onip Takoro 3'e¢4HaHHs NOBUHEH BU3HAYaATUCH SK
cyma onopis uux weis. lNpu UbOMYy HeobxigHO
BpaxoByBaTW NOJIOXEHHA LEHTPa TSXKIHHS | Big-
noBsigHWIA po3noain sycuno.

(3) EdbektnBHa posxuHa L, KyTOBOrO LWBa no-
BMHHA NPUAMATMCb SIK MOBHA [OOBXMWHA, BKIIO-
Yyaroun KiHueBi vactkm wea. Ipu 3abesneyeHHi
dopmyBaHHSA LIBa NOBHMM NEpepi3oM No BCiN
DOBXWHI Noro edekTuBHA JOBXWHA HE NOBUHHA
3MEHLLYBATUCL Hi HA MoYaTKy, Hi B KiHUi 3Bapto-
BaHHSA.

(4) B po3apaxyHKoBUX 3'€HaHHAX He gonycka-
IOTbCA  KYTOBi WBW e(PeKTUBHOW AO0BXUHOM
MeHLLE HiX BiCiM TOBWMH HANTOHLLOIO enemMexTa
y 3'eaHaHHI.

8.5.3 [Jlyzoee mo4koee 3eaprogaHHs

(1) OyroBse To4kOBE 3BapHOBAHHSA MOXHA 3aCTOCO-
BYBaTU y 3'€AQHaHHSAX, SKi CNPUAMAaIOTb 3ycunns
Bif 3CyBY.

(2) lyroBe TOYKOBE 3BAPIOBAHHS HE MOXE 3aCTo-
COBYBaTUCh Y 3'€JHaHHsIX enemMeHTiB abo NucTiB,
3aranbHa ToBLYMHA 2.t AKUX NepeBuULLYE 4 MM.

(3) Oyrose TouKOBE 3BapOBAHHA NOBUHHE MaTW
BHYTPILLHINA giameTp He MeHLWwe Hix 10 mMm.

(4) B 3'egHaHHsXx 3 TOBLUMHOW enemeHTa abo
nucra MeHuwe Hix 0,7 MM HeoBxigHo 3acTocoBy-
BaTW Tak 3BaHy 3BapHy Wakby, ANB. pUCYHOK 8.5.

(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 assump-
tion of the distribution of forces should be taken
into account.

(3) The effective length L, of a fillet weld should
be taken as the overall length of the full-size fillet,
including end returns. Provided that the weld is
full size throughout this length, no reduction in ef-
fective 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 diam-
eter ds of not less than 10 mm.

(4) If the connected part or sheet is less than 0,7
mm thick, a weld washer should be used, see fig-
ure 8.5.
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Enement abo nucT, WwWo npuegHyeTLeA
Connected part or sheet

3sapxa wanba
Weld washer

OCHOBHUR eNEMEHT
Supporting member

PucyHok 8.5 — [lyrose ToukoBe 3BaploBaHHSA 3i 38apHOK Wanbo
Figure 8.5 — Arc spot weld with weld washer

(5) BigcTtaHb Bia MicLA TOYKOBOTO 3BapPIOBaHHA 40
KiHUS | Kpato NMMCTa NOBUHHA NPUAMATUCE Tak:

(i) miHimanbHa BiACTaHb B340BX 3ycunna 3pisy
BiJ LeHTpa 3BapHOi TOUKM A0 HANBNMKY0ro Kpato
npunernoi 3eapHoi Todkn abo Ao KiHUA ene-
MEHTa, WO 3'eAHYETBCA, | 40 SKOro npuknaaeHe
3ycunnda, NoBWHHA ByTW He MeHiWe BenuuuHu
€min» K@ BU3HAYAETLCA:

(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 adja-
cent weld or to the end of the connected part to-
wards which the force is directed, should not be
less than the value of e, given by the following:

npwu if
fu/fy <1,15:
o Fwsd
me ty/Ymz
npu if
fu/fy >1,15:
F
emin=2r1"‘_wy’8d )
thy i Tm2

(i) MmiHimanbHa BigcTaHb Big UEHTpa Kpyrnoi
3BapHO! TOYKU OO Kpak eneMeHTa y 3'€QHaHHi B
ByAb-akoMy HanpsaMKy Aii 3ycunns nosuHHa 6yTtn
He mMeHwe HiX 1,5d,, , Ae d,, — BuAUMUNA diameTp
3BapHOT TOUKMU;

(ii) MiHiMmanbHa BiACTaHb MiX KpasiMM OBanbHOi
3BapHOi TOYKK i NUCTa B ByAb-IKOMY HanpsAMKY Aii
3ycunnsa nosuHHo 6yTn He MeHwe Hix 1,0d,,,.

(6) PospaxyHkoswit onip 3pisy F, gy Kpyrnoi
3BapHOI TOYKN BM3HAYaETbCH 3a HOPMYOLO:

(ii) The minimum distance from the centreline of a
circular arc spot weld to the end or edge of the
connected sheet should not be less than 1,5d,,
where d,, is the visible diameter of the arc spot
weld;

(iii) The minimum clear distance between an elon-
gated arc spot weld and the end of the sheet and
between the weld and the edge of the sheet
should not be less than 1,0d,,,.

(6) The design shear resistance F,, g,0f a circular
arc spot weld should be determined as follows:

Fura =(1/4)d2 x 0,625, /Ym2 » (8.5a)

Ae:
f,w — TMMYacoBui onip maTtepiany 3BaptoBalb-
HOro enekTpoaa;
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where:
f,w is the ultimate tensile strength of the welding
electrodes;
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Fu,rq HE NOBUHHA NEPEBULLYBATM BEMUYMH, LIO F, rq Should not be taken as more than the resis-

HaBeadeHi HMXKYe:
— fAKulo

tance given by the following:
— if

d, /Xt <18(420/f,)%%:

Fura =1.5dp Zthy [Ym2; (8.5b)
— AKWO — if
18(420/1,)%% < d , /5t <30(420/£,)*>:
Fura =27(420/1,)%% (021, [vz; (8.5¢)
— AKUlO - if
dp /St 2 30(420/f,)%°:
Fuwra =0,9dp Ztf, [vm2 . (8.5d)
TYT d,, NpuMaeTbes 3rigHo 3 (8). with dp according to (8).
(7) BHyTpiwKii giameTp dg 3BapHOI TOYKW, AUB. (7) The interface diameter dg of an arc spot weld,
pucyHok 8.6, BU3Ha4aeTbCA Tak: see figure 8.6, should be obtained from:
ds =0,7d,, —1,52t, ane (but) ds = 0,55d,, , (8.6)
fe: where:
d,,— BuaMmuia giameTp 3BapHOI TOYKU, AUB. pUCY- d,, is the visible diameter of the arc spot weld, see
HOK 8.6. figure 8.6.

a) 3’egHaHHs ogHoro nucta (2t =t)
a) Single connected sheet

b) 3’enHaHHa aBOX nucTiB (Lt =ty +15)
b) Two connected sheetst

W
3sapsa wainba
P Weld washer ¢
":&"*:’“" e, v

c) 3'egHaHHA OQHOrO NMCTa 3a LONOMOFOI0 3BapPHOI Wanbu
¢) Single connected sheet with weld washer

PucyHok 8.6 — [lyroBe TOUKOBE 3BapoBaHHA
Figure 8.6 — Arc spot welds

9N
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(8) EdbexTuBHUI 30BHIWHIA giameTp d,, 3BapHoi

TOYKM BM3HA4Ya€ETbCS Tak:

— npwn 3'edHaHHi ogHOrO0 Nucta abo enemeHTa
TOBLUMHOO t:

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

— for a single connected sheet or part of thick-

ness t

dp =dy —t; (8.7a)

— npuv 3'eAHaHHi OEeKiNbKOX MUCTIB 3aranbHOo
TOBLUMHOW Xt :

— for multiple connected sheets or parts of total

thickness >t :

dp=d, -25t. 8.7b)

(9) PospaxyHkoBuiA onip Fu rqg 3BapPHOT TOYKM
0BarnbHOI POpPMU BU3HAYAETLCA 32 (HOPMYIIOHD:

(9) The design shear resistance F,, g, of an elon-
gated arc spot weld should be determined from:

Furd =[(W4)dE +L,ds | <0,6250 vz | (8.82)

ane F,, pyHe NOBWHHE NEPEBULLYBATN BEMUHNHN,
BW3HA4YeHO! 3a GOpMYno:

but £, gy should not be taken as more than the
peripheral resistance given by:

Fwra =(0,5L, +1,67d ) 2tf, [vm2 (8.8b)

ae:
L, — AOBXWHa 0BanNbHOI 3BapHOi TOYKM, SKa HaBe-
AeHa Ha puyHky. 8.7.

EnemenTt abo nucT, WO NprEQHYyETLCA
Connected part or sheet

where:

L, is the length of the elongated arc spot weld,
measured as shown in figure 8.7.

OCHOBHUI eneMeHT
Supporting member

PucyHok 8.7 — [lyroea To4ka 3BaproBaHHA oBarnbHO! Gopmu
Figure 8.7 — Elongated arc spot weld

9 PO3PAXYHOK 3A PE3YJ/IbTATAMMU
BUMNMPOBYBAHb

(1) Uen posain MOXNMBUIA ANS BUKOPUCTAHHA y
pasi 3acToCyBaHHA MPUHLMNIB PO3PaxyHKy 3a
pe3ynbtataMmun BunNpobyBaHb, siKi BUKNaaeHi B
EN 1990 ta EN 1993-1-1(2.5), 3 noaaTkoBMMM
BUMOFramu, cneundivyHumu ans xonoaHodgopmo-
BaHNX eneMeHTiB i npodnucTis.

(2) BunpobyBaHHs NOBUHHI NPOBOAUTUCA 3a per-
NaMeHTOM, WO HaBeaeHUn B JoAaTKy A.

Mpumitka 1. IHdopmauis woao sunpobysaHb Moxe
byt HasepeHa B8 HauioHansHoMy fogatky sk A0NOB-
HERHS o aopaTtka A.
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9 DESIGN ASSISTED BY TESTING

(1) This Section 9 may be used to apply the princi-
ples 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 infor-
mation on testing in addition to Annex A.
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Mpumitka 2. Y goaatky A BukiageHo nopsigok Aii B

npoueci:

—~ BUNpobyBaHHA NpOdNUCTIB | kKaceTHUX Npodinie;

— BUNPOBYBaHHS XOMNOA4HOOPMOBaAHNX ENIEMEHTIB;

— BuUNpoBYyBaHHsA PArMEHTIB | KOHCTPYKLIN B UiNIOMY;

— BunpobyeaHHsA Banok, 3akpinneHux HacTUioM Big
CKPYYYBaHHS;

— obpobku pesynsTaTiB BUNPOOYBaHb ANS BU3Ha-
YEHHS PO3PaxyHKOBUX BENUYWH.

(3) BunpobyeaHHA cTani Ha po3TAr NOBUHHI NPO-

BoAUTUCH 3rigHo 3 EN 10002-1. lHwi BnacTuBoCTI

cTani NOBMHHI BM3HA4YaTUCb Y BI4MOBIAHOCTI 3

Aito4uMn €BpONeNCLKMMIN CTaHgapTamu,

(4) BunpobyBaHHa KpinunbHUX BUpoOIiB i 3'ea-
HaHb MOBMHHO NPOBOAUTUCE Y BIANOBIAHOCTI A0
€sponencbkoro abo iHTepHauioHanbLHOro craH-
[apTy, AKi giloTb.

Mpumitka. HeobxigHy iHdopMauio woao Bunpoby-
BaHb KpinMnbHUX BUPOBGIB BignoeiaHo A0 €Bponeinch-
KOoro abo iHTepHauioOHaNbHOrO CTaHZapTy MOXHa
oTpyMaTHy 13:

ECCS Tllybnikauia Ne 21 (1983): €spone#cbki
pekomMeHaauii CTOCOBHO CTaneBUX KOHCTPYKLUIN:
pPO3paxyHku i BUNpoOyBaHHA 3'€[lHaHb CTaneBux
nncTie i npodnucTie;

ECCS My6nikauyia Ne 42 (1983): €sponencoki
pekoMeHaaUil CTOCOBHO CTaneBuUX KOHCTPYKUINA:
METBUPODU ANA KPIiNNEeHHA cTaneBux NUCTIB i
npodnncTie.

