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Janwii crangapT € TotoxauM nepeknagom EN 1999-1-3:2007: Design of aluminium structures
— Part 1-3: Structures susceptible to fatigue (IIpoexryBanHs antoMiHi€EBUX KOHCTpyKiiid. Yactuna 1-3:
KoHcTpyKii 4yTiKBi 10 BUTPUBAJIOCTI).

EN 1999-1-3:2007 minrotosneno Texuiuaum xomitrerom CEN/TC 250, cexperapiatoM sIKOTo
kepye BSI.

J1o HaIiOHATBLHOTO CTAHJAPTY MOJIY4EHO aHTJIOMOBHHI TEKCT.

Ha Tepuropii YkpaiHu sk HaliOHATRHUN cTaHmapt nie JiBa kosonka Tekcty JACTY-H b
EN 1999-1-3:201X: "IIpoexTyBaHHs aqroMiHieBUX KOHCTpyKid. Yactuna 1-3: Koncrpykuii, 9yTnuBi
no Bromu" ineHTHYHHMH €Bpormneiickkomy ctanaapty EN 1999-1-3:2007 "Design of aluminium
structures — Part 1-3: Structures susceptible to fatigue " (€Bpoxon 9: IlpoekTyBaHHS aTIOMIHIEBUX
koHcTpykuUid. Yactuna 1-3: KoHcTpykuii, 4yTiMBI 0 BHUTPUBAJIOCTI), BUKIAJEHA YKPAiHCHKOIO
MOBOIO.

Binnosigno no JIBH A.1.1-1-2009 «Cucrema ctanaapTu3alii Ta HOpMyBaHHS B OYiBHUIITBI.
OCHOBHI TOJIO)KEHHSI» L€l CTaHAApPT BIIHOCUTHCS A0 Komiuiekcy B.2.6 «Konctpykuii OyIuHKIB 1
CIIOPYZ».

CraHmapT MICTUTh BUMOTH, SIK1 BIIMTOBIIAI0Th YAHHOMY 3aKOHO/IAaBCTRY.

HaykoBo-TexHiuHa oprasizailis, BIAMOBiAaJbHA 3a 1ek cranmapT, — TOB «Ykpaincekuit
IHCTUTYT CcTaJeBUX KOHCTpYKUiH iM. B.M. lllumaHOBCHKOTOY.

Jlo cTanmapTy BHECEHO TaKi peIaKI[iitHI 3MI1HH:

- CJIOBa «Iei MDKHAPOJIHUMA CTaHIAPT» 3aMIHEHO Ha «IIeH CTaHIapT»;

- CTPYKTYpHI enemMeHTH cTaHaapty: «OoxmamuHky», «llepenMoBy», «HarioHaasHUN BCTYID,
«BusznaueHHns TmoHATH» Ta «bibmiorpadiuni nmaHi» oQopMIIEHO 3TiTHO 3 BHMOTaMU
HaIllOHAJIBHOT CTaHAapTU3aIlil YKpaiHu;

- 3 «llepenmoBu 10 EN 1999-1-3» y nieii «HaIlioHAIBHUI BCTYID» B3ATE TE, 110 O€3MOCEPEIHBO
CTOCY€TBCS IIBOTO CTaH/IAPTY.
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Beryn

et ngoxyment EN 1999-1-3:2007 miaro-
toreHnit Texuiunum komitetom CEN/TC
250 «byniBenbHI €BpoKOAW», CceKpeTapiar
sKoro minrpumyersest BSI.

Hpomy €BpomeiicbkoMy cTaHaapTy Oyne Ha-
JaHO CTAaTyC HAIIOHAJIBLHOTO 3 ITyOIiKaIi€to
IIGHTUYHOTO TEKCTy a00 CXBaJCHHSM HE
niznime smcromaga 2007 poky 1 mpwm
CKacyBaHHI KOH(QUIIKTYIOUMX HalllOHaJIbHHUX
cTaHAapTiB He mi3Hime 6epe3ns 2010 poky.

Januit €BpomnelChKHl CTaHIAPT 3aMIHIOE
ENV 1999-2: 1998.

VY BIIMOBITHOCTI 3 BHYTPINIHIMU TTOCTAaHOBAMHU
CEN/CENELEC mHarionanbHi opraHu  3i
CTaHJapTh3alii TakuxX KpaiH 3000B’s3aH1
3IACHUTH IMIUIEMEHTALlII0 [IbOT0 €Bponench-
Koro craHmapty: ABctpis, benbria, bonrapis,
Kinp, Yecwka Pecny6Omika, [anis, Ectonis,
Oistaais, @panmisa, Himewuwmna, ['perris,
VYropumna, Icmanmis, Ipmammis, Iramis,
JlatBiss, JlutBa, JlrokcemOypr, Mabra,
Hinepmannu, Hopseris, [Tonpma, [Mopryramnis,
Pymynis, CnoBauumna, CrnoBenis, Icmanis,
[Bemis, HBeimnapis 1 Benuka bpurtanis.
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Foreword

This document (EN 1999-1-3:2007) has been
prepared by Technical Committee CEN/TC

250 “Structural Eurocodes”, the secretariat of
which is held by BSI.

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 November 2007,
and conflicting national standards shall be
withdrawn at the latest by March 2010.

This European Standard supersedes ENV
1999-2: 1998.

According to the CEN/CENELEC Internal
Regulations, the national standards
organizations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxemburg, Malta,
Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and the United Kingdom.
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HALIOHAJILHUN CTAHJAPT YKPATHU

€BPOKO/]I 9: ITPOEKTYBAHHS AJTFOMIHIEBMX KOHCTPYKIII
YACTHUHA 1-3: KOHCTPYKIIII UYTJIMBI JJO BUTPUBAJIOCTI

EBPOKO/] 9: IPOEKTHPOBAHUE AJTIOMUHUEBBIX KOHCTPYKIH
YACTD 1-3: KOHCTPYKIMN YYBCTBUTEJIBHBIE K YCTAJIOCTHU

EUROCODE 9: DESIGN OF ALUMINIUM STRUCTURES
PART 1-3: STRUCTURES SUSCEPTIBLE TO FATIGUE

OcHoBu nporpamu €sBpokoay

VY 1975 poui Kowmicis €sponeiicbkoi Criuib-
HOTH BUpILIKJIA PO3MOYaTH Iporpamy Jid y
ramxy3i OymiBHUIITBA Ha mimcraBi crarti 95
JloroBopy.  Meroto  mporpamu  Oyso
YCYHEHHSI  TEXHIYHUX  TMEpemIKoa IS
TOPTIBIII TA Y3TOJKEHHS TEXHIYHHX YMOB.

VY pamkax 1iei nporpamu aiii Komicis B3siia
Ha ce0e IHIIAaTUBY BCTAHOBHTH CHCTEMY
y3TO/DKEHUX  TEXHIYHUX  TpaBWiI IS
MPOEKTYyBaHHsI Oy/iBeNb 1 CHOpPYH, sIKI Ha
TIepIIIii cTajii Maju CIIyTyBaTH
AIPTEPHATHBOID YMHHUM  HAI[lOHAJLHUM
MpaBHJIAM JIEpXKaB-WICHIB, a 3PEIITOI0 Malld
3aMIHUTH iX.

Yropogopx m’atHamaTH pokiB Kowmicis 3a
nonomMoroto PoGoyoro xomirtery, 10 CKiIamgy
SKOTO BXOJMJIM TIPEICTABHUKU  JICPXKaB-
YJIeHIB, BeJia PO3pOOKY mporpamu €BPOKO/IIB,
fgKa TpHu3Bena J0 MyoOmikamii KOMIUIEKTY
MEPIIOr0 MOKOMIHHSA €BPOINEHCHKUX KOMIB Y
80-x pokax.

VY 1989 poui Kowmicist ta nepxkasu-aienn EU
(Eponeiicbkoi  CmimpHOTH) Ta  EFTA
(E€Bpomneiicbkoi Acorriarnii BinbHoi Toprisai)

YuHHUHA Big

Background of the Eurocode programme

In 1975, the Commission of the European
Community decided on an action programme
in the field of construction, based on article
95 of the Treaty. The objective of the
programme was the elimination of technical
obstacles to trade and the harmonisation of
technical specifications.

Within  this action programme, the
Commission took the initiative to establish a
set of harmonised technical rules for the
design of construction works which, in a first
stage, would serve as an alternative to the
national rules in force in the Member States
and, ultimately, would replace them.

For fifteen years, the Commission, with the
help of a Steering Committee with Represen-
tatives of Member States, conducted the
development of the Eurocodes programme,
which led to the first generation of European
codes in the 1980s.

In 1989, the Commission and the
Member States of the EU and EFTA
decided, on the basis of an
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Ha ocHOBi yromu® mix Kowmicieto ta CEN
(€Bpomneiicbkum KOMITETOM 31
CTaHAapTU3AIli]) BUPIIIAIIH nepenaTu
miArOTOBKY Ta myoOmikariro €Bpokoaie CEN
3a JIONIOMOTOK cepii MaHAariB, M0 B
pedyapTari Hajgano O  €Bpokogam y
MaifOyTHROMY  cTarycy  €BpONEHCHKOTO
cragaapty (EN). Lle moB’s3ye €Bpokoau 3
nojoxxeHusiMu  JlupexktuB Pagu 1 Pimens
Kowmicii mono €Bpomneicbkux CTaHmapTiB
(robto [upextuBu Pamm 89/106/EEC miono
OyniBensHUX BUpoOiB — CPD — ta JlupekTus
Pamu 93/37/EEC, 92/50/EEC ta 89/440/EEC
BIJTHOCHO CYCHUIbHUX poOOIT Ta HOCHYyr 1
€KBIBAJICHTHUX JIUPEKTUB EFTA,
3aM0YaTKOBAHUX 3  METOK  JONOMOTTH
3aCHYBAHHIO BHYTPILIHBOTO PUHKY).

CrpykrypHa mporpama €BpOKOJIB BKJIHOYAE
CTaHJIapTH, SIK1 B OCHOBHOMY CKJIaJIalOThCS 3
NEeK1TbKOX YaCTHH:

EN 1990 €Bpoxon: OcHOBU NpPOEKTyBaHHS
KOHCTPYKIIIH

EN 1991 €spoxopg 1: Jlii Ha KOHCTPYKIIii

EN 1992 €Bpoxon 2: IIpoexryBaHHS
OCTOHHUX KOHCTPYKITIH

EN 1993  €Bpokon 3: IlpoekryBaHHs
CTaJICBUX KOHCTPYKIIIH

EN 1994 €Bpoxkon 4: IIpoekryBaHHS
CTaJICBOOCTOHHUX KOHCTPYKIIIH

EN 1995 €spokon 5: IlpoekryBaHHs
JIEPEB’ STHUX KOHCTPYKIIIH

EN 1996 €Bpokon 6: IIpoekryBaHHS
KaM’STHUX KOHCTPYKITIH

EN 1997 €BpoKo 7: I'eoTexHiune
MIPOEKTYBaHHS

EN 1998 €Bpokon 8: IIpoekryBaHH:S
CEHCMOCTIMKUX KOHCTPYKITIH

EN 1999 €poxox 9: IIpoekryBaHHS

QTIOMIHIEBUX KOHCTPYKIIIH.

Crannmaptd €BpOKOAIB BHU3HAIOTH BIIIOBI-
JaNbHICTh PErYJISITOPHUX OPraHiB JepiKaB-
YJICHIB Ta 3aXMINAIOTh iX MPaBO Ha MPHU3HA-
YCHHSI BEJIMYMH, SKI TIOB’sI3aHI 3 pEryJo-
BaHHSAM MHUTaHb O€3MEKH Ha HaIlIOHAILHOMY
PiBHI TaM, Jie BOHU BiIPi3HAIOTHCA.
CraTyc Ta rajy3b 3acCTOCYBaHHS
€Bpokoais

Hepxau-unenu EU ta EFTA Bu3Ha0Th, 1110
€BpoKOAM MOIIOTh AK €TaJOHHI JOKYMEHTH
JUTS TAKHAX L{UJIEH:

— 9K 3acid [JOBeOEeHHSA BIAMOBITHOCTI

2

agreement! between the Commission and
CEN, to transfer the preparation and the
publication of the Eurocodes to the CEN
through a series of Mandates, in order to
provide them with a future status of
European Standard (EN). This links de facto
the Eurocodes with the provisions of all the
Council’s Directives and/or Commission’s
Decisions dealing with European standards
(e.g. the Council Directive 89/106/EEC on
construction products — CPD — and Council
Directives 93/37/EEC, 92/50/EEC and
89/440/EEC on public works and services
and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

The Structural Eurocode programme compri-
ses the following standards generally consis-
ting of a number of Parts:

EN 1990 Eurocode 0: Basis of Structural
Design

EN 1991 Eurocode 1: Actions on structures
EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel
structures

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

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures
for earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures.

Eurocode standards recognise the responsi-
bility of regulatory authorities in each
Member State and have safeguarded their
right to determine values related to regula-
tory safety matters at national level where
these continue to vary from State to State.
Status and field of application of
Eurocodes

The Member States of the EU and EFTA
recognise that Eurocodes serve as reference
documents for the following purposes:

— as a means to prove compliance of



OymiBenb 1 CHOpYyl OCHOBHHM BHMOTaM
Hupexktusu Pamu  89/106/EEC, 30kpema
ocHoBHii BHMO3l Nel — MexaHiuna
CTIMKICTE Ta CTaOUIBHICTE — Ta OCHOBHIH
BuMoO3i Ne 2 — [Toxkexua Oe3mnexa;

— SIK OCHOBA JUIsl YKJIAJ[AHHS KOHTPAKTIB JUIs
OymiBeNb 1 CHOpyX Ta IMOB’SI3aHUX 3 HUMH
IH)KEHEPHUX TOCTIYT;

— SK OCHOBa ISl CKJIAJaHHS Y3TODKEHUX
TeXHIYHUX cnenudikamii ans OyniBeTbHUX
BupoOiB (ENs Ta ETASs).

€BpOKO/IM, OCKUIBKM BOHU Oe€3MocepeaHbo
BIIHOCATHCS 10 OyIIBETLHUX CIIOPY/, MAlOTh
NpsIMUH 3B’SI30K 13 TNIyMa4yHUMH JOKYMEHTa-
mu! pospiny 12 CPD, He3BaXkarouu Ta Te, 110
BOHU MAalOTh PI3HY MPHUPOJY 3 TapMOHI30Ba-
HAMH CTaHJApTaMH Ha BupoOu?. Taxum um-
HOM, TEXHIYHI aCIeKTH, SIKi BUIUIMBAIOTH 3
€BpokoIiB s OyiBeNb 1 COPY, TTOBUHHI

B MOBHIM Mipi OyTH  pO3IVIAHYTUMH
Texniunumu  komireramu CEN  Ta/um
pobourmMu rpynamu EOTA, AK1

pO3pOOJISAIOTh CTaHAAPTH Ha Oy/IIBENbHI
BUPOOM, 3 TIO3WINNA JOCSATHEHHS ITOBHOL
CYMICHOCTI TEXHIYHUX crenudikamii 3
€BpOKOIAMH.

Cranmaptu  €BpOKOJZIIB  PETIaMEHTYIOTh
3arajbHl  MpaBWiIa  MPOEKTYBAaHHSA  JJIs
MPAaKTUYHOTO BHUKOPUCTAHHS BCIX KOHCT-
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building and civil engineering works with
the essential requirements of Council
Directive 89/106/ EEC, particularly Essential
Requirement Ne 1 — Mechanical resistance
and stability — and Essential Requirement
Ne 2 — Safety in case of fire;

— as a basis for specifying contracts for
construction works and related engineering
services;

—as a framework for drawing up harmonised
technical specifications for construction
products (ENs and ETAS)

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Docu-
ments?* referred to in Article 12 of the CPD,
although they are of a different nature from
harmonised product standards?. Therefore,
technical aspects arising from the Eurocodes
work need to be adequately considered by
CEN Technical Committees and/or EOTA
Working Groups working on product stan-
dards with a view to achieving a full compa-
tibility of these technical specifications with
the Eurocodes.

The Eurocode standards provide common
structural design rules for everyday use for
the design of whole structures and

! Bignosimso no cr. 3.3 nokymenta CPD ocuoBni Bumoru (ER) oTpumaroTh KOHKpeTHY (GOpMy y TIyMauHHX
JIOKyMEHTaX JUIsi CTBOPEHHsI HEOOXIJJHUX 3B’SI3KIB MK OCHOBHUMH BHMOTaMH Ta MaHAATaMU JUIs TapMOHI30BaHHUX
EN ta ETAG/ETA.

! According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative
documents for the creation of the necessary links between the essential requirements and the mandates for
harmonised ENs and ETAGS/ETAS.

2 BimnosigHo g0 cr. 12 CPD TirymayHi TOKYMEHTH MalOTh:

a) HaJIaTH KOHKPETHOI (OPMH OCHOBHUM BHUMOTaM, Y3TOJUBIIK TEPMIHOJOTIIO 1 TEXHIYHI 3aca/ii 1 BKa3aBIIH KIacH
a0o piBHI JJI5 KOXKHOI BUMOTH, 1€ 1Ie He0OXiIHO;

b) BKa3zaTH METOOW BCTAHOBICHHS CIIIBBIIHOIICHHS MDK IIIMH KJlacaMH a0o0 pPIBHAMH BHMOT i3 TEXHIYHUMHU
BHMOTaMHU, HAIIPUKIIA]], METOAN PO3PAXYHKY i MEPEBiPKH, TEXHIYHI MMPaBIIIa MPOSKTYBAaHH 1 T. 1H.;

C) CIYr'yBaTH PEKOMEHMAIIEI0 Il BCTAHOBICHHS Y3TOMKCHHWX CTAaHOAPTIB 1 HACTAaHOB IS €BPOMNEHCHKOrO
TEXHIYHOTO YXBaJICHHS.

€Bpokonu GakTHIHO BigirparoTh mogioHy ponb y chepi ER 1 i wactuni ER 2.

2 According to Art. 12 of the CPD the interpretative documents shall :

a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and
indicating classes or levels for each requirement where necessary;

b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for project design, etc.;

c) serve as a reference for the establishment of harmonised standards and guidelines for European technical
approvals.

The Eurocodes, de facto, play a similar role in the field of the ER 1 and a part of ER 2.
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PYKLIH Ta X KOMIIOHEHTIB SIK TPaJHUIIHHOTO,
TaK 1 IHHOBAaIIfHOTO XapakTepy. YHIKaJIbHI
¢dopmMu KOHCTPYKIii ab0 YMOBH TPOEKTY-
BaHHS CIIEI[IaJIbHO HE OXOIUIIOIOThCA, 1 B
TaKUX BUIMAJKaX MPOEKTYBAITBHUKY OTPiOCH
JOJTATKOBUM €KCIIEPTHUN PO3TIIAL.

HanionanbHi crangapru,
110 BIIPOBAXKYIOTh €EBpoKoaH

HarionanbHi ctanmapTy, M0 BIPOBAKYIOTh
€BpoKO/aM, 3aBXKAM BKIIOYAIOTH IOBHHUM
TEeKCT €BpPOKOy (BKJIIOYAIOYH BC1 JOJATKH),
Bunanuii CEN, sikomy MOXyTh mHepeayBaTu
HamionanpHuit ~ TUTYyABHUH ~ JHMCT  Ta
HamionanebHa nepenMoBa, a TakoX MOXKYThb
CYNpPOBOKYBaTUCS Hamionansaum
JI0JTaTKOM.

HamioHaneHMIT 104ATOK MOJXKE BKJIFOYATH
iHGOpMallil0 BITHOCHO THUX HapaMeTpiB, SKi
3QTUIIIIACS BIAKPUTAMA B €BpOKOJIAX IS
HalllOHAJIbLHOTO  BUOOpYy,  BiIomi  fIK
HaIllOHAJTFHO BHU3HAYEHI TMapameTpw s
BUKOPHUCTAHHS MpPHU MPOEKTyBaHH1 OyaiBelb
Ta IHXEHEPHUX CIIOPYH, 0 OYAyTh 3BEIEH1
y 3aIlikaBJieH1i KpaiHi, a came:

— 3HAUEHHS  YaCTKOBUX  KOE(QII[IEHTIB
HaJIHHOCTI Ta/ab0 KiacuQikaiio BHUIAJKIB,
TUIs SIKUX €Bpoxoa periJamMeHrye
BUKOPHUCTAHHSI aJIbTEPHATUB;

— 3HAYEHHS, SK1 CJIiJ] BAKOPUCTOBYBATU TaM,
e B €BpOKOJII  HABEJAEHO  TUIBKH
MMO3HAYCHHS,

— crneuudiuHi AaHi KpaiHu (reorpadidHi,
KJIIMaTH4HI TOIIO), HAIIPUKJIaA, KapTa BITPY;
— KOHKPETHI METOIMKHU JUIsl TUX BHIIAJKIB,
KOJM €BpOKOJI perijiaMeHTye BUKOPHCTAHHS
aIIbTePHATHB.

BoHM MOXXYTh TaKOK MICTUTH:
—  peKoMeHpamii  I0JI0
JIOBIIKOBHX JIOJIATKIB;

— TIOCHWJIaHHS Ha JOJAaTKOBY iH(dopMmallito,
sKa He CyNepeunTh HOPMAaTHUBHUM BHUMOTaM 1
JoTIoMarae mpu KOpUCTyBaHH1 €BPOKOIaMHU.

34CTOCYBAHHSA

component products of both a traditional and
an innovative nature. Unusual forms of
construction or design conditions are not
specifically covered and additional expert
consideration will be required by the
designer in such cases.

National Standards implementing
Eurocodes

The National Standards implementing
Eurocodes will comprise the full text of the
Eurocode (including any annexes), as
published by CEN, which may be preceded
by a National title page and National
foreword, and may be followed by a
National Annex.

The National Annex may only contain
information on those parameters which are
left open in the Eurocode for national choice,
known as Nationally Determined
Parameters, to be used for the design of
buildings and civil engineering works to be
constructed in the country concerned, i.e.:

— values for partial factors and/or classes
where alternatives are given in the Eurocode,

— values to be used where a symbol only is
given in the Eurocode,

— country specific data (geographical,
climatic, etc.), e.g. wind map,

— the procedure to be used where alternative
procedures are given in the Eurocode.

It may also contain

— decisions on the use of informative
annexes, and

- references to non-contradictory
complementtary information to assist the
user to apply the Eurocode.



3B’sa3Kku Mizk €BpokoaamMu
Ta TAPMOHI30BaHUMH TEeXHIYHUMH
cnenudikauiavu (ENs ta ETAs) nas
BUPOOIB

HeoOxinHa Y3rOJKEHICTh MDK
rapMOHI30BaHUMU TEXHIYHUMU
cnenuikaisMu st OyaiBeIbHUX BHPOOIB
Ta TEXHIYHUMHU TpaBWIAMHU U1 OymiBenb i
ciopyn®. Kpim Toro, y mosHiit indopmarii,
ska  cymnpoBomkye CE  mapkyBaHHs
OyIiBeTbHUX BUPOOIB 1 Ma€ BIIHOIIEHHS /10
€BpOKOJIIB, Ma€ OyTH YITKO 3a3HAYEHO, SIKi
HalllOHAJTFHO BU3HAYEHI MapaMmeTpu Oynu
B3STI JI0 YBaru.

JonarkoBa indopmaiisi moao
EN 1999-1-3

EN 1999 npusnaueHmii 111 BUKOPUCTAHHS 3
€BpoKo1aMu EN 1990 — OcHoBH
npoekTyBaHHs kKoHCTpykiii, EN 1991 — Jlii
Ha KOHCTpYKIii Ta €Bpokomamu 3 EN 1992
mo EN 1999, ski MaroTh BIiIHOIICHHS 0
ATIOMIHIEBUX KOHCPYKIIIA a00 altOMIHIEBHUX
€JIEMEHTIB.

EN 1999-1-3 — me omHa 3 II'ITH YacTHH
EN 1999-1 — EN 1999-1-5, xoxxHa 3 SKUX
CTOCYETHCS PI3HUX AITIOMIHIEBUX €JIEMEHTIB,
TPAaHUYHHUX CTaHIB a0O THUIIB KOHCTPYKIIIH.
EN 1999-1-3 naBoAWTH NMPUHLUIIHA, BUMOTH
Ta npaBuia 11010 IPOCKTYBaHHS
KOHCTPYKIIH aJTIOMIHIEBUX €JEMEHTIB Ta
KOHCTPYKIIiH, SIKi 3a3HAIOTh BILUTUBY BTOMHU.

UYucnaoBi  3HAYeHHS Ui YaCTKOBUX
KoediIieHTIB Ta IHIII MapaMeTpu HaIIHHOCTI
PEKOMEH/IYIOThCS SIK OCHOBHI 3HAYCHHS, SIKi
3e0e3MeuyrTh MPUHHATHHMA piBEeHb
HafgiiiHocTi. Bonm Oynmu oOpani mpu
JOTYIIEHH1 BIJIIOBIIHOTO piBHS
kBamidikamii poOITHUKIB Ta KOHTPOJIO
SIKOCTI.
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Links between Eurocodes
and harmonised technical specifications
(ENs and ETAS)
for products

There is a need for consistency between the
harmonised technical specifications for
construction products and the technical rules
for works®. Furthermore, all the information
accompanying the CE Marking of the
construction  products which refer to
Eurocodes shall clearly mention which
Nationally Determined Parameters have
been taken into account.

Additional information specific
for EN 1999-1-3

EN 1999 is intended to be used with
Eurocodes EN 1990 — Basis of Structural
Design, EN 1991 — Actions on structures and
EN 1992 to EN 1999, where aluminium
structures or aluminium components are
referred to.

EN 1999-1-3 is one of five parts
EN 1999-1-1 to EN1999-1-5 each
addressing specific aluminium components,
limit states or type of structure. EN 1999-1-3
describes the principles, requirements and
rules for the structural design of aluminium
components and structures subjected to
fatigue actions.

Numerical values for partial factors and
other reliability parameters are
recommended as basic values that provide an
acceptable level of reliability. They have
been selected assuming that an appropriate
level of workmanship and quality
management applies.

Jusuck posain 3.3 i po3nin 12 3 CPD, a Takox nynktn 4.2,4.3.1,4.3.215.2 31D 1. KoHcTykuiitHi BUpOOU sIKi HOCHIIAIOTBCS HAa €BPOKOAN
MMOBUHHI TOYHO BKa3yBaTH siki Hanionansno BusHaueni [Tapamerpu BpaxoBaHi.

3 See Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1. Construction products which refer to Eurocodes should
clearly mention which Nationally Determined Parameters have been taken into account.
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Hauionaabnuii JlonaTtok
xo EN 1999-1-3

et  crapmapr Hajae  aJbTEpHATHBHI
MPOLIEYPH, BEIMYUHUA 1 PEKOMEHMAAIIl st
KJIaciB i3 MpHUMITKaMH, SIKi BKa3ylOThb MiCIIE,
7€ HeoOXiAHO 3pOoOWTH HaIiOHAJIBHI BUOIp.
TakuMm 4YMHOM, HAIIOHAIBHUA CTaHAAPT,
axkuii  BrpoBapkye EN 1999-1-1 mnoBunen
Mmatd  HarioHanpHuii  J0JAaTOK,  SKUH
BKJIFOUYaB OW yCl HAIIOHAIBHO BHW3HAYCHI
napamMeTp, SKi BUKOPHUCTOBYIOTBCS IIPH
MIPOEKTYBaHHI AJIIOMIHIEBUX KOHCTPYKIIN
Ui OyJIBHUIITBA Y BIIMOBIIHIN KpaiHi.

HamionaneHuit  BuOlp  103BOJIEHMH Yy
EN 1999-1-3 y Takux migmyHKTax:
-21(1)
-22.1(3)
-2.3.1(3)
—2.3.2(6)
-24(1)
-3(1)
—-4(2)
—-5.8.1(1)
-5.8.2(1)
-6.1.3(1)
-6.2.1(2)
-6.2.1(7)
-6.2.1(11)
—6.2.4(1)
-A3.1(1)
—E (5)

—E (7)
-1.2.2(1)
—-1.2.3.2(1)
—1.2.4 (1).

National annex
for EN 1999-1-3

This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where national choices may
have to be made. Therefore the National
Standard implementing EN 1999-1-1 should
have a National Annex containing all
Nationally Determined Parameters to be
used for the design of aluminium structures
to be constructed in the relevant country.

National choice is allowed in EN 1999-1-3
through clauses:
-2.1(1)
-22.1(3)
-2.3.1(3)
—2.3.2(6)
-2.4(1)
-3(1
—4(2)
-5.8.1(1)
-5.8.2(1)
-6.1.3 (1)
-6.2.1(2)
-6.2.1(7)
-6.2.1 (11)
—-6.2.4(1)
-A3.1(1)
—E (5)

—E (7)
-1.2.2 (1)
-1.2.3.2(1)
-1.2.4(1).



1 3ATAJIBHI NOJIOKEHHS
1.1  Taxy3s 3acTocyBaHHS
1.1.1 TIany3s 3acmocysanna EN 1999

(1)P  Crammapr EN 1999  permamentye
MUTaHHS IIPOEKTYBaHHS QITIOMIHIEBUX
KOHCTPYKIIH OyniBedb Ta COpy/ HUBUILHOTO
NpU3HAYCHHS. 3MICT JaHOTO  JOKYMEHTY
BIJINIOBIIa€ MMPUHITUIIAM 1 BUMOTaM OE3IEKH Ta
eKCIUTyaTalifHOI HAJIMHOCTI KOHCTPYKIIH,
OCHOBaM 1X TIPOCKTYBaHHS Ta TIEPEBIPKH,
HajanuM y EN 1990 — OcHoBH npoeKTyBaHHS
KOHCTPYKIH.

2 EN 1999 BucyBae BUMOTH TUTBKH JIO
o1opYy, eKCIUTyaTaIiifHo1 MPUAATHOCTI,
JIOBTOBIYHOCTI Ta BOTHECTIHKOCTI
QIIOMIHIEBUX KOHCTPYKIIIN. [HII BUMOTH, Taki
SK Tero- abo 3BYKO3OMAIL, Yy JaHOMY
CTaHJapT1 HE PO3TIISAAIOTHCS.

(3)  Cranpapr EN 1999 MOBHHEH
BHUKOPHUCTOBYBATHCA pa3oOM 3 HACTYIIHUMH
JTOKYMEHTaMHU:

- EN 1990
KOHCTPYKITIH

OcHoBH MPOEKTYBaHHS

— EN 1991 JIii na koHCTpYKIIiT

— €Bpomeichki cTaHmapTH  OyIiBEIbHOI
MPOAYKIlii, $SKI CTOCYIOThCS aIOMIHIEBUX
KOHCTPYKITIH

— EN 1090-1: Buxkonanus po0Oit 31 cTaieBUMHU
Ta AITIOMIHIEBUMHU KOHCTPYKIisiMU — YacTuHa
1: Origka BIIIOBIIHOCTI neranen
KOHCTpyKIii*

— EN 1090-3: BukonaHHs poOiT 31 CTaJIeBUMU
Ta alOMIHIEBUMH KOHCTPYKIisiMu — YacTuHa
3: TexHiuHlI BHUMOTM [0 aJIFOMIHIEBUX
I<0HCprI<uiI7I5

(4)  EN 1999

YaCTHUH:

NOAUIICThCI HA  II'STh

EN 1999-1-1 [IIpoekTyBaHHS aITIOMIHIEBUX
KOHCTpyKIi:  OCHOBHI  mpaBuja  JAnus
KOHCTPYKIIH

4 Byne onybnikoBaHo
4 To be published
5 Byne ony6uikoBaHO

5 To be published
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1 GENERAL

1.1  Scope
1.1.1 Scope of EN 1999

(1)P EN 1999 applies to the design of
buildings and civil engineering and structural
works in aluminium. It complies with the
principles and requirements for the safety and
serviceability of structures, the basis of their
design and verification that are given in
EN 1990 — Basis of structural design.

(2)  EN1999 is only concerned with
requirements for resistance, serviceability,
durability and fire resistance of aluminium
structures. Other requirements, e.g. concerning
thermal or sound insulation, are not
considered.

(3) EN 1999 is intended to be used in
conjunction with:

— EN 1990 Basis of structural design

— EN 1991 Actions on structures

— European Standards for construction
products relevant for aluminium structures

— EN 1090-1: Execution of steel structures and
aluminium structures — Part 1: Conformity
assessment of structural components*

— EN 1090-3: Execution of steel structures and
aluminium structures — Part 3: Technical
requirements for aluminium structures®

4) EN 1999 is subdivided in five parts:

EN 1999-1-1 Design ~ of  Aluminium

Structures: General structural rules
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EN 1999-1-2 TIlpoekTyBaHHS aJIOMIHIEBUX
KOHCTPYKIIii: Po3paxyHOK KOHCTpPyKIii Ha
BOTHECTIHKICTb.

EN 1999-1-3: IlIpoekTyBaHHS aJTIOMIHIEBUX
KOHCTpYKIii: KoHCTpyKILii, 4yTHBi 1O BTOMH

EN 1999-1-4 TlpoekTyBaHHS aJIOMIHIEBUX
KOHCTPYKIIIH: XonoaHoGopMOBaAHHIA
KOHCTPYKLIHHUI JTUCTOBUI MaTepia

EN 1999-1-5 [IlpoektyBaHHS aJTIOMIHIEBUX
KOHCTPYKIii: OO0JIOHKOBI KOHCTPYKIIil

1.1.2 I'any3s 3acmocysanns EN 1999-1-3

1) EN 1999-1-3 nagmae ocHOBHI mpaBuia
MIPOEKTYBAaHHS KOHCTPYKIIA 3 alllOMIHIEBUX
CIUIaBiB, NPUIMAIOUM 10 YyBaru rpaHUYHUN
CTaH PyMHYBaHHs, CIIPUYUHEHUN BTOMOIO.

@) EN 1999-1-3 nanae npaBuia 1is:

— TIPOEKTyBaHHS 3 O€3MEYHUM TEPMIHOM
CITyXOH,

— TPOEKTYBaHHS 3 YpaxyBaHHIM JTOITYCTUMHX
pYVHYBaHb;

—  TIPOEKTYBaHHS B
BHUIPOOYBaHHSIMH.

3 EN 1999-1-3 NpU3HAYCHUHA IS
3actocyBanHs 3 EN 1090-3 «Texuiudi BuMoru
1o BUT'OTOBJICHHS ATFOMIHIEBUX
KOHCTPYKIIH»,  SKHH  MICTUTh  BUMOTH,
HEOOXITHI JUIsl TPOEKTHUX JIOIMYCKIB, SKHX
Heo011HO JIOTPUMYBATHUCh B nporieci
BHUTOTOBJICHHS €JICMEHTIB Ta KOHCTPYKITIH.

KOMILIEKC1 3

()] EN 1999-1-3 He 0XOIUIIOE T€pPMETHYHI
3aXHCH1 000JIOHKH Ta TPYOOIIPOBOIH.

5) Y EN 1999-1-3 posrasimaerbes
HACTYITHE:

Po3znain 1: 3aranbHi MOM0XKEHHS
Posznin 2: OcHOBU MTpOEKTyBaHHS

Po3nin 3: Marepianu, CkiagoBi YaCTUHHU Ta
3’€IHYIOYi IPUCTPOT

Po3nin 4: JIoBroBidHiCTh
Po3znin 5: Po3paxyHOK KOHCTpPYKIIiH

Posmin 6: BromMHa MIOHICTE Ta AETANI30BaH1
KaTeropii

JHonatok A: OCHOBY pO3paxyHKy OTIOPY BTOMi
(000B’s13kOBUIA)

EN 1999-1-2 Design ~ of  Aluminium
Structures: Structural fire design
EN 1999-1-3  Design  of  Aluminium

Structures: Structures susceptible to fatigue

EN 1999-1-4  Design  of  Aluminium
Structures: Cold-formed structural sheeting

EN 1999-1-5  Design  of  Aluminium

Structures: Shell structures
1.1.2 Scope of EN 1999-1-3

(1) EN1999-1-3 gives the basis for the
design of aluminium alloy structures with
respect to the limit state of fracture induced by
fatigue

(2)  EN 1999-1-3 gives rules for:
.— safe life design;

— damage tolerant design;
— design assisted by testing.

(3) EN 1999-1-3 is intended to be used in
conjunction with EN 1090-3 “Technical
requirements for the execution of aluminium
structures” which contains the requirements
necessary for the design assumptions to be met
during execution of components and
structures.

4) EN 1999-1-3  does not  cover
pressurised containment vessels or pipe-work.

(5)  The following subjects are dealt with
in EN 1999-1-3:

Section 1: General
Section 2: Basis of design

Section 3: Materials, constituent products and
connecting devices

Section 4: Durability
Section 5: Structural analysis

Section 6: Fatigue resistance and detail
categories

Annex A: Basis for calculation of fatigue
resistance [normative]



Jlomatok B: Bka3ziBku 11070 OIIIHIOBaHHS
pO3pOCTaHHS  TPIIIMHH 33  JOMOMOTOIO
MeXaHIKU pyHHYBaHHA (TOBIAKOBUIA)

Honarox C: BumpoOyBaHHSA Ui PO3paxyHKY
Ha BTOMY (JIOBIJIKOBHIA)

Honatoxk D: Po3paxyHok  Hampy>KeHHs
(ToBiKOBUIA)
Honarox E: AnresiitHi 3’ € THAHHS

(moBigKOBUIA)

Jomarok F: [liama3oH MaJIOIMKIIOBOT BTOMH
(moBigKOBUIN)

Honarok G: B koedimieHTy HanpyXeHHS
R (noBinkoBwii)

Honmatoxk H: BrToMHa MIUHICTE 3BapHHUX
3 €/IHaHb (AOBIIKOBUIA)

Honatox |: JIuBapHi crutaBu (JOB1IKOBUIA)

Honatok J: Tabnuui neranizoBaHUX KaTeropii
(moBigKOBUIN)

HNomatok K: Meron cranmapTHOl netami 3
MICHEBUM HaIPYKEHHSIM (JIOB1IKOBHIA)

bibmiorpadist
1.2  HopmaTuBHIi MOCHJIAHHS

(1) Cxaim BUKOPHUCTOBYBaTH HOPMATHBHI
nocwianaa mo EN 1999-1-1.

1.3  JdonymeHHs

()P Caim  BHKOPHUCTOBYBAaTH  3arajbHi

nomymienss EN 1990, 1.3.

(2)P  Craim BUKOPHUCTOBYBATH IIOJIOXKCHHS
EN 1999-1-1, 1.8.

3 P Metoauku POCKTYBaHHS
BBAXKAIOTHCA JINCHUMU TUIBKA TOXII, KOJH
JOTPUMYIOTBCS. BUMOTH BHUKOHAHHS, HaBEJICHI
B EN 1090-3, abo iHIIIi eKBIBaJIEHTHI BUMOTH.

1.4 BiaminicTe Mik npHHOMIaMH Ta
NpaBHJIAMHA BUKOPHCTAHHSA

@ Hageneno B EN 1990, po3nin 1.4.

1.5 TepMiHnu Ta BU3HAYEHHS

1.5.1 3acanvnui nonoscenns

@ [TpaBuna Haeneni B EN 1990, pozain
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Annex B: Guidance on assessment of crack
growth by fracture mechanics [informative]

Annex C: Testing for fatigue design
[informative]

Annex D: Stress analysis [informative]

Annex E:
[informative]

Adhesively  bonded joints

Annex F. Low cycle
[informative]

fatigue range
Annex G: Influence of R -ratio [informative]

Annex H: Fatigue strength improvement of
welds [informative]

Annex I: Castings [informative]
Annex J: Detail category tables [informative]

Annex K: Hot spot reference detail method
[informative]

Bibliography

1.2 Normative references

(1)  The normative references of EN 1999-
1-1 apply.

1.3 Assumptions

(1)P  The general assumptions of EN 1990,
1.3 apply.

(2P  The provisions of EN 1999-1-1, 1.8
apply.

(3)P  The design procedures are valid only
when the requirements for execution in
EN 1090-3 or other equivalent requirements
are complied with.

1.4  Distinction between Principles and
Application Rules

(1)  Therules in EN 1990 clause 1.4 apply.
1.5  Terms and definitions

1.5.1 General
(1)  Therules in EN 1990, 1.5 apply.
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15.2 Jlooamkosi mepminu, uwo
suxopucmogyromucsa ¢ EN 1999-1-3

(1) VY manomy €Bporneiickkomy Cranmapri
BUKOPUCTaHI TEPMIHM Ta BH3HAUCHHS, IO
HaBeneni B EN 1990 Ta EN 1999-1-1
Jlo1aTKOBO y JTAaHHOMY CTaHIapTi
BUKOPHUCTOBYIOTBCS HACTYNHI TEpPMiHH Ta
BHU3HAYCHHS.

1.5.2.1 emoma

ocnalleHHsT YaCTHHM KOHCTPYKLIi depe3
BUHMKHEHHS TPIIIMHU Ta PO3MOBCIOKEHHS ii
B pe3y/ibTaTi MOBTOPIOBAHOTO MEPEMIHHOTO
HaIlpy>KECHHS.

1.5.2.2 emomne nasanmasicenHs

P TUIOBUX HAaBaHTaKEHb, ONMCAHUN 3a
JOTIOMOTOI0  TIOJIOKEHb ab0  MepeMillleHb
BIUIMBIB, iX Bapialid, NepioAUYHOCTI Ta
MOCJIIJOBHOCTI BUHUKHEHHS.

1.5.2.3 npoyec nasanmasicenns

BM3HAYE€HA MOCIIJOBHICT, HaBaHTAXEHHS,
MIPUKIIAJIEHOTO /10 KOHCTPYKIIII, SIKY, B LUIAX
MPOEKTYBaHHS, TIEpe10avYacThCs TOBTOPIOBATH
3 3aJ]aHO0 TIEPIOTUIHICTIO.

1.5.2.4 nominanvhe nanpyoicenHs

Halpy>KeHHsI B OCHOBHOMY MaTepiaii, sSKui
NpPUMHKAE [0 MiCIII  PO3TallyBaHHS
MOTEHITIABHOT TPIIIMHH, IO PO3PAaXOBYETHCS
y  BUAMOBIAHOCTI 3  TPOCTOI0  MEXKEI0
MPY)KHOCTI ~ Teopii  maTepiaiiB,  TOOTO
JOTTYCKAIOYH, 10 TJIOCKI nepepizu
3IMIIAIOTBCA  IJIOCKUMH, a  yci il
KOHIICHTpAIIii HAIIPY>KeHb HE BPAXOBYIOTHCSI.

1.5.25

HANPYIHCEHHA

Mmooughixosarne HOMIHAbHE

HOMIHAJbHE HaIMpYXeHHs, 30UIbIlIeHe 3a
JOTIOMOTOK0  BIAMOBITHOTO  T'€OMETPUYHOIO
Koe(illieHTa KOHIIEHTpAIlil HalpyXEeHHS th,

3 METOI0 BpaxyBaHHS TE€OMETPUYHUX 3MiH
MOMEPEeYHOro  mepepidy, fAki He  Oynu
BpaxoBaHI B Kijacu@ikalii KOHKPETHOTO
KOHCTPYKLIHHOTO €JIE€MEHTY.

1.5.2.6 micyese nanpyoicenns

TaKOX BiZjlOMeE AK KOHCTPYKIiiTHE
HanpyxkeHHs. Lle HanpyXeHHs HUXK4e IpaHHIli
NPYKHOCTI B TO4YI, II0O BpaxoBye Bci
T€OMETPUYHI  HEOJHOPITHOCTI, ane  He
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1.5.2 Additional terms used in EN 1999-1-3

(1) For the purpose of this European
Standard the following terms and definitions
in addition to those defined in EN 1990 and
EN 1999-1-1 apply.

1.5.2.1 fatigue

weakening of a structural part, through crack
initiation and propagation caused by repeated
stress fluctuations.

1.5.2.2 fatigue loading

a set of typical load events described by the
positions or movements of actions, their
variation in intensity and their frequency and
sequence of occurrence.

1.5.2.3 loading event

a defined load sequence applied to the
structure, which, for design purposes, is
assumed to repeat at a given frequency.

1.5.2.4 nominal stress

a stress in the parent material adjacent to a
potential crack location, calculated in
accordance with simple elastic strength of
materials theory, i.e. assuming that plane
sections remain plane and that all stress
concentration effects are ignored.

1.5.2.5 modified nominal stress

a nominal stress increased by an appropriate
geometrical stress concentration factor K, to

allow only for geometric changes of cross
section which have not been taken into
account in the classification of a particular
constructional detail.

1.5.2.6 geometric stress

also known as structural stress, is the elastic
stress at a point, taking into account all
geometrical discontinuities, but ignoring any
local singularities where the transition radius



BpaxoBye Oynb-siKi MICIEBI 3BYKEHHS, INpH
AKHX pajiyc Mepexoay MpsMye A0 HyIs, Taki
K BUIMKHM, [I0 BUHHMKIM 4Yepe3 HE3HauyHi
HEOTHOPITHOCTI, HaNpUKIaLI, KPOMKH
30BHIIIHBOT ~ TMOBEPXHI  3BapHOro  IIBA,
TPIIIUHMA, TONTKOKEHHS, CX0XK1 Ha TPIIIUHYA ,
3BUYAHI CJIITU MEXaHI9HOT 0OPOOKH 1.T.1.

1.5.2.7 koeghiyienm xonyenmpayii 10xanbHoeo
HANPYHCeHHs

CHIBBITHOIIICHHS MIDK JIOKaJIbHUM
HaIpYXEHHSIM, 10 OLHIOETHCS 3a
JIOTIOMOTOI0  JIOTYILEHHSI JIIHIMHOT NpYKHOT
MOBEAIHKM  Marepially, 1 HOMIHAJbHUM
HaIpyXeHHSIM.

1.5.2.8 makcumanvre micyege HanpysrceHnHs

MICIIEBE HANPYXEHHs, [0 BUHUKA€E HA TIEBHIN
IUISHLI B OKPEMOMY TE€OMETPUYHOMY THIII
KOHCTPYKIIi, = HampuKial, Ha  KpOMII
30BHIIIHBOT TOBEpPXHI 3BApHOTO IIBa B
KYTOBOMY 3’€IHaHHI MYCTOTUIMX HpOdiiiB,
JUIA SIKOTO TpaHMLd BTOMH, BHpa)keHa B
OJIMHHUIISAX niana3zoHy MaKCHUMaJIbHOTO
MICIIEBOTO HANpPY>KEHHS, K PaBUIIO, BiIoMa.

1.5.2.9 icmopis nanpyacenw

XpOHOJIOTIYHMM  3amuc, 10  BimoOpaxkae
BUMIPSHI abo po3paxoBaHi Bapiartii
Halpy>KeHb y TIEBHIA TOYIll KOHCTPYKIIi 3a
BH3HAYEHUH TIEePio]T Yacy.

1.5.2.10 mouka 3minu Hanpyscenms

3HA4YCHHsI HANPYXXCHHS B iCTOPIii HANpPYyXCHb,
MIPU SIKOMY PIBEHb 3MIHM HAIPY)KCHHS 3MIHIOE
3HaK.

1.5.2.11 nix nanpyscenns

TOYKa 3MIHM HaIpyXEHHS, B SIKidi pIBEHb
3MIHH HaAPYKCHHS 3MIHIOETBCS 3
MO3UTHBHOTO HA HETATUBHUH.

1.5.2.12 mouka minimymy nanpyoicerHs

TOYKa 3MIHM HaNpyXeHHS, B SKIid pIBEHb
3MIHH HaANPY)KCHHS 3MIHIOETHCS 3
MO3UTUBHOTO HA HETaTUBHUIA.

1.5.2.13 nocmivina amnaimyoa

TEPMIH BIJHOCUTBCS JI0 iCTOpIi Hampy>KeHb, a
caMe 0  JUISHOK, Ji¢  HalpyXeHHs
KOJIMBA€ThCSI MDK IIKaMM Ta TOYKaMHU
MIHIMYMY Halpy>Ke€HHs MOCTIHHUX 3HAYECHHb.

JACTY-H b EN 1999-1-3:201X

tends to zero, such as notches due to small
discontinuities, e.g. weld toes, cracks, crack
like features, normal machining marks etc. It
Is in principle the same stress parameter as the
modified nominal stress, but generally
evaluated by a different method.

1.5.2.7 geometric stress concentration factor

the ratio between the geometric stress
evaluated with the assumption of linear elastic
behaviour of the material and the nominal
stress.

1.5.2.8 hot spot stress

the geometric stress at a specified initiation
site in a particular type of geometry, such as a
weld toe in an angle hollow section joint, for
which the fatigue strength, expressed in terms
of the hot spot stress range, is usually known.

1.5.2.9 stress history

a continuous chronological record, either
measured or calculated, of the stress variation
at a particular point in a structure for a given
period of time.

1.5.2.10 stress turning point

the value of stress in a stress history where the
rate of change of stress changes sign.

1.5.2.11 stress peak

a turning point where the rate of change of
stress changes from positive to negative.

1.5.2.12 stress valley

a turning point where the rate of change of
stress changes from negative to positive

1.5.2.13 constant amplitude

relating to a stress history where the stress
alternates between stress peaks and stress
valleys of constant values.

11
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1.5.2.14 nepeminna amnaimyoa

TEPMIH BIIHOCUTBHCS N0 OyIb-iKOi icTOpii
HanpyXeHb, 0 MICTHTh OilbINe, HDK OJHE
3HA4YEeHHs MIKOBOTO HAINPYKEHHS.

1.5.2.15 yukn nanpysicenns

YacTUHA  ICTOpii  HANpYyKeHb  MOCTiHHOI
aMIUTITYIM, B SIKIi HANIPYXCHHS MMOYMHAETHCS
Ta 3aKIHYY€ETHCS 3 OJIHAKOBUM 3HAUCHHSM, aje
B IIPOLIECI MPOXOIUTH Yepe3 MK HanpyKeHHS
Ta OJHYy TOYKY MiHIMyMy (B OyIb-sKiid
MOCHIIAOBHOCTI). Takok el TepMiH O3Hadae
IIEBHY YaCTUHY icTopii HaIlpyKEeHb
MEepPEeMIHHOI  aMIUIITyAM, BU3HAa4YeHy 3a
JOTIOMOT'OF0 METOJIy MiAPAXyHKY ITUKJIIB.

1.5.2.16 niopaxynok yuxnie

npouec TpaHcdopmallii iCTOpii HampyXeHb
MEePEeMIHHOI aMIUNITYAU Y CHEKTp IHUKIIB
HampyXeHb, KOXEH 3 SKUX Ma€ MEeBHUU
Jiama3oH HaNpy)KeHb, HANpHUKIaA, METOJ]
pe3epByapy Ta METOJI AOIIOBOTO MOTOKY.

1.5.2.17 memoo doowosoeo nomoxy

METOJ MIAPaxXyHKY IUKJIIB, IO BIATBOPIOE
CHEKTp Jlama3oHy HampyXeHb Ha OCHOBI
iCTOpIi HANPY>KCHb.

1.5.2.18 memoo pezepsyapy

METOJl TiAPaxyHKy IMKIIB, IO BiITBOPIOE
CIEKTp Jlama3oHy HampyXeHb Ha OCHOBI
iCTOpIi HANIPY>KCHBb.

1.5.2.19 amnnimyoa nanpyaceno
MIOJIOBHHA 3HAYCHHS Jlialla30Hy HaIpPyXCHb
1.5.2.20 xoepiyiecum nanpyoicerms

MIHIMQJIbHE  HANpy)XeHHs, TOJAUICHE Ha
MakcUMalbHE  HAmpyKeHHi B  icTopil
HanpyXeHb MOCTIMHOT aMIUTITy A1 200 B LIUKIIL,
o OTPUMaHWK 3 icTOpii  HAmpyKeHb
MepPEeMIHHOT aMILTITYIH.

15.2.21 Koeghiyienm iHMeHcusHOCmi
HANpys#ceHus
MiHIMaJbHa  IHTEHCUBHICTb  HalpyXeHHS,

MOJIVIEHa Ha MAaKCHUMajbHY IHTEHCHBHICTb
HamnpyKeHHs, M0 OTpUMaHa 3 IcTopii
HanpykKeHb MOCTIHHOT aMILTITY AU a00 3 LUKITY
icTopii HanpyXeHb MepeMIHHOT aMIUTITYIH.
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1.5.2.14 variable amplitude

relating to any stress history containing more
than one value of peak or valley stress.

1.5.2.15 stress cycle

part of a constant amplitude stress history
where the stress starts and finishes at the same
value but, in doing so passes through one
stress peak and one stress valley (in any
sequence). Also, a specific part of a variable
amplitude stress history as determined by a
cycle counting method.

1.5.2.16 cycle counting

the process of transforming a variable
amplitude stress history into a spectrum of
stress cycles, each with a particular stress
range, e.g. the 'Reservoir' method and the
‘Rain flow' method.

1.5.2.17 rainflow method

particular cycle counting method of producing
a stress-range spectrum from a given stress
history.

1.5.2.18 reservoir method

particular cycle counting method of producing
a stress-range spectrum from a given stress
history.

1.5.2.19 stress amplitude
half the value of the stress range.
1.5.2.20 stress ratio

minimum stress divided by the maximum
stress in a constant amplitude stress history or
a cycle derived from a variable amplitude
stress history.

1.5.2.21 stress intensity ratio

minimum stress intensity divided by the
maximum stress intensity derived from a
constant amplitude stress history or a cycle
from a variable amplitude stress history.



1.5.2.22 cepeone nanpysicenns

CepeHE  3HAa4YeHHs  aiaredpaiyHoi  cymHu
MAKCUMAJIBHUX Ta MIHIMAJIbHUX 3HAYEHb
HANPYKCHHSL.

1.5.2.23 oianazon nanpyocens

anreOpaidHa pi3HULA MDK MIKOM Harpy>KeHHS
Ta TOYKOIO MIHIMYMY B IIUKJII HATIPYKECHb.

15.2.24
HANPYHCEHHS

oianason IHmMeHCcUBHOCMI

anreOpaiyHa pi3HULA MDK MaKCHUMalIbHOIO
IHTEHCUBHICTIO HamlpyXEHHsSI 1 MIHIMaJIbHOIO
IHTEHCUBHICTIO HANpPYXKEHHS, 110 OTPUMaHI 3
MKy HAaPY)KEHHs Ta TOYKU MIHIMYMY B IIUKJI1
HaIpyXeHb.

1.5.2.25 cnexmp dianazony nanpyicensb

ricrorpamMa 4acTOTH BWHUKHEHHSI JJIsl BCIX
Jlana30HIB HANMPYXEHb PI3HUX BEIWYHWH, IO
3amucaHa abo po3paxoBaHa JII KOHKPETHOTO
HaBaHTaXEHHsS (TakoX Ied TepMiH BiIOMUN
IT1JT HA3BOIO CIIEKTP HAIIPYKEHHS).

1.5.2.26 pospaxynxosuii cnexmp

3arajlbHe YHCJIO BCIX CIIEKTPIB Jliara3oHIB
HalpyXeHb, [0 MAalOTh BITHOIICHHS [0
OI[IHKY BTOMH.

1.5.2.27 oemanizoeana rxamezopisi Kateropis
€JIEMEHTIB

3HAYEHHS Ha/laHe KOHKPETHOMY €JICMECHTY TPH
33JJAaHOMY HaNpsAMi KOJWBaHHS HaIpPyKCHH,
JUIS TOrO, moO BKa3aTH, sKa KPUBa BTOMHOL
MILHOCTI IIIAXOIUTH JUIS OL[IHKU BTOMM.

1.5.2.28 3nococminkicme

TepMiH  (YHKIIOHYBaHHS JI0  BiIMOBH,
BUPOKCHUA B IMKIIAX, M7 BIUIUBOM iCTOPIii
HanpyXeHb MOCTIMHOT aMILTITY/H.

1.5.2.29 xpusa emommoi miynocmi

CIIBBIIHOIIIEHHS niarma3oHy
HaIpyXXcHb Ta  3HOCOCTIHKOCTI, SIKE
BUKOPDUCTOBYETBCS  JUISL  OL[IHKM  BTOMH
KaTeropii KOHCTPYKLIHHOTO €JIEeMEHTY, IO
HaHeceHe y JJaHOMY CTaHJapTi Ha rpadik 3a
JI0MIOMOT010 JIOTapU(PMIYHUX OCEH.

KUIbKICHE

1.5.2.30 oopycmuma emomna miynicmo

Jiara3oH HaINpyKeHb TMOCTIMHOT aMIUTITyAn
Ac_ U1 TIeBHOI JeTaii3oBaHOl Kateropii Juis

JACTY-H b EN 1999-1-3:201X
1.5.2.22 mean stress

the mean value of the algebraic sum of
maximum and minimum stress values.

1.5.2.23 stress range

the algebraic difference between the stress
peak and the stress valley in a stress cycle.

1.5.2.24 stress intensity range

the algebraic difference between the maximum
stress intensity and the minimum stress
intensity derived from the stress peak and the
stress valley in a stress cycle.

1.5.2.25 stress-range spectrum

histogram of the frequency of occurrence for
all stress ranges of different magnitudes
recorded or calculated for a particular load
event (also known as 'stress spectrum’).

1.5.2.26 design spectrum

the total of all stress-range spectra relevant to
the fatigue assessment

1.5.2.27 detail category

the designation given to a particular fatigue
initiation site for a given direction of stress
fluctuation in order to indicate which fatigue
strength curve is applicable for the fatigue
assessment.

1.5.2.28 endurance

the life to failure expressed in cycles, under
the action of a constant amplitude stress
history.

1.5.2.29 fatigue strength curve

the quantitative relationship relating stress
range and endurance, used for the fatigue
assessment of a category of constructional
detail, plotted with logarithmic axes in this
standard.

1.5.2.30 reference fatigue strength

the constant amplitude stress range Ac_for a
particular detail category for an endurance

13
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3HOcocTiikocTi N, = 2x10° nuktis.

15231
amnaimyou

cparHuy emomu

Jiara3oH HaNpyXeHb, HIDKYE 3HAYCHb SIKOTO
yci Jiara3oHu HalpYKEHb B PO3PAXYHKOBOMY
CIIEKTpi HE TOBHUHHI BPaxOBYBAaTUCS SIK TaKi,
10 CIIPUYHHSIOTH BTOMHI pyHHYBaHHSI.

1.5.2.32 epanuuna mesnca

MeXa, HIDKYE 3a Ky Jiala30HH HampyXeHb
PO3paxyHKOBOIO  CIIEKTPY MOXYTb OyTu
BUKJIIOUEHI 3 PpO3paxyHKy HaKONMHYEHHUX
IIOIIKO/?KCHb.

1.5.2.33 pospaxynrosuii mepmin cayxcou

0a30BUIl TEpMIH uYacy, BIPOJOBK SKOTO
KOHCTPYKI1s1 MMOBHUHHA 0e31evHo
(GYHKIIOHYBaTH 3 JOMYCTUMOIO MO>KJIMBICTIO
TOTO, 110 BiAMOBa KOHCTPYKIIii B Pe3yJbTaTi
BUHUKHEHHS BTOMHUX TPILIUH HE
BIIOYAEThCS.

1.5.2.34 6ezneunuit mepmin cuysrcou

TEPMIH 4acy, BIPOJOBK SKOTO KOHCTPYKI[is
MOBUHHA  Oe3reyHo  (YHKIIOHYBaTH 3
JOTTYCTUMOIO MOXJIMBICTIO TOTO, IO BiIMOBa
KOHCTPYKIli B  pe3ynbTaTl BUHHUKHEHHS
BTOMHHMX TpIIMH HE BIAOYAEThCA TMpH
BUKOPUCTaHHI METOJY IPOEKTYBaHHS, SKUN
3a0e3neuye Oe3MeyHul TEPMIH CITYKOH.

1.5.2.35 cmiiikicmeb 0o nouikooorcets

3IaTHICTb KOHCTPYKIIII BUTPUMYBATH BTOMHI
TPIIMHU oe3 BUHUKHEHHS BIIMOBHU
KOHCTPYKITi{ abo eKCIUTyaTaIiiftHO
HEHa(IIHOCTI.

1.5.2.36 gmomne nowkoosxicenns

BIIHOLIIEHHS KUIBKOCTI [UKIIB  3aJaHOrO
Jiara3oHy — HampyXeHb, SKHUHA  I[OBUHCH
MIATPUMYBATHCS ~ BIPOJOBX  BHU3HAYEHOTO
nepiony qacy (GYHKI[IOHYBaHHS, bi (o)
3HOCOCTIMKOCTI KOHCTPYKIIIMHOTO €JIeMEHTY
Mif] BIUIMBOM TaKOTO 3K Jialla30HY HANpPY>KEHb.

1.5.2.37 naxonuuenusn nowkooicenv Matinepa

CYKYIHICTh TOMIKO/DKEHb BIIPOJIOBXK  YCIX
LUKJIIB B CHEKTpl JAiana3oHy HampyxeHb (abo
PO3paxXyHKOBOMY CIIEKTpi), IO Oa3yeThCcs Ha
npasuii [lansMrpena-Maiinepa.
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nocminunoi

N, = 2x10°cycles.

1.5.2.31 constant amplitude fatigue limit

the stress range below which value all stress
ranges in the design spectrum should lie for
fatigue damage to be ignored.

1.5.2.32 cut-off limit

limit below which stress ranges of the design
spectrum may be omitted from the cumulative
damage calculation.

1.5.2.33 design life

the reference period of time for which a
structure is required to perform safely with an
acceptable probability that structural failure by
fatigue cracking will not occur.

1.5.2.34 safe life

the period of time for which a structure is
estimated to perform safely with an acceptable
probability that failure by fatigue cracking will
not occur, when using the safe life design
method.

1.5.2.35 damage tolerance

ability of the structure to accommodate fatigue
cracking without structural failure or
unserviceability.

1.5.2.36 fatigue damage

the ratio of the number of cycles of a given
stress range which is required to be sustained
during a specified period of service to the
endurance of the constructional detail under
the same stress range.

1.5.2.37 Miner's summation

the summation of the damage due to all cycles
in a stress-range spectrum (or a design
spectrum), based on the Palmgren-Miner rule



1.5.2.38 eKgisaieHmHe 8MoMHe
HABAHMANCEHHA
CIIPOILLIEHE HABAHTAXXCHHS, 3a3BHUYal

NPUKIAJCHE 3aJaHy KUIBKICTh pa3iB TaKuUM
YMHOM, II0 BOHO MOXE OYyTH BHUKOpHCTaHE
3aMICTh OUTBII pPEANTICTUYHUX HABAHTAKEHHb
OpU  3aJaHUX YMOBaxX, WHIO0 CIPUYUHUTH
€KBIBAJICHTHY KUTBKICTB BTOMHUX
MOIIKO/DKEHb JI0 TPUHHATOTO JIOIYCTUMOTO
piBHSL.

1.5.2.39 exsisanenmnuuii dianazon HanpysiceHs

Jianma3oH  HalpyXeHb  KOHCTPYKUIHHOIO
€JIEMEHTA, 10 BUKJIMKAHUN B MPUKIAJECHHS
€KB1BaJICHTHOTO BTOMHOTO HaBaHTA>KEHHSI.

1.5.2.40 exgisanenmue HABAHMAICEHHSA
noOCMIUHOI amnaimyou
CITPOIIIEHE HAaBaHTAKECHHS MOCTIMHOT

aMILTITY/Id, 10 BHUKJIMKAE TOW caMHil e]eKT
BTOMHHMX TIOIIKO/KEHb, IO 1 peabHi
HaBaHTaXEHHsI IEPEMIHHOT aMILTITY/IH.

1.6 TTo3nauenns

A — KOHCTaHTa B  CHIBBIIHOIIEHHI

PO3pOCTaHHS TPITUHU;

a — BUCOTa KYyTOBOT'O 3BapHOTO IIBA;

a — JOBXXHMHA TPIIUHU;

a, — IIMPHHA TPIILMHU HA IOBEPXHI;

da/dN — piBeHb PO3POCTaHHS TPIIIUHU
(m/umkn);

D — BenuuMHA BTOMHOTO TOUIKO/DKEHHS, 11O
BHpaxyBaHa 3a 3aJaHUi  Tepiox  dYacy
(yHKIIIOHYBaHHS,

D, — BenmMuMHA BTOMHOTO TOIIKOKCHHS, IO

BHpaxyBaHa 3a BECH nepioz[ qacy

(GYHKIIIOHYBaHHS;

DI BCTaHOBJICHA TPaHHL BEIUYHHU
BTOMHUX TTOIIKOJKEHb;

f,.n — XapakTepucTHuHMI omip 3cyBY
anresi,

Kyt — r€OMETPUYHUI KoeilieHT

KOHIICHTpAIlii HAIPY>KCHHS ;
K — koedilieHT IHTEHCUBHOCTI HANPY>KEHHS,

AK — niama3oH IHTEHCUBHOCTI HANIPY)KCHHS,

JACTY-H b EN 1999-1-3:201X
1.5.2.38 equivalent fatigue loading

a simplified loading, usually a single load
applied a prescribed number of times in such a
way that it may be used in place of a more
realistic set of loads, within a given range of
conditions, to give an equivalent amount of
fatigue damage, to an acceptable level of
approximation

1.5.2.39 equivalent stress range

the stress range at a constructional detail
caused by the application of an equivalent
fatigue load

1.5.2.40
loading

equivalent  constant amplitude

simplified constant amplitude loading causing
the same fatigue damage effects as a series of
actual variable amplitude load events

1.6 Symbols

A is the constant in the crack growth
relationship;

a is the fillet weld throat;

a is the crack length;

a, is the crack width on surface;

da/dN is the crack growth rate
(m/cycle);

D is the fatigue damage value calculated

for a given period of service;

D, s the fatigue damage value calculated
for the full design life;

D,, Is the prescribed limit of the fatigue
damage value;

f, .n 1S the characteristic shear strength of
adhesive;

Ko
factor;

is the geometric stress concentration

K is the stress intensity factor;
AK ' is the stress intensity range;
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Kn — KoedimieHT BTOMHOI  MiIHOCTI

aare3ifHOTO 3’ €qHAHHA,

Ke — KUTBKICTh CTAaHIAPTHUX BiJAXWICHb BHIIE
CepeHbOL OUIKyBaHO{ IHTEHCUBHOCTI
HABaHTaXEHHS |

Ky — KUIBKICTh CTAaHIAPTHUX BiJAXWICHb BHIIE
CepeHbhOi  OYIKyBaHOI KUIBKOCTI  ITMKIIB
HABaHTAXKEHHS,

L., — edexTuBHa JOBXKHMHA aAre3iiHUX

3’€/IHaHb BHAITYCK;

|, — MiHIMaNbHA BHSIBJIEHA JOBKHHA TPIIVHY;

|, — KpuTHYHA TOBXKHHA TPILIUHHY,

log — norapudm 3a ocrosoro 10;

M  — TOCTIAHMHA  3BOPOTHIM  HaXuil
logAo —log N kpuBoi BTOMHOT MilTHOCTI, 200
BIIMTOBIIHAM TMOKA3HUK CTYIIHS PO3POCTaHHS
TPIIIVHH,

m, —3HaueHHs M g N < 5x10° 1mKiB;

m, — 3HAYeHHd M 1A 5x10° < N <108
LIUKIIB;
N — 3navenHs (abo 3arajgbHE YKCIIO) IUKIIB

Jiana3oHy HalpyXeHb;

N, —

: niara3oHi

3HOCOCTIMKICTh  TIpH
HanpyxeHb Aci;

. . . 6 ‘o
N. — ximpkicte mukiiB (2x10°), npu sikiid
BHU3HAYAETHCS CTAH/IapPTHA BTOMHA MII[HICTB;

. . . 6 o
N, — xkimpkicte mukimiB (5x10°) mpu sikiii
BH3HAYAETHCS TPAHUII BTOMH  IOCTIHHOT
aMILTITYIU

N, — ximekicte mukmis (10%) npu sxiit
BU3HAYAETHCS IPAHNYHA MEXa,

ni — KUIbKICTh IUKIIIB A1alla30HY HAIIPYKCHb

Aoy
P — BiporinHicTs;
R — koeirieHT HanpyXeHHs;

t — ToBIIMHA,;
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K., Is the fatigue strength factor for
adhesive joints;

ke is number of standard deviations above
mean predicted intensity of loading;

Ky is the number of standard deviations
above mean predicted number of cycles of
loading;

L, is the effective length of adhesively
bonded lap joints;

l4 is the minimum detectable length of
crack;

I Is the fracture critical length of crack;

log s the logarithm to base 10;

m is the inverse slope constant of
logAo—logN fatigue strength curve, or
respectively crack growth rate exponent;

m,_is the value of m for N <5x10°
cycles;

m, is the value of m for 5 x 5x10° < N <10°
cycles;

N is the number (or total number) of
stress range cycles;

N, is the endurance under stress range Aci;

N. is the number of cycles (2x10°) at
which the reference fatigue strength is
defined;

N, is the number of cycles (5x10°) at
which the constant amplitude fatigue limit is
defined;

N, is the number of cycles (10%) at which
the cut-off limit is defined;

n. is the number of cycles of stress range

Aoy,
P is the probability;
R is the stress ratio;

t is the thickness;



T,— nepioANYHICTH NEPEBIPOK;

T, — 4ac 3 MOMEHTY BHSBJICHHS TPILIMHH, 32
SIKUH TPIIIMHA JJOCATAE KPUTUYHUX PO3MIPIB;
T, — pO3paxyHKOBHI TEPMIH CIY:KOH;

T, — Oe3neunuii TepMiH CIIyKOH;

Yy — TreoMeTpuuHUil Koe(ilieHT TPIIMHH B
CITIBBIIHOIIEHHI PO3POCTaHHS TPIIIMHH;

Ve — YAaCTKOBMH KOE(DIIIEHT IHTEHCHBHOCTI

BTOMHOI'O HABAHTAXKCHHS,

YMf — YAaCTKOBMM  KOEQIIIEHT BTOMHOL
MILHOCTI;

Ao — HOMIHaJIBHMH Jllalla30H HamNpyKeHb
(HOpMasbHE HAIIPYKCHHS);

Ar— edexTuBHHMI  Jiama3oH  JTOTUYHHUX
HaIpyXXeHb;

Ao, — cTaHJapTHa BTOMHA MIIHICTb IpH

2x10° muknmax (HopManbHe HAMPYKEHHS);

Ao — rpaHullsi BTOMH NOCTIHHOT aMILIITYIu;

Ao — eKBIBAJICHTHUH /1alla30H HaBaHTaKE€Hb
MOCTIMHOT aMIUTITYId, IO BITHOCHUTHCS MO
N

max ;

Ao, - €KBIBaJICHTHUI AianasoH

HABAHTAXEHb IIOCTIMHOI  aMILITYyad, IO
3 6 .