10 CNEUIANBHI NPABUNA ONA NPOIOHIB,
KACETHUX NPO®IfIIB TA NPODNUCTIB

10.1 Bankn, po3KpinneHi HacTUNOMm
10.1.1 3azanbHi nonoxeHHs

(1) Buknageti B 10.1 BUMOrn moxyTb OyTu 3a-
CTOCOBaHi AnA 6anok (B LbOMy po3Aaini — NPOroHx
i3 Z-, C-, 2-, U-, Q-nopibHux npodinis, y sikux
h/t < 233 i ¢/t <20 npu ognHapHOMY BIArUHI i
d/t < 20 npn noABIAHOMY KpaitoBOMY BiArvHi.
MpumiTtka. Y pasi nepesipky BUNPOOYBaHHAM MOXINUBI
iHWi obmexeHHs. IHdopmauis woao BYNpobyBaHb
moxe b6yt HanaHa B HauioHanbHOMY gopatky. CTaH-
AapTHi cnocobu BunpobyBaHs pekomeHaoBaHi B f0-
aatky A.

(2) HaBegeHi Tyt BMMOIM 3acTOCOBYKTLCA ANA
Hepo3pi3Hux, ob'eaHaHux BHanyck abo Haknag-
Kamn 6anok, Wo po3KpinAeHi B NANOLLWHI 3TMHY.

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 accor-

dance with the relevant European Standards.

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

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

ECCS Publication No. 21 (1983): European rec-
ommendations for steel construction: the design
and testing of connections in steel sheeting and
sections;

ECCS Publication No. 42 (1983): European rec-

ommendations 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 Sec-
tion) of Z, C, ¥, 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.
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(3) HaBepeHi TyT BUMOrM MOXYTb TakoX 3a-
CTOCOBYBaTUCL ANs XONoAHO(OPMOBaHUX ere-
MeHTIB daxeepky, Banok nepekpuTTiB iHLWMX
noAaibHWUx Tunie 6anok, ki, sik NpaBUno, Po3Kpir-
NeHi HacTunom.

(4) EnemeHTn cbaxsepky pO3paxoByHTLCA Ha
TUCK | Bi’EMHY Ai0 BITPY aHanoriYHo po3paxyHKy
NPOroHIiB Ha BIMOBIAHI HABAHTaXEHHS.

(5) NosHe HenepepBHE PO3KPINMEHHA 3 NNOWNHA
3rMHY MOXEe CTBOPHOBATUCSA CTaneBnm HacTUNoMm
3 TpaneuienodibHMmn rodpamu abo iHWKUMU
NpornnucTamMm CKIHYEHHOT XOPCTKOCTI, AKi Yepes
HWXHI nonuui HacTuny 3'€4HYTLCS 3 Nonuueto
nNporoHy. [lporiH, po3kpinneHnid HacTunom 3
TpaneuienoaibHumMm rocppamn, MoxHa BBaXKaTu
PO3KPINNEeHUM i3 NNOLWNHY NPU BUKOHAHHI TaKoX
Bumoru 10.1.1(6). B iHwuKX BUNagkax (Hanpuknag,
Npu KpiNneHHi HacTuny yepes BepxHi nonuui),
CTYNiHb 3aKpinneHHs MNOBWHEH 3acHOBYBaTWUCH
abo ra pocsigi, abo BM3Ha4aTUCh BUNPOGYBaAH-
HAM.

Mpumirtka. Bkasisku wjoac BunpobyBaHb, AMB. agcAaa-
TOK A,

(6) Y pasi, sikwo npu 3’egHanHi HacTuny 3 Tpa-
neuienoaibHmumn rocppammn 3 NporoHOM ymoBa 3a
piBHAHHAM (10.1a) 3a10BONBLHAETLCA, MOXHa
BBa)kaTtw, LLLO TakUA NPOriH PO3KpINAEHNA B NNO-
WWHI HacTuny:

(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 sup-
plied by trapezoidal steel sheeting or other pro-
filed steel sheeting with sufficient stiffness,
continuously connected to the flange of the purlin
through the troughs of the sheets. The purlin at
the connection to trapetzoidal sheeting may be re-
garded 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 re-
straint 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 equa-
tion (10.1a) is met, the purlin at the connection
may be regarded as being laterally restrained in
the plane of the sheeting:

n? 70
Sz|El ——+Glt +El, ——O 25h° (10.1a)
L? L2 h?
ae: where:
S - yYacTka  3CyBHOi  OPCTKOCTi, L0 S is the portion of the shear stiffness provided by

3abe3nevyeTbCs HACTUNOM ANA eNeMeHTa, AKNIA
poO3rnNaaaeTbes, NPM 3'€AHAHHI B KOXHIA XBWUNi
HacTuny (y pasi KpiNMEeHHs HacTUny 0 NPOroHy
Yyepes xBunto 3amicte S Tpeba npuitmaTtn 0,20 S);

|, — CeKTopianbHWUiA MOMEHT iHepLii NPOroHy;

If — MOMEHT iHepuii NPOroHy npu BiNbHOMY Kpy-
TiHHI;

I, — MOMeHT iHepuii nonepeyHoro nepepisy npo-
rOHY BIAHOCHO MEHLIOI KOPCTKOCTI OCi;

L — nponit nporony;
h — BUCOTa NPOroHy.
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the sheeting for the examined member connected
to the sheeting at each rib (If the sheeting is con-
nected to a purlin every second rib only, then S
should be substituted by 0,20 S),

l,, is the warping constant of the purlin;
I is the torsion constant of the purlin;

I, is the second moment of area of the cross-sec-
tion 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.
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MNpumitka 1. ®opmyna (10.1a) moxe 3acTocoByea-
TUCb ANs OUIHKW CTINKOCTI NosciB 6anok i3 NNowuHn y
NOEAHAHHI 3 IHWWMK TUNamMu HactTunis npu obrpyH-
TyBaHHi 1X 3'€4HaHHA BiANOBIAHNM PO3PaxyHKOM.

MpumiTka 2. 3cyBHA XOPCTKICTE S MOXe BU3HAYaTUCh
3a pekomeHpauismu ECCS (guB. npumitky 9(4)) abo
BU3HA4aTMCb BUNPOBYBaHHAM.

(7) Axwo pesynbTaT BunpobyBaHb He nig-
TBEPAXKYIOTb €HEKTUBHICTL ONOPHMX 3aKpinneHb,
TO MPOriH Ha onopax NOBWHEH MaTW AeTani, sKi
BUKIMIOYAOTb MOXMUBICTL WOro KPyTiHHS | BOKO-
BOIO rOPU3OHTAanNbLHOro 3MileHHs. Epextn 3ycuns,
WO 40T B MMOLMHI HACTMNY | nepefalTbes Ha
ornopwn NpPOroHy, HeobXxigHO BpaxoByBaTW NpwM
NPOEKTYBaHHI ONOPHUX KPINneHs.

(8) PoboTta nporoHy, sikMA pPO3KpiNAEHUA i3
MAOWKWHA 3rMHY, NOBMHHA OyTW 3modenboBaHa
srigHo 3 pucyHkom 10.1. 3’egHaHHs NPOroHy i
HacTMNy MOXe [ONYCKAaTN YAaCTKOBE 3aKpinneHHs
MPOroHy Bif KPYTIHHA. Take 3akpinneHHs Big Kpy-
TiHHS MOXe ByTW 300paxeHo y BUrNSgi KyTOBOI
B's3i 3 xopcTkicTio CD. HanpyxeHHs y BinbHOMY
nosici, beanocepeHbO He 3’egHaHOMYy 3 HacTu-
NOM, MOBWHHI pO3paxoByBaTUCh 3 YpaxXyBaHHSAM
BMMAMBY 3r1HY B pOBOYIN NAOLWMHI | KPYTIHHS, ane
BMKNIOYAIOYM 3MMH i3 NMOLLMHUN Big BUKPUBIIEHHS
nonepeyHoro nepepiszy. KpinneHHs nporoHy Big
NOBOPOTY, Lo 3abe3nevyeTbcs HacTUNOM, He0b-
XigHO BM3Ha4vaTK 3rigHo 3 10.1.5.

(9) Ans ogHONPONBOTHOrO NPOroHy y pasi cTuc-
HEHHs1 BINbHOTO NOSICY NIGAOMHUM HaBaHTaXEH-
HsM (Big'eMHa gis BITpY), Npy po3paxyHKy Heob-
XigHO BpaxoByBaTh NiABULLEHHS HANPYXEHHSs Bif
KPYTIHHS | BAKDUBNEHHS.

(10) 3cyBHa XOpCTKICTb HacTuny 3 Tpaneuie-
noAidHMmmn roppamu npu 3’egHaHHi 3 NPOroHOM
B KOXHIA XBWNi, @ TakoX 3'€QHaHOro 3 KOXHOI
CTOPOHW HaNyCKy BU3HAYAETHCH Tak:

S =1000 \/t—g(SO +103b00f );— (N), tTta (and) b,yor B MM (in mm),

w

Ae t — po3paxyHkoBa TOBIWMHA HacTUNy; b,,or —
LWMpUHa NOKPUTTSA; S — KPOK NPOroHiB; h,,—B1UCcoTa
rodpis HacTuny. Yci posMipun 8 Mm. [ing HacTunis
3 KaCeTHNMM NPodiNAMU 3CyBHA XOPCTKICTL € S, ,
MOMHOXEHa Ha KpOK NpOroHis, e S, BU3Haya-
eTbcs 3rigHo 3 10.3.5(6).

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 stiffness S may be calculated
using ECCS guidance (see Note in 9(4)) 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 de-
sign 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 rep-
resented by a rotational spring with a spring stiff-
ness CD. 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 lat-
eral 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

(10.1b)

where t is the design thickness of sheeting, b, ¢
is the width of the roof, s is the distance between
the purlins and h,, is the profile depth of sheeting.
All dimensions are given in mm. For liner trays the
shear stiffness is S, times distance between pur-
lins, where S, is calculated according to 10.3.5(6).
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10.1.2 Memodu po3paxyHKy

(1) Mpwn BUKOHaHHI PO3paxyHKy 3a HeaedopMo-
BAHOK CXEeMOK AN OUiHKA TeHAeHuil Lwoao
FOPU3OHTaNbHOrO 3MiLLEHHS BiNbHOro Nosica (1o
Np13BOANTL A0 NOSBU A0AATKOBOMO HanpyXeH-
Hsl) NOBMHEH BUKOPWCTOBYBaTUChL METOA, Hase-
Aevnn B 10.1.3 i 10.1.4, npu UbOoMy nporiH
poarnsgaeTees sk 6anka, Ha aky aie bokose Ha-
BaHTaXeHHS qp, g4, ANB. pUcyHOK 10.1.

(2) Mpun 3acTocyBaHHi Bka3aHOro MeToAY KyToBa
B'13b 3aMIHIOETBCA HA EKBIBANEHTHY KYyTOBY B'A3b
3 xopcTkicTio K. Mpyn BU3HAYeHHI K NOBUHEH
BPaxoByBaTUCb BMNNUB BUKPUBNEHHS nonepey-
Horo nepepisy. [ns UbOro BiNbHWA NOSIC MOXe
po3rnsfaTncb K CTUCHYTUIA €NEMEHT 3 Hene-
PEPBHOK FOPU3OHTANLHOK NPYXHO-NOAATNNBO
ONOPO XOPCTKICTIO K, Ha SIKUIA Ai€ HepiBHOMIpHa
0OCbOBa cuna.

(3) Mpw cTUCHEHHI BINbHOrO nosica Npu 3rvHi B
OCHOBHIW NAowWmHKi (Hanpuknaa, npu Aii nigiom-
HOrO HaBaHTaXXeHHS) HEOBXiAHO BUKOHYBaTK ne-
PEBIPOYHUIA PO3pPaxyHOK Ha MOXIMBICTb BTPaTU
NOro CTIMKOCTI i3 NAOLWMHKU 3rUHY.

(4) Ons 6inbw TOYHOrO po3paxyHKy Moxe GyTu
BUKOPUCTaHWUN YACNOBUIM METOA, NPU LIbOMY 3Ha-
YeHHS! XKOPCTKOCTI KyToBOI B'A3i Cp nNpuiimMatoThb
srigho 3 10.1.5.2. OgHOYaCHO NOBWUHHO GyTK
3pobneHo JoNyLWeHHs BiAHOCHO MNOYaTKOBOro
3rvHy e, BiNbHOrO nosca, Bu3Ha4veHoro B 5.3.
Lis no4aTkoBa He4OCKOHaNICTL NOBUHHA BYTH Cy-
MiCHa 3 MOXNMBOK (HOPMOK BTpaTU CTIKOCTI,
O BU3HAYaEeTbCs BEKTOPOM BMACHUX 3HAYEHBb,
OTPUMaHWUM NpU po3paxyHKy Ha BTpaTy CTINKOCTI
3a Teopier NepLIOro NOpsAKy B NPYXHiA cTagii.
(5) Yucriosnii MeTOa PO3PaxyHKY 3 BUKOPUCTAH-
HAM XOPCTKOCTI KyTOBOi B'A3i Cp , WO OTpuMaHa
i3 10.1.5.2, MOXe TakoX 3aCTOCOBYBaTUCb i 3a
BIACYTHOCTI 3aKpinneHHs nosca i3 NAoWwnHY abo
AKWO KpUTEpin eheKTUBHOCTI pO3KpIinneHHs He
3’acosaHo. pu 3acTocyBaHHi YUCNOBOrO METOAY
HeobXxiaHO BpaxoByBaTW 3fUH Yy ABOX MMOLLMHAX,
KpYTUNBHY XOpCTKICTL 3a CeH-BeHaHom i XopcT-
KicTb AennaHadlii BiAHOCHO BMU3HaYeHoi OCi Kpy-
TiHHS.