BigHOCUThCs 10 2x10° cycles;

AO'L — I'PaHUYHA MEXKa,

Ao, — BTOMHa MilHicTh (HOpMaibHE
HAIPY)KEHHS);
o MaKCUMajJbHE Ta MIiHIMaJIbHE

max, min
3HAYCHHA KOJIMBAHHA HAIPYXCHHS B I_II/IKJ'Ii
Hapr)KeHb;

O, — CECPCAHE HAIIPYKCHH.

1.7 Crnenigikanis 1yiss BAKOHAHHS PoOiT

1.7.1 Cneuighixayia euxonanna pooim

@ Crnernudikaiis  BUKOHaHHS  poOIT
NMOBMHHA  BKJIOYAaTH  yCi  BUMOTH  JIO
MIATOTOBKK MaTepiaiiB, MOHTaxy, 3 €IHaHb,
nojanbmoi oOpoOKM Ta MepeBIpKH, JUIs
3abe3neueHHs! MOTPIOHOT BTOMHOT MIIIHOCTI.

JACTY-H b EN 1999-1-3:201X

T. Is the inspection interval;

T, Is the time for a crack to grow from a
detectable size to a fracture critical size;

T, Is the design life;
T is the safe life;

y is the crack geometry factor in crack
growth relationship;

ve Is the partial factor for fatigue load
intensity;

yme IS the partial factor for fatigue strength;

Ao is the nominal stress range (normal
stress);

At is the effective shear stress range;

Ao, is the reference fatigue strength at
2x10° cycles (normal stress);

Ao, is the constant amplitude fatigue limit;

Ao, is the equivalent constant amplitude
stress range relatedto N, ;

Ao, is the equivalent constant amplitude
stress range related to 2x10° cycles;

Ao, is the cut-off limit;

Ao, is the fatigue strength (normal stress);
O max.min is the maximum and minimum
values of the fluctuating stresses in a stress
cycle;

o,, Is the mean stress.

1.7  Specification for execution

1.7.1 Execution specification

(1)  The execution specification should
include all requirements for material
preparation, assembly, joining, post treatment
and inspection in order that the required
fatigue strengths are achieved.
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1.7.2 Kepisnuymeo no excniayamauyii

(2 KepiBHuirso 110 eKCIUTyaTaril

IIOBHHHC BKJIIOYATH.

— geranpHy iH(QoOpMaril0 Mmpo  BTOMHI
HAaBAaHTAKEHHS 1 PO3PAaXyHKOBUH TepMiH
CITy’KOH, 10 TIPUIHSATI B TIPOEKTI;

— Oyap-gKi HEOOXigHI BUMOTH  MIOJIO
IHTCHCHBHOCTI KOHTPOJLHOTO HaBaHTAKCHHS
Ta YaCTOTH MOBTOPEHHS i1 4ac eKCILTyaTallii;

— IHCTpYKIi, 1m0 mnepeadavyarTs OyIb-AKi
Moaudikarii KOHCTPYKIIi, HaIlpUKJIIAJ,
CTBOPEHHSI OTBOpIB abo0 3BaploBaHHA, 0e€3
KBaJII(DIKOBAHOTO  PO3PAaxXyHKY  MOJKJIMBHUX
HACJIIKIB JUIsl KOHCTPYKIIII,

— IHCTPYKIIi II0JI0 IEMOHTAXy Ta HOBTOPHOTO
MOHTQ)Xy 4YacTHH, HalpUKIad, 3aTSKKU
KpINWJIBHOT AeTal.

— JIOTMYCTHMiI METOJH PEMOHTY Yy BHUIAAKY
BHITAJIKOBOTO  TIONIKO/DKEHHS ~ KOHCTPYKIIil
(Hampukiaa, — BM'ATHHH,  MPOCOYYBaHHS,
pPO3pHUBH L.T.1.).

1.7.3 Kepisnuymeo no nepesipui ma
MEexXHIYHOMY 00C/1Y208Y8AHHIO

(1)  KepiBHHITBO 1o TEXHITHOMY
00CITyrOBYBaHHIO TTOBMHHE BKJIIOYATH Tpadik
OyIp-SKMX HEOOXIIHMX TMEpeBIpOK, IO
MPOBOAATHCS MMiA dYac eKCIUTyartamii, I
YacTUH, III0 HaHOUIbIIEe 3a3HAIOTh BTOMH.
OcoOmmBe  3HaueHHS 1€ Mae  IpH
MPOCKTYBaHHI, IO Tmepeadadae CTIHKICTh
KOHCTPYKIIi 10 TOIIKO/KEHb. Y TaKOMY
BUIIA/IKY KEPIBHUIITBO MOBHHHE BKJIFOYATH:

— METOJIU TICPEBIPKU;
— MICIIS TPOBEJICHHS TIEPEBIPKU;
— NIEPIOINYHICTH MEPEBIPOK;

— 3a MOTpeOM — MAaKCHMAJIBHO JIOIYCTUMHUIA
PO3MIp TPIIIUHM 10 KOPEKIIii;

— JeTanbHy 1H(pOpPMAIil0 WIOJ0 METO/IB
peMOHTY abo 3aMiHM 4YacTHH, W10 3a3HaJH
BTOMHUX TPILIUH.

2 OCHOBU ITPOEKTYBAHHA
2.1 3arajbHi M0oJI0KEeHHS
2.1.1 Ocnoeni eumozu

(1)P Linp mnpoekTyBaHHS KOHCTPYKIIi 3
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1.7.2 Operation manual
(1)  The operation manual should include:

— details of the fatigue loading and the design
life assumed in the design;

— any necessary requirements to monitor
loading intensity and frequency during
service;

— an instruction forbidding any modification
of the structure, e.g. making of holes or
welding, without qualified analysis of any
structural consequences;

— instructions for dismantling and reassembly
of parts, e.g. tightening of fasteners;

— acceptable repair methods in the event of
accidental damage in-service (e.g. dents,
penetrations, tears, etc).

1.7.3 Inspection and maintenance manual

(1) The maintenance manual should
include a schedule of any necessary in-service
inspection of fatigue critical parts. In
particular, where damage tolerant design has
been used, this should include:

— the methods of inspection;
— the locations for inspection;
— the frequency of inspections;

— the maximum permissible crack size before
correction is necessary;

— details of methods of repair or replacement
of fatigue cracked parts.

2 BASIS OF DESIGN

2.1  General

2.1.1 Basic requirements
(1)P The aim of designing a structure against



ypaxyBaHHSM TPAHUYHOTO CTaHy BTOMH
noJiirae B TOMY, WIO0 TIEpeKOHATHCA B
MPUITYCTUMOMY PiBHI BIPOTiTHOCTI TOTO, IO
GyHKIIOHYBaHHS KOHCTPYKIIii Oyne
HAJIC)KHUM BITPOJOBXK YCbOT'O PO3PaXyHKOBOTO
TepMminy ii cimyxOu. Hanpuknan, nHeoOximHa
BIIEBHEHICTh y TOMY, IO He BinOyaerbcs
pyHHYBaHHS KOHCTPYKLIi uepe3 BTOMY, a
TAaKOXX y TOMY, III0 HE BHHHMKHE HEOYiKyBaHa
HEOOXIJHICTh B PEMOHTI 4Yepe3 BUHUKHEHHS
MOIIKO/KEHb, CHPUYMHEHUX BTOMOIO, Ha
MPOTS31 pO3PAXYHKOBOTO TEPMIHY CITYKOH.

[IpoexkTyBaHHS aMIOMIHIEBUX KOHCTPYKLIN 3
ypaxyBaHHSIM I'PaHUYHOTO CTaHYy BTOMH MOXE
0a3yBaTucs HA OJTHOMY 3 HACTYITHUX METO/IB:

a) METOJ IMPOEKTYBaHH:], L0 3abe3nedye
OesrneuHui TepMiH ciryx0u (muB. 2.2.1);

b) MIPOEKTYBaHHS 3 ypaxyBaHHSIM
JIOMYCTUMHX pyHHYBaHb (uB. 2.2.2).

bynp-sxkuii 3 meromiB a) Ta b)moxe Oyru
JIOTIOBHEHUHN a00 3aMiHEHUI MPOEKTYBaHHSIM
B KOMILJIEKC] 3 BUIIPOOYBaHHAMH (IuB. 2.2.3).

IIpumirka. HamionanbHu#i A01aTOK MOXKE HaJIaBaTH
IpaBUa 3aCTOCYBaHHS METONY IIPOEKTYBaHHS 3
YpaxyBaHHAM JIOITYCTUMMX pYHHYBaHb, JIUB.
Homarok A.

(2)  IlpaBuia mMpOEKTyBaHHS HAIAIOTHCS B
iHmux yactuHax EN 1999.

2.2  MeTtoauku po3paxyHKy Ha BTOMY

2.2.1 Memoo npoeKmy6aHHsi, wo
3a0e3neuyec 0e3neuHuil mepmin cayxcou

(1)  Hauumit METOJ 0a3yerbes Ha
pPO3paxyHKy TIOIIKOJDKCHb, SIKIi BHUHUKIH
BIIPOJIOBX PO3PaxXyHKOBOTO TEPMIHY CIIY:KOH,
3  BHUKOPDHCTaHHSIM  CTaHJAPTHUX  JaHUX
HIDKHOT MEX1 3HOCOCTIHKOCTI Ta BEPXHOT MEXK1
BTOMHOTO HaBaHTaxeHHs. Lleli wmerton mae

KOHCEPBATUBHY OIIIHKY BTOMHOI
JIOBTOBIYHOCTI.
(2) Merox  BKIIOYAE  MPOTHO3YBaHHS

icTopiii Hampy)XeHb Ha MOTEHIIHHUX MICcLAX
BUHUKHEHHS HaIlpyKeHb, 3a SKUM CIiIye

NiIpaXyHOK  [iala3oHIB  HamlpyXeHb  Ta
KOMIUIALISL ~ CHEKTpIB  HaNpyXeHHA. 3a
jgornomororo  wmiei  iHgopmarii  omiHKa
PO3paxyHKOBOTO TEPMIHY CITY’KOH

3IIHCHIOCTBCS 3a JOIOMOIOKO BIAIIOBIAHOTO
Jiama3oHy HaMpyXeHb BTOMHOI MIITHOCTi AJist

JACTY-H b EN 1999-1-3:201X

the limit state of fatigue is to ensure, with an
acceptable level of probability, that its
performance is satisfactory during its entire
design life, such that the structure shall not fail
by fatigue nor shall it be likely to require
undue repair of damage caused by fatigue
during the design life.

The design of aluminium structures against the
limit state of fatigue may be based on one of
following methods:

a) Safe life design (see 2.2.1);
b) Damage tolerant design (see 2.2.2).

Either of methods a) and b) may be
supplemented or replaced by design assisted
by testing (see 2.2.3).

NOTE: The National Annex may give rules for the
application of the damage tolerant design method, see
Annex A.

(2)  The design rules in the other parts of
EN 1999 apply.

2.2 Procedures for fatigue design

2.2.1 Safe life design

(1)  This method is based on the calculation
of damage during the structure's design life
using standard lower bound endurance data
and an upper bound estimate of the fatigue
loading. The method provides a conservative
estimate of fatigue life.

(2)  The method involves prediction of the
stress histories at potential initiation sites,
followed by counting of stress ranges and
compilation of stress spectra. From this
information an estimate of the design life is
made using the appropriate stress range
endurance data for the constructional detail
concerned. This method is given in A.2.
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BIJIOBIJTHOTO  KOHCTPYKI[IHHOTO  E€JIEMEHTY.
Lleit meTo HaBeneHUM B A.2

(3) Mns wmeromy TpPOEKTYBaHHS, SIKUI
3abe3neuye O€3MEYHHMI TEpMiH  CIIYyXKOH,
3HaueHHd D, g Bcix IMKIIB - IpU

BUKOPUCTaHHI mpaBwia MaiiHepa TOBHHHE
3aJJ0BOJIBHATH HACTYITHII YMOBI:

hi (S
D, = Z n, /N, po3paxoBYeThCSI BIANOBITHO
10 METOOUKH, HAJIaHOi B A.2.

Mpumirka. Bemnmumna D MOXE HaJaBaTUCA B

lim
HaunionansHomy JOJATKYy. PexomennoBane
MakcuMaibHa Beauuuna D, mopearoe 1,0.

2.2.2 Memoo npoeKmy6aHHs 3
YPaxyeaHHAM OORYCHMUMUX PYIHYBAHb

(1)  MHaswmi METOJ 0azyeTncst Ha
CTIOCTEPEKCHHSAX 32 PO3POCTAHHSIM TPIIHHA
3a  JO0MOMOror  OOOB’SI3KOBOI  IpPOrpaMu
orJIsAny.

lim

IpumiTtka. MeTox MOXXHa 3aCTOCOBYBAaTH Y TOMY
BUIIAJIKY, SIKIIO OLIHKa OE3IeYHOr0 TepMiHY CIIyXOu
IOKa3ye, IO BTOMa Ma€ 3HAYHUM BIUIMB Ha
€KOHOMIYHUI PO3PAaXyHOK Ta SIKIIO BHUCOKUH PH3HK
BUHUKHCHHS BTOMHUX TpiluH BIIPOZIOBXK
PO3pPaxyHKOBOI'O TEPMHY CIYXOM € BHIIPaBIAHUM 1
JI03BOJICHUM MPUHLMIIAMU METOIy IPOSKTYBaHHS, KUl
3abe3neuye Oe3rneuHuil TepMiH ciyxOu. [lanuit meron
Ma€ 32 METy OTPHMAaHHS TAKOTO XK PiBHS HAJIIHOCTI, 5K
P BHUKOPUCTAaHHI METONy NPOEKTYyBaHHS, SKHUI
3abe3neuye Oe3neyHnil TEPMiH CIY)KOH.

(2) Merox  mepenbauae  BH3HAYECHHS
MIHIMQJIBHOTO TIOMITHOTO PO3MIPY TPIIUHU
Ha TOTCHIIMHMX JUITHKAX BUHUKHCHHS
TpimuH. Po3paxoByroThes icTOpii HANMpY>KEHb
Ha JUISHKaX, MICAS YOro MiAPaxOBYIOThCS

Jiama3oHu IHTEHCHUBHOCTI HANpyKeHb Ta
KOMIILUTIOIOTHCS CHEKTPH IHTE€HCHUBHOCTI
HaMpPYXEHb. s iHbopMaIris
BUKOPUCTOBYETHCS 3 CITIBBITHOIIIEHHSM

PO3pPOCTaHHS TPIUNIMHUA IS CIUIABYy IS
BU3HAYEHHS pIBHA PO3POCTaHHSA TPIILIUHU.
OmiHloeTbcst  yac, sAKMA NOTpiOEeH  Ha
pPO3pOCTaHHs TPILMHU JO MAaKCHMAaJbHO
JOMyCTUMOTO PO3MIpYy, a TaK0X BIIMOBITHO
BU3HAYAETHCSI PEXUM TIepeBipku. Meroa Ta
YMOBH H0ro 3acTocyBaHHs HajaHo y A.3.

Mpumitka. PekomeHmamii moao AaHUX pPO3POCTAHHSI
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(3) For safe life design the damage D, for

all cycles using Miner's summation should
fulfil the condition:

<D (2.1)

— lim
where:
D,_=>n,/N; s calculated in accordance

with the procedure given in A.2.

NOTE: The value of D,,, may be given in the National
Annex. A recommended maximum value for D, is
1,0.

lim
2.2.2 Damage tolerant design

(1)  This method is based on monitoring
fatigue crack growth by means of a mandatory
inspection program.

NOTE: The method may be suitable for application
where a safe life assessment shows that fatigue has a
significant effect on design economy and where a
higher risk of fatigue cracking during the design life
may be justified than is permitted using safe life design
principles. The method is intended to result in the same
reliability level as obtained by using the method of safe
life design.

(2)  The method involves the determination
of the minimum detectable crack size at
potential initiation sites. The stress histories at
the sites, followed by counting of stress
intensity ranges and compilation of stress
intensity ~ spectra are calculated. This
information is used with a crack growth
relationship for the alloy to calculate the crack
growth rate. The time taken for the crack to
grow to a maximum safe crack size is
estimated and an inspection regime specified
accordingly. The method and conditions for its
application are given in A.3.

NOTE: Recommendations for crack growth data are



TpinHU HajaoThes y Jlonatky B.

2.2.3 Ilpoekmyeanna  3a  00ONOMO2010
eunpooyeans

Q) Hanwmii METOJ MMOBUHEH
BUKOPDUCTOBYBATHCS Yy  BHIAQAKY,  SKIIO
HeoOXiIH1 aHi po HaBaHTaKEHHS,
YYTIIUBICTD, BTOMHY MIIHICTh abo

pO3pOCTaHHS TPINMHA HE JIOCTYIHI 3i
CTaHIapTiB a00 IHIIUX JHKEpeI CHeHU(ITHOTO
3aCTOCYBaHHS, a TaKOX JUIg ONTHMI3allil
KOHCTPYKIIHHUX netaned. [lani BUpoOyBaHb
MTOBUHHI BUKOPHUCTOBYBATHUCS 3aMiICTh
CTaHJIAPTHHUX JaHWX JIMIIC TPH YMOBI, IO
BOHH OTPUMYIOTBCSI 1 3aCTOCOBYIOTHCS B
KOHTPOJBLOBAHUX YMOBAX.

Mpumitka. [lepeBipka TpPoeKTy 3a JOMOMOrOO

BUNPOOYBaHb ITOBHHHA MPOBOJMTUCH BIAMOBIAHO [0
BkasiBok lomatky C.

2.3 BroMHe HaBaHTaKEeHHA

2.3.1 ®axmopu, wo CRPUYUHAIOMb
6UHUKHEHHA 6MOMHO20 HABAHMANCEHHS

(1)P  VYci  dakropu, 1O COPUYHHSIOTH
BUHUKHEHHS  KOJIMBaHb  HANpYXCHHS B
KOHCTPYKIIii, TOBUHHI OyTH BU3HAYEHI.

(2)  PosrmsmaroThes HacTymHI (haKTOPH, SKi
CIIPUYHHSIIOTH KOJIMBAHHHS HAIIPY/KEHHS:

a) TAMYacoOBI PyXOMI HaBaHTAKCHHS,
BKJTIOYAIOYM BiOpailii, CHpUYMHEeHI MalllHHHUM
00J1aTHAaHHSM B IMOCTIMHUX KOHCTPYKIIIAX;

b) HABaHTAKCHHS, CIPUYHMHEH]
30BHINIHIMM yMOBaMH, TaKUMH SK BITEp,
XBMII 1.T.]I.;

C) CHJIM  TPUCKOPEHHS B  PYyXOMHX
KOHCTPYKIIIfX;
d) JMHAMIYHA  peakilis, CIOpPHYHHEHA

pEe30HAaHCHUM e(heKTOM;

Mpumitka. [HPopMarito moa0 0OMEKEHHS BTOMH, IO
CIPUYHMHEHA MICIEBOI0  TOBTOPIOBAHOI  BTPATOIO
crifikocti quB. y D.3.

€) 3MIHU TeMIIepaTypH.

3 BenuumHa BTOMHOTO HaBaHTAKCHHS
MOBUHHA NpuitMaTHcs BinnmoBigHo 1o EN 1991
a0o BIAMOBITHO 10 iHIIOrO E€BPOINENHCKOro
CTaHJIAPTY, [0 MICTUTH BKA3iKU Ha I[I0 TEMY.

Hpumitka 1. [lapamerpm BIUMBY, SK BKa3aHO ¥
EN 1991, MoxxyTh Bupaxatucs Oyab-KUM 3 HACTYITHUX

JCTY-H b EN 1999-1-3:201X
given in Annex B.

2.2.3 Design assisted by testing

(1)  This method should be used where the
necessary loading data, response data, fatigue
strength data or crack growth data are not
available from standards or other sources for a
particular application, and for optimisation of
constructional details. Test data should only be
used in lieu of standard data on condition that
they are obtained and applied under controlled
conditions.

NOTE: Verification of design by testing should be
carried out in accordance with Annex C.

2.3  Fatigue loading

2.3.1 Sources of fatigue loading

(1)P  All sources of fluctuating stress in the
structure shall be identified.

(2)  The following sources of fluctuating
stresses should be considered:

a) Superimposed moving loads, including
vibrations from machinery in stationary
structures;

b) loads due to exposure conditions such
as wind, waves, etc.;

c) acceleration  forces in
structures;

moving

d) dynamic response due to resonant
effects;

NOTE: For limitation of fatigue induced by repeated
local buckling see D.3.

e) temperature changes.

(3)  The fatigue load should be obtained
from EN 1991 or other relevant European
standard.

NOTE 1: The action parameters as given in EN 1991
are either
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3HA4YCHb:

Qmax, Npax CTAHAAPTH30BAHUI CHEKTP, 200
QE,nmax 110 BIAHOCUTBCA 10 N IHKIIB

. . 5 .
Qg , BIAMOBiAHO 10 n= N, = 2x10° LHUKIIB.

JunHaMivHi eekTy BKIFOYEHI B IIi TapaMeTpH, SKIO HE
BKAa3aHO 1HIIE.

MpumiTrka 2. HanioHanbHUE 10aTOK MOXKE HaaaBaTH
MpaBWja BHW3HAYCHHS BTOMHOIO HABAHTAXCHHS JUIS
BHUIIQJKIB, M0 HE TmepemdaucHi E€BPOINCHCEKIM
CTaHIAPTOM.

2.3.2 Ompumanns 3HAUEHb  6MOMHO20
HABAHM AMHCEHHSA
(1)  Oxkpim CTaHJapTIiB BTOMHOTO

HAaBAaHTAXXCHHS, TOBHUHHI OYTH pO3IJISHYTI
HACTYIHI IyHKTH.

(2) HaBantakeHHss ~ BTOMH  3a3BHYAil
MOBUHHI OyTH BKa3aHI B MOKa3HUKAX CIIEKTPY
PO3pPaxyHKOBOTO HABAHTAXKCHHS, KWW
BU3HAYa€e Jiarna3zoH IHTEHCUBHOCTI
KOHKPETHOTO PYXOMOTO HaBaHTaXXEHHS Ta
KUIBKICTh Pa3iB MPUKIAJEHHS KOXKHOTO PIBHIO
IHTEHCHUBHOCT1  BIIPOJIOBXK  PO3PaxyHKOBOTO
TePMiHY CIYXOM KOHCTPYKIIii. SIKIII0 MOXYTh
BUHUKHYTH JBa ab0 OuIpllle pPyXOMHX
HaBaHTKCHHS, HEOOXIAHO BU3HAUMUTU (a3u
MDK HUMH.

(3)  Peamictuuna OIliHKa BTOMHOTO
HaBaHTAKEHHS Ma€ BUPIIIAbHE 3HAUCHHS IS
pPO3paxyHKy TEPMIHY CIIY)KOU KOHCTPYKIIii. Y
BUIAJKYy, KOJH HEMa€ TMAaclOpPTHUX JaHUX
IOZI0 HASBHOCTI PYyXOMOTO HaBaHTa)KCHHS,
moTpiOHO OTpUMaTH JaHl 3a JOTIOMOTOIO

ICHYIOUMX  KOHCTPYKIIIH, sKI  3a3HAIOTh
MoMI0OHUX BIUIMBIB.

() B mpomeci BHKOHAHHS  3alKCIB
TpuBaiux  nedopmanid  abo  BiAXWIICHB

BIIPOJIOBXK BIAMOBIAHOTO TMepioy BHOOPKH,
JaHl MO0 HAaBaHTaXEHHS TMOBUHHI OyTH
BUBEJIECHI 3a  JIOIIOMOIOI0  I10JAJIBIIOrO
aHanizoM peakuii. Caig IpUIUTUTH OCOOIUBY
yBary i OLIHKA JAMHAMIYHOTO 30LTbIIEHHS
BIUTUBIB, MPHU SKOMY YaCTOTH HABaHTaKEHHS
HAOMMKAIOTBCS /10 HOPMAIbHHUX  YacTOT
KOHCTPYKIII.

Ipumitka. [loganemi Bka3ziBku HagaHo y Jomatky C.

(5)  Coektp po3paxyHKOBHX HaBaHTaKCHb
MOBHHEH OOMPATUCS HA OCHOBI BEPXHbOT MEX1
OLIIHKA CYMapHMX YMOB (YHKIIOHYBaHHS
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Qnax Nmax Standardized spectrum or
Qe e Telated to n . or
Qg , corresponding to n= N, =2x10° cycles.

Dynamic effects are included in these parameters unless
otherwise stated.

NOTE 2. The National Annex may give rules for the
determination of the fatigue load for cases not covered
by a European standard.

2.3.2 Derivation of fatigue loading

(1) In addition to the fatigue load
standards the following clauses should be
considered:

(2) Load for fatigue should normally be
described in terms of a design load spectrum,
which defines a range of intensities of a
specific live load event and the number of
times that each intensity level is applied
during the structure's design life. If two or
more independent live load events are likely to
occur then it will be necessary to specify the
phasing between them.

(3) Realistic assessment of the fatigue load
is crucial to the calculation of the life of the
structure. Where no published data for live
load exist, resort should be made to obtaining
data from existing structures subjected to
similar effects.

4) By recording continuous strain or
deflection measurements over a suitable
sampling period, load data should be inferred
by subsequent analysis of the response.
Particular care should be taken to assess
dynamic magnification effects where load
frequencies are close to one of the natural
frequencies of the structure.

NOTE: Further guidance is given in Annex C.

(5) The design load spectrum should be
selected on the basis that it is an upper bound
estimate of the accumulated service conditions



BIIPOZIOBX  YChOTO  TEPMiHYy  CIyXOu
KoHCTpyKLii. HeoOximHO mpuiimMatu 0 yBaru
yci MOXKJIMBI BIUIMBH POOOYMX Ta 30BHILIHIX
YMOB, BUXOJSYH 3 MOXKJIMBOTO BUKOPHUCTaHHS
KOHCTPYKIIi BIPOJOBXK JTaHOTO HEpioy.

(6) Mexa JOCTOBIPHOCTI, sIKa
BUKOPHUCTOBYETHCS TUIst CIIEKTPY
IHTEHCUBHOCTI HABAaHTA)KEHHS, TIOBUHHA OyTH
OCHOBaHa Ha CepelHill BIpOTimHIN BenU4MHI
witoc  Kr  cTaHAapTHUX BiIxwieHb. Mexa
JTOCTOBIPHOCTI, sIKa BUKOPHCTOBYETHCS JUIS
KUTBKOCT1 IIUKJIIB B CIEKTP1 PO3PAXyHKOBOTO
HAaBaHTAXXEHHsI, MMOBHHHA OYTH OCHOBaHa Ha
CepenHild BIpOTiAHIN BenuumHi IIHOC KN
CTaHJAPTHHX BIIXHUJICHb.

Hpumitka. Bemmuman k. Tta Kk, Moxyrs Oyru

BU3HAYCHI B HarrionansHOMY JIO/IaTKYy.
PexkOMeHIyIOTbCSI 4MCIOBI  3Ha4deHHs K. =2, Ta

ky = 2. Jus. Takox IIpumiTtky 2 y migposaini 2.4 (1).

2.3.3 Ekeieanenmni 6MOMHI
HAGAHMAIICEHHS
@ CropollleHe  €KBiBaJEHTHE  BTOMHE

HaBaHTAXXCHHSA MOXEC 6YTI/I BUKOPHCTAHO,
SAKIIO 3aJ0BOJIBHAIOTHCS HaCTyl'IHi YMOBH:

a) KOHCTPYKIliS 3HaXOJTUThCS B MeEXax
OCHOBHHUX KOHCTPYKIIHHHX (hOPM Ta PO3MIpIB,
JUIsl SKUX ICHY€ BHU3HAUYCHE CKBIBAJICHTHE
BTOMHE HaBaHTa)KEHHS;

b) pealbHe BTOMHE HaBaHTaKEHHS 3
IIEHTUYHOI IHTEHCHUBHICTIO Ta 4YacTOTOIO
MPUKIIAJIAEThCS AHAIOTIYHUM CIIOCOO0OM, IO
NPUHHATHA ~ JUII ~ OTPUMaHHS  3HAYCHb
€KBIBJIEHTHOI'O BTOMHOI'O HABAHTAKEHHS,

c) BeauuuH M, m,, Ny TtaN , ous.

puc. 6.1, mo nUpHHHATI IS OTPUMAHHS
3HAa4YE€Hb €KBIBaJEHTHOIO BTOMHOT'O
HaBaHTA)KCHHS, JOPIBHIOIOTH  BIIIMOBITHUM
BETMYMHAM  OI[IHIOBAHOI  KOHCTPYKIIIMHOT
JeTanl.

IpumiTtka. Jleski ekBiBaJeHTHI BTOMHI HaBaHTa)KCHHS

MOXYTh OYTH BHU3HAUCHI TPH JOMYIIEHHI IPOCTOrO
TPUBAJIOr0 HAaxXWly, NpU KoMy M, =M Tta Ao =0.

Ilpn npuknageHHi HaBaHTaXEHb 3  YHCICHHUMH
LUKJIaMH HU3BKOI aMIUTITYIN Pe3yJIbTaTOM MOXe OyTH
Iy’Ke KOHCepBaTHBHA OIIHKA TEPMiHY CIyKOH.

d) JluHamiyHa peakiis KOHCTPYKIii Oyne
JOCUTh HHU3BKOIO, SIKIIO PE30HAHCHI e(eKTH,
mo OyAdyTh CHPUYUHEHI pPI3HHUIICI MAacH,
KOPCTKOCTI Ta KOe(QII[iEeHTOM 3aTyXaHHs, He

JACTY-H b EN 1999-1-3:201X

over the full design life of the structure.
Account should be taken of all likely
operational and exposure condition effects
arising from the foreseeable usage of the
structure during that period.

(6)  The confidence limit to be used for the
intensity of the design load spectrum should
be based on the mean predicted value plus kr
standard deviations. The confidence limit to be
used for the number of cycles in the design
load spectrum should be based on the mean
predicted value plus kn standard deviations.

NOTE: Values of k. and k, may be defined in the
National Annex. The numerical values k. =2, and
ky =2 are recommended. See also NOTE 2 under 2.4

().
2.3.3 Equivalent fatigue loading

(1) A simplified equivalent fatigue load
may be used if the following conditions are
satisfied:

a) The structure falls within the range of
basic structural forms and size for which the
equivalent fatigue load was originally derived,

b) the real fatigue load is of similar
intensity and frequency and is applied in a
similar way to that assumed in the derivation
of the equivalent fatigue load;

c) the values of m;, m,, N, and N, see

Figure 6.1, assumed in the derivation of
equivalent fatigue load are the same as those
appropriate to the constructional detail being
assessed.

NOTE: Some equivalent fatigue loads may have been
derived assuming a simple continuous slope where
m, =m, and Ao =0. For many applications involving

numerous low amplitude cycles this will result in a very
conservative estimate of life.

d) The dynamic response of the structure
is sufficiently low that the resonant effects,
which will be affected by differences in mass,
stiffness and damping coefficient, will have

23



JCTY-H b EN 1999-1-3:201X

MAaTUMYThb BCJIMKOTO BIUIMBY Ha HAKOIIMYCHHSA
Maiinepa.

2 Y BumaaKy, SKOI0O CKBIBAJICHTHE
BTOMHE HAaBaHTAKCHHS BU3HAUCHE CIICIIalIbHO
IUIi BUKOPUCTAHHS B OyJIIBHHMIITBI CIUIaBIiB
QIIOMIHIIO , yCi BKa3iBKH, onmcaHi e y (1),
MOBUHHI IPUAMATHUCS JI0 YBar.

2.4 YacTroBi koedinieHTH 1151 BTOMHMX
HAaBaHTaKeHb
(1)  Sxmo BTOMHI HaBaHTaXeHHS F

OynM OTpUMaHi y BIAMNOBIAHOCTI 3 BUMOTAMHU
2.3.1(2) ta 2.3.2, TO 10 HAaBaHTAXCHHSI
MOBUHEH OyTHM 3aCTOCOBaHHMI YacCTKOBUM
Koe(ilieHT, 100 OTpPUMATH PO3PaXyHKOBE
HaBaHTaXKeHHs F; .

little effect on the overall Miner summation.

(2) In the event that an equivalent fatigue
load is derived specifically for an aluminium
alloy structural application, all the matters
addressed in (1) above should be taken
into account.

2.4  Partial factors for fatigue loads

(1)  Where the fatigue loads F., have been
derived in accordance with the requirements
0f2.3.1(2) and 2.3.2 a partial factor should
be applied to the loads to obtain the design
load F,.

Feq = Ve - Fex (2.2)
ae where:
Ve - UacTKOBMH  Koe(dillieHT BTOMHMX 7 Is the partial factor for fatigue loads.
HABaHTAKEHb.

IMpumitka 1. YacTtkoBi koedillieHTH MOXYTb OyTH
BU3HAYCHI B HauionansHomy JIOIATKY.
Pexomennyerscs 3HaueHns y, = 1,0

Mpumirka 2. SIkm0 BTOMHI HaBaHTa)XXEHHsI 0a3YIOThCSI
Ha IHIIMX MeXax JOCTOBIPHOCTI, SIKI HE BKazaHi y
2.3.2(5), TO peKOMEH/IOBaHI 3HAYEHHs JUIS YaCTKOBUX
koedieHTIB  mpuiiMaiobcs  mo  Tabmmmi 2.1,
AJNbTepHATHBHI 3HAYeHHS MOXYTb OyTH HajaHi B
HanioHansHOMY 1OJaTKYy.

Taomuua 2.1-

NOTE 1: The partial factors may be defined in the
National Annex. A value of y, = 1,0 is recommended.

NOTE 2: Where fatigue loads have been based on other
confidence limits than those in 2.3.2(5), recommended
values for partial factors on loads are givEN in Table
2.1. Alternative values may be specified in the National
Annex.

Pexomen10BaH1 4acTKOB1 KOS(ILIEHTU ), Ul IHTEHCUBHOCTI Ta

KUTBKOCT1 IIUKJTIB B CIIEKTPi BTOMHOTO HAaBAaHTAXKEHHS

Table 2.1 -

Recommended partial factors y. for intensity and number of

cycles in the fatigue load spectrum

Ve
ky =0 ky =2
0 1,5 1,4
1,3 1,2
2 1,1 1,0
3 MATEPIAJINA, CKIIAJJOBI 3 MATERIALS, CONSTITUENT

YACTHUHHU TA 3’€JITHYIOUI IPUCTPOI

(D) [IpaBuna mpoekTyBaHHS, 3a3HA4YeHl Y
EN 1999-1-3, BigHOCATBCA 10 CKJIAJOBHUX
YaCTUH KOMIIOHEHTIB Ta KOHCTPYKIIif, IO
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PRODUCTS AND CONNECTING
DEVICES
Q) The design rules of EN 1999-1-3 apply

to constituent products in components and
structures as listed in 1999-1-1:05-2005 with



nepenideni  y  1999-1-1:05-2005, okpim
cruaBiB 3 Hu3bKkow MirHicTio EN AW-3005,
EN AW-3103, EN AW-5005, EN AW-8011A
3 OyOb-KMMH CTYIIHSIMH TBEpPAOCTi, Ta
EN AW-6060 i3 TIOKa3HHKOM CTYIICHEM
TBepaocTi T5.

Mpumitka 1. He icuye HaniitHOi iH(opmamii momo
XapaKTepPUCTUK BTOMHOI MIIHOCTI  BHIIIE3TalaHUX
CTYIICHEH TBEPIOCTI Ta CIUIABIB 3 HU3BKOI MIIHICTIO.
HarionanbHU# 10AaTOK MOXKe HaJaBaTH iH(OpPMAIiIO
II0JI0 XapaKTEePUCTHK BTOMHOI MIITHOCTI TaKHX CILIaBiB
Ta CTYMIIHIB TBEPAOCTI BiANOBinHO. BunpoOyBanus s
OTPUMAHHS ~ JaHUX  TOBHHHI  MPOBOTHUTHCA Y
BiZIMOBIHOCTI 3 BuMoramu J{ogatky C.

Mpumitka 2. [Hpopmauio MIOI0 NHMBAPHUX CILIaBIB
nuB. y Hogatky I.

@) EN 1999-1-3 TOITHPIOETHCS Ha
KOMIIOHEHTH 3 BLAKPUTHMU Ta MyCTOTUIUMU
npoduIsiMu, BKIIOYAIOYM ~ €JIEMEHTH, UI0
PO3po0IIeH1 3 MO€THAHHS AAHUX MPOAYKTIB.

3 EN 1999-1-3 MOITHUPIOETHCS Ha
KOMIIOHEHTH Ta KOHCTPYKIii 3 HAaCTYIHHMH
3’€IHYIOYUMH IIPUCTPOSIMU:

— JlyroBe 3BaproBaHHs (IyroBe 3BaprOBaHHS
METaJIEBUM €JIEKTPOJOM B IHEPTHOMY Ta3i Ta
IyTOBE 3BapIOBaHHS BOJIL()PAMOBHM
€JICKTPOJIOM B IHEPTHOMY Ta3i);

— crajeBl OONTH, IO TEepepaxoBaHi Yy
EN 1999-1-1, tabnug 3.4.

Mpumirka. [HbopmMalio moa0 aare3iiHOro 3’€IHaHHS
1uB. y onatky E.

(4)  Iadopmamis mOIO0 PO3paxyHKy Ha
BTOMY Ta OIIIHKH CTaJbHUX OOJITIB HA PO3TAT
Ta 3cyB 3Haxomutbes y EN 1993-1-9, tabm.
8.1.

4 JOBI'OBIYHICTD

@ Jaui mon0 BTomu, Hagani y EN 1999-
1-3, MOXYTb 3aCTOCOBYBATHUCS npu
HOpPMaJbHUX aTMOC(EepHUX  yMOBax JIO
temnepatypu 100 °C. V Bunmajky 31 CIuiaBom
EN AW-5083 mpu Temmeparypi Oinblie, HLK
65°C indopmallis MOJ0 BTOMHOI MIITHOCTI,
HaBeneHa y EN 1999-1-3, ne moxe Oyrtu
BUKOPHUCTAHA, KIIO He 3a0e3meueHe MOKPUTTS
111 €PeKTUBHOT'O 3aXUCTY Bil KOPO3ii.

(2) Mani momo BTOMHOI MIIIHOCTI He
MOXXYTh OyTH 3aCTOCOBaHI MiJ] BIUINBOM yMOB
arpecuBHOTO HABKOJHIIHBOIO CEPEJOBHUIIIA.
BkasziBku  mono  mMarepiajiB Ta  yMOB

JACTY-H b EN 1999-1-3:201X

the exception of the low strength alloys
EN AW-3005, EN AW-3103, EN AW-5005,
EN AW-8011A in all tempers, and
EN AW-6060 in temper T5.

NOTE 1: For the above mentioned low strength alloys
and tempers no reliable fatigue data exist. The National
Annex may give fatigue data for such alloys and
tempers, respectively. Tests to obtain the data should be
carried out in accordance with Annex C.

NOTE 2: For castings see Annex I.

(2)  EN1999-1-3 covers components with
open and hollow sections, including members
built up from combinations of these products.

(3) EN 1999-1-3 covers components and
structures with the following connecting
devices:

— Arc welding (metal inert gas and tungsten
inert gas);

— steel bolts listed in EN 1999-1-1, Table 3.4.
NOTE: For adhesive bonding see Annex E.

4) For the fatigue design and verification
of steel bolts in tension and shear see
EN 1993-1-9, Table 8.1.

4 DURABILITY

(1) Fatigue  strength data givEN in
EN 1999-1-3 are applicable under normal
atmospheric conditions up to temperatures of
100 °C. However in the case of alloy EN AW-
5083, at temperatures of more than 65°C
fatigue strength data in EN 1999-1-3 do not
apply unless an efficient corrosion preventing
coating is provided.

(2) Fatigue strength data may not be
applicable under all conditions of aggressive
exposure. Guidance on materials and exposure
conditions is given in 6.2 and 6.4.
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HABKOJIMIIHBOTO CEpeloBHINA HagaHi y 6.2
Ta 6.4.

Mpumitka. HamioHanpHMI 10JaTOK MOXE HAJaBaTH
TOAAJIBII JIaHi IOA0 TEPMIHY eKCIuTyaTallii, OCHOBaHi
Ha MICIIEBUX YMOBaX HaBKOJIMIITHHOTO CEPEIOBHUINA.

(3) Jnsa anresiiiHo 3B’s3aHUX 3’€JHAHb
MarOTh PO3IJISAATHCSA OCOOIMBI yMOBHM Ta
BIUIMBU HaBKOJIMIITHBOTO CEPEIOBHIIIA.

IpumiTtka. [{us. lonatok E.

5) PO3PAXYHOK KOHCTPYKIIIA

5.1  3aranbHuii po3paxyHoK

5.1.1 3azanvni nonoscenns

(1)  ToBuuHwMIi OyTH OOpaHMil TaKHI METO/T
PO3paxyHKy, o 3a0e3neyye  TOYHE
nependoayeHHs peaxiii IPYXHbOTO
Hanpy)XeHHsI KOHCTPYKIIIl Ha BU3HAYEHY IO
Bromu. Ilpm 1pOMy MakcUMallbHI Ta
MiHIMaJbHI MIKM HalpyXEHHS, BU3HA4YEHI B
icTOpii HaNpy>KeHb, MOBUHHI OyTH HACTUIbKU
HE3HAYHUMH, MO0 HHUMH MOXHa OyIo
3HEXTyBaTH, JUB. puc. 5.1,

Mpumirka. Bignosigno mo EN 1990-1-1, npyxHa
MOJIETIb Uil CTaTMYHOI TepeBipKU (Uil  TpaHull
MilHocTi  abo  eKcIuTyaralliiiHOi  HaJiiiHOCTI) He
000BSI3KOBO Ma€ OyTH JOCTATHBOIO ISl OLIIHKA BTOMH.

NOTE: The National Annex may give further
information on durability, based on local exposure
conditions.

(3) For adhesively bonded joints special
environmental conditions and effects may
have to be considered.

NOTE: See Annex E.
5 STRUCTURAL ANALYSIS

5.1  Global analysis

51.1 General

(1)  The method of analysis should be
selected so as to provide an accurate

prediction of the elastic stress response of the
structure to the specified fatigue action, so that
the maximum and minimum stress peaks in
the stress history are determined, see Figure
5.1. are sufficiently small they may be
neglected.

NOTE: An elastic model used for static assessment (for
the ultimate or serviceability limit state) in accordance
with EN 1990-1-1 may not necessarily be adequate for
fatigue assessment.

a) [ocTiiina amnuityna
a) Constant amplitude

3
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a
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0) Ilepeminna ammiityaa
b) Variable amplitude
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/

2

1 —mik HanpyKeHHs1; 2 — TOYKA MiHIMYMY; 3 —MKJI HANPYKEHHSI; 0 — TOYKA 3MiHU HATIPY KEeHHS

O-max

—MAaKCUMAJIbHE HANIPYKEHHSI; O in —MiHiMaJIbHE HAIIPYKEHHS ; O,

. —CEPeIHE HANMpPY:KeHHsI; Ao —Aiana3oH

HaNPYyKEHHSI O, — aMHJIiTyI[a HAMPYKCHHSA

1 —stress peak; 2 — stress valley; 3 — stress cycle; 0 — stress turning point
O — Maximum stress; o,,, —Minimum stress; o, —mean stress; Ac —stress range; o, — stress amplitude

Pucynok 5.1 — TepmiHoJIOris, 1110 CTOCY€ETHCS ICTOIIT HAIPYKEHb Ta LIUKJIIIB
Figure 5.1 — Terminology relating to stress histories and cycles

2 JluHamiuHI  BIUIMBM  TIOBWHHI  OyTH
BKJIIOUEHI B PpO3PaxyHOK ICTOpPIi HAampy>KeHb,
OKpIM BHUIAJKIB, KoOJU Oylo MpHUKIaieHe
€KBIBaJICHTHE HABaHTA)XCHHSI, SIKE CIPUYMHAE
TaKi cami BIJTUBH.

(3)  Skmo mpy)KHS peakiiist 3aleKHTh Bif
CTyIEHsI 3aracaHHsi, II¢ TOBHHHO BHU3HAYATHCS
BUIPOOYBaHHSIMH.

pumitka.. {us. Jonatok C.

(4) He JI03BOJISIETHCS JOMYIIEHHS
HEepPeposMoly CHI ~ MDK — €lIeMEHTaMH B
CTATHYHO HEBU3HAYEHUX KOHCTPYKITISsIX.

(5) BmmB KOpCTKOCTI OYyIb-SKMX IHIIHX
MarepiaiiB, sKI TIOCTIHHO 3akKpiljIeHI [0
QTIOMIHIEBOT  KOHCTPYKIlii, TOBWHHI  OyTH
NPUUHATH JI0 YBaru B MPOIECi PO3PaxyHKY Y
MPYXKHIN cTaii.

(6) Mogeni I 3araJbHOrO  PO3PaXyHKY
CTaTUYHO  HEBHU3HAUYEHUX  KOHCTPYKLIH Ta
rparyacTdx  paM 3 JKOPCTKMUMH  abo
HaITIB)KOPCTKHUMH 3’ €THAHHAMH  (HaIpUKIa,
MOJeNi KIHIEBUX €JIEMEHTIB) MOBUHHI OyTH
3aCHOBaHI  Ha  MPYXHHUX  BIIACTUBOCTSIX
MaTtepiaay, OKpiM BUMNAAKIB, KOJM JaHi I[0J0
nedopmaniii Oynu oOTpuUMaHi 3 KOHCTPYKIIIH
IPOTOTUMIB a00 TOYHO BHUMIPSHHUX (I3UUHUX
MOJeJICH.

[pumitka. TepMiH «KiHIIEBUI €IEMEHT)» BHUKOPHCTAHHHA
JJIA IIO3HAYCHHA AHAJTITUYHUX METOO1B, B SIKHUX

KOHCTPYKIIHHI eTeMEeHTH Ta 3 €IHaHHS MpPeICTaBICHI
CTEep)KHEM, 0alTKO0, MEMOpPaHHOI OOOJIOHKOIO, TBEPIINM

(2) Dynamic effects should be included in
the calculation of the stress history, except
where an equi valent action is being applied
which already allows for such effects.

(3)  Where the elastic response is affected
by the degree of damping this should be
determined by test.

NOTE: See Annex C.

4) No plastic redistribution of forces
between members should be assumed in
statically indeterminate structures.

(5)  The stiffening effect of any other
materials which are permanently fixed to the
aluminium structure should be taken into
account in the elastic analysis.

(6) Models for global analysis of statically
indeterminate structures and latticed frames
with rigid or semi rigid joints (e.g. finite
element models) should be based on elastic
material behaviour, except where strain data
have been obtained from prototype structures
or accurately scaled physical models.

NOTE: The term finite element is used to express
analytical techniques where structural members and
joints are represented by arrangements of bar, beam,
membrane shell, solid or other element forms. The
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TizToM abo iHmo0 (hopmoro eneMenTiB. Liyumo po3paxyHKy
€ BH3HAUEHHA CTaHy HalpyXeHHS, TpPH SKOMY
3a0e3IMeuyeThCS CYMICHICTh IEPEMINICHh Ta CTAaTHYHOI
(abo muHAMi4YHOI) piBHOBArH

5.1.2 Buxopucmannsa 6ano04nux enemenmie

(1) banoyni eneMEeHTH TOBHHHI  OyTH
OPUJATHAMHU  JUIS  3arajbHOTO  PO3PaXyHKY
0aiKy, paMHHX a00 TpaT4acTHX KOHCTPYKIIH 3
ypaxyBaHHSIM oOMexeHb (2)-(7), mpuBeIeHUX
HIDKYE.

(2) banoyni  eneMeHTH  HE  MOBHUHHI
BUKOPUCTOBYBaTHCSl  JUIsl  aHalidy  BTOMH
MIAKPIMJIEHUX IACTUH KOHCTPYKLIN MJIOCKUX Ta
000JIOHKOBHUX €JIEMEHTIB, a00 i IUBapHUX a00
KOBAHMX €JIEMEHTIB, SKIIO BOHM HE IPOCTOi
MpU3MaTU4IHOT hOopMHU.

(3)  OchoBi, 3ruHaJbBHI, 3CyBHI Ta KPYTHJIbHI
KOPCTKICHI BJIACTUBOCTI THepepidy OaloyHuX
€JIEMEHTIB TOBHHHI OyTHM pO3paxoBaHi Yy
BIJINOBIAHOCTI 3 JIIHIHHOIO TEOPIEI0 MPYKHOCTI,
Ipy  JOMYIIEHHI, W0  IUIOCKI  Tepepi3u
3aUIIAlOThC  MJIOCKMMH. B Oyab-sikomy
BUIAJIKy, BUKPUBJICHHS MOINEPEYHOro Mepepizy,
CIpUYMHEHE KPYTIHHAM, IOBUHE MpUHMaTHUCS 10
yBaru.

(4)  Skmo OaouHi CIIEMEHTH
BUKOPDHUCTOBYIOTBCSI B KOHCTPYKIISIX 3
eJIeMEHTaMH BIIKPUTOrO Tiepepidy, abo 3i
CXWJIBHUMHU JI0 BHWKDPUBJICHHS €JIEMEHTaMH 3
MyCTOTUTMX mpodimiB, sKI 3a3HAIOTH BIUIUBY
KpYTiHHS, €JICMEHTH MOBHWHHI MaTH SIK MIHIMYM
7 cTymiHIB CBOOO/M, BKIIOUYAIOUYN BUKPHUBJICHHSI.
B sKkocTi anbTepHATUBU JUIS MOJICIIOBAHHS
MIOTIEPEYHOTO nepepizy noTpioHO
BUKOPHUCTOBYBATH 00OJIOHKOBI €JIEMEHTH.

(5) B BmactuBOCTAX Tmepepisy OamoYHHX
€JIEMEHTIB, 10 MPWISTAIOTh IO TOYOK MEPETUHY
€JIIEMEHTIB, MOTPIOHO BpPaxXyBaTH IiIBUILEHHS
KOPCTKICTI,  BHACIIJOK  PO3MIpYy  JIUISIHKA
3’€THAHHS Ta HasIBHICTI JIOJJATKOBHX
KOMIIOHEHTIB (Hampuikiaa, (acoHOK, CTUKOBHX
HaKJIaJIOK 1.T.]1.).

(6) XopcTKicHI XapaKTEpUCTHKH OaT0YHHX
€JIEMEHTIB, 110 BUKOPHCTaHI Il MOJEIIOBAHHS
30HM 3’€JHAHHA Ha KYTOBHMX IEpeTHMHAX MK
BIIKPUTUMH a00 MYCTOTUTUMH €JIEeMEHTaMH, Je
iX momepeyHi nepepizu He MOBHICTIO MPOXOJATh
Kpi3b 3’€HaHHA (HampUKIaJA, HENOCHUJIeHI
TpyO4ari By3nM), ab0 SKIIO KOHCTPYKIIiHA
JIeTalb € HaMiBKOPCTKOIO (HAPUKIAA, TUIACTHHA
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purpose of the analysis is to find the state of stress
where displacement compatibility and static (or
dynamic) equilibrium are maintained.

5.1.2 Use of beam elements

(1) Beam elements should be applicable to
the global analysis of beam, framed or latticed
structures subject to the limitations in (2) to
(7) below.

(2) Beam elements should not be used for
the fatigue analysis of stiffened plate
structures of flat or shell type members or for
cast or forged members unless of simple
prismatic form.

(3)  The axial, bending, shear and torsional
section stiffness properties of the beam
elements should be calculated in accordance
with linear elastic theory assuming plane
sections remain plane. However warping of
the cross-section due to torsion should be
considered.

(4)  Where beam elements are used in
structures with open section members or
hollow section members prone to warping,
which are subjected to torsional forces, the
elements should have a minimum of 7 degrees
of freedom including warping. Alternatively,
shell elements should be used to model the
cross-section.

(5)  The section properties for the beam
elements adjacent to member intersections
should take into account the increased
stiffness due to the size of the joint region and
the presence of additional components (e.g.
gussets, splice plates, etc.).

(6) The stiffness properties of beam
elements used to model joint regions at angled
intersections  between open or hollow
members where their cross-sections are not
carried fully through the joint (e.g. unstiffened
tubular nodes), or where the constructional
detail is semi-rigid (e.g. bolted end plate or
angle cleat connections), should be assessed



3 OONTOBMM  KIHIEBUM 3’€IHaHHAM  abo
3’€MHAHHS WIANOPKM 3 KYTUKIB), MOBHHHI
OILIIHIOBATHCS 3a JIONMIOMOTOI0  OOOJOHKOBHX
eneMeHTiB  a00 TpUeIHAHHS EIEMEHTIB  3a
JOTIOMOTO10 MPYXUH. [IpyXMHU TOBUHHI MaTu
e(pEeKTHBHY >KOPCTKICTh JJIsI KOXKHOTO CTYIEHS
cB00OIM, 1X KOPCTKICTh NMOBHHHA BHU3HAYATHUCS
3a JOMOMOTOI0 BHUIPOOyBaHb ab0 Mojeiei
000JIOHKOBUX €JIEMEHTIB 3’ €THAHHS.

(7)  Skmo OanouHi SJIEMEHTH
BUKOPHUCTOBYIOTHCS JUIs MO/IEJTIOBAHHS
KOHCTPYKIIIi 3 €KCIIEHTPUCUTETAMU MK OCSMH
eJIEMEHTIB Ha 3’ ¢OHAHHAX abo SIKIIIO
HAaBaHTAXXEHHS Ta OOMEXEHHS IPHUKIAJAI0ThCS
70 €JIEMEHTIB HE€ Ha IiX OciX, TO Ha JaHHX
MO3ULISAX CJI1JI BUKOPUCTOBYBaTH €JIEMEHTU 3
KOPCTKUM 3 €IHaHHSAM, 1100 MIATPUMYBaTH
HEOOX1IHy CTaTU4YHy pIiBHOBary. 3a MoTpeOu
HEOOXIZIHO BUKOPHCTOBYBaTH TMPYXHUHHU, SK
BKazyethbes y (6).

5.1.3 Buxopucmanns MeMOPAHHUX,
000/10HKOGUX Ma MEEPOOMiIUX elieMeHmie

(1) MemOpansi CIIEMEHTH MOBUHHI
3aCTOCOBYBATHCSl  JIMIIE JO THX  YacTHH
KOHCTPYKI[il, B SKHX MOXHA HEXTyBaTH
3TMHAJBHUM HAIMPYKECHHSM.

(2)  O6onoukoBi CIIEMEHTH MOBHMHHI
3aCTOCOBYBATUCSA JIO BCIX THITIB KOHCTPYKIIIH,
OKpIM THX, JI¢ BUKOPHUCTOBYIOTHCS JINTI, KOBaHi
a00 MaIllMHHI €JIEMEHTH CKJIaaHOi (OpPMH, IO
BKJIFOYAIOTh TPUBHUMIPHI IUISHKH HAlpyXeHb. Y
TAKOMY BHITQJIKy CIIiJ] BAKOPUCTOBYBATH TBEPIi
CIIEMEHTH.

(3) Skmo wmemOpanHi abo  000JOHKOBI
CJICMCHTH  BHUKOPHUCTOBYIOTBCS B paMKax
3araJlbHOTO ~ PO3paxyHKy [uUisi  TOTO, 100
pUMaTH B pO3paxyHOK 3arajibHy
KOHLIGHTpAILIII0 HANpYXeHb, MOIIOHO 10 THIO,
o BKa3aHo Yy 5.2.2, po3Mmip siUEHKH CITKU
MOBUHEH OyTH JOCTaTHHO MM B Tid 4acTUHI
CIIEMEHTY, e MOKJIHBE BUHUKHEHHS
MOIIKOKEHD, 1100 IMOBHICTIO OLIIHUTHU BILIMB.

Mpumitka. us. Jonatok D.

5.2  Kaacudikanisi HanpyxeHb

5.2.1 3azanvui nonosrxcenns

(1)  MoxXyTh BUKOPUCTOBYBATHUCS TPU PI3HUX
TUIH HAIPY>KEHb:

a) HominanbHe HampyxeHHsd, [uB. 5.2.2.

JACTY-H b EN 1999-1-3:201X

either using shell elements or by connecting
the elements via springs. The springs should
possess sufficient stiffness for each degree of
freedom and their stiffness should be
determined either by tests or by shell element
models of the joint.

(7)  Where beam elements are used to
model a structure with eccentricities between
member axes at joints or where actions and
restraints are applied to members other than at
their axes, rigid link elements should be used
at these positions to maintain the correct static
equilibrium.  Similar springs as in (6)
should be used if necessary.

5.1.3 Use of membrane, shell and solid
elements

(1) Membrane elements should only be
applicable to those parts of a structure where
out-of-plane bending stresses are known to be
negligible.

(2) Shell elements should be applicable to
all structural types except where cast, forged
or machined members of complex shape
involving 3-dimensional stress fields are used,
in which case solid elements should be used.

(3)  Where membrane or shell elements are
used within the global analysis to take account
of gross stress concentrating effects such as
those listed in 5.2.2, the mesh size should be
small enough in the part of the member
containing the initiation site to assess the
effect fully.

NOTE: See Annex D.
5.2 Types of stresses

5.2.1 General

Q) Three different types of stresses may
be used, namely:

a) Nominal stresses, see 5.2.2. For derivation
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OtpumaHHs 3HA4YEHb HOMIHAJILHOTO

HanpyXeHHs 1uB. y 5.3.1;

b) Moau¢ikoBaHe HOMIHAIbHE HANPYXCHHS,
TIUB. 5.2.3. OTtpumanHs 3HAauY€Hb
MOM(IKOBAaHOTO HOMIHAJIILHOTO HAIPYKEHHS
muB. y 5.3.2;

C) MaKCHMAaJIbHI MICII€B1 HaNIPY>KEeHHs, AUB. 5.2.4
Ta 5.3.3.

5.2.2 HominanvHi HANpyy ceHHs

(1)  HowminanbHi HanpyXeHHS (auB. puc. 5.2 )
MOBUHHI  BUKOPUCTOBYBaTHCS  JUISl  OLIHKHU
TIISTHOK BHHUKHEHHS TIOIIKO/PKEHb B IMPOCTHX
eIIEMEHTax Ta 3’ €THAHHSX, SKIIO JOTPUMYIOTHCS
HACTYITHI YMOBH:

a) KOHCTPYKIIHHI  jgeTtanmi, 3’€mHaHi 3
TUTSTHKaMHU BUHUKHEHHS HOIIKO/KCHb,
MIpe/ICTaBJIeH] JeTalli30BaHUMH KaTeropisiMu, abo

b) JieTani3oBaHi KaTeropii Oyu
BCTAHOBJIEHI ~ BUINPOOYBaHHSAMH, B  SKHX
pe3yibpTaTH BHpaKEH1 B MOKa3HUKAX

HOMIHAJIFHOTO HAIPY>KEHHS.
IlpumiTtka. BunpoOyBaHHS  TOBHMHHI  HPOBOJIUTHUCS

BiZIMOBiHO 10 BKa3iBok Jlomatky C.

C) noou3y TUTSTHOK BHUHUKHCHHS
MOIITKO/KEHh HEMa€ 3arajlbHUX T'€OMETPUYHUX
BIUIMBIB, TAKMX, K BKa3aHiy 5.2.3.

5.2.3 Mooudghikosani
HAnPysHceHHs

HOMINAIbHI

(1) MoaudikoBani HOMIHAIBHI HAIPYKCHHS
MOBHHHI ~ BUKOPUCTOBYBATHUCS B MICIAX
HAsSIBHOCTI HOMIHAIbHUX HAIMPYXEHb, A€ IUISTHKA
BUHUKHEHHS MOIIKO/KCHb 3HAXOSThCS
nmobmm3y oaHoro abo OUIbIlE HACTYIHHX
TCOMETPUYHUX BIUIUBIB KOHIICHTpAITiT
HATPY)KEHHsI, TMPH YMOBI, IO BPaXOBYKTHCS
nyHkTH 5.2.1(a) Ta (b):

a) 3arajibHi  3MiHH (OpMH TIOMEPEYHOTO
nepepizy, HalpuKiIaa, mpopizu abo BXiIHI KyTH;

b) 3arajibHi  3MiHM JKOPCTKOCTI HaBKOJIO
MOTIEPEYHOTO TMepepizy eleMeHTa B HEXKOPCTKUX
KYTOBUX 3’ € THAHHAX MDK BIIKpUTUMU
nepepizaMu ab0 MyCTOTUTUMH NPOPLIAMH;

c) 3MIHU HanpsIMKy a00 BUPIBHIOBaHHS, IO
NEPEeBUIIYIOTh 3HAYEHHS, BKa3aHi B TaOIMIAX
JIeTali30BaHUX KaTeropiit;

d) 3aIi3HEeHUH 3CyB Ha IIUPOKIN TUINTI,
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of nominal stress see 5.3.1;

b) modified nominal stresses, see 5.2.3. For
derivation of modified nominal stresses see
5.3.2;

c) hot spot stresses, see 5.2.4 and 5.3.3.

5.2.2 Nominal stresses

(1) Nominal stresses, see Figure 5.2 should
be used directly for the assessment of
initiation sites in simple members and joints
where the following conditions apply:

a) the constructional details associated
with the initiation site are represented by detail
categories, or

b) the detail category has been established
by tests where the results have been expressed
in terms of the nominal stresses;

NOTE: Tests should be in accordance with Annex C.

C) gross geometrical effects such as those
listed in 5.2.3 are not present in the vicinity of
the initiation site.

5.2.3 Modified nominal stresses

(1) Modified nominal stresses should be
used in place of nominal stresses where the
initiation site is in the vicinity of one or more
of the following gross geometrical stress
concentrating effects (see Figure 5.2) provided
that conditions 5.2.1(a) and (b) still apply:

a) Gross changes in cross section shape,
e.g. at cut-outs or re-entrant corners;

b) gross changes in stiffness around the
member cross-section at unstiffened angled
junctions between open or hollow sections;

c) changes in direction or alignment
beyond those permitted in detail category
tables;

d) shear lag in wide plate;



Mpumirka. Jus. EN 1999-1-1, K.1.
e) nedopmaltist MyCTOTUTUX €IIEMEHTIB;

f) BILJIMB HEJTIHIHHOTO MOTIEPEYHOT0 3TUHY B
THYYKHX IUIOCKMX IUINTaX, Hamnpukiag, B
nepepizax kmacy 4, B SAKHX CTaTHYHE
HaBaHTAXKEHHS  HAOMKEHe 70  TMPYKHOTO
KPUTHYHOTO HABAHTAXEHHS, HANPHUKIAL, Y
TISTHKaX PO3TATY B CTIHKAX.

Ipumitka. us. Jlonatok D.

2 BuieBkazani  TeoMeTpHuYHI  BIUIUBU
KOHLIEHTpallli Halnpy>KeHb MOBHHHI NMPUHAMATHUCS
B PO3paxyHOK 3a JIONOMOroro koediuieHty K,

JUB. PHUCYHOK 5.2, 10 BHU3HAYAETHCS SIK
TEOpPETUYHA KOHIIEHTpAllll HaNpYKEeHHs, 10
BUpaxyBaHa  Juid  JIIHIMHOTO MIPYKHOTO
Marepiany, ©e3 ypaxyBaHHS YyCIX BIUIMBIB
(JlokampHMX a00 TEOMETPUYHHUX), SKI BXKeE
BKJIIOUEHI B KpHUBY  BTOMH Ao —-N
KJacu(piKOBaHOT KOHCTPYKLIHHOT JeTaii, o
PO3IIIAIAeThCA K CTaHJapTHA.

5.2.4 MaxcumanvHi micyesi HanpysceHHs

(1) MakcumanbHi  MicleBI  Hampy:KEHHS
MOBUHHI ~ BUKOPHCTOBYBATHCS  JIMIIE  TIPH
JTOTPUMaHHI HACTYITHUX YMOB:

a) TiNsTHKA, /16 BUHUKA€E HANPYXCHHS — I
KpOMKa 30BHIIIHBOI MOBEPXHI 3BApHOTO IIIBa B
3’€¢MHAHHI 3  CKJIAJHUMH  TE€OMETPHYHUMH
XapaKTepUCTUKAMU, JIe HOMIHAJIbHE HAIIPY)KCHHS
YiTKO HE BU3HAYCHO.

[pumitka. Yepe3 3HAYHMI BIUIMB 30HHU, ILI0 3a3HAE
BHUCOKOi ~ TEMIIEpaTypd, Ha MIIHICTh 3BapIOBaHUX
AFOMIHIEBUX  KOMIIOHEHTIB, JOCBI  eKcIuTyartarii
CTAIbHUX KOHCTPYKLIWHHUX Jerajieil He MIAXOAUTH st
AITIOMIHISL.

b) JIeTAII30BaHa KaTeropis TS
MAaKCHMaJIbHOTO MICIIEBOTO HaINpyXCHHS
BH3HAYCHA 3a JIOIOMOIOK BHUIIPOOYBaHb, a
pe3yabTaTh BHpaXeHi B IMOKa3HUKaX
MaKCUMaJIbHUX  MICIIEBUX  HANPYXEeHb IS
BIJIOBIAHOTO PEKUMY (DYHKIIIOHYBaHHS;

C) 3TUHAJIBHI ~ HANpYXeHHA  OO0OJIOHKU
BUHUKAIOTh Y  PYXOMHX  3’€JHAHHAX 1
BpPaXOBYIOThCS BIAMOBIIHO /10 to 5.1.2 (6);

Mpumirka. {us. lonatku C, D Ta K.
d) Ma”Hl  I0J0 OTpUMaHHS

MaKCUMAaJIbHUX MICIIEBUX
3HaxonAThesA y 5.3.3 Ta 6.2.4.