(6) MNpw BUKOHAHHI po3paxyHKy ApYroro Nopsiaky
NOBWHHI BpaxoByBaTUCb edEKTUBHI nepepian i
XOPCTKICTb 3 ypaxyBaHHAM MiCLEBOI BTpaTu
CTINKOCTI.

Mpumitka. Cnpowennit pospaxyHok nporoxie C-, Z-,
Y-nogibHoi hopmu nepepisy ave. gogartoxk E.
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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
Qp,Eq » S€€ 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 al-
lowed 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 ef-
fects of an initial bow imperfection of (e,) in the
free flange, defined as in 5.3. The initial imperfec-
tion 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 nu-
merical analysis is carried out, it should take into
account the bending in two directions, torsional St
Venant stiffness and warping stiffness about the
imposed rotation axis.

(6) If a 2nd order analysis is carried out, effective
sections and stiffness, due to local buckling,
should be taken into account.

NOTE: For a simplified design of purlins made of C-, Z-
and Y-cross sections see Annex E.
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paBiTauUiHe HaBaHTaXeHHs MignomMHe HaBaHTaXEHHS
Gravity loading Uplift loading

a) Z- i C-nopibHi nepepian NPoroHie, BEPXHIN NOSC AKX 3'€QHAHWIA 3 HACTUMNOM
a) Z and C section purlin with upper flange connected to sheeting
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3rviH B NAOWMWHI KpyTiHHS i 3rvH 3 NnoLwmHn
In-plane bending Torsion and lateral bending

b) saranbHa pedopmaldis, WO NogineHa Ha ABi YacTWHU
b) Total deformation split into two parts
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C) MOAenb NPOroHy, PO3KPINNEHOro i3 NNOWWHW KyTOBOK B'A3310 3 XOpCTKicTio Cp ,
LLIO YTBOPIOETLCHA HACTUMOM
c) Model purlin as laterally braced with rotationally spring restraint Cp from sheeting
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d) AnsA cnpoLeHHs po3paxyHKiB 3amiHa KyTOBO( B'A3i )opcTkicTio Cp Ha NiHINHY B'S3b XOPCTKICTIO K
d) As a simplification replace the rotational spring Cp by a lateral spring stiffness K

Knleq

T TRy

y ’

K

€) BiNbHWUIA NOSIC NPOroHy, 3MoaenLOBaHNi Ak 6anka Ha NpyxHin ocHosi. Moaene 306paxye edekT Big
KPYTIHHS | 3TVHY i3 NNOLWMHKN (BKMIOYA0YM BUKPUBIIEHHS NONepeYvHoro nepepisy) 4ns ogHONpoibOTHOro
fIPOroHy NPV NIAROMHOMY HaBaHTaXEHHI
e) Free flange of purlin modelled as beam on elastic foundation. Model representing effect of torsion and lat-
eral bending (including cross section distortion) on single span with uplift loading

PucyHok 10.1 — MogentoBaHHA po3KpinnieHHA NPOroHiB HACTUIIOM Bif KPYTIHHS i3 NNOWMHK
Figure 10.1 — Modelling laterally braced purlins rotationally restrained by sheeting
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10.1.3 Po3paxyHkoei kpumepii
10.1.3.1 OdHonponbomHi npoaoHu

(1) Mig rpaBsiTauitHUM HaBaHTAXEHHAM OLHO-
NPOLOTHUIA NPOriH 32 ONOPOM NONEPEYHOro ne-
pepi3y NOBWMHEH 3340BOMbHATU KpUTEpIl, Hase-
aexi B 10.1.4.1, a 3a CTilAKICTIO BifibHOro nosica —
kputepii, HaBeaeHi 8 10.1.4.2.

(2) Mig nignOMHUM HaBaHTaXeHHAM OAHOMNpo-
NBOTHWA NPOriH 32 ONOPOM MOMEPEYHOro nepe-
pi3y NOBUHEH 33J0BOMbHATU KPUTEPIi, HaBeaeH B
10.1.4.1, | 3a CTiKiCTIO BIifbHOrO nosica —
KpuTepii, HaBeaeHi B 10.1.4.2.

10.1.3.2 bazamonponsomui HepPO3pi3Hi NPoO2oHU
npu epasimauiiHoMy HagaHmMaxxeHHi

(1) B nporoHi, sikniA € i3ndHO HEPO3PI3HUM B
ABox abo bBinbwe nponboTax 6e3 CTUKYBaHHA
BHanyck, abo Ha Haknagkax, MOMEHTW Npu rpa-
BiTaUiMHOMY HABaHTaXEHHI MOXYTb BM3Ha4YaTuca
po3paxyHkom abo Ha nigcraei pesynbTaTis BuUM-
poGyBaHb.

(2) BusnayeHHst MOMEHTIB 3iACHIOETLCA Ha nig-
CTaBi 3aranbHOro po3paxyHKy B NPYXHiA cTagil.
[poriH noBuHEH BIANOBIAATU KPUTEPIID 3@ ONOPOM
nonepevHoro nepepisy, HasegeHomy B 10.1.4.1.
[Ona MOMeHTy Ha npOMIXHIN onopi nNoBWHEH
3a00BOMBHATUCH KPUTEPIN 3a CTIKKICTIO BiNbHOro
nosica, HasegeHu B 10.1.4.2. Ha cepeaHivt onopi
NoBWHHA 3[iCHIOBATUCL NEPEBIpKa Ha CYMICHY
Ait0 3rMHanbHoOro MOMEHTY | ONOpPHOI peakuii (npu
HEPO3KPINNEHHI CTIHKA Big BTpPaTWU CTIAKOCTI), a
TaKoX 3rMHanbHOr0 MOMEHTY | 3CYBHOI CUMK, WO
3anexaTb Bif BUnagkKy, Skuit po3rnsaactbes.

(3) AnbTepHaTMBHO MOMEHTU MOXYTb BYTW BU3-

HaveHi 3a pesyneTatamun BunpobyBaHb BignoBia-

HO 40 po3gdiny 9 i poaatka A.5 npu CKpydyBaRHi

NPOroHy Ha NPOMIXHIl oropi.

Mpumitka. MeTtoauka BignosigHUx BunNpobyBaHb

HaBedeHa B goaatky A.

(4) PospaxyHKOBE rpaHuyHe 3HaYEHHS ONOPHOro

MOMEHTY Mgy p rg BIA MOTOHHOTO HABAHTaXEHHS

QEgy BU3HAYAETLCH HA NEPETUHI ABOX KPUBUX, LLIO

XapakTepusyTb PO3PaxyHKOBI 3HAUEHHS:

— 3aneXHOCTi NOBOPOTY Bifj ONOPHOrO MOMEHTY,
O OTPpUMaHWN npu BUNPOBYBaHHI 3rigHO 3
po3ainom 9 i npogatkom A.5;

— TEOPETUYHOro CNiBBIAHOWEHHA MK ONOPHUM
MOMEHTOM Mg, ry | BIANOBIAHWUM NOBOPOTOM
by B NNACTUYHOMY LWAPHIpi NPOroHy Ha
onopi.
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10.1.3 Design criteria
10.1.3.1 Single span purlins

(1) For gravity loading, a single span purlin should
satisfy the criteria for cross-section resistance
given in 10.1.4.1. If it is subject to axial compres-
sion, 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
givenin 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
gravty load

(1) The moments due to gravity loading in a purlin
that is physically continuous over two spans with-
out 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 pur-
lin should satisfy the criteria for cross-section re-
sistance 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 bend-
ing moment + support reaction (web crippling if
cleats are not used) and for bending moment +
shear forces depending on the case under con-
sideration.

(3) Alternatively the moments may be determined

using the results of tests in accordance with Sec-

tion 9 and Annex A.5 on the moment-rotation be-
haviour 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 Mg, rg for a given value of the load per unit

length gg, . 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 sup-
port moment Mg, rg @nd the corresponding
plastic hinge rotation ¢ g4 in the purlin over the
support.
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Ona octaTtoyHOro BM3HAYEHHS PO3paxyHKOBOMO
3Ha4eHHs ONOPHOro MOMEHTY Mg, £y HEOOXIAHO
BpaxoByBaTWU BNIUB FOPU3OHTaNbLHOro HaBaHTa-
XEHHS1 Ha BiflbHWA nosic i/abo BTpaTU CTINKOCTI
LbOro nosica B 30Hi cepeaHbLOI ONOpW, WO YacT-
KOBO BpaxoBYETbCA Ha MNPOMIKHIN onopi npu
BMNpobyBaHHAX 3rigHo 3 A.5.2. AKWO BiNbHWNA
nosc Ha onopi € ¢i3n4YHO Hepo3pi3HUM, a Bia-
CTaHb Bif, ONOpu A0 HANBNMXKYOro Po3KpiNfAeHHs
i3 nnowwmHn Ginbwe Hix 0,58, onip Ha cepegHin
ONopi MNOBMHEH BU3HaYyaTUCb 3 YypaxyBaHHAM
BoKOBOro HaBaHTaXeHHs Gy, g4 3riAHO 3 10.1.4.2.
AnbTepHaTMBHO ANSA BU3HA4YeHHs edekty none-
pPEYHOro HaBaHTaXeHHsi Ha BiNbHWIA nosic i/abo
BTpaTW CTiKOCTi LbOro nosica 6ins cepeaHbOoil
Onopu MOXYTb 3aCTOCOBYBaTUCh HaTypHi BUNpO-
OyBaHHs 6araTonponbOTHUX NPOrCHiB.

(5) MomeHTW B NpONbLOTI NOBUHHI BU3HA4YaTUCA B
3anexXHOCTI BiJ BENMUYNHN ONOPHOrO MOMEHTY.

(6) Ons nporoHy 3 ABOMa PiBHUMK NPONbOTaMM
MOXHa BUKOPUCTOBYBaTU hOPMYNN:

L

To determine the final design value of the support
moment Mg, g4 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 con-
tinued at the support and if the distance between
the support and the nearest anti-sag bar is larger
than 0,5s, the lateral load gy gy according to
10.1.4.2 should be taken into account in verifica-
tion of the resistance at mid-support. Alterna-
tively, 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) The following expressions may be used for a
purlin with two equal spans:

= L2 -8M , 10.2a
b Ed 12El [QEd sup,Ed] ( )
2
(QEd L? _2Msup,Ed)
Mspned = 2 ; .(10.2b)
8QgqlL
ae: where:

lofr — MOMEHT iHepUii echekTUBHOrO Nepepisy Ans
MOMEHTY Mspn,Ed;

L — nponi;
Mspn,Eq — MaKCUMaNbHWA MOMEHT B NPOILOTI.

(7) ns nporowxie 3 ABOMa Pi3HUMK NPONbLOTAMM i
Npwv HEPIBHOMIPHOMY HaBaHTa)XXeHHi (Hanpwuknag,
HaKONWYEHHSA CHIiry) Ta AN iHWKUX NoAiGHUX BK-
nagkis, siki noTpebyloTb BiANOBIAHMX pO3paxyH-
kis, hopmynu (10.2a) i (10.2b) € npubNU3HUMMU i
He MOXyTb BYTW 3acTOCOBaHI.

(8) MakcumanbHuin NPOALOTHUA MOMEHT NOBWU-
HEH 3310BOfIbLHATU KPWUTEpPIN 3a Onopom none-
pe4Horo nepepisy, wo HasepeHwin B 10.1.4.1.
ANbTepHaTUBHO BENMYUHA MPaHNYHOro NpoAboT-
HOro MoOMeHTY Mg,, £y MOxXe OyTn Bu3HadveHa
Yyepes BunpobyeaHHsA. BunpoboByBatn MoXHa
OAHOMNPONBLOTHUA €NEeMEHT OOBXMWHOW, WO A0-
PIBHIOE BiACTaHI MK TOYKaMKU nNepernHy nporony
Y NPONbOTI.