3HAYEHb
HarpyXeHb

JACTY-H b EN 1999-1-3:201X
NOTE: See EN 1999-1-1, K.1.

e) distortion of hollow members;

f) non-linear out-of-plane bending effects
in slender flat plates, e.g. class 4 sections,
where the static stress is close to the elastic
critical stress, e.g. tension-field in webs.

NOTE: See Annex D.

(2) The above geometrical  stress
concentrating effects should be taken into
account through the factor K, see Figure 5.2,

defined as the theoretical stress concentration
evaluated for linear elastic material omitting
all the influences (local or geometric) already
included in the Ac— N fatigue strength curve
of the classified constructional detail
considered as a reference.

5.2.4 Hot spot stresses

(1) Hot spot stresses may be used only
where the following conditions apply:

a) The initiation site is a weld toe in a
joint with complex geometry where the
nominal stresses are not clearly defined;

NOTE: Due to the large influence of the heat affected
zone in the strength of welded aluminium components,
the experience from structural steel details is not
generally applicable for aluminium.

b) a hot spot detail category has been
established by tests and the results have been
expressed in terms of the hot spot stress, for
the appropriate action mode;

c) shell bending stresses are generated in
flexible joints and taken into account
according to 5.1.2 (6);

NOTE: See Annexes C, D and K.

d) for derivation of hot spot stresses see
5.3.3and 6.2.4.
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a) MicueBa KOHIEHTpAIisi HATPYKeHb Y KPOMIi 30BHIIIIHBOI MIOBEPXHi 3BAPHOr0 LIBA;

1-30Ha BUHMKHEHHS TPilMHYU; 2 — TiHIHAHA PO3MOIiT HABaHTAKeHHs1, Koe(illieHT HANPYKEHHS IJI8 KPOMKH
30BHIIIHBOI MOBEPXHi 3BAPHOIO IIBA HA Z He PO3PaXOBaHM

a) Local stress concentration at weld toe;
1- crack initiation site; 2 — linear stress distribution, weld toe stress factor at z not calculated
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b) 3aranbHa KoHUEHTpaWis HANIPY)KEeHHS] HA BEJIMKOMY OTBOPi
Ac = fiana3’oH HOMiHAJLHUX HANpPYKeHb; AcK = gianazon MoaM(iKOBAHMX HOMIHAIILHUX HANPYKEHb HA

NiNsTHUi BHHUKHEHHS X, 110 CIPHYMHEHI BEJIUKHM OTBOpPOM.; 3 —HeJliHiiiHe Hanpy:KeHHsi; 4 — 3BapHMii oB; 5 —
BeJIUKHI OTBIp

b) Gross stress concentration at large opening
Ao =nominal stress range; AcK, =modified nominal stress range at initiation site X due to the

opening; 3 — non-linear stress distribution; 4 — weld; 5 — large opening

¢) Micite sK0pCTKOro 3’€THAHHS ;
Ac = niana3oH HOMiHAJALHUX HANpyKeHb ; AcK = nianazon MoaupikoBaHUX HOMIHAJILHAX HANPY/KEHb HA
OUISIHII BUHUKHEHHs X, 0 CIPHYUHEHi reOMeTPHYHUM BILIMBOM KOHLEHTPalii HABAHTAKeHb
¢) Hard point in connection;
Ao =nominal stress range; AcK, = modified nominal stress range at initiation site X due to the

geometrical stress concentration effects
Pucynok 5.2- [lpuxiaay HOMIiHaJIBHUX Ta MOAU(IKOBAHUX HOMIHAJILHUX HAIPYXKEHb.
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Figure 5.2— Examples of nominal and modified nominal stresses.

5.3  OTpuMaHHS 3HAYeHb HANPYKEHb

5.3.1 Ompumanna 3nauenv HOMIHATbLHUX
HanpyceHb

5.3.1.1 Koncmpyxyitini ~ mooeni, 8  AKux
BUKOPUCTNOBYIOMbCSL OANOYHI eleMeHmu

1) OcbOBI Ta JOTHMYHI HANPYKECHHS B
MICIIi BAHUKHEHHSI TIOBUHHI PO3PaxOBYBaTHC
3 OCBhOBUX, 3THHAJIBHHUX, 3CYBHHX Ta
KPYTUJIbHUX BIUIMBIB 3a JOMOMOTOI0 JIHIMHUX
MPY>KHUX BIACTUBOCTEH TEepepizy.

(2) Mnomi momepedyHux TepepiziB  Ta
MMOKa3HUKHM Iepepi3iB MOBUHHI BpPaxOBYBaTH
Oyab-sIK1 crieniajgbHl BUMOTH KOHCTPYKLIHHOT
JeTall.

5.3.1.2 Koucmpykyitini moodeni, 6 sAKux
BUKOPUCTNOBYIOMbCS MeMOPaHHi, 000JIOHKOGI
abo meepoomini enemernmu

(1)  Sxmuro po3noji 0OCKOBOTO HANPYKEHHS
€ JIHIHHUM Y3JI0BX Iepepidy eJeMeHTa IIo
000M OCsIM, TO HaNpy)KEHHs Ha JIUISHII
BUHUKHEHHS MOXYTh BHKOPHUCTOBYBATHUCS
0e31mocepeTHbO.

(2)  SIkmro po3moaiT 0CHOBOTO HAMPYKEHHS
€ HeNIHINHUM Y3JI0BX Tepepi3y eIeMeHTa o
000M OCsIM, TO HalPY)KCHHS y3J0BX Iepepizy
MoBUHHI Oyt 00’emHaHi, MO0 OTpUMaTH
OCbOBI1 3YCHJIJISl Ta 3TMHAJIbHI MOMEHTH.

Mpumirka. Bueskasani 3HAYECHHS IIOBUHHI
BUKOPUCTOBYBATUCA Yy TIO€JHAHH1 3 BI1AIIOB1JHOIO

30HOI0 TIONMEPEYHOr0 Mepepisy Ta MOKa3HHKaMU
nepepisiB, 00 OTPUMATH HOMIHAJIbHI HATIPY)KEHHSI.

5.3.2 Ompumanna 3nauenv moougikosanux
HOMIHAILHUX HANPYIHCEHD

5.3.21 Koncmpykyiuui mooeni, 6 AKUX
BUKOPUCMOBYIOMbCSL OANOYHT efleMenmu

(1) HowminampHe HampPyXEHHS [MOBHHHE
OyTH TIOMHOXEHO Ha BIANOBIAHI KOEQIIIEHTH
KOHIEHTpalii mpyxkHoro Hanpyxenns K

BIMOBIAHO 7O  pO3TAIllyBaHHS  JIUISTHKU
BUHUKHEHHSI 1 TUIY TIOJI HANIPY>KEHHS.

2 K,

reOMETPUYHI HEOJHOPITHOCTI, OKpPIM THX, SIKi
BKJIIOYEHI B JIeTAJII30BaHy KaTEropito.

ITOBUHCH BpaxOBYyBaTUu y'Cl

5.3 Derivation of stresses

5.3.1 Derivation of nominal stresses
5.3.1.1 Structural models using beam elements

(1)  The axial and shear stresses at the
initiation site should be calculated from the
axial, bending, shear and torsional action
effects at the section concerned using linear
elastic section properties.

(2)  The cross-sectional areas and section
moduli should take account of any specific
requirements of a constructional detail.

5.3.1.2 Structural models using membrane,
shell or solid elements

(1)  Where the axial stress distribution is
linear across the member section about both
axes, the stresses at the initiation point may be
used directly.

(2)  Where the axial distribution is non-
linear across the member section about either
axis, the stresses across the section should be
integrated to obtain the axial force and
bending moments.

NOTE: The latter should be used in conjunction with

the appropriate cross-sectional area and section moduli
to obtain the nominal stresses.

5.3.2 Derivation of modified nominal

stresses

5.3.2.1 Structural models using beam element

(1) The nominal stresses should be
multiplied by the appropriate elastic stress
concentration factors K, according to the

location of the initiation site and the type of
stress field.
(2) K, should take into account all

geometrical discontinuities except for those
already incorporated within the detail
category.
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€)) th IOBUHEH BU3HAYATHUCS BIIIIOBIAHO

JI0 OJTHOTO 3 HACTYITHHX MiIXO/IIB:

a) CrannmapTHi BHUpIIEHHS Uil KOC]ILi€HTIB
KOHIICHTpAIlii HAIPY>KEHHS;

Mpumirka. {us. D.2.

D) posmonin Ha MINKOHCTPYKII OTOYyHOYOi
reoMeTpii  BUKOPUCTOBYIOUH  OOOJIOHKOBI
€JIEMEHTH 3  BpaxyBaHHiAM (2), Ta
MPUKIAJIA0Y HOMIHAJIbHI HANPYKEHHS 0
IPaHHUIIb;

C) BHUMIpDIOBaHHSA TPYXKHHX Jae(opmarrii
GbBUYHOT Mozenmi, IO BKIIOYAE 3arajibHl
F€OMETPUYHI ~ HEOJHOPIIHOCTI,  ajne  He
BKJIIOUAE XapaKTEPUCTUKH, K1 BXKE BHECEHI B
JieTani3oBany KaTeropiro (auB. (2)).

5.3.2.2 Koucmpyxyitini modeni, 6 sAKux
BUKOPUCTNOBYIOMbCS MeMOPaHHI, 000I0HKOGI
abo meepoomini enemenmu

(1) Sxmo mMomudikoBaHE  HOMIHAIBHE
HampyXeHHs TOBUHHE OyTH BH3HAa4YeHE 3a
JOTIOMOTOI0 ~ 3arajJlbHOrO  pPO3paxyHKy Ha
JUISHI BUHUKHEHHS, BOHO Ma€ 00MpaTUCs Ha
HACTYMHIN OCHOBI:

a) JOKaJIbHI KOHIIEHTPAIIil HalIPY)KEeHb, TaKi SIK
Halpy>KeHHs KOHCTPYKIIHHOT nmerani abo
3BapHOr0 mpoQuTo, SKi BXKE BKIIOYCHI B

JNETAT30BaHy  KaTeropito, HE  TMOBHUHHI
BPaxOBYBATHCS;
b) suciixa B  OIAHII  BUHUKHEHHS

MOIIKOJDKCHHSI  TIOBHHHA OYTH  JIOCTaHbO
HEBEJIMKA JUIA TOro, o0 IONepeuTH
BHHHKHCHHS 3araJIbHOTO I0JIS HAIPYKCHHS B
30HI HaABKOJO JUISHKH, HE BKIIOYAIOYU
BILIKBH ().

Mpumitka. dus. D.1.

5.3.3 Ompumannsa 3nauenv MaKCUMAIbHUX
Micyesux HanpyceHv

(1) MakcumasibHe MiCIICBE HATIPYXEHHS —
IIC TOJIOBHE HANPYKEHHS MEPEBAKHO IOTEPEK
JiHIi KPOMKM 3BapHOTO IIBa 1 IOBUHHO
BUPAXOBYBATHUCh 32 JIOTIOMOT'0I0 YHCETbHUX a00
eKCIIEPUMEHTAIBHUX METOMIB, OKpPIM BHIAJKY,
KOJIM HasiBHI CTaHIapTH1 BUPILICHHSL.

Mpumitka. us. D.1

2 Jns  mpocTUX BUMANKIB, SK Ha
pucynky 5.2 (C), MakcuMaimbHEe MicCIIeBe
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3) K, should be determined by one of
the following approaches:

a) Standard solutions for stress concentration
factors;

NOTE: See D.2

b) substructuring of the surrounding geometry
using shell elements taking into account (2),
and applying the nominal stresses to the
boundaries;

c) measurement of elastic strains on a physical
model  which incorporates the gross
geometrical discontinuities, but excludes those
features already incorporated within the detail
category (see (2)).

5.3.2.2 Structural models using membrane,
shell or solid elements

(1)  Where the modified nominal stress is
to be obtained from the global analysis in the
region of the initiation site it should be
selected on the following basis:

a) Local stress concentrations such as the
classified constructional detail and the weld
profile already included in the detail category
should be omitted;

b) the mesh in the region of the initiation site
should be fine enough to predict the general
stress field around the site accurately but
without incorporating the effects in (a).

NOTE: See D.1.

5.3.3 Derivation of hot spot stresses

(1) The hot spot stress is the principal
stress predominantly transverse to the weld toe
line and should be evaluated in general by
numerical or experimental methods, except
where standard solutions are available.

NOTE: See D.1.

(2 For simple cases, as the one shown in
Figure 5.2 (c), the hot spot stress may be



HAIPYXKEHHA MOXe OyTu mpuiHATO SIK
MOJU(IKOBaHE HOMIHAJIBHE HAMPYKCHHS Ta
mipaxoBaHo y BiAMOBiIHOCTI 3 5.2.3.

(3)  Ana KoHCTPYKUIHHUX KOHQIrypariu,

10 AKUX HEMOJKIIUBO 3aCTOCYBaTH
CTaHAapTHI  Koe(]iieHTH  KOHUEHTpamil
Halpy>KeHHs, 1 sKi 3 M€l TpPUYIHHH
BUMAaraloTh  CIEUIaTbHOTO  PO3paxyHKY,

BTOMHE HANPYKCHHS HAa KPOMII 3BapHOTO
IIBa HE IIOBUHHE BpaxOBYBaTH BILIUB
KOHLIEHTpalil  HampyXeHHsd, TOMY  LIO
KJIacu(ikoBaHa  KOHCTPYKI[IHHA  JeTaib
pO3IIIAJa€cTbCsl K CTaHAApTHA, TOOTO 3
F€OMETPUYHUMHU  BJIACTUBOCTSAMU  KPOMKH
3BapHOTO MIBA.

5.3.4 Opienmauin nanpysicenus

Q) Jliarma3oH roJIOBHOTO HAMPYXKCHHS — 1€
HalOpIa  anreOpaiuHa  pI3HUIS — MIK
TOJIOBHUMH HAINPY)KCHHSIMH, IO JIOTh B
TOJIOBHIA TUIONIMHI 3 PI3HUICIO HE OLIbIIe,
HiK 45°.

(2) 1llo6 omiHWTH, B SKOMY TOJIOKEHHI
(mepriepneIMKyJIIPHOMY YH  ITapaieIbHOMY)
3HAXOJUThCA KOHCTPYKIIHHA JIeTallb  TI0
BIIHOIIIEHHIO JI0 OC1 3BapPHOTO IIIBa, HEOOXITHO
BpPaxOBYBaTH, IO SKIIO T'OJOBHE PO3TATYIOUE
HANPY)KCHHsI 3HAXOAMTHCS ITiT KYyTOM MEHIIIE,
HDK 45° MO BITHOIIEHHIO IO OCI 3BapHOTO
IBa, TO TPUHAMAETHCS JOMYIICHHS, IO
MTOJIOKCHHS JICTalli apajielibHe.

5.4  Jliama3oHu HANPY:KeHb JJIs1 OKPeMHUX
iSTHOK BHHUKHEHHSI HANIPY:KeHb

5.4.1 OcHnosnuit mamepian, 36apHi wieu ma
MeXaHiuHOo 3aKpinaeni 3’ €OHanHA

(1)  Tpimubyu, MO 3ABASIOTHCS HA KPOMII
3BapHOTO MIBAa, BEPXHI YacTHHI 3BapHOTO
IIBa, OTBOPAxX KPIMMJIBHUX JeTaleH, OBEPXHI,
IO CTHUPAETHCS 1.T.J. Ta PO3IOBCIOKYIOTHCS
0 OCHOBHOMY Marepianry abo wmerairy
3BapIOBAaHHS, IIOBMHHI  OLIIHIOBATUCS  3a
JI0TIOMOT OO0 BUKOPUCTaHHS mianasoHy
OCHOBHMX Hampy>KeHb B €JIEMEHTI B Liif TOYI
(muB. puc. 5.3).

2 Brumis MiceBoi KOHIICHTpAIIii
HamnpyKeHb 3BapHoOro mpo¢umo, Oonra Ta
OTBOPIB 3aKJEMKH BPAXOBYEThCS B JaHHUX
MirHOCTI Ao —N ans BiAmoBimHOT Kareropii
KOHCTPYKIIHHOT JeTalIi.

JACTY-H b EN 1999-1-3:201X

taken as the modified nominal stress and
calculated according to 5.2.3.

3) In general, for structural
configurations for which standard stress
concentration factors are not applicable and
which therefore require special analysis, the
fatigue stress at the weld toe should omit the
stress concentration effects due to the
classified constructional detail considered as
a reference, i.e. the weld toe geometry.

5.3.4 Stress orientation

(1)  The principal stress range is the
greatest algebraic difference between the
principal stresses acting in principal planes no
more than 45° apart.

(2) For the purposes of assessing whether
a constructional detail is normal or parallel to
the axis of a weld if the direction of the
principal tensile stress is less than 45° to the
weld axis it should be assumed to be parallel
to it.

5.4  Stress ranges for specific initiation
sites

54.1 Parent material, welds and
mechanically fastened joints

(1) Cracks initiating from weld toes, weld
caps, fastener holes, fraying surfaces, etc. and
propagating through parent material or weld
metal should be assessed using the nominal
principal stress range in the member at that
point (see Figure 5.3).

(2)  The local stress concentration effects
of weld profile, bolt and rivet holes are taken
into account in the Ac— N strength data for
the appropriate constructional detail category.
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5.4.2 Kymogi weu ma cmuxoei weu 3
HENnoGHUM NPOBAPOM

(2 TpimuHM, MO 3SIBISIOTHCS HA KOPEHI
3BapHOTO IIBA 1 PO3MOBCIOKYIOTHCS IO
TOBIIHHI 3BapHOTO 11Ba, MOBUHHI
OIIIHIOBATHCS 3a JOMOMOTOI0 CYMH BEKTOPIB
D, HampyxeHb B MeTajl 3BapIOBaHHS, IO
0a3yeThCsl HA €PEKTUBHIN TOBIIMHI IIIBA, JTUB.
pUCYHOK 5.3.

I[IpumiTka. HopMarbHe 3HaYCHHS BEITUYMHHU MIITHOCTI
MO)XHa  OTPUMYBAaTH  TaK, sK  T[OKa3aHO B
KOHCTPYKIIiHHI# netani 9.2, Tabmurs J.9.

5.4.2 Fillet and partial penetration butt welds

(1) Cracks initiating from weld roots and
propagating through the weld throat should be
assessed using the vector sum D, of the
stresses in the weld metal based on the
effective throat thickness, see Figure 5.3.

NOTE: The reference strength value may be taken as
in constructional detail 9.2, Table J.9.

P AG ~ \ ﬂ’
\ PER
\
Hy, ‘ \
| Hy \
\ v S ) { ) 2acr
/ aeﬂ"( > Feft '.| ‘.' ﬂ|
|
P, Ta H,, - cnin Ha OIMHHYHY TOBKUHY
P, and H,, are forces per unit length
Pucynok 5.3 - HanpyxeHHs B TOBIIMHI 3BapHOTO IIBa
Figure 5.3 — Stresses in weld throats.
(2) B 3’emHaHHAX BHAMyCK B  OJHIA (2) In lapped joints in one plane the stress

IUIOUIMHI HAMPY>KEHHS HAa OAMHUYHY JOBXHUHY
MOXe OyTH pO3paxOBaHO Ha OCHOBI CEpETHBOT
IOl JUIsl OCBhOBUX CHJ Ta TPYKHOTO
MOJISIPHOTO TIOKa3HUKa 3BapHOi TPymu IS
MOMEHTIB B IUIONIWHI (JIUB. pUCYHOK 5.4).

Mpumirka. HopmasbHe 3HAYEHHS! BEIWYUHH MIIHOCTI

MOXKHA ~ OTPUMYBaTH  TaK, sK [OKa3aHO B
KOHCTpYKIiHHIN feTani 9.2, tabnuis J.9.
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per unit length of weld may be calculated on
the basis of the average area for axial forces
and an elastic polar modulus of the weld group
for in-plane moments (see Figure 5.4).

NOTE: The reference strength value may be taken as
in constructional detail 9.2, Table J.9.
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1 — kyTOBHii IOB; 2 — 30HA 3’€IHAHHS BHAIYCK Posnonin Po3noain HanpyskeHHs,
1 fillet weld: 2 — lapped area HAIpY:KeHHs, cnpu4uHenuii Momentom M =F,
CIpUYMHEHMIT

5.4 —
5.4 —

Pucynox
Figure

5.5

(1) Ominka BTOMH TOBHHHA BKIIIOYATH
MOBEPXHIO  pyWHYBaHHS Y  IUIOMIMHI
3’ cqHAHHS.

Anresiiigi 3°eqHanusa

Hpumitka. Jlus. lonatok E.

5.6

(1) ITorpibHO BHUKOPHUCTOBYBATH OCHOBHI
MiCIIeBl HampyKeHHs. Mo)ke BHUHUKHYTH
norpeba y  OCTaTOYHOMY  PO3PaXyHKY
HaIpy>KEeHHs a00 BUMIpIOBaHHI Aedopmariiii y
BUIAJKY CKIagHOT (opmu, SKIIO Hemae
CTaHJAPTHHX PIllICHb.

5.7
@ Meromu A TiAPaxXyHKY — IHUKJIIB

Jiara3oHiB HAMpPYXEHHs 3 METOI0 OTPUMAaHHS
CIIEKTpIB HaNpyXeHHs HajaH1 y JlonaTky A.

JluBapHi cniiaBu

CrekTpH HANPYKEeHHS

5.8  Po3paxyHok Aianazony
€KBiBaJI€eHTHOI'0 HANPYKeHHS s
CTAaHJAPTH30BAHUX MoOJeJiel  BTOMHOIO
HaNpY:KeHHsA

5.8.1 3azanvui nonosrcenns

(1) sk 3asamageno y EN 1991, orminka
BTOMM JUIi  CTAaHAAPTU30BAHUX BTOMHHUX
HaBaHTAX€Hb TOBHMHHE BHMKOHYBaTHCS 3a
JIOTIOMOTO}0 OJTHOTO 3 HACTYIMHUX MiIXOIB:

3CyBHOIO cujiow F

Stress distribution
due to shear force F

Stress distribution due to

moment M =F,

HanpyxeHnHs y 3" €lHaHHSAX BHAIMYyCK
Stresses in lapped joints.

5.5

(1)  Fatigue assessment should
failure surface through the bond plane.

Adhesive bonds

include

NOTE: See Annex E.

5.6

(1)  The principal geometric stress should
be wused. Finite stress analysis or strain
gauging in the case of complex shapes may be

Castings

required, if standard solutions are not
available.

5.7 Stress spectra

(1) The methods for cycle counting of

stress ranges for the purpose of deriving stress
spectra are given in Annex A.

5.8 Calculation of equivalent stress range for
standardised fatigue load models

5.8.1 General

(1) The fatigue assessment for
standardized fatigue loads as specified in
EN 1991 should be carried out according to
one of the following approaches:
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a) HOMIHQJIBHUHM [Tialma30H HAaINpYKEHHS
JUTS KOHCTPYKIIMHKUX JeTanel, SKuii BKa3aHHi
B JICTaJIi30BaHii KaTeropii;

b) Jiana3zoHu Mo (piKOBaHOTO
HOMIHAJTLHOTO HANPYXEHHS , JI¢ BUHUKAIOThH
panToBi 3MIHH Tepepidy , L0 3HAXOAUTHCS
HEJIAJICKO BiJl JUITHKA BUHUKHCHHS
HaTpY)KEHHs, Ta SKi HE BKJIIOUEHI B JaHi PO
KOHCTPYKIIIHHY JI€TaJb;

C) Jiama30HU MICIIEBUX HAINPYXEHb, MPH
SIKUX BHUHUKAIOTh 3HAYHI nepenaau
HaNpyKeHHs HEMOAaJIK BiJ KDOMKHU 3BaApHOIO
1BA.

[pumitka. YV  HamioHanbHOMY JOZATKy  MOXE
HajaBaTtucs  iHQopMmaIls MO0  BUKOPHCTaHHS
Jiana3oHiB HOMIHATBHUX HANpPy)KeHb a00 Jiana3oHiB
MOIM(hiKOBAaHUX HOMIHAJILHUX HANPYKEHb

(2)  PoszpaxyHkoBe 3HAuUCHHs Jiala3oHy
Halpy>KeHb, SKE€ BUKOPUCTOBYETHCSA  JUIS
OIIIHKM BTOMH, IMOBUHHO OyTH 3 Jlama3oHiB
HanpyXeHb  yx A0y,  BIUIIOBIAHO [0

N, =2x10° muKmis.
5.8.2 Pospaxynxoee 3nauenHs Oianazomy
HanpysiceHb

(1)  PospaxyHkoBe 3HAauYCHHS Jiala3oHIB
HOMIHAIIbHUX HAMpyXeHb g AC., NOBHHHE

BHU3HAYATHUCA HACTYITHUM YHUHOM!

JUIS. HOMIHAJIbHOTO Hampy>KEHHS:

a) Nominal stress ranges for
constructional details shown in the detail
category information;

b) modified nominal stress ranges where
abrupt changes of section occur close to the
initiation site which are not included in the
constructional detail information;

c) geometric stress ranges where high
stress gradients occur close to a weld toe.

NOTE: The National Annex may give information on
the use of the nominal stress ranges or modified
nominal stress ranges.

(2)  The design value of stress range to be
used for the fatigue assessment should be the

stress ranges y. Ao, corresponding to
N. =2x10° cycles.

5.8.2 Design value of stress range

(1)  The design value of nominal stress
ranges y Ao, should be determined as

follows:
for nominal stress

Ve ACe , = A x Ay X A XAy x Ao , (75 Qy) (5.1)

TS MO T (HIKOBAHOTO HOMIHAJILHOTO

HaMpYXCHHS:

VrAoe,

ne: Aog, (7, Q)— KoediuieHT HanpyKeHHS,

SKAM 3aJ€KUTHh Bl BTOMHHMX HaBaHTa)KEHD,
o Bu3Haueni y EN 1991;

A — KoeiIieHTH €KBIBAJIEHTHOCTI

1
IOIKOKCHHS, 10 3aJISKATh BiJl CIIEKTPIB, SIK
BKa3aHO y BiAnoBiaHii yactuai EN 1991,

Ky
MpU3HAYCHU JJIs BpaxyBaHHS MiCIIEBOTO
3pOCTaHHA HANpYKEHHs, T[OB’A3aHOTO 3
T€OMETPUYHUMHU XapaKTePUCTHKAMHU JIETalll,
HE BKIIOYEHOTO Yy CTaHJapTHY KpPUBY
Ao, — N, nuB. Takox 5.3.2.1.

— KoeillieHT KOHIEHTpallii HalpyKeHHS,
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for modified nominal stress

=Ky Aoe, (5.2)

where: Ao , (7 Q,) is the stress range

caused by the fatigue loads specified in
EN 1991;

A — are the damage -equivalent factors

depending on the spectra as specified in the
relevant part of EN 1991;

Ky — is the stress concentration factor to take

account of the local stress magnification in
relation to detail geometry not included in the
reference Ao, —N curve, see also 5.3.2.1.



Ipumirka. SIkmo HeMae AOCTYNHHUX JAHUX OO A,

TO iHpOpMalis IOAO PpO3PaXyHKOBUX 3HAYEHb
JiarnazoHy — HalpyXKeHHS MO)KE€  HaJaBaTHCI Yy
HanionansHoMy nonatky.

6 BTOMHA MIIHICTb TA
JETAJI3OBAHI KATEI'OPIi

6.1  JerauizoBani kareropii

6.1.1 3azanvni nonosxcenns

Q) [TepeBipka aIeKBaTHOCTI OMOPY BTOMI
OCHOBYETbCS Ha 3HAUEHHSAX OIOpPY 3 psay
CTaH/IapTU30BaHUX JETali30BaHUX KaTeropii.
JletamizoBaHa KaTeropisi MoOXXe BKIIOYATH
0JIHy a00 Oulbllle YaCTO BUKOPUCTOBYBaHMX Ta
KJaci(piIKOBAaHUX KOHCTPYKLIMHUX JI€TaleH.
JleranizoBaHi KaTreropii HOBUHHI BU3HAYATUCS
3a iX CTaHJApPTHOI BTOMHOIO MIIHICTIO Ta
BUIMOBIIHUM 3HAY€HHSM IS 3BOPOTHHOTO
HaXWJy OCHOBHOI YacCTWHHU JIIHEAPU30BAHOTO
BigHOmEeHHA Ao.—N, a TakoX IOBHHHI

BIAIOBIiAATH ITOJIOKEHHAM 6.2.

6.1.2 @axkmopu, wo
demanizoeamny Kamezopiro

enjiuearonmbob Ha

(1) BromHa MIOHICTE KOHCTPYKIHHOT
JeTayi TOBWHHA BpaxOBYBaTH  HACTYITHI
(dhaktopu:

a) HampsAMOK TIEPEMIHHOTO  HampyKEHHs
BIJIHOCHO KOHCTPYKIIMHOT 1eTati;

b) posramryBaHHs ~ IUISHKA  BUHUKHCHHS
TPIIIUHU B KOHCTPYKIIHHIN JeTati,

C) reoOMETpHYHE PO3IMOJIOKEHHS Ta BiTHOCHA
MPOTOPITIF0 KOHCTPYKIIHHOT AeTAaTI.

2 BroMHa MINHICTP  3AJIEKUTH  Big

HACTYIMHUX (paKTOpIB:
a) hopma BupoOYy;

b) matepian (okpiM BHIAIKIB 3aCTOCYBaHHS
3BapIOBaHHSA);
C) METOJ1 BAKOHAHHS;

d) piBeHb sKOCTi (y BHIAgKax 3acTOCYBaHHS
3BapIOBaHHS Ta JIUTTH);

€) Tum 3’€HaHHS.
6.1.3 Koncmpykuiiani oemani

(1)  KoncrpykuiiiHi aerani
PO3MOAUISAIOTECS Ha HACTYNHI TPH OCHOBHI

JACTY-H b EN 1999-1-3:201X

NOTE: Where no appropriate 4, data is available,

information for the design value of stress range may be
given in the National Annex.

6 FATIGUE RESISTANCE AND
DETAIL CATEGORIES

6.1  Detail categories

6.1.1 General

(1)  The verification of adequate fatigue
resistance is based on the resistance values of
a number of standardised detail categories. A
detail category may comprise one or more
frequently used and classified constructional
details. The detail categories should be defined
by their reference fatigue strength and the
corresponding value for the inverse slope of
the main part of the linearised Ao, —-N

relationship, and should comply with the
provisions in 6.2.

6.1.2 Factors affecting detail category

(1)  The fatigue strength of a constructional
detail should take into account the following
factors:

a) The direction of the fluctuating stress
relative to the constructional detail;

b) the location of the initiating crack in the
constructional detail;

c) the geometrical arrangement and relative
proportion of the constructional detail.

(2)  The fatigue strength depends on the

following:
a) The product form;
b) the material

(unless  welded);

c) the method of execution;

d) the quality level (in the case of welds and
castings);

e) the type of connection.
6.1.3 Constructional details

Q) Constructional details may be divided
into the following three main groups:
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IPyIu:

a) MJIOCKI €JIEeMEHTH, 3BapIOBaHi €IEMEHTH Ta
00JITOBI 3’ € JHAHHS;

b) anresiiini 3’eqHaHHS;
C) JTUTI ETICMCHTH.

Mpumitka 1. Tlepenik neranizoBaHUX KaTeropii Ta
KOHCTPYKIIHHUX  JeTaJied 3  CHIBBiTHOIICHHIM
Ao, —N 11 BTOMHOI MIIHOCTI €JIeMEHTIB IpyIH a),

YyTIUBUX A0  TEMIepaTypu  HaBKOJHMIIHBOTO
Cepe/IOBUIIA 1 HE MOTPEOYIOUHMX 3aXUCTy IOBEPXHI
(muB. Tabmuimo 6.2), Hamaetbcs y Homatky J.
HarioHanpHMi  TOJATOK MOXXE BH3HAYaTH  IHIII
JIeTali30BaHi KaTeropii Ta KOHCTPYKLiHI aerani, a
TaKOX KpUTEpil WIUIBHOCTI JUISI TaKUX CIIEMEHTIB,
BpPaxoBYIOUU MIOJIO’KEHHS 6.1.2 Ta 6.3.
PexomeHnnyrotecs KaTeropii, HaJIaHi B
pexomennoBanomy Jlomatky J.

[pumiTka 2. HarioHanpHUMIA JTOJATOK MOXKE MICTUTH
JlaHi 00 KOHCTPYKIIHHKUX JeTaneil, sSKi He BKa3aHi y
Honatky J.

IIpumitka 3. Bka3iBKM 100 JIMTUX €JIECMCHTIB
MicTsaTbes y Jlomatky 1.

Ilpumitka 4. BkasiBku miono aare3idHux 3’€IHaHb
nuB. y Jonarky E.

6.2 XapakTepUCTHKH BTOMHOI MillTHOCTi

6.2.1 Knacugirxosani
oemanni

KOHCMPYKUIIHI

(1)  VYsaraapHeHna ¢opma CITIBBiIHOIICHHS
Ao, —N nmokazana Ha puc. 6.1, ne BOHO

HaHeceHe Ha Jorapudmuunmii rpadik. Kpusa
BTOMHOI MII[HOCTI IOKa3aHa CEPEIHBOIO
JIHIE0 MIHYC 2 CTaHJapTHE BiAXWJCHHS 3
EKCTICPUMCHTAIBHUX JTAHHX.

(2)  Po3spaxyHKOBE CHIBIIHOIIEHHS BTOMH
JUIS 3HOCOCTIMKOCTI B jiamazoni mik 10° 10
5x10° Bu3HAuaeTHCA 32 HOPMYIOIO:

N, = 2x10°

ne: N,

. —TiepenbayeHa KUIbKICTh LIUKIIB

Jiara3oHy HanpyxeHb AGi 10 pyHHYBaHHS;

Ao. — craH#apTHa BeIWYMHA BTOMHOIL
MIITHOCTI Tpu 2 X 10® nukax B 3a7MeXKHOCTI
Bil JAeTami3oBaHOi Kareropii, Jais  SKOi

CTaH/IapTU30BaHI BEIWYMHH HaJaHI B TaOIUII
6.1;
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a) Plain members, welded members and bolted
joints;

b) adhesively bonded joints;

C) castings.

NOTE 1: One set of detail categories and
constructional details with Ao, —N relationships for

fatigue resistance of group a) members subject to
ambient temperatures and which do not require surface
protection (see Table 6.2) are given in Annex J. The
National Annex may specify another set of detail
categories and constructional details together with a set
of consistence criteria for such members, taking the
provisions in 6.1.2 and 6.3 into account. The set of
categories given in Annex J is recommended.

NOTE 2: The National Annex may specify
constructional details which are not covered by Annex
J.

NOTE 3: For guidance on castings, see Annex I.

NOTE 4: For guidance on adhesively bonded joints,
see Annex E.

6.2  Fatigue strength data

6.2.1 Classified constructional details

(1)  The generalised form of the Ao, —N

relationship is shown in Figure 6.1, plotted on
logarithmic scales. The fatigue strength curve
is represented by the mean line minus 2
standard deviation from the experimental data.

(2)  The fatigue design relationship for
endurances in the range between 10° to 5x10°
cycles is defined by the equation:

ml

Ao, 1
AG; YV

(6.1)

where: N, — is the predicted number of cycles
to failure of a stress range Aci;

Ao. — is the reference value of fatigue

strength at 2 x 10° cycles, depending on the
detail category, where standardized values are
given in Table 6.1,

Ao, — is the stress range for the principal



Ao, — niana3oH HaNpyXeHb IS TOJOBHUX

HapyXeHb KOHCTPYKLIHHOT JeTani,

IMOCTIMHHUI U1 BCIX LUKIIIB;

m, — 3BOpOTHIM Haxun kpuBoi Ac—N B
3aJIeKHOCTI B/l IETAII30BaHOT KaTeTropii;

Ve — YaCTKOBHUH KOE(DIII€HT, MOMyCKar4nit

HETOYHOCTI B CHEKTPI HAaBaHTaXEHb Ta
PO3paxyHKY peaKIIii;
Vi —  YacTKOBUH  KOe(iUieHT A

HETOYHOCTEW B MaTepiail Ta BUKOHAHHI;

Ipumirka 1. 3Hadenss y., auB.y 2.4

Ipumirtka 2. 3HaueHHS YaCTKOBOTO KOE(DILli€HTa Jg

Il TeBHOI KOHCTpYyKLiifHOI Jerami Moxke OyTH
BU3HaueHe B  HamiomampHoMy — gomatky.  Jlis
OesneyHoro (yHKIIOHYBaHHS Ta I CTiMKOCTI 1O
MOIIKO/KEHb peKOMeH1yeThest KoedimieHt 1,0.

ITpumiTka 3. 3Ha4eHHSI YaCTKOBOTO KOE(DIILEHTA ¥,

IU1s1 aare3iiHuX 3’ eaHaHb quB. y JlomaTtky E.
Tadoauna 6.1—
Table 6.1-

JACTY-H b EN 1999-1-3:201X

stresses at the constructional detail and is
constant for all cycles;

m, — is the inverse slope of the Ac—N
curve, depending on the detail category;

ve — IS the partial factor allowing for
uncertainties in the loading spectrum and
analysis of response;

vw — IS the partial factor for uncertainties in
materials and execution.

NOTE 1: For values of y , see 2.4.

NOTE 2: The value of the partial factor y. for a

specific constructional detail type may be defined in the
National Annex. The value of 1,0 is recommended for
safe life design as well as for damage tolerant design.

NOTE 3: For the value of the partial factor y,, for
adhesively bonded joints see Annex E.

CranjaptuszoBaHi 3HaueHHs Ao, (H/mm?)
Standardized Ao, values (N/mm?)

| 140, 125, 112, 100, 90, 80, 71, 63, 56, 50, 45, 40, 36, 32, 28, 25, 23, 20, 18, 16, 14, 122 |

A |\
\ 2
\
N
1
AUC
c
AO’D ————————
i d
Aoy 2
2108 510°
N, ol [, N, | 1)
| | | |
104 108 108 107 108 108
N

a — KpUBa BTOMHOI MilTHOCTi; b — cTaHaapTHA BTOMHA MillHiCTh;

C — rpaHMIs BTOMH MOCTiifHOT aMIuTiTyau; d — rpaHMYHA MexKa
a — fatigue strength curve; b — reference fatigue strength;
¢ — constant amplitude fatigue limit ; d — cut-off limit
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Pucynox 6.1 -
Figure 6.1—
3) N, 1npum BIUIUBI NEBHUX YMOB

HaBKOJIMIIHBOTO CEpPEOBHIIA THB. Y 6.4.

(4) ) Po3paxyHKOBE CITiBiJHOIIICHHS BTOMU
JUISL 3HOCOCTIHKOCTI B miamasoni Mix 5x10° Ta
108 ukITiB BU3HAYAETHCA 33 (HOPMYIIOIO:

N, =5x10°

5) I'panuIs BTOMH MOCTIHHOT aMILTITY !
Ao, BusHauaeThes mpu 5X10° mukmax (s

npoctoro Mmatepiany — mpu 2X10° mukmax), i
HUOKYE 1I[l€] TpaHUIl UUKIM HaNpyXeHb
MOCTIHHOI ~ aMIUNITYAM  HE  BBaXKAIOThCSA
pyiHiBHUMHA. OJHAK, HABITh SKIIO BUIIAIKOBI
IUKIA OyAayTh BHIIE IILOTO PIBHSA, TO BOHHU
BHKJIMYYTh TaKe PO3MOBCIOPKCHHS TPIIMHH,
10 3MYCHTh HU3bKI IUKJIM aMILTITYAH CTaBaTH
pYHHIBHUMH. Yepes e 3BOPOTHII
Jorapu(MIuHUNA HAXWUJ OCHOBHOI KPHBOIL
Ao —N wmix 5x108 Ta 108 nukinamu moBuHeH
Oyru 3MIHEHMH A0 M, MNpH BIUIMBI yMOB

3araJlbHOrO CHEKTPY, KOJIM M, =M, + 2.

[pumirka. BukopucranHs TOCTIHHOrO 3HAYECHHS
3BOPOTHBOTO HaxXwiay M,=m+2 Moxe OyTH

KOHCEPBATUBHUM ISl IGAKUX CIIEKTPIB.

(6) DBymp-siKi HMKIM HaOpyKE€Hb HIDKYE
rpaHuyHOi Mexi Ao, npu gomymensi 10%
[UKJTIB IOBUHHI BBAKATUCS HEPYWHIBHUMH.

(7  Hns Jiarna3oHiB HaIpy>XCHb,
npuknafeHux Menme, Hik 10°  pasis,
BEJTMYMHA OTOPY, BIANOBITHO A0 PUCYHKY 6.1,
MOXe  OyTM  KOHCEpBaTMBHA, IO €
HEMOTPIOHUM [UIsI TEBHUX KOHCTPYKIIHHHX
neTane.

Hpumitka. Jomatok F Hamae BKa3iBKH MO0
PpO3paxyHKy Ha BTOMY JIJIsl 3HOCOCTIHKOCTI B Jliama3oHi

10 10° rukriB. HarioHanbHU#H H0IaTOK MOXKE HAIaBATH
JIOJTATKOBI TTOJIOKEHHS.

(8) B miamazoni mix 10° ta 10° nuknamu
MOBHHHA TPOBOAMUTHUCS  MEpeBipKa, 11100
BU3HAYUTH YU HE CHPUYMHSIE PO3PAXyHKOBHH
Iiana3oH HarpyXeHb MaKCUMaJIbHOTO
PO3TATYIOYOTO HANpYXKEHHS, SKe NEepeBHUILYe
IHIII PO3paxyHKOBI T'PaHUYHI 3HAYEHHS OMIOPY
IS KOHCTPYKIIMHUX  JeTaneil,  JuB.
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Kpusa BromHoi minHoctilog Ao —log N .
Fatigue strength curve logAo —log N .

3) For N, under certain

conditions, see 6.4.

exposure

(4)  The fatigue design relationship for
endurances in the range between 5x10° to 108
cycles is defined by the equation:

m

Ao 1 [Ej”’l (6.2)

AG; VY

5

(5)  The constant amplitude fatigue limit,
Aoy, is defined at 5x10° cycles (for plain

material assumed at 2x10° cycles), below
which constant amplitude stress cycles are
assumed to be non-damaging. However, even
if occasional cycles occur above this level,
they will cause propagation which, as the
crack extends, will cause lower amplitude
cycles to become damaging. For this reason
the inverse logarithmic slope of the basic
Ao —N curves between 5x10°8 and 108 cycles
should be changed to m, for general spectrum

action conditions, where m, =m, +2.

NOTE: The use of the inverse slope constant
m, =m, +2 may be conservative for some spectra.

(6)  Any stress cycles below the cut-off
limit Ac,_, assumed at 102 cycles, should be

assumed to be non-damaging.

(7) For stress ranges applied less than 10°
times the resistance values according to Figure
6.1 may be unnecessary conservative for
certain constructional details.

NOTE: Annex F gives guidance for the fatigue design
for endurances in the range below 10° cycles. The
National Annex may give additional provisions.

(8) In the range betweEN 10% and 10° a
check should be made that the design stress
range does not result in a maximum tensile
stress that exceeds other ultimate limit state
design resistance values for the constructional
detail, see EN 1999-1-1.
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9 s Toro, mo0 BH3HAYMTH KIHIIEBHMA
Jiama3oH  JIETali30BaHMX  KaTeropii  Ta
J03BOJIUTH  MIJBUINEHHS a00 TMOHIKEHHS
JeTali30BaHOl  KaTeropii 3a  JOIOMOTOIO
MOCTIHHOTO TEOMETPUYHOTO IHTEpBANLY, B
Tabmuii 6.1 HamaeTbes cTaHIAPTHUH Alana3oH
3HaueHb Ao . [linBuimenHs (ab0 MOHMKEHHS)

OJTHOI ZieTai30BaHO] KaTteropii o3Hayae BUOIp
HACTymHOTO  Outemoro  (a00  MEHIIOro)
3Ha4YEHHAAO., P AKOMY 3Ha4eHHI M, Ta

m, He 3MiHIOIOTBECA. Ile He crocyerncs

anre3iMHux 3’ €gHaHb,

(10) [HeramizoBani Kateropii
3aCTOCOBYIOThHCSA JUTSt ycix 3Ha4YCHb
CEPEeIHbOTO HANPYKEHHS, AKII0 HE BKa3aHO
1HIIIe.

IlpumiTka. BkaziBku 11040 MiABUIIEHUX 3HA4YeHb

BTOMHOI MII[HOCTI JUIsl 3HaYE€Hb MIIHOCTI Ha CTHUCK abo
HHU3bKHH PiBHS MIITHOCTI po3Tsry auB. y Jonatky G.

(11) Jsi  TIOCKHUX ~ €JIEMEHTIB,
IO 3a3HAIOTh 3TUHAIBHUX HAIMPYXKEHb, TPHU
akux Ao, ta Ao, (auB. PucyHok 6.2) MaroTh

MPOTHJICKHI 3HAKH, BIAMOBIAHE 3HAYCHHS
BTOMHOTO HANPYXXEHHS IS JeTaleld MEeBHHUX
TUITIB MOKe OyTH 30UIbIIICHE HA OAHY a00 ABI
JETaTi30BaHl KaTeropii y BiAMOBIAHOCTI 110
Tabymumi 6.1 g t <15 mwM.

Mpumirka. HarioHandpHUI T0OJaTOK MOXE HalaBaTH
THII I€Tajl Ta [iana30H TOBLIMHH, I IKOI'O JO3BOJIEHE
ITiIBUIIICHHS, a  TaKox YHCII0 KaTeropiu.
PexomeHayeThesi, MO0 KiTBbKICTh KaTEropiif, Ha sKy
30UIBIIYEThCSl 3HAUCHHSI, HE TIEPEBHUIIlyBaja 2.

JACTY-H b EN 1999-1-3:201X

9) For the purpose of defining a finite
range of detail categories and to enable a detail
category to be increased or decreased by a
constant geometric interval, a standard range
of Ao. values is given in Table 6.1. An

increase (or decrease) of 1 detail category
means selecting the next larger (or smaller)
Ao, value whilst leaving m, and m,

unchanged. This does not apply to adhesively
bonded joints.

(10) The detail categories apply to all
values of mean stress, unless otherwise stated.

NOTE: For guidance on enhanced fatigue strength
values for compressive or low tensile strength values
see Annex G.

(11) For flat members under bending
stresses where Ao, and Ao, (see Figure 6.2)

are of opposite sign the respective fatigue
stress value for certain detail types may be
increased by one or two detail categories
according to Table 6.1 for t <15 mm.

NOTE: The National Annex may give the detail type
and the thickness range for which an increase may be
permitted, as well as the number of categories. It is
recommended that the increase in number of categories
should not exceed 2.

Pucynok 6.2 - [lnockwuii egeMeHT, 10 3a3Ha€ 3rMHAJILHOTO HANpyXEeHHS
Figure 6.2 — Flat member under bending stresses.

6.2.2 Heknacugpixosani demani

Q) Jlerani, sIKi MOBHICTIO HE BiTHOCSTHCS
710 3a/1aHOi JIeTaTi30BaHoi KaTeropii, MOBUHHI

6.2.2 Unclassified details

Q) Details not fully covered by a given
detail category should be assessed by
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OILIIHIOBATHCS 32 JIONMIOMOTOI0 MAaCMOPTHUX
JaHUX, SKIIO0 BOHU AOCTYMHI. TakoXX MOXYTh
OyTM  MpOBEACHI  NPUHMAaIbLHO-CIAaBANBHI
BUIIPOOYBaHHS HA BTOMY.

[pumitka. BumnpoOyBaHHS Ha BTOMY ITOBHHHI
npoBoAUTHCS Y BignoBigHocTi 3 Jonatkom C.

6.2.3  Aozesziiini 3 eOnannsn

(1) Bromua MIIHICTh aAre3iiHUX 3’€THAHB
NMOBMHHA  Oa3zyBatucs  Ha  pe3yibraTax
BUIMIPOOYBaHb KOHKPETHOTO  3aCTOCYBaHHS,
BpPaxXxOBYIOYH BIAIOBIIHI BILTWBH 30BHIIIHHOTO
CepeIoBUIIA.

Mpumitka. [lani mopo po3paxyHKy —aare3idHuX
3’enHanb auB. y Honatky E.

6.2.4 Busnauenna cmaHoapmHuux 6eiu4uH
MAKCUMATTbHUX MICUEBUX HANPYIHCEHD

(1) TlimpaxoBaHi MakKCHMalbHI MICIIEBi
HANpY)KCHHS 3aJeKaTh Bi 3aCTOCOBAHOTO

crnoco0y BHpaxyBaHHs MaKCUMaJIbHUX
MICHEBUX  HAalpyXeHb, a  pO3PaxyHKOBI
3HAQUEHHS  CTaHJAPTHOTO  MAaKCHMAlIbHOTO
MICIIEBOTO  HamlpyXeHHS [OBUHHI  OyTu

CHIBBIAHECEHI 3 BHUKOPHUCTAHOK METOIUKOIO
MPOEKTYBaHHS.

NOTE: Joanarok K MicTuTh MeTo]] CTaHIapTHOI AeTali
3 MaKCUMaJbHUM MICLUEBUM HanpyxeHHsMm. [lanuii
Jlomatok MOK€ BHKOPHCTOBYBATHCS Y IOEJHAHHI 3

JonatkoM J [uid BU3HAUEHHS CTAHAAPTHUX BEIUUYUH
MaKCHUMAJBbHOTO MICLIEBOTO HalIPY>KEHHS.

6.3 BnuiuB cepeIHbOro HANPYKEHHS

6.3.1 3azanvui nonosrcenns

@ [ndopmaliist 1100 BTOMHOI MII[HOCTI,
HaJaHa B TaOJUIX JIETATI30BaHUX KATETOPIH,
BIZTHOCHUTBCS 110 YMOB 3HAYHOT'O
PO3TACYIOYOTO  CEPEIHBOTO  HAINPYKCHHS.
SIKIIO cepeHe HANPYKCHHS € CTHCKAIUYUM,
a00 SIKIIO 3HAYEHHS PO3TATY  HHU3bBKE,
LUKIIYHA JOBrOBIYHICTH 32 IIEBHUX YMOB
MOke OyTH 30UIbIIeHA.

Hpumitka. Ilomampmii  BKa3iBKH — MICTSATBCS
Honatky G.

6.3.2 IInockuii mamepian ma mexaniuno
3aKpinjieni 3’ €OHanNnA

(1)  BpaxoByrwuH, IO BILUTHB 3QJTUIIKOBOTO
HANPYXKCHHsSI TPH PO3TATY Ta HEY3rOJDKEHI
HAIMpPYXKCHHsI JIOTh Pa3oM i3 MPHUKIAJCHUMHU
HAMPYXKCHHSIMH, MOYE BHKOPHUCTOBYBATHUCS
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reference to published data where available.
Alternatively fatigue acceptance tests may be
carried out.

NOTE: Fatigue tests should be carried out in
accordance with Annex C

6.2.3 Adhesively bonded joints

(1)  Fatigue strengths of adhesively bonded
joints should be based on test data specific to
the application, taking the relevant exposure
conditions into account.

NOTE: For design of adhesively bonded joints see
Annex E.

6.2.4 Determination of the reference hot spot
strength values

(1)  The calculated hot spot stresses are
dependent on the hot spot design method
applied, and the design values for the
reference hot spot strength should be
correlated to the design procedure used.

NOTE: Annex K contains a hot spot reference detail
method. This Annex may be used in combination with
Annex J to determine the reference hot spot strength
values.

6.3 Effect of mean stress

6.3.1 General

(1) The fatigue strength data given in
detail category tables refer to high tensile
mean stress conditions. Where the mean stress
is compressive or of low tensile value the
fatigue life may be enhanced under certain
conditions.

NOTE: See Annex G for further guidance.

6.3.2 Plain material and mechanically
fastened joints

(1) Provided that the effects of tensile
residual and lack of fit stresses are added to
the applied stresses, a fatigue enhancement
factor may be applied.



Koe(illieHT 30UThIIICHHS BTOMHU.

Mpumitka. [lus. [lonatok G.
6.3.3 3eapHi 3’conanns

6.3.3.1 3acanvnuu memoo

Q) Jlonmycku Ha cepellHE HANpPYXEHHS HE
JT03BOJISIETBCS.  BUKOPUCTOBYBATH B 3BapHUX
3’€IHaHHAX, OKPIM HACTYITHUX BHITA]IKIB:

a) SIkmo BunpoOyBaHHs OyJIu MPOBEICHI
1 TmoKazany [JICHUH CTaH HamnpyXeHHs
(BKJIIOUAIOYM 3aJUIIKOBI Ta HEY3rO/DKEHI
Hanpy)KeHHsI) B TUII 3’ €IHAHHS Ta MOCI1I0BHE
30UIbIIEHHS BTOMHO1 MIITHOCT1 31
3MEHILEHHSM CepEeHbOTO HANPYKEHHS,

b) KOJIM TIOBUHHI BUKOPUCTOBYBATHCS
METOIUKH MIABUIIEHHS BTOMHOI MIIIHOCTI, 5Kl
NPU3BOJATH JO BHUHUKHEHHS 3aJUIIKOBUX
CTHCKAIOUMX HANpYyXeHb, 1 KOO MPHUKIAICHE
HaTpY)KEHHsI HE Ma€ TaKOro 3HAYeHHs, MI00
CTHCKalo4e 3aJIMIIKOBE HaNpyXCHHS
3MEHIIYBAJIOCh Yepe3 IUIacTU4Hi AedopMartii
B Ipo1ieci GyHKI[IOHYBaHHS.

IMpumirka. /{us. Jfonarok G.
6.3.4 Aozesiuni 3’conanns

(1) He mo3BoNISAIOTHCSA JOMYCKH Ha BILIUB
CEpPEeIHbOTO HANpPYKEHHsI 0e3 TEepeBIpKU 3a
JIOTIOMOTOF0 BUTIPOOYBaHb.

6.3.5 /Jliana3zon nHuzvkoi 3nococmiikocmi

@ ITo BIZJHOIIICHHIO bio) TIEBHUX
KOHCTPYKITIHHUX JeTanen MOXYTh
BUKOPHCTOBYBATUCS MIIBUIIEH] BTOMHI

MIIIHOCTI  JIJI1  HETaTUBHUX  KOe(illi€eHTIB
HanpykeHnst R s N <10° nUKIiB.

Mpumirka. lus. lonatok G.

6.3.6 Iliopaxynok yuknié ona po3paxyHkie
Koegiyiecnmy nanpyyncennsa R

@ MeTo 1 OTpUMaHHS MaKCHMAaJbHOTO Ta
MIHIMAQJIBHOTO CEPEIHBOTO HANPYKCHHS JUIs
IHAMBIAyaIbHUX  IUKIIB B  CHEKTpi 3
BUKOPUCTAHHIM METOMAY pe3epByapy MOBHHEH
BiAnmoBiAaTu mojoxkeHHsM [lomatky A, puc.
A2.

6.4 BnimB  yMOB  HABKOJIHMIIHBOIO

cepeIoBUINA

(@8] Jns nmeskux KoMOIHAIM CIUIaBiB Ta

JACTY-H b EN 1999-1-3:201X

NOTE: See Annex G.
6.3.3 Welded joints
6.3.3.1 General method

(1) No allowance should be made for
mean stress in welded joints except in the
following circumstances:

a) Where tests have been conducted
which represent the true final state of stress
(including residual and lack of fit stresses) in
the type of joint and demonstrate a consistent
increase in fatigue strength with decreasing
mean stress;

b) where improvement techniques are to
be used which have been proven to result in
residual compressive stresses and where the
applied stress is not of such a magnitude that
the compressive residual stresses will be
reduced by yielding in service.

NOTE: See Annex G.

6.3.4 Adhesive joints

(1) No allowance should be made for
effect of mean stress without justification by
tests.

6.3.5 Low endurance range

(1) For certain constructional details
higher fatigue strengths may be used for

negative R ratios for N <10° cycles.

NOTE: See Annex G.

6.3.6 Cycle counting for R-ratio
calculations
(1) The method of obtaining the

maximum, minimum and mean stress for
individual cycles in a spectrum using the
reservoir counting method should be as stated
in Annex A, Figure A.2.

6.4  Effect of exposure conditions

Q) For certain combinations of alloy and
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YMOB HaBKOJIMIIHBOTO CEpPEJOBUINAa HOMEp
JeTani30BaHo1 KaTeropii, IIPUCBOEHUN
KOHCTPYKIINHHI  jgeTani, TOBHHEH OyTH
3MiHeHWH Ha HIk4uid. JlaHi 1momo BTOMHOL
MIHOCTI, HaJaHi B LbOMY EBpomneicbKoMy
CTaHJapTi, HE TOBWHHI 3aCTOCOBYBATUCS Y
KOJIH

exposure conditions, the detail category
number given for a constructional detail
should be downgraded. The fatigue strength
data given in this European Standard should
not apply in case of ambient temperature of
more than 65°C or more than 30°C in marine

BHITaKaX,

TeMIeparypa

environment, unless an efficient corrosion

HABKOJIMITHBOTO ~ CEPEJOBHUINA  IEPEBUILYE prevention is provided.

65°C a6o 30°C s MOPCHKOTO CepeIOBHUIIA),
OKpIM BUNAJKiB, KOJHM HAasBHUN €PEKTHUBHUN
3aXHCT BiI KOPO3ii.

Mpumitka. Tabmuus 6.2 Hagae g JETali30BaHHX
kareropiif, Bkazamux y [omatky G, Homepu
JICTAIi30BaHUX KaTeropii, 10 SKUX BOHU IOBHHHI OyTH
3MEHILEHI  BIAMOBIJHO /O YMOB  30BHILIHBOTO
cepeJIoBHILA Ta CILIABY.

NOTE: Table 6.2 gives for the detail categories given
in Annex G the number of detail categories, by which
they should be reduced according to exposure
conditions and alloy.

Tabmuua 6.2 — Homepu neranizoBaHux Kareropiif, 10 SKux AcC. NOBUHHI OYTH 3MEHINEHI
BIAMOBITHO JT0 YMOB 30BHIIIHHOTO CEPEIOBHINA TA CILJIABY.

Table 6.2 — Number of detail categories by which Ao, should be reduced according to
exposure conditions and alloy
Marepian YMOBH 30BHILIHLOTO CEPEAOBHUIIA
Material Exposure conditions
. Micbki
PiBHi . . . YMmoBu
IHIyCTpianbH1 Mopceke cepenoBuiie
. . | 3axucry - 3aHYpPEHHS
Cepist | OcHOBHUH YMOBH Marine
(muB. . . Immersed
CIUIaBy|  CKJIAJ 1999-1-1) Cinscpk | Industrial Urban
1 . )
Basic -’11 yMoBH .
Alloy | Compositio PrOte.C“O Rural |TTomipn |YKopcTk|. He. ITomipsi | XKopcTk Hpici | Mopcak
) n ratings . . IHIYCTpiaabH . a BoJa| a BOJa
Series n i i . Moderat i
(see EN Mode- | Severe |1 YMOBH Non- o Severe? Fresh| Sea
1999-1-1) rate Industrial water | Water?
3xxx |  AlMn A 0 0 (P)? 0 0 0 0 0
5xxx | AlMg A 0 0 (P)Y 0 0 0 0 0
5xxx | AlMgMn A 0 0 (P)Y 0 0 0 0 1
6xxx | AlMgSi B 0 0 (P)Y 0 0 1 0 2
7xxx | AlZnMg C 0 0 (P)? 0 0 2 1 3
U (P) myxe 3anexmTh BiI yMOB HABKOIMIIHBOTO cepenoBHINA.MoXimBa HEOOXiAHICTH IOCTiHHOT
MIATPUMKH TIEBHOT'O PIiBHSI 3aXUCTY JUTSI 3aII00IraHHs PU3UKY MICIIEBUX 30BHIIIHIX BILIUBIB, SKi MOXYTb
MIPU3BECTH IO BUHUKHEHHS pYWHIBHUX TPIlHH.
2 3navenus N, MoBUHHE OyTH 30iTBIIEHE 3 5x10° 10 107 umkotiB.
IpumiTka. 3HIKEHHS He TTOTPiOHe [UIs JeTai30BaHuX KaTeropiit < 25 H/mm?
Y (P) very dependent on exposure conditions. Regularly maintained protection may be required to avoid
risk of local exposures which may be particularly detrimental to crack initiation.
2 The value of N, should be increased from 5x10° to 107 cycles.
NOTE: Downgrading is not needed for detail categories < 25 N/mm?.

6.5 TexHiKH  HiABHINEHHH  BTOMHOI 6.5 Improvement techniques
MIiITHOCTI
Q) MoXyTh BHUKOPHUCTOBYBATHCS METOAH (1) Methods for improving the fatigue

MIABUINEHHS BTOMHOI MIIIHOCTI JUIS HEBHUX strength of certain welded constructional
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3BapHUX KOHCTPYKI[IHHUX JICTaJICH.

[pumiTka. MeTomu 1iABUIIICHHS BTOMHOI MIITHOCTI, SIK
TIPaBIJIO, TOPOTi B 3aCTOCYBaHHI Ta MArOTh CKIIAJHOCTI
B KOHTPOITi SIKOCTI. Ix Hebaxano BUKOPUCTOBYBATH ISl
3aralbHOTO TPOCKTYBAaHHS, OKPIM BHIAJKIB, KOJIH
BTOMA € KPUTHYHOIO Ul BCi€l KOHCTPYKINI Y Takux
BUIaIKaX HeoOXiqHI KOHCyJbTalii criemiaiictiB. Jani
METOJM 4YacCTillle BUKOPUCTOBYIOTHCS I IOMOJAHHS
ICHYIOUHX TPOSKTHHUX HemodikiB. Jlus. momaTok H.

JACTY-H b EN 1999-1-3:201X

details may be used.

NOTE: Improvement techniques are generally
expensive to apply and present quality control
difficulties. They should not be relied upon for general
design purposes, unless fatigue is particularly critical to
the overall economy of the structure, in which case
specialist advice should be sought. They are more
commonly wused to overcome existing design
deficiencies. See Annex H.
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JTOJATOK A
(OBOB' SI3KOBHUW):

OCHOBM PO3PAXYHKY BTOMHOI
MILHOCTI

A.1 3araabHi moJ0KeHHSA

A.1l.1 Bnaue émomu na npoekmyeanHs

(1) P Konctpykuii, 1m0 migiawThCs 4acTo
HepeMIiHHUM eKCILTyaTaliitHUM
HABaHTAKCHHSM, MOXKYTh OYTH UYTJIMBHMH JIO
BTOMH, sIKA MOXE BUKIMKATH PYHHYBaHHS, 1

MOBUHHI  NEpeBIpATUCA 3a TPaHUYHUMU
CTaHaMH.
(2)  PiBeHb  BIAMOBIAHOCTI  KpPHUTEPisM

IPaHUYHOTO CTAaHY 3a HECYYOIO 3JIaTHICTIO ab0
TPaHUYHOTO CTaHy 3a eKCIUTyaTalliifHOo
MPHUIATHICTIO, mo BKazanmii y EN 1999-1-1,
HE TIOBUHEH BHUKOPUCTOBYBATHCS SIK KPHTEPId
pU3WKy pYHHYBaHHS Yepe3 BTOMY (IHB.
A.1.3).

(3) Mexa, 10 KO BTOMa MOXe€ BILTHBATH
Ha KOHCTPYKIIi{0, MTOBUHHA OyTH BU3HAYCHA Ha
MOYaTKOBIA  cramii mpoekTyBaHHs.  Jlms
OTPUMAaHHS JIOCTaTHhOI ~ TOYHOCTI y
MPOTHO3YBaHHI OE3MEKH TPOTH BTOMHOTO
pyHHYBaHHS HEOOXITHO:

a) TOYHO BU3HAYNATH TIOBHY
MOCJIJOBHICTE eKCILTyaTaIiiHuX
HABaHTAXXCHb BIPOJIOBXK TEPMIHY CITYKOU;

b) ¢(EKTHBHO 1 TOYHO OI[HHUTH MPYKHY
peakiito KOHCTPYKIIi i  OYiKyBaHUMHU
BILIMBAMU;

(c) PO3paxoByIOYH KOHCTPYKIIHHY
JeTalb, PETEIbHO MepeadayuTd  METOJU
BHUTOTOBJICHHS Ta PIBEHb KOHTPOJIO SKOCTI.
JlaHi  XapaKTepUCTUKH  MOXYTh  MarTu
BHpIIIAbHE 3HAYEHHS JUISI BTOMHOI MIITHOCTI,
1 1X HEOOXIJHO KOHTPOJIIOBATH 3 OUIBIICIO
TOYHICTIO, HDK VTS KOHCTPYKITIH,
pO3paxoBaHMX Ha IHINI TPaHUYHI 3HAYCHHS.
[ndopmariis moa0 BUMOT A0 BHUKOHAHHS
mictuthes y EN 1090-3.

A.1l.2 Mexanizm pyinysanus

(1) Cniz  §OpunmycTHTH, 10  BTOMHE
pyiiHyBaHHs 3a3BHM4Yail BUHUKAEe Yy TOUII
BHCOKOT'0 HAMpPYKeHHs (4epe3 panToBy 3MiHY
TEOMETPUYHUX XAPAKTEPUCTHUK, 3aIUIIKOBE
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ANNEX A
[NORMATIVE]:

BASIS FOR  CALCULATION OF
FATIGUE RESISTANCE

A.1 General

A.1.1 Influence of fatigue on design

(1) P Structures subjected to frequently
fluctuating service loads may be susceptible to
failure by fatigue and shall be checked for that
limit state.

(2)  The degree of compliance with the
ultimate or serviceability limit state criteria
given in EN 1999-1-1 should not be used as a
measure of the risk of fatigue failure
(see A.1.3).

(3)  The extent to which fatigue is likely to
govern the design should be established at the
conceptual stage of design. To obtain
sufficient accuracy in prediction of the safety
against fatigue failure it is necessary to:

a) make an accurate prediction of the
complete service load sequence throughout the
design life;

b) assess the elastic response of the
structure under the predicted loads sufficiently
accurately;

(©) perform constructional detail design,
prescribe methods of manufacturing and
degree of quality control appropriately. These
issues can have a major influence on fatigue
strength, and may need to be controlled more
precisely than for structures designed for other
limit states. For information on requirements
to execution, see EN 1090-3.

A.1.2 Mechanism of failure

(1) It should be assumed that fatigue
failure usually initiates at a highly stressed
point (due to abrupt geometry change, tensile
residual  stress or sharp  crack-like



po3TATYIOYE HANpyxeHHs abo 3arocTpeHi
TPIIMHMA, CXOXI Ha pO3puBH). BTomHI
TPIIUHUA  PO3MOBCIOKYIOTHCS 3  TNIEBHUM
mraroM I BIUIMBOM 3MIHHM IIUKIIYHOTO
HanpykeHHs. BoHu, sK mpaBuio, He
3MIHIOIOTBCS ~ MiJ{ BIJIUBOM  IIOCTIHHOIO
HAaBaHTA)XCHHS. PylHYBaHHsS BHHMKA€, SIKILO
MOTNIEPEYHUM TIepepi3, M0 3aJTUIIAETHCSA, HE

B3MO31 BHUTPHUMATH TPHUKIAJCHE  ITIKOBE
HaBaHTAKCHHSL.
2 Cnig ~ OpUNyCTUTH, 1O  BTOMHI

TPILMHUA PO3MOBCIOIKYIOThCS MPUOIU3HO M1
MPSIMUM KyTOM JI0 HanpsSIMKy MakCHMajibHOIO
Jiana3oHy TOJIOBHUX HamlpyXeHb. PiBeHb
PO3MOBCIOIKEHHS 30UIBIIYEThCA B
reOMEeTpHUYHII Iporpecii. Yepes e
pO3pOCTaHHs TPILMHU Ha paHHIX CTaaiax
4acTo HE3HauyHe, 1 BTOMHI TPIIIMHU 4YacTo
HEMOXJIUBO TOMITHUTH BIPOJOBXK OUIBIIOL
yacTUHM 4acy 1ix IcHyBaHHs. Ile wmoxe
CIOPUYUHATH TpoOJeMu y BHUSBJICHHI iX B
MpoLeci eKCIuTyaTarii.