I is the effective second moment of area for the
moment Mgy, £4';

L is the span;
Mspn,£4 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 ac-
cumulation), and for other similar cases, the for-
mulas (10.2a) and (10.2b) are not valid and
appropriate analysis should be made for these
cases.

(8) The maximum span moment Mgy, g4 in the
purlin should satisfy the criteria for cross-section
resistance given in 10.1.4.1. Alternatively the re-
sistance 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.
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10.1.3.3 JeonponsomHri Hepo3pi3Hi Npo2oHU fpu
nidUdoOMHOMY HaBaHMaXeHHi

(1) B nporoHi, siknit € i3nyHo Hepo3pisHUM B
ABox abo binbwe nponboTax 6e3 CTukKiB, BHaNycK
abo Ha Haknagkax, MOMEHTW npu Ail NigAoMHOro
HaBaHTaXeHHSA NOBMHHI BU3HayaTUCh Ha NiaCcTaBi
3aranbHOro aHanisy B NpyxHin craaii.

(2) MomeHT Ha npoMiXHIA onopi NOBUHEH 3a00-
BOJILHATU KPUTEPIA 3a ONOPOM NONEPEYHOro ne-
pepisy, HaBegenu B 10.1.4.1. Ockinbkn onopHa
peakuin € 3ycunnsam poaTary, 1i cymicHa ais 3
ONOPHNM MOMEHTOM He BpaxoByeTbcs. [lepepis
Ha cepefHin onopi NepeBipsaeTbLCA Ha CYMICHY fito
3rMHanNbLHOrO MOMEHTY i 3CYBHOI CUNW.

(3) MoMeHTU B NPOnbOTi NOBUHHI 3a40BONbHATH
KpUTEPpIn CTINKOCTI AN BiNbHOMo nosca, Wo Hase-
aenvn B 10.1.4.2.

10.1.3.4 Hepo3spisHi npo2oHu, siKi CMUKyombscs
Ha Haknadkax abo eHanyck

(1) MomeHTU B nporoHax, Hepo3pi3HICTb AKUX Ha
NPOMIXXHUX onopax 3abe3nevyeTbcs CTUKYBaHHAM
BHanyck abo Ha Haknagkax, NOBWHHI BU3Haua-
TUCb 3 ypaxyBaHHAM T€OMETPUYHUX XapaKkTte-
PUCTUK eeKTMBHOIO NOMNEPEYHOro nepepisy i
BMMMBY Hanycky abo Haknaaox.

(2) Moxnuso npoBefeHHs BUNpobyBaHb ONOp-

HUX 3'€eQHaHb AN BU3HAYEHHS:

— 3rMHanNbHOI >KOPCTKOCTI OMNOPHWUX 3’€AHaHb
BHanyck abo Ha Haknagkax;

— 3anexHOCTi KyTa NOBOPOTY ONOPHUX 3'€QHaHb
Bij MOMeHTY. [lepepo3nogin 3ruHanbHUX Mo-
MEHTIB B NNACTUYHIN CTadil B CTUKax BHANYycK i
Ha Haknagkax Moxe OyTu AONyWEHWA TiNbKu
npyv BIOMOBI €MNeMEHTIB ONOPHUX 3aKpinfieHsb,
wo 3anobiraloTb rOPU3OHTaNLHUM nNepeMi-
WEHHAM Ha onopi;

— ONOpYy CTUKOBMX OMOPHUX HACTUH NPK CYMICHIN
Aii onopHoi peakuii i MOMEHTY;

— ONOPpY YacTWH No3a CTUKaMN NpuU CYyMICHIN Al
3CYBHO! CUNK | 3rMHAMNbHOrO MOMEHTY.

AnbTepHaTUBHO XapakTepUCTUKN ONOPHUX AeTa-
nen MoxyTb ByTW BU3HAYEHI YNCNOBUM METOOOM
Y pasi 06rpyHTyBaHHA pO3paxyHKOBMX Npoueayp
AOCTaTHLOLO KiMbKICTIO BUNPOOYBaHb.

(3) Mpw gii rpaBiTaUinHOro HaBaHTaXeHHS NPOTiH
NOBWHEH 3a0BOJTLHATU KpUTEPIl:
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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 with-
out overlaps or sleeves, should be determined us-
ing elastic global analysis.

(2) The moment over the internal support should
satisfy the criteria for cross-section resistance
givenin 10.1.4.1. Because the support reaction is
a tensile force, no account need be taken of its in-
teraction with the support moment. The mid-sup-
port 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 in
10.1.4.2.

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 deter-
mined 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 unsle-
eved part to combined shear force and
bending moment.

Alternatively the characteristics of the mid-sup-
port details may be determined by numerical
methods if the design procedure is at least vali-
dated by a relevant numbers of tests.

(3) For gravity loading, the purlin should satisfy
the following criteria:
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— 33 ONnopoM MPOMDKHWUX Orop Npu CyMmicHin aii
ONOPHOI peakuii i MOMEHTY, Aki BU3HaYeH,
Hanpuknag, po3paxyHkamu Ha niacrasi BU-
npobyBaHb;

— 3a OnopoMm B 30HI 0BNMpaHHA Npu cymicHin aii
3CYBHOI CUNW i 3rMHANBbHOrO MOMEHTY, SKi BU-
3Ha4eHi, Hanpuknaj, po3paxyHkamu Ha nig-
cTaBi BUNpobyBaHb;

— 32 ONOpOM MOMNEepeYvHoro nepepisy B NpPonbLo-
Tax kputepin HasepeHo B 10.1.4.1;

— 3a CTIAKICTIO BINMbHOrO MNosica MNpPOroHy npwu
OCbOBOMY CTUCKY KpuUTepih HaBedeHo B
10.1.4.2.

(4) TMpu nigMoMHOMY HaBaHTaXeHHI NPOriH

NMOBUHEH 3aJ0BONBHATU KpUTEPIT:

— 32 0MOpPOM Ha NPOMIXKHUX Oropax npu CyMicCHin
Aii onNopHOi peakuil i MOMEHTY, BM3HAYEHUX,
Hanpwknag, Ha nigcrtasi BunpobyBaHb, Bpaxo-
BYIOYM, LIO OMNOpHa peakuis npu ubomy €
3YCUNNSM posTary;

— 33 ONOpOM B 30HI 0BNUpaHHA NpU CyMmicHin aii
nonepeYvHo! CUMK i 3rMHanbHOro MOMEHTY, SKi
BU3HaYeHi, Hanpuknaga, po3paxyHkamu Ha nia-
ctaBi BunpobysaHb;

— 3a CTIRKICTIO BIfIbHOrO nosica B MNpoNboTax
KpuTepi HaseaeHo B 10.1.4.2;

— 3a CTIAKICTIO BINbHOrO Mnosica NposfbLoTy Npu
OCbOBOMY CTUCKY KpUTEpPIA HaBeOeHO B
10.1.4.2.

10.1.3.5 Kpumepil exkcrnnyamauiliHoi npudam-
Hocmi

(1) MponboTV NOBUHHI 3aA0BONBHATU KpUTEPIA

ekcnnyaTauinHoi npuaaTHoCTI.

10.1.4 Po3paxyHkoeul onip

10.1.4.1 Onip nonepeyHoz20 nepepisy

(1) Onip nonepeyHoro nepepisy NponbLoTy Npwu

CYMICHIN Ail 0OCbOBOI CUNK | NOMNEpPeYHoro HasaH-

TaXEHHsA Cnig BU3HaAYatTW SIK CyMy HarnpyXeHb

BiANOBIAHO A0 pucyHKa 10.2:

— Bif 3rMHanNbHOro MOMEHTY My Eo B NNOLINHI;

— Bif ocboBOl cunn Ng;

— BiA4 ekBiBaneHTHOro nonepeYHoro HabaHTa-
KEHHA Qp gy , WO AI€ HA BINbHY NONUULD |
NpuU3BOANTL 0 KPYTIHHA | BOKOBOro 3ruHy,
aue. (3).

(2) MakcumansHi Hanpy)XeHHst B NMOMepeYHoOMy

nepepisi NOBUHHI 3a40BONbHATM TakKi yMOBW:

— AN8 po3KpinneHot nonuui:

— at internal supports, the resistance 1o
combined support reaction and moment
determined e.g. by calculation assisted by
testing;

— near supports, the resistance {o combined
shear force and bending moment determined
e.g. by calculation assisted by testing;

— 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
givenin 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 trans-

verse 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 M, g;

— the axial force Ngg

— an equivalent lateral load g, g4 acting on the
free flange, due to torsion and lateral bending,
see (3).

(2) The maximum stresses in the cross-section
should satisfy the following:
— restrained flange:

101


arymarenko
Прямоугольник


O max,Ed =
’ Weff
WY

— 0N BINbHOI NONUL;:

M
y.Ed  Neg <f

M N M
y,Ed + Ed + fz Ed

v /M (10.3a)
Aeff

— free flange:

S max,Ed =

ae:

A — ehekTMBHaA NnoLia nonepeyHoro nepepiay
Npy PiBHOMIPHOMY CTUCKY;

f, — rPaHmMLIs TEKYYOCTi, Sika BU3HA4AETLCS 3riAHO
33.2.1(5);

Mg, £q— 3rUHanNbLHMA MOMEHT Y BiNbHiN Nonuui Bia
NoNepeyYHoro HaBaHTaXEHHA Gy g4 , AMB. GOp-
myny (10.4);

Wery — MOMEHT Onopy edeKTUBHOro nonepey-
HOro nepepisy Npu 3rMHi BIGHOCHO OCi Y — Y;

W}, — NPYXXHUIA MOMEHT ONOPY NOBHOMO NEpepisy
BiNbHOT NONKMUI | YacTKMU CTiHKW BIQHOCHO OCi Z — Z;
3a BigCyTHOCTI Binbil AeTanbLHOro axanisy BuUco-
Ta 4acTKun CTiHKu Moxe ByTu npuiiHaTa 1/5 BUcoTu
CTiHKW, 5IKa BUMIPIOETBCA MiX TOYKaMU NepeTuHy
cepeauHHNX NNOWWH CTiHKM i nonuub gnga C- i
Z-nodibHux nepepisiB i 1/6 BACOTM CTiHKM AnAa
2-noAibHNx nepepisis, AnB. pucyHok 10.2;

Werry  Aerr Weg

<f, [ym (10.3b)

where:
Aq is the effective area of the cross-section for
only uniform compression;

f, is the yield strength as defined in 3.2.1(5);

Mg, g4 is the bending moment in the free flange
due to the lateral load qy, ¢, see formula (10.4);

Wery is the effective section modulus of the
cross-section for only bending about the y — y
axis;

W, is the gross elastic section modulus of the free
flange plus the contributing part of the web for
bending about the z — z axis; unless a more so-
phisticated 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 intersec-
tion in case of C- and Z-sections and 1/6 of the
web height in case of X -section, see Figure 10.2;

iYm = Ym0, AKWO Agrr=Agabo skwo Weg = W, and vy =ypmo If Ay = Ag OF if W = W, and
i Ngy =0, B pewwTi BUnaakis yy = ypy1- Ngy =0, otherwise vy = ypm1.
Qeq
I HEEEEEEEEEEEENERER X, '_L‘ =3
NE"Z" ﬂEd ; 1/5h P _1/6h
] _*- ]
KnQed, |
K .l P
z $ g
H -1 -=
y y + + - iwsh
‘ il »
‘ ezzl-. |*‘ez1
My.eq Neg Mocd
Werry Aetr Wt,

PucyHok 10.2 — HaknageHHs HanpyxeHb
Figure 10.2 — Superposition of stresses
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(3) bokoBe HaBaHTaXeHHSA qj gy Ha BiMbHY Mo-
nvulo, Lo eKBiBaneHTHe il KPYTIHHS i 3ruHy 3
ANOLWMHW, NOBUHHO BTV NPUNHATO:

Qned =KnQEed -

(4) Ans TMNOBUX MonepeYHnx nepepisis kj, BuU3-
Ha4aeTbCA 3riaHO 3 pucyHKkom 10.3.

(3) The equivalent lateral load gy, g4 acting on the
free flange, due to torsion and lateral bending,
should be obtained from:

(10.4)

(4) The coefficient k;, should be obtained as indi-
cated in figure 10.3 for common types of
cross-section.

h

4

I‘

e ©

oo b

ht(b2 +2cb —2c? b/h)
a1,

Kno =

Tunosun cuMeTpuyHuin Z-noaibHuin nepepis
Simple symmetrical Z section

f }
UenTtp o
Zi\);Ba):' o Leutp O"O
centre ﬁ ¥ & 3CYBY i.::
e shear
s centre
- 2

/
kpn = Y2 9s
o =

y
Z,- C- i Y-noaibHi nepepiau
Z, C or X sections

a) kpp — koedilieHT Ans BOKOBOro HaBaHTaXeHHs BINbHOT HWXHBOT Nonuui (kyg Binnosinae
HaBaHTaXeHH!o, WO NpukraaeHe B LEHTPI 3CyBY)
a) kpg factor for lateral load on free bottom flange (ko corresponds to loading in the shear centre)

_I:Ed ¢ 4 4eq
gp——o

ﬁl Uentp

scysy
shear =

Qed
p—o—
Henrp —T
3cyBy
shear =
ce;;tre —l
hQed
| S— —"khQEd —
kp =Kno ky =kpo +e/h(*)

kp =kpo —a/h (™)

cenire
knq,
Ed

kp =kno —f/h (")

b) rpasiTauifiHe HaBaHTaXeHHs
b) Gravity loading

C) NigROMHe HaBaHTaXEeHHS
c) Uplift loading

Equivalent lateral load factor kj,

KoediuieHT ekBiBaneHTHOro NonNepeyHoro HaBaHTaXeHHs Ky,

(*) MNpwn posrawyBaHHi LeHTpa 3cyey NpaBopy4Y Big
HaBaHTaXeHHS gy HABAHTaXEHHS die B NPOTUNexX-
HOMY HaNpAMKy.

(**) Axwo a/h > kpg , HABaHTAXEHHA Ai€ B NPOTUNEX-
HOMY HaNpAMKy.

(***) BenuuuHa f 0bMexye NONOXKEHHSA HaBaHTaXEeHHS
gEg MK NOB3A0OBXHIMU KPOMKaMU BEPXHBLOT NOMML.

(*) If the shear centre is at the right hand side of
the load gg, then the load is acting in the opposite
direction.

(**) if a/h > kpg then the load is acting in the opposite
direction.

(***) The value of fis limited to the position of the load
geq between the edges of the top flange.

PucyHok 10.3 — [epeTBOpeHHs KPYTIHHSA | NONEPEYHOro 3rvHy B eKBiBaneHTHe nonepeyvHe
HaBaHTaXeHHA Ky, g
Figure 10.3 — Conversion of torsion and lateral bending into an equivalent lateral load kj, gy
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(5) 3ruHanbHUi MOMEHT i3 nnowukn M, £, Bu-
3HavaeTbea 3a hopmynoto (10.5), okpim Banok 3
PO3TArHYTOK BINbHOK NONULEID, B AKilK 3aBOSKU
CMPUATIINBOMY BNINBY KPUBWUHU NONULi i edoekTy
Aedopmallii reoMeTpU4HOT CXeMn, MOMEHT My, g,
MOXe 6yTW NPUAHATUM TakuMm, WO AOPiBHIOE
HyHo:

(5) The lateral bending moment My, £, may be de-
termined 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 My, -, may be taken equal to
zero:

Mt ed =xrMoss Ea (10.5)

ne:
Moz Eq — NMOYATKOBUA 3rUHANbHUA MOMEHT i3
NNOWMHU B BiNbHIM nonuui 6e3 npyxHo-noaat-
nnBOT onopu;

Kgp — NOMNpaBoYHMi KoedilieHT ans edekTuBHOT
NPY>XHO-NOLaTNNBOI ONOpPU.

(6) MouartkoBuit 3rMHaNBHUIA MOMEHT i3 MNOWMHU
B BiNbHivi nonuui Mg ¢, gy BU3HAYaETLCH 3rifHO 3
Tabnuueto 10.1 4N KPUTUHHUX TOYOK B NPONbLOTI,
Ha onopax, B TOYKax pPO3KPINMEHHS | MK HAMMK,
Cdpepa 3actocyBaHHsa Tabnumui 10.1 obmexeHa B
AianasoHi R < 40.

(7) NMonpaBo4HMiA KoeilieHT R ANA TOYKK, WO
po3rnAgacTbes, i BIANOBIAHWUX FPAHUYHUX YMOB
BM3Ha4vaeTbea 3rigHo 3 Tabnuueto 10.1 (abo 3a
Teopielo po3paxyHKy 6anoK Ha NPYKHIN OCHOBI
3a BiHknepom) i3 3sacTocyBaHHAM KoediuieHTa R
ANg NpyXHO-NoAaTnMBOi ONOPU, SIKUIA BU3HaYa-
€TbCA 3a BUPa30oM:

R__

ne:
I;; — MOMEHT iHepLii NOBHOro NonepeyHoro nepe-
pi3y BiNbHOT NONWLI 3 YaCTKOK CTIHKW NPWU 3rWHI
BiZAHOCHO oci z — z, ame. 10.1.4.1(2). MNpw 3acTo-
CYyBaHHi YNCAOBOro po3spaxyHky aue. 10.1.2(5);

K — noroHHa »opcTKicTb B'A3i arigHo 3 10.1.5.1;

L, — BigctaHb MiX TouKamu 3akpinneHHs, a 3a
BigCyTHOCTI L — nponiT.
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where:
Mo 2 g4 is the initial lateral bending moment in the
free flange without any spring support;

KR is a correction factor for the effective spring
support.

(6) The initial lateral bending moment in the free
flange Mqr, g may be determined from table
10.1 for the critical locations in the span, at sup-
ports, 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 R for the relevant loca-
tion 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:

, (10.6)

where:

I, is the second moment of area of the gross
cross-section of the free flange plus the contribut-
ing 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);

Kis the lateral spring stiffness per unit length from
10.1.5.1;

L, is the distance between anti-sag bars, or if
none are present, the span L of the purlin.
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Tabnuusa 10.1 — 3HayeHHA NOYaTKOBOrO MOMEHTY M ¢, £y | MOMPaBOYHOro KoedilieHTa kg

Table 10.1 — Values of initial moment Mg, g4 and correction factor kg
Cxema Touka "
M
System Location 0fz.Ed *R
Px _m
iw t A 1 /2 o = 1-0,0225R
le—r/2—sle—t12—] m g IhEd R 7 441,013R
(La=1L)
Yy 5 1-0,0141R
x_m e A o004k
i_, . - m 128 InEd “a “R=170.416R
l¢318L3~i—— S/8La 1 2 1+0,0314R
o3KpinnesHs abo onopa e -—q KR =T (i
gnti—gag bar or suport P 8 hEd “a 1+0,396 R
Y, 1-0,0125R
x.£ m___e g L2 S L
Lx * m 24 InEd “a R T 410,198R
[‘E-—O,%»L—%,SLJ l ) 1+0,0178R
QIKPINNEHHA G Ghopa - =
gnti—gag bar arasuport P e 12 Gn.ed La R 1+0,191R

10.1.4.2 Onip empami cmilikocmi 8inbHOI nouui
(1) Npw cTucHeHHI BINLHOI Nonuui 1f onip BTPaTI
CTIMKOCTi MOXHA OLIHUTU, BUKOPWUCTOBYOYN ¢hop-
Myny:

10.1.4.2 Buckling resistance of free flange

(1) If the free flange is in compression, its buckling
resistance should be verified using:

(10.7)

XLT

TYT ¥ 7 — NOHUXyBanbHUWA KoedilieHT gnda no-
nepeyvHo-nNpyxHoi bopmn BTpaTU CTINKOCTI (3rn-
HarbHa hopMa BTpaTH CTIMKOCTI BINbHOT nonuuj).
Mpumitka. Benuuuua y; + moxe 6yt HagaHa B Hauio-
HaneHoMy Aogatky. INpu kopucTtyBanHi EN 1993-1-1,
6.3.2.3 4715 BUBHAYEHHS YMOBHOT THYUKOCTi Az, LLIO Ha-
BefleHa (2), peKkoMeHayETbCs BUKOPUCTOBYBATU KpUBY
BTPaTU CTifikocTi b (@, 7 =0,34; A 70 =0,4; =0, 75).

Mpu cTUCHEHHI 0cboBO cnnolo Ngy , BpaxoByiouu, Lo
NOHWKYBaNbHUA KoedilieHT BTpPaTH CTIMKOCTI BiAHOC-
HO rOMOBHOT OCi MeHWe HiX Npu nepesipui BTpaTtu
CTIAKOCTi NoNuui i3 NNowWmWHW, Hanpuknagd, konu 6arato
PO3KpiNneHb i3 nnowmHu, HeobXigHoO NpoBecTn nepe-
BipKM 3rigHo 3 6.2.216.2.4.

(2) YMOBHa rHyuJKicTb sz npu nepesipui BINbHOI
Nonuui BU3HAYaEeTbCS AK:

“fz

1 [My,Ed N Negy

Mt e4
+ == < fyp [Ym1,
Weff,y Aetr ] g

sz

in which y, 1 is the reduction factor for lateral tor-
sional 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 (a; 7 =0, 34 X,_T_O =0,4;, p=0,75)
is recommended for the relative slenderness %, given
in (2). In the case of an axial compression force Ngy,
when the reduction factor for buckling around the
strong axis is smaller than the reduction factor for
lateral flange buckling, e.g. in the case of many
anti-sag bars, this failure mode should also be checked
following clause 6.2.2 and 6.2.4.

(2) The relative slenderness L, for flexural buck-
ling of the free flange should be determined from:

. Al (10.8)

with:

ny=n[Effn]°,
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ne:
Iy, — po3paxyHKOBa AOBXWHA BINbHOI NOMWL
3rigHo 3 (3) — (7);

i, — pafiyc iHepuii NOBHOro foOMNepeYHoro nepe-
pi3y BiNbHOI NONWLI 3 YaCTKOK CTiHKK, WO npu-
MUKae, Npu 3MMHI BIAHOCHO OCi Z — Z, AWB.
10.1.4.1(2).

(3) Ona rpasitauiiHOro HaBaHTaXeHHH, SKLUL0
0 < R £200, poBxuHa BiNBHOI Nonuui npy nepe-
BipUi Ha CTINKICTb ¥ pasi 3MIHHOCTI HanNpyXeHHA
CTUCKY 38 JOBXMHO L, L0 HaBeeHa Ha PUCYHKY
10.4, BU3Ha4aeTLCH Tak:

where:

l¢, is the buckling length for the free flange from
() to (7);

i, is the radius of gyration of the gross cross-
secion 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 that0 < R < 200,
the buckling length of the free flange for a varia-
tion of the compressive stress over the length L as
shown in figure 10.4 may be obtained from:

u’
Iy =nql, (1+n2 R’“) : (10.9)

ae:
L, — BiacTaHb MiX 3aKkpinneHHsMM i3 NAOWWHK, a
3a BiCYTHOCTI NPONIT NPOroHy L;

R — xoediuieHT, HaBegeHnii B 10.1.4.1(7);

nN{—"Ng4 — KoedilyieHTH, Wo 3anexaTb Big KiNnb-
KOCTi 3akpinneHb, HaBenaeHi B Tabnuui 10.2a.
Tabnuuamu 10.2a i 10.2b MoxHa KopucTyBaTUCh
ANA piBHOMIPHO HaBaHTaXeHUX Banok 3 piBHUMHK
nponboTamun 6€3 CTUKIB BHanNyck abo Ha Haknag-
Kax i 3 )XOPCTKUM PO3KPINNEHHAM BiNbHOT NOMNNL
i3 NnowmHu. Lli Tabnunui MoxHa BUKOPUCTOBYBaTH
i ANA cucTeM i3 cTMkamu BHanyck abo Ha Hak-
Nagkax npun 3abeaneverHi NOBHOT HEPO3PI3HOCTI.
B iHWKX BUNagkax po3paxyHKoBa AOBXUHA MOXeE
BM3HAYATUCh NPURHATHUM METOAOM PO3PaxyHKy
abo 3a ponomoroto Tabnuui 10.2a npun TpbOX 3ak-
PiNAEHHAX B NPONBOTI, 3@ BUHATKOM KOHCOMNEN.

Mpumirtka. 3a MOXIMBOCTI NOBOPOTY Y CTMKAX BHAMYCK
abo Ha Haknagkax MOMEHT B MponboTi mMoxe ByTu
3HauHo Ginbwe Hix 6e3 NoBopoTy, WO NpusBede Qo
36inblIeHHA pPOo3paxyHKOBOT JOBXWHU NPONbOTy. Bes
ypaxyBaHHA peanbHOro po3noginy MOMEHTIB Hagini-
HiCTb po3paxyHKy Moxe ByTu 3HUKeHa.

where:
L, is the distance between anti-sag bars, or if
none are present, the span L of the purlin;

Ris as given in 10.1.4.1(7);

and 14 to n4 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 connec-
tion system may be considered as fully continu-
ous. 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.