A.1.3 IHomenuyiuni micys  GUHUKHEHHA

GMOMHUX MPIUWUH

(1)  PosrmsmaroThesi  HACTYMHI  TUITHKH
MOXKJIMBOTO BUHUKHEHHS BTOMHHX TPIIIHH,
10 BIAMOBIAAIOTh TEBHUM KOHCTPYKIIHHUM
JIETaJISIM:

a) KPOMKH Ta KOpEHI IBIB MpU 3BapIli
OTLIaBJICHHSIM;

b) KyTH, [0 MJIAraloTh MAaIlHHHINA
006pooii;

C) niepdoparliifi abo BHCBEPJICHI
OTBOPH;

d) 0Opi3Hi Ta BUIHJICHI KPOMKH;

e) MOBEPXHI il BUCOKAM KOHTAKTHHM

THCKOM (KOpO3iiiHE CTHpaHH);
f) KOpEHI KPIMUIIBLHOI pi3b0u;

(2) BromHi TpiIMHHA TaKOX MOXYThb
3 SBJISITHCS Yepe3 HEBH3HAUYCHI MPUYMHH, SKi
BUHUKAIOTh Mg 4ac  pobotu.  Ilpu
HEOOX1THOCTI CIif] pO3TJISIaTH HACTYITHE:

a) HEOJTHOPITHOCTI
neheKTH 3BaprOBaHHS;

MmaTtepiany abo

b) BUIMKH a00 MOAPSANUHM, CIPUYUHEHI
MEXaHIYHUM TTOIIKOKECHHSIM;

JACTY-H b EN 1999-1-3:201X

discontinuities). Fatigue cracks will extend
incrementally under the load of cyclic stress
change. They normally remain stable under
constant load. Failure occurs if the remaining
cross section is insufficient to carry the peak
applied load.

(2) It should be assumed that fatigue
cracks propagate approximately at right angles
to the direction of maximum principal stress
range. The rate of propagation increases
exponentially. For this reason crack growth is
often slow in the early stages, and fatigue
cracks tend to be inconspicuous for the major
part of their life. This may give rise to
problems of detection in service.

A.1.3 Potential sites for fatigue cracking

(1) The following initiation sites for
fatigue cracks associated with specified
constructional details should be considered:

a) Toes and roots of fusion welds;
b) machined corners;
c) punched or drilled holes;

d) sheared or sawn edges;

e) surfaces under high contact pressure
(fretting);
f) roots of fastener threads.

(2) Fatigue cracks may also be initiated at
unspecified features, which may occur in
practice. The following should be considered
where relevant:

a) Material discontinuities or weld flaws;
b) Notches or scoring from mechanical
damage;

49



JCTVY-H b EN 1999-1-3:201X
C) KOPO3iiiHi S3BH.
A.l.4 Ymoeu yymaueocmi 0o emomu

(1) Tpu omiHIi HMOBIPHOCTI YYTIMBOCTI
JI0 BTOMHU HEOOXiJJTHO BpaXxOBYBaTH HACTYITHE:

a) 3HAYHE CIHIBBIJHOMICHHS JUHAMIYHOTO
1 CTaTMYHOTO HaBaHTaXeHb. Pyxomi abo
MiTHOMHI KOHCTPYKIIii, Taki sIK Ha3eMHUH a0o
BOJAHMUN TpPAaHCHOPT, KpaHW 1.T.n, OuIbIIe
MiJTal0ThCS BTOMHHM HABAaHTXCHHSIM, HDK
3aKpIiMJIeH1 KOHCTPYKII, IKIO TUIKH OCTaHH1
HE 3a3HAIOTh B OCHOBHOMY PYXOMHX
HaBaHTAXXEHb, HATIPUKIIA]], MOCTH;

b) yacTe NPUKIAJaHHS HaBaHTAKCHHS.
[le mpu3BOAUTH MO BETUKOI KUIBKOCTI IIUKIIIB
Ha M[poTs3l  TepMmiHy  cayxkOu.  ToHki
KOHCTPYKIlli a00 eleMEeHTH 3 HHU3bKUMU
MPUPOJHUMH YacCTOTaMU OCOOJIMBO CXWUIBHI
JI0 P€30HAHCY 1, TAKUM YMHOM, JI0 30UTHIIICHHS
JUHAMIYHOTO  HANpY)KEHHS  HaBiThb  INpuU
HU3BKUX CTaTHYHUX PO3PaxyHKOBHX
HanpyxeHHsX. KOHCTpyKITii, II0 B OCHOBHOMY
3a3HAIOTh PYXOMHX HABAaHTAXCHb, TAKUX SK
BITPOBE HABAHTAKCHHSI, a TAKOXX KOHCTPYKIII,
10 TMATPUMYIOTh MallTUHHE 00JIaIHAaHHSI, CIII]T
YBaXHO TIEPEBIPUTH HA PE30HAHCHUH €(EKT.

C) BHKOPUCTOBYBaHHS 3BaprOBaHHS.
Jeski 3BapHi eTaii, 10 qacTo
BHKOPUCTOBYIOTHCS, MalOTh HHU3bKY BTOMHY
MilHICTh. Lle cToCyeThCsl HE TUIBKU 3’€THAHBb
MDK €JeMEHTaMH, a TaKoX Oyab-SKHX
CJIEMEHTIB, MPUKPIIJICHUX 10 HABAaHTAKEHOTO

€IIEMEHTa, HE3aJIeKHO  Big  TOro, 4w
BBAXKAETHCS CyMapHe 3’€qHAHHSA K
«KOHCTPYKIIIHHE.

d) CKJIQIHICTh 3 €IHYBaJbHOI  JeTali.

CknamHi 3’€IHaHHA 4YacTO CHPUYHHSIOTH
BHUCOKI KOHIICHTpAIlli HAaNpYXEHHS 4epes
MICILIEBI 3MIHHU JKOPCTKOCTI HUIAXY
3aBaHTa)XCHHs. Xouya II€ 4YacTO HE 3aBJa€
3HaYHOTO BIUIMBY HAa TPaHUYHY CTaTHYHY
MIIHICTE 3°€IHAHHS, aJe MO)Ke 3HA4HO
BIUTUBATH HA BTOMHY MilIHICTh. SIKIIO BTOMa
JOMIHaHTHA, TO HEOOITHO oOupaTH TaKy
¢dopMmy mornepeyHoro nepepizy AJs eleMeHTa,
11106 3a0e3neynTH PIBHOMIPHICTH Ta MPOCTOTY
KOHCTPYKITi{ 3’€IHaHHS. Heo06innwmii
pO3paxyHOK  HampyXeHb Ta  aJeKBaTHI
CTaHJIApPTH JUIsI BUPOOHUITBA ¥ MEPEBIPKH
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c) Corrosion pits.
A.1.4 Conditions for fatigue susceptibility

(1) In assessing the likelihood of
susceptibility to fatigue, the following should
be taken into account:

a) High ratio of dynamic to static loading:
Moving or lifting structures, such as land or
sea transport vehicles, cranes, etc. are more
likely to be prone to fatigue problems than
fixed structures, unless the latter are
predominantly carrying moving loads, as in
the case of bridges;

b) frequent applications of load: This
results in a high number of cycles in the
design life. Slender structures or members
with low natural frequencies are particularly
prone to resonance and hence magnification of
dynamic stress, even when the static design
stresses are low. Structures subjected
predominantly to fluid load, such as wind, and
structures supporting machinery should be
carefully checked for resonant effects;

C) use of welding: Some commonly used
welded details have low fatigue strength. This
applies not only to joints between members,
but also to any attachment to a loaded
member, whether or not the resulting
connection is considered to be 'structural’;

d) complexity of joint detail: Complex
joints frequently result in high stress
concentrations due to local variations in
stiffness of the load path. Whilst these may
often have little effect on the ultimate static
capacity of the joint they can have a severe
effect on fatigue resistance. If fatigue is
dominant the member cross-sectional shape
should be selected to ensure smoothness and
simplicity of joint design, so that stresses can
be calculated and adequate standards of
fabrication and inspection can be assured;



HaIpYXEHb.

e) py TIEBHUX TEMIepaTypHuXx abo
XIMIYHHUX BIUTUBAX 30BHIITHBOTO CEPEIOBHINA
BTOMHA MIIHICTh MOX€E 3MEHIITYBATHCS, SIKIIIO
MMOBEPXHS METAITy He3aXHIICHA.

A2 Meroa NPOEeKTYBAHHS, 110
3a0e3nevye Oe3neyHN TePpMiH CIy:KOM

A.2.1 Ilepedymosu onsa Memooy
NPOEeKMy6anHsa, wio 3abe3neuye Oe3neyHuil
mepmin cyxcou

(1)  Tepembauena kapTHHA eKCIUTyaTaIlii
KOHCTPYKLIi TOBMHHa OyTHM mNpuiHATA Y
MMOKa3HHUKaX TIOCIIIOBHOCTI HABAaHTAXKEHb Ta
4acTOTU. B SKOCTI anpTepHATHBH, peakiis
Halpy>KeHHs Ha BCIX MOTEHLIAHUX MICIIX
BUHUKHEHHS HalpyKeHb T[OBUHHAa OyTH
MPUIHATA B MOKAa3HHUKAX B ICTOPIi HANIPYKEHb.

(2)  XapakTepHCTHKH BTOMHOI MIl[HOCTi Ha
BCIX JUISHKaX MOXJIMBOTO BUHUKHEHHS
Hampy)XeHHs TOBHHHI OyTH MpHUHHATI B
MOKa3HUKaX KPUBOT BTOMHOT MILTHOCTI.

(3)  VYci moreHriiiHi IUISHKA BUHUKHEHHS
HaTPY)KEHHsI, Ha SIKUX BiI3HAYA€THCS BUCOKHIMA
pIBeHb HaNpy)XeHb Ta 3HA4YHI KOHIIEHTpAIlii
HaIpy>KeHb, IOBUHHI OyTH TEepeBipeHi.

(4)  Cranmaptu SKOCTI, 110
BHUKOPHUCTOBYIOTHCS y BUPOOHUIITBI
KOMITOHEHTIB, [0 BKIIOYAIOTH MOTEHIINHI
TUISTHKA BUHUKHEHHS HANPY)KEHHS, TMOBHUHHI
OyTH CyMICHI 3 KOHCTPYKI[IHHUMH JETaIsIMU,
10 BUKOPUCTOBYIOTHCSI.

(5) OcHOBHAa MeTOJMKA OIKMCAHA HIDKYE
(mmB. pucyHok A.1):

a) [ToTpiOHO OLIHUTH BEPXHIO MEXY
YacTOTH EKCIUTyaTallifHOTO HaBaHTAKCHHS

V1L PO3PAaXyHKOBOTO  TEPMIHY  CIy)KOu
KOHCTpPYKIUIi (1uB. 2.3);

b) [ToTpiOHO  OWIHUTH  PE3YJILTYIOUY
ICTOpil0  HampyXeHHS Ha  MOTCHIIHHUX

JUISHKaX BUHUKHEHHS HAMNpyXeHHS, IO
nepeBipsaoThest  (muB.  A.2.3  «OTpuMaHHs
3HAaY€Hb CHEKTPIB HAMIPYKEHHS).

c) TaMm, Jie BUKOPUCTOBYETHCS HOPMaJIbHE
HamnpyXeHHs,  HeoOXiqHO  MojauQiKyBaTu
icTOpit0o HampyXeHb B OyIb-KOMY MiCIi
KOHIIEHTpallli MiCLIEBOTO HANPY>KEHHsI, SIKE HE
BKJIIOYEHO B JIETAJi30BaHy KaTeropito, 3a

JACTY-H b EN 1999-1-3:201X

e) under certain thermal and chemical
exposure conditions the fatigue strength may
be reduced if the surface of the metal is
unprotected.

A.2  Safe life design

A.2.1 Prerequisites for safe life design

(1)  The predicted service history of the
structure should be available in terms of a
loading sequence and frequency. Alternatively
the stress response at all potential initiation
sites should be available in terms of stress
histories.

(2)  The fatigue strength characteristics at
all potential initiation sites should be available
in terms of fatigue strength curves.

(3)  All potential fatigue crack initiation
sites which have high stress fluctuations
and/or severe stress concentrations should be
checked.

(4)  The quality standards used in the
manufacture of the components containing
potential initiation sites should be consistent
with the constructional detail being used.

(5)  The basic procedure is as follows (see
Figure A.1):

a) Obtain an upper bound estimate of the
service load sequence for the structure's design
life (see 2.3);

b) estimate the resulting stress history at
the potential initiation site being checked (see
A.2.3 Derivation of stress spectra);

c) where nominal stresses are being used,
modify the stress history in any region of
geometrical stress concentration which is not
already included in the detail category, by
applying an appropriate stress concentration
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JOTIOMOTOI0 ~ BUKOPUCTaHHS  BIIMOBIAHOTO
KoeilieHTy KOHIIEHTpALlii Hanpy>KeHHs (AUB.
5.3.2 «OtpumaHHs 3HauYeHb MOAM(]PIKOBAHUX
HOMIHQJIBHUX HATIPYKEHbBY).

d) HEOOXI1THO 3MEHIIUTH icTopiro
HanmpyXeHb JI0 CKBIBAJCHTHOI KUIBKOCTI
mUKIiB (ni) pI3HUX Jiara3oHiB HAMpPYXEHb
Ao,, BHUKOPHCTOBYIOUM METOJ IiJpaxyHKy
kit (auB. A.2.3 «OTpuMaHHS 3HA4YCHb
CIIEKTPIB HANIPYKCHHS»).

e) PO3MOIUTUTH  IMKIH Yy  TOPSIKY
3MEHIIIEHHSI Jiarna3zoHy Ao, o0
copMyBaTH CHEKTp JAiara3oHy HalpyXeHb, B
akoMy ; = 1, 2, 3 1 Tak jani Ajs MepIloro,
JPYroro TPeThOro IHTEpBaly Yy CIEKTpi (IUB.
A.23 «OtpumaHHS  3HaAu€Hb  CIEKTPIB
HaIpYXEHH).

f) Kiacu(iKyBaTH KOHCTPYKLIAHY JeTalb
BIIMTOBITHO IO 3a/IaHOTO PsITy JETaTI30BaHUX
kareropii. [lmst BIAMOBIAHOI JeTai30BaHOi
Kateropii Ta BIIMOBIIHOTO CIIBBITHOIICHHS
Ao —N HeoOX1IHO BHU3HAUUTH JOMYCTHUMY
3HOcocTiHKicTe (N,) a1 po3paxyHKOBOTO

Aiana3oHy HarpyxeHs ( Aoy ).

9) HEOOXIIHO  po3paxyBaTh  3arajbHe
nomwkomkeHHs D, mmg ycix  1ukiiB,
KOPUCTYIOUHCh  TMPABWIOM  HAKOMWYCHHS
Maiinepa, ae:

DL

h) po3paxyBath  Oe3leYHHIA

ciyx6u Ty, ne:

TepMiH

Je TepMiH eKcIulyatamii T, Mae Taki X

OJIMHUILII BAMIPIOBaHHS, K T ;

i) HEOOXITHO BXKUTH HACTYIHHX 3aXO/JIiB,
AKIo Ty MeHie, Hix T, !

— 1€ pa3 po3paxyBaTH KOHCTPYyKIil0 abo
€JIEMEHT, 11100 3HU3UTH PiBHI HAIIPY)KEHHS;

— 3aMIHUTH KOHCTPYKIIMHY JeTainb Ha IHILY,
sIKa Ma€ BUIIY KaTEeTopito;

— SJKIIO MOXJIMBO, BUKOPHCTOBYBATH MCTOI

52

factor (see 5.3.2 Derivation of modified
nominal stresses);

d) reduce the stress history to an
equivalent number of cycles (ni) of different
stress ranges Ao; using a cycle counting
technique

(see A.2.3 Derivation of stress spectra);

e) rank the cycles in descending order of
range Ao, to form a stress-range spectrum,
where

. =1, 2, 3 etc. for the first, second, third band

in the spectrum (see A.2.3 Derivation of stress
spectra);

f) categorise the constructional detail in
accordance with the given set of detail
categories. For the appropriate detail category
and the respective Aoc—N relationship
determine for the design stress range (Ag;),

permissible endurance (N, );

s)) calculate the total damage D, for all
cycles using Miner's summation where

— (A.1)

h) calculate the safe life T, where

(A.2)

where the design life of T, has the same units
as Tg;

i) take one or more of the following
actions if T is lessthan T, :

— Redesign the structure or member to reduce
the stress levels;

— change the constructional detail to one with
a higher category;

— use a damage tolerant design approach,



NPOCKTYBaHHS 3 YpPaxyBaHHSIM JIOMYCTHMHUX
pyiinyBanb (quB. A.3).

A.2.2 Iliopaxynox yuknie

Q) [TigpaxyHOK HUKIIB — II¢ TpOLEeIypa
MEPETBOPEHHSI CKJIQJHOT iCTOpii HANPYXKEHb Y
3pyYHHH CHEKTp IHMKJIIB y TOKa3HUKaX
nianma3oHy HaNpyXeHb Ao, KUIBKOCTI ITUKIIIB
N Ta, TpU HEOOXImMHOCTI, KOEePIieHTYy
Hanpyxeub R.

(2)  [ns xopoTKUX IiCTOpiil HALPYXKEHb, JIe
MpPOCTI  BIUIUBU  IOBTOPIOIOTHCSI  TIEBHY
KUIBKICTb pasis, PEKOMEHIYEThCS
pesepByapHHiI METOX MimpaxyHKy. Moro
MPOCTO Bi3yalli3yBaTH Ta BUKOPUCTOBYBATH
(muB. pucyHok A.2). Tam, ne HeoOX1IHO
BUKOPUCTOBYBATH [OBI1 ICTOpIi HAaNpy>eHb,
HampuKiIag,  OTpPUMaHI 3  BUMIPIOBaHb
negopmMariii B iCHYIOUMX KOHCTPYKIISX (JIUB.
Homatok  C),  pEeKOMEHIYETHCSI  METO]
JIOTIIOBOTO MOTOKY. OOMIBa METOIU TAXOIATh
JUISL KOMIT IOTEPHOTO PO3PAXYHKY.

A.2.3 Ompumanns
Haganmasicens

3HAYEHDb cnekmpy

(1) B pesympraTi cKIamaHHA y MTOPSAKY
CcrHamgaHHsg CITUCKY [IUKJIIB Jiana3ony
Hamllpy)KeHb A0~ OTPUMYETBbCS  CIIEKTP
Hanpy>KeHb. /{711  JIerkocTi MigpaxyHKIB MpH
HEOOXITHOCTI MOXHA CIPOCTUTH CKJIQTHUN
CHEKTp /IO MEHIIOI KIUIbKOCTI IHTEPBAIIB.
KoHcepBaTiBHHIT METOJI BUKOPUCTOBYETHCS,
mo0 CKOMIIOHYBAaTH IHTEpBAIM B OLIBIII
I'PYIH, SKi MICTATh TaKy X 3arajbHy KUIbKICTh
LUKITIB, ajle YMi Jiara3oH HanpyXeHb PIBHUN
HaWOUIBIIOMY IHTEpPBAJy B IpyIi. 3 OUIBIIOIO
TOYHICTIO CEPEIHhO3BAKEHE 3HAUCHHS YCIiX
iHTepBalmiB MoOke OyTu BHpaxyBaHe 3a
JOTIOMOTOI0 M, 1@ M — 3BOPOTHIA HaxWI
kpuBoi Ao —N, skuid cKopim 3a Bce
BUKOPUCTOBYeThbCs  (muB.  pucyHok  A.3).
Bukopucranus apuMETHYHOTO CEpeIHBOTO
3HAYCHHS 3aBXK/IM HEKOHCEPBATHUBHE.

JACTY-H b EN 1999-1-3:201X

where appropriate (see A.3).

A.2.2 Cycle counting

Q) Cycle counting is a procedure for
breaking down a complex stress history into a
convenient spectrum of cycles in terms of
stress range Ao, number of cycles n and, if
necessary, R ratio.

(2)  For short stress histories where simple
action events are repeated a number of times,
the Reservoir method is recommended. It is
easy to visualise and simple to use (see Figure
A.2). Where long stress histories have to be
used, such as those obtained from measured
strains in actual structures (see Annex C) the
Rain-Flow method is recommended. Both
methods are suitable for computer analysis.

A.2.3 Derivation of stress spectrum

(1)  The listing of cycles in descending
order of stress range Ao results in a stress
spectrum. For ease of calculation it may be
required to simplify a complex spectrum into
fewer bands. A conservative method is to
group bands together into larger groups
containing the same total number of cycles,
but whose stress range is equal to that of the
highest band in the group. More accurately,
the weighted average of all the bands in one
group can be calculated using the power m,
where m is the inverse slope of the Ac—N
curve most likely to be used (see Figure A.3).
The use of an arithmetic mean value will
always be not conservative.
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N

A4

a) CucreMa, KOHCTpYKUiiiHa 1eTajab

b) TunoBwmii UKk HaBaHTaKeHHS (MOBTOPIOBAHMII Y PO3PAXYHKY
X-X Ta HABaHTAKEeHHS .
n pasiB). T =uac.
a) System, constructional detail X-X and

loading b) Typical load cycle (repeated n times in design). T =time

¢) Icropis nanpy:kensb gerasi X-X o
c) Stress history at detail X-X
\4 \/

d) MigpaxyHok uukJiB, pe3epByapHmii  \

\ Ao Ao Ao
MeTo \ 2

>
>

T

d) Cycle counting, reservoir method S,

Ao | Ao

e) CniekTp aiana3oHiB HANPY:KeHHS AC

e) Stress range spectrum w

n n n n
< 1> 2pC I»C 4>

Ao
f) N, =nuxau xo pyiinyBaHHs npH piBHI Ac-N

Aiana3oHy HANpY:KeHHsA Ao, , Aa1
logAo —log N po3paxynkoBmii TepmiH

AV . Ao

cJIy:k0M KOHCTpYKUiiiHoi geTani X-X A2

. A

f) N, =cycles to failure at stress range Oﬁ

level Ao;, logAo —log N design line for

constructional detail X-X

N NN N N
1 2 3 4
g) CYKYNHICTh NOMIKOMKEeHb 32
npasuiom IansMrpena-Maiinepa n n
P P P Z[—'J=i+ 2 4.+—=D
g) Damage summation, Palmgren- i N, N, N,
Miner-rule
Pucynok A.1- Meroauka OLIHKA BTOMU
Figure A.1 - Fatigue assessment procedure
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Kpok 1: BusnauuTtn icTopito HanpyKeHb
AJIS IpoLecy HAaBaHTAaKeHHs. BusHaunTH
nik B

Step 1. Determine stress history for
loading event. Identify peak B

Kpok 2: 3cyHyTu icTopiio HaBaHTaKeHb
371iBa Hanmpaso Big nmiky B

Step 2. Move stress history on left of peak
B to right

Kpok 3: HanmoBHuTH «pe3epByap»
«Boaowy». Halibiibma riououHa — ue
TOJIOBHUH ITMKIJI.

Step 3. Fill "'reservoir' with "water"'.
Greatest depth is major cycle

Kpoxk 4. BinsecTu Boay 3 Hai0inb1ol
riauouHu. Bu3HAYHTH HOBY
MaKcUMAaJbHY riuouny. Le 6yne npyruii
HalOilnb Ml UK.

Step 4. Drain at greatest depth. Find new
maximum depth. This is second largest
cycle

Kpoxk 5: [loBTOpIoBaTH, NOKH «BOAA» HE
3HUKHe. CyMa yciX HUKJIIB — 1ie CIeKTP
Hanpy:KeHb JJs icTopii, HaBe/IeHOI BUIIE

Step 5 Onwards. Repeat until all "'water"
drained. Sum of all cycles is stress
spectrum for above history

Pucynok A.2 - PesepByapHuil METO] MipaxyHKy UKIIIB
Figure A.2 — Reservoir cycle counting method
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Ao
o)
<]
Ao |
ATz ]
Aoy |

nqy Ny N3 Ny

1 — nificHi iHTpeBaNN; 2 — cIpolleHi iHTepBaNH; Ao - iana3oH HANMpy:KeHb; N — KyMyJISITHBHA YacTOTa
(npu Oyab-sikiii KiibKoCTi HUKIIB) ; 3 — MK (KOHCEPBAaTHBHMIA) ; 4 — cepeIHBO3BaKeHEe 3HAYEHHS (HAHOITbII
TouHe); 5 — cepenHe apupmMeTHIHe (HEKOHCEPBATHBHE); 6 — 3adiikcoBaHmii cieKTP; 7 — CNPOIIEHHIT CIIEKTP
JJISl pO3PaxyHKYy.

1 - original bands; 2 — simplified band; Ao stress range; N cumulative frequency (any cycle number); 3 -
peak (conservative); 4 —~weighted mean (most accurate); 5 — arithmetic mean (unconservative) 6 — recorded
spectrum; 7 — simplified spectrum for design

Pucynok A.3 - CrhpomieHnid po3paxyHKOBHH CIIEKTp Jiana3oHy
Figure A.3— Simplified stress range spectrum

A.3 IlpoexktyBanHsi 3
AOMYCTHMHUX PYHHYBaHb

YpPaxyBaHHAM

A.3.1 Ilepeoymoeu ona npoexkmysanHs 3
YPaxy8aHHAM OORYCIMUMUX PYUHYEAHb

(1)  IIpoekrtyBaHHs 3 ypaxyBaHHSIM
JOTYCTHMHX pyiHYBaHb MOBHUHHE
BUKOPHUCTOBYBATHCS JIMIIE TOJi, KOJH YiTKO
BU3HaYeHa 00JIaCTh 3aCTOCYBAHHSL.

Mpumitka. Y HarionajibHOMY 0JaTKy MOXYTh OyTH
HajaHi 00JacTi 3acTOCYBaHHS TPOEKTYBaHHI 3

ypaxyBaHHIM JOMYCTUMHX pyHHYBaHb.
PekOMEeHIYIOThCSl YMOBH, BKa3aHi y a) - d).
a) JinsHKkrn BWHWKHEHHS TPIIIMH IIOBHHHI

3HaXOOUTHCS OMU3BKO NI0 MOBEPXHi, MI00 JEerko Oyio
MpOBOAUTH  iX  oOciayroByBaHHA.  BukmodeHHS
MOXJIMBE JIAIIE Yy BUMAIKax, KOIU 3abe3medeHi
Oe3meyHi ajNbTEPHATHBHI INUIAXM 3aBAaHTAXCHHA, a
KOHCTPYKIIiIiHI IeTalli CIPOEKTOBaHI TAKUM YHHOM, IO
PO3pOCTaHHS TPIITIHA MOXIMBO 3YIUHUTH JIO0 TOTO, K
TpiMKMHA JOCATHE TIEPIIOro MUISIXY 3aBaHTaKCHHS.

b) Meroanka, Bkazana y A.2.2, TIOBHHHA
3aCTOCOBYBATHCA ISl BU3HAYCHHA IIEPiOIUYHOCTI
TEXHIYHUX TEPEeBIPOK Ta MaKCHMAIBHO IOMYCTHMOIO
PpO3MIipy TPIIMHU 10 TOTO, SIK BUHIKHE HEOOXIHICTh B
KOPEKIIii.

C) [loBuHHI OyTM AOCTYNHI NpPaKTHYHI METOIH
TIEPEBIPOK, 32 JOIOMOTOI0 SIKHX MOXJIMBE BUSBIICHHS
TPIIMH Ta BUMIPIOBaHHS iX pO3Mipy JI0 TOTO, SIK BOHH
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A.3 Damage tolerant design

A.3.1 Prerequisites for damage tolerant
design

(1) Damage tolerant design should only be
used where clear conditions for the application
are defined.

NOTE: The National Annex may give conditions for
the use of damage tolerant design. The conditions
given in a) to d) are recommended.

a) The fatigue crack initiation sites should be on
or close to a surface which should be readily accessible
in service. The only exception should be where safe
alternative load paths are provided and constructional
details are designed to ensure that the cracks will be
arrested without propagation beyond the first load path.

b) The procedure in A.2.2 should be applied to
determine the inspection frequency and maximum
permissible crack size before correction becomes
necessary.

c) Practical inspection methods should be
available which should be capable of detecting the
cracks and measuring their extent well before they



JOCSITHYTh KPUTHYHOTO PO3MIpY.

d) BkaziBky 110710 TEXHIYHOTO OOCITYTrOBYBaHHS
MIOBUHHI MicTHTH iH(opMarito, Bkasany y 1.7.3, mis
KOXKHOT'O pPO3TallyBaHHS TPIIINHH.

A.3.2 Busnauenna cmpamezii nepesipok
014 NPOEeKmMY8aHHA 3  YPAXYBAHHAM
oonycmumux pyiuHy6ams

(1) Ha Oyamp-siKidl JiNSHIN TOTEHIIHHOTO
BHUHHUKHCHHS TPIIIUHH, ¢ TEPMIH Oe3MedHOi
eKCILTyaTail T, MEHIIHH, HDK

pPO3paxyHKOBMH TEepMIH eKkcIuryartauii T,

MOBUHEH OyTM pO3paxoBaHUN  IHTEpBal
nepeBipku T, .
(2) YV BkaziBKax [mOJ0  TEXHIYHOTO

00CITyroByBaHHs MOBUHHO OyTH BHU3HAYEHO,
o0 Tepimia TepeBipka KOXKHOI  JIUJISTHKH

MMOTEHIIINHOTO BHUHUKHEHHS TPIIIHA
MMOBUHHA  MPOBOJUTHCS JO  3aKIHYCHHS
TEepMiHy O€3MeUHO1 eKCIuTyaTallii.

(3 VYV BkasiBkax MmOJ0  TEXHIYHOTO

00CITyrOByBaHHSI MOBHHHO OyTH BH3HAYEHO,
0  TOCHIJOBHI  MEpPEeBIpKU  TOBUHHI
NPOBOJUTUCS  PErYISIPpHO 3  BH3HAYEHUM
IHTepBaJIOM T, NP YMOBI, 110:

T, <0,5T,

ne T, po3paxyHKOBHUH yac, 3a AKMH TpILIUHA,

[0 BUHMKIA Ha AUISHI, IO OI[IHIOETHCH,
po3pocraeTbesi 3 MOMITHOT JoBxkuHU |, 10

KpUTHYHOT TOBKUHU |, (nuB. puc. A.4).

Mpumirka. Jlonyctuma MiHiMalbHa JOBKHHA TPILIMHH
MOBEpXHI  TIOBMHHA  BPaxOBYBaTH  JIOCTYIIHICTb,
pO3TalIyBaHHS, MOXJIMBHH CTaH IOBEPXHI Ta METOX
nepeBipku. 3HaueHHs |, moBuHHE OyTH HE MEHIIE, HiXK

pexoMeHnoBaHe 3HadueHHS B Tabmumi A.l, okpim
BUIIAJIKIB, KOJIH MIPOBOAATHCS creraipal
BHUIIPOOYBaHHSA, O[O0 OOBECTH, IO MEHIII JOBXHHA
MOXYTb OyTH BH3HA4Y€HI 3 BIPOTiNHICTIO HE MEHIIE
90%.

4 SIkmo  Oynab-sika  iHIIA — [MOCTiiHA
KOHCTpYKIIHA a00 HEKOHCTPYKLIHa AeTallb
HE J03BOJISE€ TMOBHUM JOCTYN A0 TPIMIMHH,
NMPUXOBaHA JIOBXKHMHA TPIIMHUA TIOBUHHA
JOJABATHCS JI0 BIANOBIIHOIO 3HAYCHHS B
Tabmuii A.1, mo6 oTpuMatu 3HaueHHs |, ms

PO3paxyHKy.

(5)  Sxmo  BHKOPUCTOBYETHCS ~ 3HAYHA

JACTY-H b EN 1999-1-3:201X

have reached their fracture critical size.

d) The maintenance manual should specify the
information listed in 1.7.3 for each crack location.

A.3.2 Determination of inspection strategy
for damage tolerant design

(1) At each potential initiation site where
the safe life T, is less than the design life T,

the inspection interval T, should be calculated.

(2) The maintenance manual should
specify that the first inspection of each
potential initiation site should take place
before the safe life has elapsed.

(3) The maintenance manual should
specify that subsequent inspections should
take place at regular intervals T, where

(A.3)

Where T, is the calculated time for a crack,

having initiated at the site being assessed, to
grow from a detectable surface length |, to a

fracture critical length I, (see Figure A.4).

NOTE: The assumed minimum exposed length of
surface crack should take into consideration the
accessibility, location, likely surface condition and
method of inspection. Unless specific testing is
undertaken to demonstrate that shorter lengths can be
detected with a probability exceeding 90%, the
assumed value of I, should not be less than the
recommended value in Table A.1 where the full crack
length is accessible for inspection.

(4)  Where any other permanent structural
or non-structural part prevents full access to
the crack, the obscured length of crack should
be added to the appropriate value in Table A.1
to derive the value of I, for calculation

purposes.

(5) Where heavy constructional thickness
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KOHTPYKIIiiHA TOBIIMHA, 1 SKIIO JUISHKA
BUHUKHEHHS  TPIMIMHMA  3HAXOIUTHCS  Ha
HEIOCTYIHINA MOBEPXHI (HAIPUKIIAA, Ha KOPEHi
OJTHOCTOPOHHBOTO ~ 3BapHOIO mBa B
TpyO4acTomy eneMeHTi), MoXxe OyTH JOITEHO
IUTAHYBAaTH CTPATETil0 TMEpPeBIpOK, OCHOBAHY
Ha YJNbTPa3BYKOBOMY BHUIPOOYBaHHI, JUIs
BUSIBIICHHS 1 BHUMIPIOBAaHHS TPIIIMH JI0 TOTO,
SIK BOHHU JOCSTHYTH AOCTYIMHOI moBepxHi. Taka
CTpaTerii He TMOBMHHA mpuiiMatucs 0e3
MoTIepeIHIX BUPOOYBaHb Ta OIIHKH.