NOTE: Due to rotations in overlap or sleeve con-
nection, the field moment may be much larger than
without rotation which results also in longer buckling

lengths in span. Neglecting the real moment distri-
bution may lead to unsafe design.

3alTpuxoBaHi 30HW CTUCKY
[Dotted areas show regions in compression]

PucyHok 10.4 — 3MiHM HanpyXeHb CTUCKY Y BiNbHI NONWLI Npy rpaBiTalilHOMY HaBaHTaXeHHi
Figure 10.4 — Varying compressive stress in free flange for gravity load cases
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Tabnuus 10.2a - KoediuieHT n; npw kinbkocTi 3akpinneHs 0, 1, 2, 3, 4 Npu rpasiTauinHoOMy HaBaHTaXeHHi

Table 10.2a — Coefficients ; for down load with 0, 1, 2, 3, 4 anti-sag bars
KinbkicTb
Micue posTawysaHHS pOo3KpinneHb
Situation Anti sag-bar n N2 e 4
Number
KpaiHin nponirt 0,414 172 1,11 0,178
End span 0
ﬂpommmym nponit 0,657 8.17 222 -0,107
Intermediate span
KpawiHin nponit 0,515 1,26 0,868 —-0,242
End span 1
np0MI)KH‘MI/I nponit 0,596 2.33 1,15 -0,192
Intermediate span
KpaliHin | IPOMDKHMA NPONEOTH 5 0,596 233 115 -0,192
End and intermediate span
KpaWHii i NpOMiDKHWUIA NPONBLOTU 3 1a (and) 4 0,694 5,45 1,27 -0,168

End and intermediate span

Ta6bnuus 10.2b — KoediuieHT n; npw kinbkocTi 3akpinneHb 0, 1, 2, 3, 4 npy NiANOMHOMY HaBaHTaXEHHI

Table 10.2b  -- Coefficients v; for uplift load with 0, 1, 2, 3, 4 anti-sag bars
KinbkicTb
Micue postaulyBaHHs pPO3KpinneHb )
Situation Anti sag-bar TH N2 e 1
Number
O.AVIH nponir 0,694 5,45 1,27 -0,168
Simple span
KpaiiHii nponit 0 0,515 1,26 0,868 —0,242
End spa
npOMi)KH.MVI nponit 0,306 0,232 0,742 -0,279
Intermediate span
OgMH NPOAIT i KparKi NpoNsoTU 0,800 6,75 1.49 -0,155
Simple and end spans 1
FpomixHui nponiT 0,515 1,26 0,868 00,242
Intermediate span
ngH nponit 0,902 8,55 2,18 -0,111
Simple span 5
KpanHin ! ﬂpOMIXHMﬁ NpPonboTU 0,800 6,75 1.49 ~0,155
End and intermediate spans
O‘D,MH NpOoAiIT i KparHi NpoNLOTU 0,902 8,55 2,18 -0,111
Simple and end spans
. . : 3Ta(and)4
[pomikHUK nponiT 0,800 6.75 1,49 -0,155

Intermediate span
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(4) Ansa rpasiTauiiHOro HaBaHTaXEHHs NPU Kinb-
KOCTi 3akpinneHs BinbLue TpboX Ha PiBHIK BigCTaHi
OodHa Big oAHOI 3a ymMoBamM, BigMIHHMMM Big
HaBegeHux B (3), po3paxyHKoBa AOBXWUHA ANA
nepeBipkM NONMLUi Ha CTIKICTb NPUAMAETLCA He
Binblie HiK AOBXWHA MpU [ABOX 3aKPINNEHHAX,
10670 L, = L/3. Lle nonoxeHHs 3acTOCOBYETLCS
TifIbKW 3a BIACYTHOCTI OCbOBOTO 3YCUNNSA CTUCKY.

(5) Npu maixe NOCTIRHOMY HaMpyXXeHHi CTUCKY
Ha AOBXWHI L Bia Aii 4oCUTb 3HA4HOI OCbOBOT
CUNWU po3paxyHKoBa AOBXUWHA Monuui npu nepe-
BipUi CTIAKOCTI BU3HAYAETLCA 3 BUKOPUCTAHHAM
KoedbiuieHTa i 3a Tabnuueto 10.2a npu KiNbKOCTI
po3KpinneHs Ha nponit Binbille TpbOX | Npu BiA-
CTaHi MiX HumK L.

(6) Ons nigAOMHOrO HaBaHTaXKEHHSs, KONw
PO3KPINMEHHA HE 3aCTOCOBYKOTbCH, 3a YMOBM
0 < Rg £200, pospaxyHkoBa [OOBXWHa BiNbHOT
noavLi npu nepesipui CTINKOCTI NpyU 3MiHHOMY
HanNPYXXeHHi CTUCKY MO AOBXWHI Ly, SK nokasaHo
Ha pyucyHky 10.5, BU3Ha4aeTLCA 32 HOPMYIO0:

L =0,7Lo (1413,1RF%) 7,

Ro

TyT I, i K Bu3HaualoTses srigHo 3 10.1.4.1(7).
ANbTepHaTMBHO PO3paxyHKOBA [OBXWHA BiNbHOI
nonuui nNpu nepesipui CTikoCcTi Moxe ByTn
BCTaHoBneHa 3a tabnuuero 10.2b y noeaHaHHi 3
piBHAHHAM, HaBedeHum B 10.1.4.2(3).

¥
500X 9 FPIXT DD 1K (8% IRRALHE? PREC
A VAL AR W 2 A £ A S W 7 PO E S A -

4
KL0

7*Ely

(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 L, = 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 rela-
tively large axial force, the buckling length should
be determined using the values of i from table
10.2a for the case shown as more than three
anti-sag bars per span, but the actual spacing L ,.

(6) For uplift loading, when anti-sag bars are not
used, provided that 0 < Ry <200, the buckling
length of the free flange for variations of the com-
pressive stress over the length L as shown in fig-
ure 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). Al-
ternatively, the buckling length of the free flange
may be determined using the table 10.2b in com-
bination with the equation given in 10.1.4.2(3).

AP AR

3alTprUxoBaHi 30HU CTUCKY
[Dotted areas show regions in compression]

PucyHok 10.5 — 3miHa Hanpy)XeHb CTUCKY Y BiNbHIA NONWULI NpY NiIZROMHOMY HaBaHTaXEHHI
Figure 10.5 — Varying compressive stress in free flange for uplift casess
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(7) MNpu aii nignoMHOro HaBaHTaXeHHs Yy pasi
e(hbeKTUBHOro 3 pPIBHOMIPHUM KPOKOM PO3KpIin-
fIEHHS BiNLHOT NONMUI i3 NNOUWMHU PO3paxyHKoBa
AOBXWHA MpW nepeBipui CTIAKOCTI Moxe OyTu
HabnmxeHo npuiHaTa 3rigHo 3 (5) y AonyiueHHi
PIBHOMIPHOrO PO3MNOAINEeHHs MOMEHTY 3a JOBXU-
Hot. ®opmyna (10.10a) moxe 3acToCcOBYyBaTUCH
3a ymoBamu, HaesegeHumMmu B (3). 3a BiACYTHOCTI
BIANOBIAHMX PO3paxyHKiB HEODXIAHO kepyBaTUCH
10.1.4.2(5).

10.1.5 O6MmexeHHsT Mogopomy NMpPyxHiCM
Hacmuny

10.1.5.1 XKopcmkicmbs nonepedyHol niHitiHoi onopu

(1) MpyxHo-nogatnuasa onopa, ulo CTBOPHETLCH
HacTUIIOM ANS BifibHOT NONWUUi NPOTOHY 3 NAO-
WAHA 3TMHY, MOAEMNIETLCH HK fiHINHA MNpYy)XHA
B'A3b, SKa i€ Ha BiNbHY NOMNUUID, ANB. PUCYHOK
10.1. 3aranbHa 6okoBa XOPCTKICTb MiHINHOIT B’A3i
K Ha ogMHuMuUI0 OOBXWMHU BM3HAYaeTbCs 3a op-
MYynoio:

ne:
K, — 60KkoBa XOpCTKICTb, WO BiANOBIAAE KPYTUITb-
Hil XXOPCTKOCTI 3'e4HaHHsA HacTuny 3 NpoOroHoOM;

Kg — bokoBa XOpCTKICTb Bif AennaHadii none-
PEYHOro nepepisy NporoHy;

K¢ — 6oKoBa XOPCTKICTb, WO CTBOPKOETLCS 3MU-
HaNbLHOI XOPCTKICTIO HACTUAY.

(2) BpaxoBytoun, o K- AyXKe 3Ha4Ha BennunHa 'y
nopiBHAHHI 3 K, | Kg, 3HaueHHs 1/K, MoxHa
He BpaxoByBaTW. 3HayeHHs K Mpu UbOMY MOXHa
BU3HAUNTU Tak:

(3) 3HavenHs (1/ K4 +1/ Kg) MOXHaA BU3HAUYNTK
abo yepes BUNpobyBaHHSA, abo po3paxyHKOM.

Mpumitka. lpoueaypa eignosigHuMx eunpobyeaHb
HaBejeHa B aoaartky A.

(4) KopctkicTe 60koBOT B'si3i K Ha opuHUUKO
OOBXUHU BU3HAYAETLCS 3a (hOpMyIoo:

1
(11 Ky +1/Kg)

1_ 4(1-v2)h? (hy +bmog) +ﬁ

(7) For upliftloading, 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 un-
der conditions specified in (3). If there are no ap-
propriate calculations, reference should be made
to 10.1.4.2(5).

10.1.5 Rotational restraint given by the
sheeting

10.1.5.1 Lateral spring stiffness

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

(10.11)

where:

K, is the lateral stiffness corresponding to the ro-
tational stiffness of the joint between the sheeting
and the purlin;

Kg is the lateral stiffness due to distortion of the
cross-section of the purlin;

K¢ is the lateral stiffness due to the flexural stiff-
ness of the sheeting.

(2) Normally it may be assumed to be safe as well
as acceptable to neglect 1/K because K is very
large compared to K, and Kg. The value of K
should then be obtained from:

_ (10.12)

(3) The value of (1/ K4 +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:

: (10.13)

K Et3

Ae by, BU3HaYaETHCA Tak:

Cp

in which the dimension b4 is determined as fol-
lows:
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— npu Al exBiBaneHTHOI ropusoHTansLHoO! cunm
Gph Eg Ha CTiHKY NPOTOHY y MICLi KOHTaKkTy 3
HacTUNOM:

— npw Ail ekBiBaneHTHOI ropn3oHTanNbHOI CUNK
Qp,Eg HA NOMULIO NPOFOHY Yy MiCLi KOHTaKTy 3
HaCTUNOM:

b
ae:
{ — TOBLMHA NPOroHy;

a— BiAcTaHb Bij TOYKN NPUKPINNEHHA HAaCTUNY A0
CTiHKM NPOroHy, AMB. pucyHok 10.6;

b — wupuHa nonuui NporoHy, Ao SKoT NPUKpIn-
neHun HacTun, aue. pucyHok 10.6;

Cp — 3aranbHa XOpCTKICTb KyTOBOI B'Ai3i 3rigHO 3
10.1.5.2;

h — noBHa BucoTa nNporoxy,

hy — po3ropHyTa BUCOTa CTiHKWM NpOroHy, OvB.
pucyHok 10.6.

Kpinunesruit Bupi6
Fastener

mod

— for cases where the equivalent lateral force
Gp,eq Dringing the purlin into contact with the
sheeting at the purlin web:

— for cases where the equivalent lateral force
Gh,eq bringing the purlin into contact with the
sheeting at the tip of the purlin flange:

=2a+b,

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;

hy is the developed height of the purlin web, see
figure 10.6.

b
a2
T
Hactun
KpinunoHnil Sheet
Bupib
h1 Fastener
.!— a

PucyHok 10.6 — KpinfneHHst HAacTUNy OO NPOroHy
Figure 10.6 — Purlin and attached sheeting

10.1.5.2 XKopcmkicmpb kymoeor 6’asi

(1) ObmexeHHa NOBOPOTY MPOroHy 3a AO0NOMO-
ror Hactuny, Wo NpUKpinANeHUA 4o Aoro Bepx-
HbOI NONWLi, NOBUHHO MOAENIOBATUCH SIK KYTOBA
B'A3b [0 BepxHbOi nonwui, Ave. pucyHok 10.1,
3aranbHa XopcTKiCTb kyToBOI B's13i Cpy BU3HAYa-
eTbCA 3a hopmMynoto:

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 Cp should be de-
termined from:

(10.14)

Cp
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ne:

Cp 4 —XOPCTKICTL KYyTOBOI B'A3i, sika CTBOPIOETLCS
3’eJHaHHAM HaCTUNy 3 NPOroHoOM;

CD,C — XOPCTKICTb KYTOBOI B’A3i, WO Bignosigae
3rMHarbLHINA XOPCTKOCTI HacTuny.

(2) Ak npasuno, Cp 4 PO3PaxoBYETLCA 3riAHO 3
Bkasiskamu (5) i (7). AnbTepHaTneHo Cp 4 MOXE
ByTu BU3HAYEHO 3a pe3ynbTaTamu BUNpobyBaHsb,
ame. (9).

(3) Benuuuna Cp, - NnpritMaeTbes AK MiHiMansHa,
L0 BM3Ha4yeHa 3rijHO 3 po3paxyHKOBUMU Mofe-
namMu, ski HaseaeHi Ha pucyHky 10.7, 3 ypaxyBsaH-
HAM MOBOPOTY CYMIXKHUX MPOroHIB i CTyneHs
HEepPO3Pi3HOCTI HacTuMy, BUKOPUCTOBYOUN BUPa3:

CD,C =m/6,

ne:
m — MOMEHT, WO Ai€ HAa OAWMHULIO LUMPUHWU, SK
BKasaHo Ha pucyHky 10.7;

6 — KyT NOBOPOTY, AKUA BUMIPIOETLCS BIANOBIAHO
[0 pucyHka 10.7, pagiaH.

k=2 m,ogk =4

where:
Cp 4 is the rotational stiffness of the connection
between the sheeting and the purlin;

Cp,c is the rotational stiffness corresponding to
the flexural stifiness of the sheeting.

(2) Generally Cp 4 may be calculated as given in
(5) and (7). Alternatively Cp, , may be obtained by
testing, see (9).

(3) The value of Cp, - may be taken as the mini-
mum value obtained from calculational models of
the type shown in figure 10.7, taking account of
the rotations of the adjacent purlins and the de-
gree of continuity of the sheeting, using:

(10.15)

where:
mis the applied moment per unit width of sheet-
ing, applied as indicated in figure 10.7;

6 is the resulting rotation, measured as indicated
in figure 10.7 [radians].

>
k=3 n/’zj(?‘k=6

PucyHok 10.7 — Mopaens ans susHadeHHs Cp ¢
Figure 10.7 — Model for calculating Cp, ¢

(4) AnbTepHatuBHO BenuuuHy Cp - i3 3anacom
oBuuCrnIoTE 3a BUPa3oM:

npu UboMy kK — uicnosun koedpiuieHT, BennymMHa

AKOTO NPUAMAETLCS:

Kpan HacTuny, pucyHok 10.7 BepxHin k = 2;

Kpan Hactuny, pucyHok 10.7 HWxHIA Kk = 3;

cepeauHa Hactuny, pucyHok 10.7 BepxHin
k=4,

cepeguHa HactTuny, pucyHok 10.7 HWXHIN
k=6;

(4) Alternatively a conservative value of Cp, c may
be obtained from:

et (10.16)

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=0;
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pe:

lefr — €EexTMBHMIA MOMEHT iHepuii OAUHUYHOI
WNPWHK HacTuny;

S — KPOK NPOrOHiB.

(5) 3a ymoBM, WO HAcTUN KPIiNUTLCA 40 NPOrOHY
nocepeauHi cBoei nonuui, BenuunHy Cp 4 Ans
HacTuny 3 Tpaneuienofibrummn roppamm y 3'en-
HaHHi 3 BEPXHbLOIO MNONUUEID NPOTOHY MOXHa
BM3Ha4MTK B Takui cnocib (gue. Tabnuuio 10.3):

Cp,a =C100 Kpa Kt

TYT:
2
Kpa = (ba /100)7,

kpa =1,25(bg/100)%,

akwo (if)

aKwo (if)

kpr "Ka Kpr,

where:

lr1s 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 Cp, 4 for trapezoidal sheeting connected
to the top flange of the purlin may be determined
as follows (see table 10.3):

(10.17)

where

by <125 mm (mm);

125 mm (mm) < b, < 200 Mm (mm);

NO3UTUBHE MONOXEHHA

1,1 : .
ki = (thom/0,75) 7, akwo (if)  t,o, = 0,75 Mm (mm); positive position:
1,5 : HeraTUBHE MONOXEHHS
k, = : akwo (if) ¢, 2 0,75 MM (mm); ; :
t =(thom (0,75) ", o (i) tnom (mm) negative position;
Kt = (tnom/0,75) "%, AKWO (if) Lo < 0,75 MM (Mm);
kpr =1,0, akwo (if)  bg < 185 mm (mm);
kpr =185/bg, akuwo (if)  bg > 185 mm (mm);

AN rpaeiTauiltHOro HaBaHTaXeHHs:

ksp=1,0+(A-1,0)-0,08, Ak (if)

kg=1,0+(A-1,0)-0,16,  siKwo (if) t.,om,

ka=1,0+(A-1,0)-0,095, swwo (if)

ky=1,0+(A-1,0)-0,095, sikuwo (if)

npu t = 0,75 i t = 1,0 MM 3Ha4EeHHS MOXHa
BU3HAYUTU MIHIAHOW IHTEPNONSILIIEID;
npu £ < 0,75 mm chbopmyna He AincHa;
npu t>1 mm B hopmyni npunMaeTbea t= 1 Mu;

thom = 0,75 MM (mm),
=0,75 mm (mm);
thom = 1,00 mm (mm),

thom = 1,00 mm (mm),

for gravity load:

fIO3UTUBHE MOMNOXEHHSA
positive position;
HeraTMBHE NONOXEHHS
negative position;
NO3MTUBHE NONOXEHHS
positive position;
HeraTMBHE NMONOXEHHS
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> 1 mm, the formula needs to be used with
t=1mm

Ans NiAAOMHOIO HaBaHTaXEHHS: for uplift load:
ka=1,0;
b
Kpr = (|—12 ko () by> by max
T
iHaKwe otherwise
kpr =1,

A kH/m [KN/m] < 12 kH/m (kN/m)
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HaBaHTaXeHHs, o NepeaacTbes Ha Banky Hac-
TUIOM;

ne:

b, — wpuHa NonuLi NPoroxy, Mm;

b — WMpUHa XBUMNI HACTUIY, MM;

by — wvprHa nonuui HacTumy, NPUKpinneHol 4o
NPOroHy;

b7 max — 3riaHO 3 Tabnuuerw 10.3;

C1p — KoediLieHT noBopoTy, wo AopisHioe Cp 4
npu b, = 100 mm.

(6) 3a BiACYTHOCTI MiX HAcTUNOM i MPOroHOM
3a30py 3Ha4yeHHs KoediuieHTa nosopoTy Cigo
MOXHa npurimaTu 3a Tabnuueto 10.3.

(7) AnbTepHatrisHo Cp 4 MOXHa npuiaHaTh 130p ,

Hm/m/pag, ge p — KinbKicTb 3akpinneHb HacTuny

[0 MNPOroHy Ha NOrOHHOMY METPI Moro AOBXMUHU

(ane He 6inblle ogHOro y XBWIi HacTuny) 3a

YMOBMW, LLO:

— LUMPUHA NONuLi HacTUNYy, B KN BiH KpINUTbLCS,
He nepesulye 120 mm;

— HOMiHanbHa TOBUIMHA { HACTUIY HE MEHLLIE HiX
0,66 Mm;

—~ BiacTaHb a abo b — a MiX UEeHTPOM Kpinunb-
HOro BUpPOBY i LEHTPOM NOBOPOTY NPOrOHY (B
3anexHoCTi Bia HanpsiMKy NOBOPOTY), K HaBe-
AeHO Ha pucyHky 10.6, He MeHLIe Hix 25 MM.

(8) Mpw BpaxysaHHi BMIMBY BUKPUBIIEHHS none-
peyHoro nepepisy, ame. 10.1.5.1, possonserbes
Cp,c He BpaxoByBaTy, TOMY WO XOPCTKICTb B'A3I
B OCHOBHOMY 3anexuTb Bif BenuuuHn Cp 4 i
BUKPUBNEHHS Nepepisy.

(9) AnbTepHaTuBHO 3Ha4YeHHs Cp 4 MOXYTb ByTH
obuucneHi 3a pesynbTatamn BUNpobyBaHb Ta
PO3PaxyHKOM.

(10) Npwu oTpumanHi Benuuunn (1/ K, + 1/ Kg) 3a
pesynbTatamn BunpobyesaHb (MM/H 3rigHo 3
A.5.3(3)) Benuuura Cp 4 Ans rpasitavintHoro abo
NiAAOMHOTO HABaHTaXEHHS BU3HAYAETLCA Tak:

h?/1,

load introduced from sheeting to beam;

where:
b, is the width of the purlin flange [in mmj;

bg is the corrugation width fin mmj;

by is the width of the sheeting flange through
which it is fastened to the purlin;

b1 max is given in Table 10.3;

Cio0 is a rotation coefficient, representing the
value of Cp 4 if b, =100 mm.

(6) Provided that there is no insulation between the
sheeting and the purlins, the value of the rotation
coefficient C,5q may be obtained from table 10.3.

(7) Alternatively Cp 4 may be taken as equal to

130p [Nm/m/rad], where p is the number of

sheet-to-purlin fasteners per metre length of pur-
lin (but not more than one per rib of sheeting), pro-
vided 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) If the effects of cross-section distortion have to
be taken into account, see 10.1.5.1, it may be as-
sumed to be realistic to neglect Cp, ¢, because the
spring stiffness is mainly influenced by the value
of Cp 4 and the cross-section distortion.

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

(10) If the value of (1/ K, + 1/ Kpg) is obtained by
testing (in mm/N in accordance with A.5.3(3)), the
values of Cp 4 for gravity loading and for uplift
loading should be determined from:

Cpa=

ne by h 1 hy HaBeperno B 10.1.5.1(4), Iy -
MOZynbHa WMPUHA HacTUNYy, Wo BMNPObOoBYETh-
cs, Ig — nosxuHa 6anku, wo sunpobosyeTbCA.

Mpumitka. Pekomengauii woao sunpobyBaHb, OUB.
A.5.3(3).

(1/Ka+1/Kg) = 4(1-v*)h? (hg +bmos)/(Etl5) ’

(10.18)

in which b4 h and hy are as defined in
10.1.5.1(4) and I, is the modular width of tested
sheeting and Ig is the length of tested beam.

NOTE: For testing see Annex A.5.3(3).
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Tabnuusa 10.3 — KoediuieHT noBopoTy Cqgg ANSA CTANeBoro HacTuny 3 TpaneuienogibHumm rodbpamm

Table 10.3 - Rotation coefficient Cqqq for trapezoidal steel sheeting
PosTtaulysaHHs 3akpinneHHsa HacTuny
HacTuny B Nonuui Kpok 3akpinneHb HiameTp
Positioning of Sheet fastened Pitch of fasteners  |waii6n, MM  Ciog b
sheeting through Washer KHM/M T,max »
Moau- Hera- Husint | B . diameter | kNm/m] | ™ [mm]
teHe ) | Tuenel) T”)KHM CPXHM 1 e=pp | e=2bg | [mm]
Positive 1) |Negative™| Trough Crest
Mpu rpasiTalinHOMY HaBaHTaXEHHI:
For gravity loading:
x X x 22 52 40
x X x 22 3.1 40
x x x K, 10,0 40
X x x K, 5,2 40
X X x 22 3.1 120
x X x 22 2,0 120
Mpun NignOMHOMY HaBaHTaXeHHi:
For uplift loading:
x x X 16 2,6 40
X X x 16 1,7 40
Mo3Haku:
Key:
bg LMPUHA XBWNi;
is the corrugation width;
b LIMPUHE NONUUI HACTUAY, WO KPINnuTbCS 40 NPOTroHY.
T is the width of the sheeting flange through which it is fastened to the purlin.
No3HaKa cTanesoi cianonoaioHol wanbun, uwo nokasana |KpinneHHs HacTuny:
K HuxXYe, Npu £ 0,75 Mm, Sheet fastened:

indicates a steel saddle washer as shown below with

t>0,75 mm

\4?

— yepes HWKHIO NONULI:
— through the trough:

T LS
br

ke

— Yyepes BepXHIO NMONULI:
— through the crest:

— KPIfNEHHI HaCTUNy cCaMOHapi3HUMM
I'BUHTaMK giameTpom:
— sheet fastener screws of diameter:

— cTanesux Lwandbax TOBLLWHOI:
- steel washers of thickness:

BenuuuHu 3 uiel Tabnuui MmoxHa 3actocoByBaTh Npu:
The values in this table are valid for:

Z=6,3 MM (Mm);

t,=1,0 MM (mm).

2
B s W e WY s W

e bR;!

") PosTallyBaHHS HacTUNy € MO3UTMBHIM, KOMM BiH
BY3bK/MU NOSMLIAMU BKNAAAETHCS HA MPOTiH, a Hera-

TUBHUM — KOK LLUPDOKMMU NONULIRMI.
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10.1.6 3ycunns i peakuii @ KpinneHHsIx
Hacmursy 30 nNpo2oHy

(1) B KpinneHHsX HacTUNy A0 NPOroHy KpinumbHi
BUPOOKM MOBWHHI NEPEBIPATUCH Ha CyMICHY Ao
3ycunns 3pisy gge nepneHauMKynspHoro 4o no-
nuui, i 3ycunns po3Tary gge, e g i gy MoXHa
BM3HA4YMTK 3rigHo 3 Tabnuueto 10.4, a e — KpoK
3akpinneHb. 3ycunna 3pisy Big crabinisyouoro
edekTty, ave. EN1993-1-1, noBUMHHO AofaBaTUCH
4o 3ycunns 3pisy. [lo Toro x 3ycunng 3pisy Big
HacTuny sK Aiacdparmu, sKke fie napanenbHo
nonuui, BEKTOpianbHo A0JaETbCA A0 q.

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 qge, perpendicular to the flange, and ten-
sion force q; e where qg and g, may be calculated
using table 10.4 and e is the pitch of the fasteners.
Shear force due to stabilising effect, see
EN1993-1-1, should be added to the shear force.
Furthermore, shear force due to diaphragm ac-
tion, acting parallel to the flange, should be
vectorially added to g;.

Tabnuusa 10.4 — 3ycunns 3pi3y i po3Tsry B KpinAeHHAX B340BX 6anku

Table 10.4

— Shear force and tensile force in fastener along the beam

Tvin 6anku | HaBaHTaXXeHHA
Beam and loading

3ycunns 3pisy Ha OaUHULIO
AOBXWUHN G
Shear force per unite length g

3ycunns po3sTaAry Ha oguHULI
LOBXWUHNU 4
Tensile force per unit length g,

Z-nonibHa, rpasiTauinHe
HaBaHTaXeHHs
Z-beam, gravity loading

wo gopisHtoe 0

(1 E)kpgEg, MOXHA NPUAHATY TaKUM,

(1 £)kpqey, may be taken as 0

Z-nopibHa, nigpnomHe
HaBaHTaXEeHHS
Z-beam, uplift loading

(1.€)(kp —a/h) geq

|&knQeq h/a|+qeq
(a =b/2)

C-nogibHa, rpaeitauinHe
HaBaHTaXEHHS
C-beam, gravity loading

(1-8)knQeq

EkpQeq hia

C-nogiBHa, nianomMHe
HaBaHTaXeHHs!
C-beam, uplift loading

(1-€)(kn —a/h) qeq

Ekpqeq h/a(b —-a)+qgy

(2) KpinunbHi BupobK B 3aKkpinneHHsX NpOroHiB
Ha onopax HeobxigHO nepeBipATH Ha Ailo B
MAOLKHI CTiHKK peakuii R, i B nnowuHi nonuue
nonepeyHunx peakuin Ry i Ry, ave. pucyHok 10.8.
3ycunnsa Ry i R, BU3HavaoThes 3a hopMynamu,
wo HasefeHi B Tabnuui 10.5. 3ycunna R, Bknto-
Yae TakoX CKaTHY CKNagoBy ANs NOKPUTTIB 3 Ha-
XMUNOM. FKLIO R4 NO3NTUBHA, 3YCUIIA B KPINMEHHI
BiACYTHE. R, NepenaeTbcs HaCTUIIOM Ha BEPXHIO
NoNWLO NPOroHy i fani Ha KPOKBAHY KOHCTPYKLI0
(ronosHy Ganky) 3aBAsku 3’egHyBanbHOMY ene-
MEHTY (ONOpHUW enemeHT), abo 3a A0MNOMOrol
cneuianbHUX 3CyBHMX 3’€gHaHb BeanocepeHbo
Ha ocHOBHMI abo noaibHuin enemeHT. Ha npo-
MDKHUX OMopax Hepo3pi3HUX MNPOroHiB peakuil
npuimaroTbes y 2,2 pasa binblie 3HayeHb, Wo
HaBegeHi B Tabnuui 10.5.

(2) The fasteners fixing the purlins to the supports
should be checked for the reaction force R, in the
plane of the web and the transverse reaction
forces Ry and R, in the plane of the flanges, see
figure 10.8. Forces Ry and R, may be calculated
using table 10.5. Force R, should also include
loads parallel to the roof for sloped roofs. If R is
positive there is no tension force on the fastener.
R, should be transferred from the sheeting to the
top flange of the purlin and further on to the rafter
(main beam) through the purlin/rafter connection
(support cleat) or via special shear connectors or
directly to the base or similar element. The reac-
tion forces at an inner support of a continuous pur-
lin may be taken as 2,2 times the values given in
table 10.5.
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MNpumitka. [ns NnokpuTTiB 3 HAXUNOM MOMEPEeYHi Ha-
BaHTaXEHHA PO3rNKAanTbCa SK CKagoBi BepTUKars-
HOTO HaBaHTaXeHHR, WO Ai€ NepneHguKYNspHO A0
NNOLMHK NOKPUTTS | N@apanensHo — B Lt NNOLLMHI.

NOTE: For sloped roofs the transversal loads to the
purlins are the perpendicular (to the roof plane) com-
ponents of the vertical loads and parallel components
of the vertical loads are acting on the roof plane.

PucyHok 10.8 — OnopHi peakuii
Figure 10.8 — Reaction forces at support

Tabnuusa 10.5 — OnopHi peakuii Ans BinbHO 06NepToi Banku

Table 10.5

-~ Reaction force at support for simply supported beam

Tun 6anky i HaBaHTaXEHHSA
Beam and loading

Peakuis Ha HWXHI nosic Ry
Reaction force on bottom

Peakuisi Ha BepxHin nosic R,
Reaction force on top flange

Z-beam, uplift loading

flange R4 R,
Z-nopibHa, rpaeitaliiHe HaBaHTaXeHHS
1-C)k L/2 1+8)k L/2
Z-beam, gravity loading (1=C)knGeq L/ (1+0)Knqeq L/
Z-nonibHa, nignoMHe HaBaHTaXeHHS =0k ey L)2 —(1+8)kpqey L/2

C-beam, gravity loading

C-nopibHa, rpasiTaujiiHe HaBaHTaXKEHHS —(1-8)kpqeq L2

(1-C)knqeq L/2

C-nogibHa, niniAoMHe HaBaHTaXeHHs
C-beam, uplift loading

(1-C)knqeq L/2

~(1-8)kpqeq L/2

10.2 KaceTHi npodini 3 po3e’sizkoto
HacTUNOM

10.2.1 3a2anbHi NON0XEHHS

(1) KaceTHi npodini — ue, sik nokaszaHo Ha pUCyH-
Ky 10.9, Benuki LuBeneponoaibHi npodini 3 gBoma
CTiHKaMu, 3 ABOMA BY3bKUMU i 3 OOHIEIO LLIMPOKOI
3aranbHolo nonuuamMKn. [1si By3bki nonuui asepxy
NMOBUHHI ByTK i3 NAOWWHM pO3B’A3aHi cTanesum
NpodHaCTUNOM, L0 NPUKPINAKETLCA A0 HUX.

(2) Onip 3pi3y cTiHOK KaceTHWUX npodinis i cnpuit-
HATTA MICUEBOTO NOMEPEYHOro HaBaHTAXKEHHS
BU3HayaeTbes 3rigHo 3 6.1.5 - 6.1.11, ane 3 ypa-
XyBaHHAM BeNuYnHU M, r, 3rigHo 3 (3) abo (4).
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10.2 Liner trays restrained by sheeting

10.2.1 General

(1) Liner trays should be large channel-type sec-
tions, with two narrow flanges, two webs and one
wide flange, generally as shown in figure 10.9.
The two narrow flanges should be laterally re-
strained by attached profiled steel sheeting.

(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 using the
value of M, g4 given by (3) or (4).
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PucyHok 10.9 — leomeTpis TMNOBOFO KAaceTHOro npodinto
Figure 10.9 — Typical geometry for liner trays

(3) Onip npw Aii MOMeHTy M, gy ANS KACeTHOro

npocino BU3HavaeTbes 3rigHo 3 10.2.2, Bpaxo-

BYKOUM, LLIO:

— iX rTeoMeTpu4Hi po3mMipu B gianasoHi arigHo 3
Tabnuuew 10.6;

— BUCOTA rohpis LUMPOKOT NONKUL HE NEpPEBULLIYE
h/8, ne h — 3aranbHa BUCOTa KAaceTHOro Npo-
dinio.

Ta6nuusa 10.6 — [lianasoH 3actocysaHHA 10.2.2

(3) The moment resistance M, gy 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 hu of the corrugations of the wide
flange does not exceed h/8, where h is the
overall depth of the liner tray.

Table 10.6 — Range of validity of 10.2.2
0,75 Mm (mm) < thom < 1,5 Mm (mm)
30 Mm (mm) < b < 60 mm (mm)
60 Mm (mm) < h < 200 mm (mm)
300 MM (mm) < b, < 600 MM (mm)
I,/b, < 10 mm*/Mm (mm*/mm)
S < 1000 mm (mm)

(4) AnbTepHaTUBHO oOnip nNpu Aii MOMeHTY Ans
KaceTHoro npodinto moxe ByTn BU3Ha4YeHWA Npu
BUNpoBYyBaHHi, Npu LLOMY MICLIEBI HaBaHTa-
XeHHs Big BunpobyBanbHOro obnagHaHHA Ha
enemMeHTU nepepisy npopinio He NOBUHHI Nepe-
AaBaTuCh.

Mpuwmitka. Pekomerpauii wopno eunpobyBarb HaBe-
OeHOo B goaatky A.

(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.
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10.2.2 Onip npu Jii MmomeHmy

10.2.2.1 Ulupoka nonuusi cmucHyma

(1) NMpun cTucHyTi WNpOKIA Nonuui KaceTHoro
npodinto onip Npu Aii MOMEHTY NOBUHEH BU3Ha-
YaTtucs 3a NOCAiJAOBHOK NpoLeaypoto, sika HaBe-
peHa Ha pyucyHky 10.10:

ETan 1: Bu3HaunTtn eheKkTMBHY NNOLy BCiX CTU-
CHYTUX YacTWH nonepeyHoro nepepiay, 6epy4un oo
yBaru CniBBiAHOLEHHS HaNpPyXeHb y =65/64 ,
obuncneHnx ans ePeKTUBHOI LUIMPUHN CTUCHYTUX
nosvub, ane nNpy NOBHiM NNOLWi CTIHOK;

ETan 2: Bu3HaunMTN UEHTP TSKiIHHSA edheKTUBHOro
rnonepeyHoro nepepiay i odbuncnuT onip npu gii
MOMEHTY 3a ¢hopmynoto:

Mcra =0.8 Wesr minfyb /YMo »

ae:
Weff,min

TYT Z,. i Z; BA3HAYa0TLCA 3riaHO 3 pucyHkom 10.10.

<P
) i

€6

< _

4Zc—r-

10.2.2 Moment resistance
10.2.2.1 Wide flange in compression

(1) The moment resistance of a liner tray with its
wide flange in compression should be determined
using the step-by-step procedure outlined in fig-
ure 10.10 as follows:

— Step 1: Determine the effective areas of all
compression elements of the cross-section,
based on values of the stress ratioy =5 /6 ¢
obtained using the effective widths of the
compression flanges but the gross areas of the
webs;

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

(10.19)

with:

=1y eff /Zc , ane (but) Wegr min <1y err /Zt;

where z, and z; are as indicated in figure 10.10.

b, 12—

\ g‘_ \
abo (or) T———
..... _ 1
[ 2 @ J * L X X )
Dy efr! 2"" ‘—’l'bu‘eff/ 2
Etan 1
Step 1

£
=|

| M .
01< 0,84/ Vi [T G,=0,8fyb/YM0[[[[[]]]

PucyHok 10.10 — BusHaueHHsa onopy npu Aii MOMEHTY — LIMpOKa Nonuus CTUCHYTa
Figure 10.10 — Determination of moment resistance — wide flange in compression
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10.2.2.2 lllupoka nonuusi po3msicHeHa

(1) T'paHN4HNA MOMEHT NS KaceTHoro Npodinto
Npu PO3TATHEHIN WIUMPOKIN NONULUi NOBUHEH BU3-
HayaTucA 3a NOCnigoBHOK NPOLIEAYPOIO, KA Ha-
BefeHa Ha pucyHky 10.11:
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