Is used and where the initiation site is on an
inaccessible surface, (e.g. the root of a single
sided butt weld in a tubular member), it may
be appropriate to plan an inspection strategy
based on the use of ultrasonic testing to detect
and measure cracks before they reach the
accessible surface. Such a strategy should not
be undertaken without prior testing and
evaluation.

A
Y
A

a — KpUTHYHA I0BKHHA TPilMHU; b — monycTHMa MiHiMaJbHA IIOMiTHA JOBJKHHA; C — KpUBa AilicHOro
po3poctanHs; d — KpHBa JOMYCTUMOI0 HAWIIBHIIOIO PO3POCTAHHS, BEPXHIO Me:Ky quB. y lonaTky B; i —

HoMep nepeBipku; T, — iHTepBai nepesBipku; T,

— iHTepBaJ yacy /10 TOro, ik TPillIMHA CTA€ MOMITHOIO;

T, yac, 32 AKUil TPilMHA, PO3POCTAETHCA 3 NOMITHOI JOBKUHU 10 KPUTHYHOI 10BKHHH

a — fracture critical length; b —assumed minimum detectable length; ¢ — actual growth curve; d —
assumedfastest growth curve, see Annex B for upper boundary; i — inspection number; T, — inspection

interval, T, —time interval to detectable crack length; T, —time interval for crack growth from detectable
crack length to critical crack length

Pucynok A4 -

Crpareris nepeBipKy I IPOSKTYBaHHS 3

ypaxyBaHHSAM JOMYCTUMHUX PYHHYBaHb

Figure A4 -

Inspection strategy for damage tolerant design

Ta6anus A.1 —PekomenjoBani Oe31euHi 3HAYE€HHS U1 IOMITHAX TPILUH TOBEPXHI I, B MM

Table

A.1 —Recommended safe values of detectable surface crack length 1, in mm

PoszranryBanHs TpimmHN
Crack location

. . lopcTka moBepxHs T'ocTpuii k
MCTOJI HepeBlpKH PlBHa fLiocka BGI)) XHS LIa,CTﬁHa ’ K OMKfSBa ZIEFO
Method of Inspection HOBEPXHSI p P P
. 3BapHOFO 1IiBa IBa
Plain smooth
surface Rough surface, Sharp corner,
Weld cap Weld toe

BizyansHuii, 32 10omoMororo
30LTBIIYFOUOTO TIPUCTPOIO 20 30 50
Visual, with magnifying aid
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BunpoOyBaHHs 3a 10TTOMOT0I0
MPOHHUKAIOUUX PiZIMH 5
Liquid penetrant testing

10 15

OCBITJICHHS Ta 3HATTS 3aXHCHOI'O TIOKPHUTTH.

HpHMiTKa. Bxkaszani BUIIC 3HAYCHHSA BHUKOPUCTOBYKNOTHCA IIPU Z[OHyHIeHHi OJIM3LKOr0 KOHTAKTy, OJOCTATHHBOI'O

NOTE: The above values assume close access, good lighting and removal of surface coatings.

(6) 3mauenns |, moBuHHEe OyTH TaKuM,

mo6 pobounii mepepi3, BpaxoBYIOUH MOXKIIUBY
dbopMmy mpoduTI0 TPINMHE Yepe3 TOBIIUHY,
MII  BUTPUMATH  MaKCHUMallbHI  CTaTUYHI
pO3TATYIOYl 3yCHJIISL TiJ] HaBaHTAXEHHSM,
ITOMHOKEHUM Ha KOEQII[IEHT, PO3paxOBaHUM
srimno EN 1999-1-1, 06e3 HecTaOUIBHOTO
PO3MOBCIOIPKEHHS TPILIUHU.

" T

JOTIOMOT OO0 pO3paxyHKy Ta/abo
BUNPOOYBaHHS, JOMYCKalOYM HaBaHTaXEHHS,

TMOBUHEH OILIIHIOBATHCS 3a

MOMHOXKeHe Ha  KoedinieHT  (auB.2.4),
HACTYITHUM YHHOM:

a) Meron PO3paxyHKy MOBHUHCH
O0asyBaTHCs Ha  TOPUHIUNAX  MEXaHIKH

pyiiHyBanb  (muB. Jlomatox B). Cumin
BHUKOPHCTOBYBATH CIHIBBIIHOIIEHHS BEPXHBOI
TPaHMIll  PO3POCTaHHS  TPINIMHH, 110
BU3HAYAETHCS K  CEpeAHE IUTIOC  J(Ba
CTaHJAPTHHUX BiIXWICHHS. SIK albTepHATHBA,
MEeBHI JaHI MIOJ0 PO3POCTAaHHSA TPINUHU
MOXYTh OyTH OTpHMaHl 31 CTaHJAPTHHUX
TECTOBHUX 3pa3KiB MPH BUKOPUCTAHHI TAKOTO K
MaTepiary, SK |y [UBIXy PO3POCTaHHS
TpIUHU. Y  TakOMy BHITAJIKy PpIBEHb
pO3pOCTaHHS  TPINIMHH  TOBUHEH  OyTH
ITOMHOXEHUH Ha KOe(IilliEHT BIAMOBIAHO 0
BUNPOOOBYBATBHOTO KoedilieHTy BTOMH F
(mmB. Tabmuiro C.1);

b) SKIIIO PO3POCTAHHS TPIIIMHA BUHHKAE
4yepe3 BHUIPOOYBaHHS OKPEMHX CIIEMCHTIB
KOHCTPYKIIi a00 caMoi KOHCTPYKIIi, MiJ yac
SKOTO CHUMYJIOIOTBCSA BIIAMOBIIHI Marepianu,
FCOMETPHYHI  XapaKTEPUCTUKH Ta METO]
BUPOOHUIITBA, TO  BIANOBiHA  MOJEIb
MPUKIAICHOTO  3yCWJUIA  TMOBHHHA  OyTH
3aCTOCOBaHa 10 BUMPOOYBAHUX 3pa3KiB (IHB.
Honarok C).

C) 3aJI0KyMEHTOBaHUH piBeHb
pPO3pOCTaHHS  TPIIIMHU MDK  JOBXHHAMH
tpimman |,  Tta |, moBuHen Oyru

(6)  The value of I, should be such that the

net section, taking into account the likely
shape of the crack profile through the
thickness, should be able to sustain the
maximum static tensile forces under the
factored load, calculated in accordance with
EN 1999-1-1, without unstable crack
propagation.

(7) T, should be estimated by means of

calculation and/or by test, assuming factored
load (see 2.4), as follows:

a) The calculation method should be
based on fracture mechanics principles (see
Annex B). An upper bound, defined as mean
plus two standard deviations, crack growth
relationship should be used. Alternatively
specific crack growth data may be obtained
from standard test specimens using the same
material as in the crack propagation path. In
which case the crack growth rate should be
factored in accordance with the fatigue test
factor F (see Table C.1);

b) where crack growth is obtained from
structural or component tests simulating the
correct materials, geometry and method of
manufacture the relevant applied force pattern
should be applied to the test specimen (see
Annex C);

C) the crack growth rates recorded
between the crack lengths I, and I, should be

factored by the fatigue test factor F (see
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ITIOMHOEHUHI Ha BUINIPOOYBaAJIbHUI
kopedirient Bromu F (auB. tabmuio C.1).

(8) BkasiBku 1010 TEXHIYHOTO
oOCIyroByBaHHs TOBHMHHI BH3HAYaTH TaKli
3aX01H, MOHEOOXIAHI I BUSABJIEHHS BTOMHOI
TPIIMHU i 4Yac PeryisipHOi TEeXHIUYHOI
MIEPEBIpPKH:

a) SKIIO BUMIpSHA JIOBXHHA TPIIUHH
MeHma, HDK |;, To He mOTpPiOHO BXKMBaTH

HISKUX 3axO0/IiB 1010 YCYHEHHS
HECIIPAaBHOCTEH.
b) SKIIO BUMIpSHA JIOBXKHHA TPIIUHH

nopiBHse abo mepeBumyye |, ememeHt
HEOOXITHO OIIHWUTA Ha TMPUIATHICTH [0
LIUTbOBOIO  BUKOPUCTAHHS,  BHU3HAYMBLIH,
BIIPOJIOBXK SIKOTO 4Yacy KOHCTPYKLIS 3/aTHa
6e3neuHo (yHKIIOHYBaTH 0e3 Kopekuii abo
3aMiHH. v BUIAJIKY POJOBXKEHHS
(YHKIIOHYBaHHS ~ HEOOXIHO  PO3TIIAHYTH
MOXJIUBICTh ~ 30UIbIICHHS  NEPIOAMYHOYTI
MepeBipoOK Ha MICIII.

C) SKIIO BHUMIpSHA JOBXHHA TPIIIMHU
nepeBuilye |, , KOHCTpyKIis MOBHHHA OyTH

HeraiHO BUBEJICHA 3 eKCILTyaTaIlii
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Table C.1).

(8) The maintenance manual should
specify the actions to be taken in the event of
discovery of a fatigue crack during a regular
maintenance inspection, as follows:

a) If the measured crack length is less
than 1, no remedial action need be taken;

b) if the measured crack length is equal to
or exceeds |, the component should be
assessed on a fitness for-purpose basis with a
view to determining how long the structure
may safely be allowed to operate without
rectification or replacement. In the event of
continuation of operation consideration should
be given to increasing the frequency of
inspection at the location in question;

C) if the measured crack length exceeds
I, the structure should be immediately taken

out of service.



JTOJATOK B
(TIOBIIKOBHN)
11010 OLITHKHA
TPIIIVMHU 3A
MEXAHIKH

BKA3IBKH
PO3POCTAHHS
JOIIOMOI OIO
PYUHYBAHHSI

B.1 Cdepa 3acTocyBanus

(1) Meroo 1BOro IOMATKY € HaJaHHS
iHpopMaIlii MO0 3aCTOCYBaHHS MEXaHIKH
pyHHYBaHb JUIS OI[IHKH PO3POCTAHHS BTOMHHX
TPIILIKH 3 IUIOCKUX TOCTPUX HEOJHOPIIHOCTEN.
['07I0BHUM YHHOM II€ CTOCYETHCS OIIHKH
HACTYITHOTO:

— BX€ BiIOMI JedeKkTd (BKIIOYaouu

BTOMHI  TpIIIMHM, BHSBJIEHI MiA  4ac
eKcIuTyaTartii);
— nomyctuMi  nedexktu  (BKIIOYAIOUU

pO3rJIA] TOYaTKOBOTO 3’€qHAHHS abo Mex
BUSABJIICHHSA nedexTiB 3a JIOIIOMOT'OIO
HEpYHHIBHUX BUIPOOYBaHb);

— CTIMKICTH 110 nAedeKTiB (BKIIOYAIOYU

OIIHKY MPUAATHOCT1 1o UIEOBOTO
BHUKOPHUCTAHHS neeKTiB, CHEiaIbHO
CTBOPEHUX ISt MMEBHUX BUMOT
(YHKITIOHYBaHHS ).

(2) Meron OXOILTIOE HOpMaJIbHE
PO3pPOCTaHHS BTOMHHUX TPIIIMH y HANPAMKY
rOJIOBHOTO PO3TATYOUOTO HaIPY)KECHHS
(Meton 1).

B.2 IlpuHuunu

B.2.1 Po3mipu mpiwun

@ JIOMyCKAEThCs, MO PO3MOBCIOHKCHHS
BTOMH IIOYMHAETBCA 3 BXKE ICHYHOYOIO
IUIOCKOTO Je(PeKTy 3 TOCTPOIO TPILIMHOLO, SIKa
3a3BHYall  PO3POCTAETBCS Y  HANPSIMKY
JiarnazoHy rOJIOBHOTO PO3TATYIOYOI0
HampyXeHHs Ao B JaHiil TOYIIL.

(2)  Posmipu Bke icHyOUHX JIe(eKTiB
noka3aHi Ha pucyHky B.1. Iloka3zani nedexru
pPO3NMOAUIIOTECS HA Ti, IO CTBOPIOIOTh
pO3JOM TOBEPXHI, 1 Ha Ti, IIO0 TOBHICTIO
3HaXOJAThCs BCEPEMHI MaTepiany.

JACTY-H b EN 1999-1-3:201X

ANNEX B
[INFORMATIVE]
GUIDANCE ON ASSESSMENT OF
CRACK GROWTH BY FRACTURE

MECHANICS

B.1  Scope

(1)  The objective of this annex is to
provide information on the use of fracture
mechanics for assessing the growth of fatigue
cracks from sharp planar discontinuities. Main
uses are in the assessment of:

- known flaws (including fatigue cracks
found in service);

- assumed flaws (including consideration
of the original joint or NDT detection limits);

- tolerance to flaws (including fitness for
purpose assessment of fabrication flaws for
particular service requirements).

(2) The method covers fatigue crack
growth normal to the direction of principal
tensile stress (Mode 1).

B.2  Principles

B.2.1 Flaw dimensions

(1) Fatigue propagation is assumed to start
from a pre-existing planar flaw with a sharp
crack front orientated normal to the direction
of principle tensile stress range Ao at that
point.

(2)  The dimensions of the pre-existing
flaws are shown in Figure B.1 depending on
whether they are surface breaking or fully
embedded within the material.
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—>|A

-'361 .-'3(71

a) nedeKT, 10 CTBOPIOE PO3JIOM MOBEPXHi
1 —BiTbHa MoBepxHi; 2 — nedpeKT

—>|B

Agy Ag,

—/B

b) nedexT, 110 3HAXOAUTHLCS BCepeanHi MaTepiany

A-A
a) Surface braking flaw
1 —free surface; 2 — flaw
y Y
o
o
Y
o 2C1 L
B-B ”

b) Embedded flaw

Pucynoxk B.1- IcHyrouuil 10 BUHUKHEHHS TPIIIMHU IJIOCKUN JedeKT

Figure

B.2.2 Chissionowmenns pocmy mpiwjunu

(1) Mg BMBOM [ianma3oHy IMKIIYHUX
HaIlpy’K€Hb Ao ¢bpoHT TPILIMHU
MEePEMIITY€EThCSl BIVIMO Marepialy BiAMOBIIHO
70 3aKOHY pO3IOBCIOJDKEHHS TpiMHU. B

54!

B.1- Pre-existing planar flaw

B.2.2 Crack growth relationship

(1)  Under the action of cyclic stress range
Ao the crack front will move into the
material according to the crack propagation
law. In the direction of 'a' the rate of
propagation is given by:

HampsIMKy 'a'  pIiBEHb  PO3MOBCIODKCHHS
BH3HAYAETHCS 32 (POPMYIIOIO:
da
— = A(Aa%® - y)" B.1
PINIRER y) (B.1)
He: where:
a — MarepiaJibHa KOHCTaHTa  PiBHA a is the fatigue crack growth rate
pospocranss BroMHoi Tpimuau (PPBT); (FCGR) material constant;
m — TIOKa3HUK CTYINEHS PO3POCTaHHS m is the crack growth rate exponent;
TPIIMHU
y — FCOMETPUYHUIN KOSQIIIEHT TPILHHH, y is the crack geometry factor depending
SKUWA  3aJICKATh Big GOpPMH  TPIIIUHH,

OpieHTAIlii Ta PO3MIpIB I'PAHMIlI TOBEPXHI.

Mpumitka. OnuHnmi 11 KoeilieHTiB iIHTeHCHBHOCTI
nanpyxenas AK — Hum? Mm% [MIIa M%®), a aia pisus
pospoctanns tpinuan da/dN — [m/uukn].

(2) e Moxna 3amucaTH 3a JOTIOMOTOFO
bopmynu:

da
dN
ne
AK  — niama3so” IHTEHCUBHOCTI
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on the crack shape, orientation and surface
boundary dimensions.

NOTE: The units for stress intensity factors AK are
Nmm?2 m® [MPa m°5] and for crack growth rate

da/dN is [m/cycle]. Data given in B.3 are only valid
for these units.

(2)  This can be rewritten in the form

= AAK" (B.2)

where

AK is the stress intensity range and equals



HaNpyKeHHs, 1o gopiBHIoe Aca®’y.

(€)) [Micns  nmpuknageHass N [HKIIB
Jiana3oHy HamnpykeHb Ao TpIlMHA 3POCTE 3
posmipy a' 10 posmipy a’ y BimmosimHOCTI 3
HACTYIIHUM iHTETPyBaHHSM:

(4) VY zarampHOMy Bumaaky A, AK Ta m
3ajIexars Bix a.

B.3  3unauyenHs po3pocTtaHHsi TpimmHu A
TAa M

1) A and m  orpumyroThcs 3
BUMIPIOBaHb  PO3POCTAHHS  TPIIIMHU  Ha
CTaHJApTHUX 3pa3kax 3 HaJPi30M,
opieHTOBaHUX y HampsaMmky LT, TL abo ST
(Hampuknaa, sk Ha pucyHky B.2), 3

BUKOPHUCTAaHHSM CTaHIAPTU30BAaHUX METOJUK
BUTIPOOYBaHb. Po3paxyHOK 3pa3ka IMOBHUHEH
OyTH TakuM, 1100 Oylo JOCTYNHE MpaBUIIbHE

BU3HAUYEHHSA  KOEQIIEHTY  IHTEHCUBHOCTI
HaMpyXEHHS (K) (mampukam,
CHIBBIIHOIIEHHS MDK MIPUKIIAJICHUM

HABaHTAKEHHSM Ta pO3MipoM Tpiluau 'a’).

Mpumirka. TTomanbua iHpopMmartis I0/10
CTaHJAPTHU30BAHUX METOMMK BUTPOOYBAHb MiCTUTHCS Y
6i6umiorpadii, B.1.

+ 0,05

025wy

L 0,8

JCTY-H b EN 1999-1-3:201X
Aca®y.

(3)  After the application of N cycles of
stress range Ao the crack will grow from
dimension a' to dimension a® according to
the following integration:

t da
B.3
e (83)
4) For the general case A, AK and m

—l e

0,275

are dependent on a.

B.3  Crack growth data A and m

(1) A and m are obtained from crack
growth measurements on standard notched
specimens orientated in the LT, TL or ST
direction (e.g. see Figure B.2) using
standardised test methods. The specimen
design should be one for which an accurate
stress intensity factor (K) solution (i.e. the
relationship between applied action and crack
size 'a") is available.

NOTE: For further information on standardised test
methods see Bibliography B.1.

+ 0,005v
>

0,6w
+ 0,005V

ml\

>

w + 0,005 w
1,5w 0,010 w

<

Y

<
1 — niameTp oTBOpY; 2 — 3MillIeHHS OTBOPY;

3 —30iblIeHHs; 4 — MOYATKOBa BTOMHA TpilliMHA
PexomennoBana ropumaa W/20<b<w/4

1 — hole diameter; 2 — mouth opening displacement;
3 —increment; 4 — fatigue pre-crackRecommended
thickness w/20<b<w/4

Pucynoxk B.2- Twunosuii 3pa3ok po3pocTaHHs TPilIMHY (MpuKIaja 3 nocwi. B.3)

Figure

B.2 - Typical crack growth specimen (example from ref. B.3)
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(2)  BumpoOyBanHs  TpPOBOIATHCS  IIiX
BIUTMBOM  KOHTPOJIBOBAHOTO  KOMIT IOTEPOM
OUKITIYHOTO HAaBaHTAXXCHHS Ha 3pa3Ky Npu
MOCTIHHOMY CITIBBIJHOIIIEHHI IHTEHCHBHOCTI

npukiageHoro HampyxenHs K . /K AK

max 2
ISl TOCTiHOT yMoBH BunpoOyBanHs R, Tak i
UL sl TIOCTIMHOT yMOBHM BHUIPOOYBaHHs
K npu TOYHOMY BHUMIPIOBaHHI

PO3pOCTaHHs TPILIUHY 110 HAAPI3Y.

max ?

Mpumirtka. ITonanpura iH(opMarris 10710
CTaHIAPTHU30BAHUX METOIUK BUIPOOYBaHb MICTUTBCS Y
6i6umiorpadii, B.2.

(3)  Skmro AMCKpeTHI 3HAYEHHS IOBXHHU
TPILMHA & OTPUMAaHI, TO JAJs PO3TAlIlyBaHHs
JAaHUX BUKOPUCTOBYETHCS IJIABHA KpUBa, MpU
3aCTOCYBYHHI METOJaY, IO BHU3HAYECHUU B
CTaHJapTi BUNPOOYBaHHS. PiBenb
po3pocranns Tpimuaun da/dN npu 3amaHii
JOB)KHHI TPILLIUHU BUPAXOBYETHCS SIK TPAJIEHT
KpHUBOI MpY NIEBHOMY 3HAYEHHI.

(4) BignoBimHe  3HA4YCHHS  JIiaNa30HY
Koe(ilieHTY IHTEHCUBHOCTI HanmpyxeHHs AK
OTPUMYETBCS 3 JIOMIOMOTOIO  BiJTIOBITHOTO
pimenHss K mns BunmpoOyBaHOTO 3pa3Ky B
MOEAHAHHI 3 JI€I0 Jlalla30Hy MPHUKIAIECHOTO
HaBaHTWKECHHS. Pe3ynabTaTu CITIBBIIHOIIECHHS
da/dN ta AK mHaneceni Ha rpadik 3a
JOTIOMOTOFO JIOTapuMIYHOT IITKAJIH.

(5) s 3aranbHOrO BHUKOPHCTAHHS KpPHUBI
PO3pOCTaHHs MOXYTh 3aCTOCOBYBATHUCS VIS
pi3aMX 3HaueHb R . Pucynox B.3 memoHcTpye
tunoBui npukiang da/dN 1o BIIHOIICHHIO
no kpuBux AK mis neopMOBaHOIO CIUIaBY
amominiro EN AW-6005A T6. Ha pucysnky
B.3(a) ymoBoto BumnpoOyBaHHs Oyi0 MOCTIiHE
CHIBBITHOIIIEHHS! IHTEHCUBHOCTI HANpPYKEHHS
K./ K a Ha pucyHky B.3(b) pesynbraTn
BUNPOOYBaHHS TpPU MOCTIHHOMY 3HAYEHHI
K =10 Hwmm?m%? MOEHYETHCS 3
KOHCEPBAaTHBHUMH TUIKAMHU KPHUBOI 3 PUCYHKY
B.3(a). s KOMOIHAITis pe3ynbTaTiB
MOCTIHHOTO 3HaueHHs R Ta mocTiiHOTO
3HaueHHs K € KOHCepBaTHBHUM IHXEHEPHUM
HaOMMKEHHSIM 1 MOXK€ BHUKOPUCTOBYBATHUCS
JUIs  Tiepea0ayeHHs BTOMHOI MIITHOCTI Yy
BUIAJKY 3HAYHUX 3QJUIIKOBUX PO3TATYIOUHUX
HanpykeHb a00 HeJOCTAaTHIX BUMIPIB BTOMHO{
TpimuHu. 3HaueHHa M Tta A gna puc. B.3
HajaHi y Tabmunsx B.1(a) Ta (b).

max 2
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(2) The tests are carried out under
computer controlled cyclic action of the
specimen at constant applied stress intensity
ratioR=K_;, /K, , for either constant R or

constant K. testing conditions and accurate

measurement of the growth of the crack from
the notch.

NOTE: For further information on testing conditions
see Bibliography B.2.

(3) If discrete values of crack length a are
obtained, a smooth curve is fitted to the data
using the method specified in the test standard.
The crack growth rate, da/dN, at a given
crack length is then calculated as the gradient
of the curve at that a value.

(4)  The corresponding value of the stress
intensity factor range, AK, is obtained using
the appropriate K solution for the test
specimen, in conjunction with the applied
action range. The results da/dN versus AK
are plotted using logarithmic scales.

(5) For general use, crack growth curves
may be required for different R values. Figure
B.3 shows a typical set of da/dN versus AK
curves for the aluminium extrusion alloy
EN AW-6005A T6. In Figure B.3(a) the
testing condition was constant ratio of stress
intensity K. /K and in Figure B.3(b) the

result of a test at constant K = 10 Nmm

m%® is combined with the conservative
branches of the curves from Figure B.3(a).
This combination of the results of the constant
R and constant K data is a conservative
engineering approximation and can be used
for the fatigue life prediction in case of high
residual tensile stresses or short fatigue crack
evaluations. The values of m and A for
Figure B.3 are given in Tables B.1(a) and (b).

max !



(6) Ha pucynky B.4(a) HaHeceHe Ha
rpadik mocriiine 3HadeHHs R-PPBT koBanux
amoMiHieBux cmiasie R = 0,1, a Ha pucyHKY
B.4(b) BkazaHi BiAMOBimHI  maHi IS
nocriiiHoro 3HadenHss R = 0,8. Ha pucynky
B.5 moxkazani moctiiini R-PPBT kpuBi Tppox
CIUIaBiB KOKUTbHOTO JUTTS mpu R = 0,1 Ta
R=0,8. Ha pucynky B.6 moxkasani
KOMOIHOBaHI JaHI MOCTIHHMX 3Ha4eHb R Ta
K V11 BUIIPOOYBAHb KOBAHUX ATFOMIHIEBUX

cmaBiB R =0,1 ta R = 0,8. 3nauenns m ta
A Bepxuboi rpanuni PPBT mnokpurrs,
Imoka3aHi Ha MamoHkKax B.4 - B.6, Takox
HajaH1 y Tadnuiix B.2 - B4 innosiaHo.

Mpumirtka. ITonanbura i opMarrist 10710

cmiBiznomennss da/dN rta AK  Haganma vy
bi6niorpadii, B.3 ta B.4

(7)  3oBHIimHIA BIUIMB  KOPO3il  MOXe
BumBaT® Ha A Ta m. Pesympratn
BUNpoOyBaHb,  OTPUMaHl MpPU  yMOBax
BOJIOTOCTI ~ HAaBKOJIMIIHBOTO  CEPEIOBUIIA,
3/1aTHI OXOIUTIOBATH OUIBIIICTh HOPMaJbHHUX
aTMOC(EepHUX YMOB.

B.4 T'eomerpuuna ¢pyHKuUis y

(1) Teomerpuuna (HYHKIIIS Y 3aJCKUATH BifT
reomeTpii TpimmHE (hopMU Ta PpoO3MIpY),
pPO3MIpIiB TpaHUIlb TOBEPXHI OTOYYIHOUOTO
Marepiary 1 MOJENl HampyXeHHs B 30HI
NUISIXY TPIIIAHHA.

(2) [Mama  imdopmaris  Moxe  OyTH
OTpUMaHa 3 PO3PaXYHKY KIHIICBHX €JICMEHTIB
KOHCTPYKIHHOT JIeTalli 3 BHKOPHCTaHHSIM
€JIEMEHTY., IO MICTUTh BEPIIUHY TPIlIHHH.
[HTEHCHBHICT,  HANpYXEHHS Ui PI3HUX
JIOB)KUH TPIMHA BU3HAYAETHCS 3a
JOTIOMOTO10 iHTerpasty J. AJIBTEpHATUBHUM
IITXOM BOHA MOXXe OyTW BH3HAUYEHHA 4epe3
MEPEeMIllleHHs, T0JIe HANpYXCHHS HaBKOJIO
Kpalo TpIIMHM abo 3arajbHy EHEpriio
pyXHOI nedopmaitii.

(3)  Posnoscromkeni pileHHs VISt
3arajJbHO BHKOPHUCTOBYBAaHHX T'€OMETPHYHHX
XapakTepUCTUK (TIaJKui marepiaa Ta 3BapHi
IIBH) — [I¢ aJbTEPHATHBHE JDKEPEJIO 3HAYEeHb
y. CranmapTHi JaHi YacTo HaJalOThCI B

mokasHmkax Yy, nge Y =yz *°. Tunoswuii
MpUKIaA TPIIMHA Ha TIAAKIA IJIUTI, 110
MPU3BOANTH J0 PO3JIOMY MOBEPXHi, HAAAETHCS
Ha pucyHKy B.7(a). Sfkmo  TpimuHa

JACTY-H b EN 1999-1-3:201X

(6) In Figure B.4(a) the constant R-FCGR
of wrought aluminium alloys of R = 0,1 are
plotted and in Figure B.4(b) the corresponding
data for constant R = 0,8 are added. Figure
B.5 shows the set of constant R-FCGR curves
of three gravity die cast alloys at R = 0,1 and
R = 0,8. Figure B.6 represents the combined
data of constant R and constant K, - tests of

wrought aluminium alloys for R = 0,1 and
R =0,8. The values of m and A of the upper
bound FCGR envelopes shown in Figs. B.4 to
B.6 are given in Tables B.2 to B4 respectively.

NOTE: For further da/dN versus AK data see
Bibliography B.3 and B.4.

(7) Corrosive exposure conditions can
effect A and m. Test data obtained under
conditions of ambient humidity will be
adequate to cover most normal atmospheric
conditions.

B.4  Geometry functiony

(1)  The geometry function y is dependent
on the crack geometry (shape and size), the
boundary dimensions of the surface of the
surrounding material and the stress pattern in
the region of the crack path.

(2)  This information can be obtained from
finite element analyses of the constructional
detail using crack tip elements. The stress
intensity for different crack lengths s
calculated using the J integral procedure.
Alternatively it can be calculated from the
displacement or stress field around the crack
tip, or the total elastic deformation energy.

(3) Published solutions for commonly used
geometries (plain material and welded joints)
are an alternative source of y values.

Standard data are often given in terms of y

where y =yz % . A typical example for a

surface breaking crack in a plain plate is
shown in Figure B.7(a). If the crack is located
at a weld toe on the plate surface then a further
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3HAaXOAMTHCS HA KPOMII IIBa HA IOBEPXHI
IUINTH, TO TOJAJbIIa KOPEKUis BIUIUBY
KOHIICHTpalii MICIIEBOTO HANpPYXEHHS MOXKe
BUKOHYBATHCS 3a JOINOMOTOI0 KoeQilieHTy
36umbiieHHs M (muB. pucynok B.7(b)).

Mpumirtka. ITonanpuia iH(opMarrist 10710
PO3IIOBCIO/KEHUX PillleHb 3HaXoAuThes y bibmiorpadii,
B.1 ta B.5.

(4)  Pesymprar Y s rnaakoi IUTMTH Ta
M 11 KpOMKH 3BapHOTO IIBA HAJa€ Bapiamii
Yy B mpoleci pO3pOCTaHHS TPIUIMHH YIIHO
TOBUIMHU Matepiany (auB. pucyHok B.7.(c)).

B.5 InTerpauisi po3pocTaHHs TPilLMHU

(1) Ansa  3aranbHOrO  BUMAAKY  iCTOPIl
Halpy>KeHb 3MIHHO1 aMIUNITYAd TOBUHEH
BU3HAYATHCS CIIEKTP HANpyKeHHS  (IMB.
2.2.1).Ha mpakTuii MoBHUN CHEKTP MOBHUHEH
MIPUKIAIaTUCS SIK MIHIMYM B 10-TH 0JHAaKOBUX
MOCIIIIOBHOCTSAX 3 OJHAKOBUMHM Jiara3oHaMu
HampyXXeHb Ta KOe(QIieHTaMHU HaINpyXEHHs
R, ane mpu onHINA MECATIA KUTBKOCT1 IUKJIIB.
brok 3 HalOIBPIIMM /ialla30HOM HaNpyXeHb
MOBUHEH NpPUKIAJAaTHCA MEpPIIMM B KOKHIN
nmociimoBHOCTI  (MMB.  pucyHok  A.3).
Po3pocranns TpimuHU, 1m0 30UTBIIYETHCH,
BUPAXOBYETbCA 3a JIONIOMOTOI0  TOJIFOHY
pPO3pOCTaHHS TPIMMHM JJIS  BiAMOBIIHOTO
KoedimieHTy HampykeHHs R 1 KOXXHOTO
OJIOKYy  [MKJIIB  HAaNpYyKEeHb  MOCTIHHOT
aMILTITYTH.

2 Skmo HEeBimOMMM  OIMCHUM  IUISX
3aJIMIIKOBOTO  HANPYXEHHs, TO TOOIU3y
3BapHUX IIBIB HEOOXIJHO BUKOPHUCTOBYBATH
BHUCOKHMII KoedimienT Hampyxkenus R (R =
0,8) abo KpuBY TIOCTIHHOTO PO3POCTaHHS
TpimuHn K .

(3)  [MHomxwuna TpimmHd '@’ IHTETPYETHCS
Ha IIF0 OCHOBY JI0 JOCSTHEHHS! MAKCUMAJIBHOTO
po3Mipy TpILIMHM @, Ta MiApaxyBaHHI

YHCJIOBHUX 3HAYCHDb.

B.6 Oninka MakcMMaJILHOIO pO3Mipy
TPilUMHA 4,

1) s BenuumHa 3a3BUYAll BU3HAYAETHCS
Ha OCHOBI IUIACTUYHOTO PO3PHUBY POOOYOTO
nepepizy MiJ MaKCHUMalbHUM MPUKIAJCHUM
PO3TATYIOYMM HAaBAHTAXEHHSIM 3 BIAMOBITHUM
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adjustment for the local stress concentration
effect can be made using the magnification
factor M (see Figure B.7(b)).

NOTE: For further information on published y
solutions see Bibliography B.1 and B.5.

(4)  The product of Y for the plain plate and
M, for the weld toe gives the variation of y as

the crack grows through the thickness of the
material (see Figure B.7.(c)).

B.5 Integration of crack growth

(1)  For the general case of a variable
amplitude stress history, a stress spectrum has
to be derived (see 2.2.1). In practice the
complete spectrum should be applied in at
least 10 identical sequences with the same
stress ranges and R ratios, but with one tenth
of the number of cycles. The block with the
greatest stress range should be applied first in
each sequence (see Figure A.3). The
incremental crack growth is calculated using
the crack growth polygon for the appropriate
R -ratio, for each block of constant amplitude
stress cycles.

(2) In the region of welds, unless the
residual stress pattern is actually known, either

a high R-ratio (R =0,8) ora K, constant
crack growth curve should be used.

(3)  The crack length "a’ is integrated on
this basis until the maximum required crack
size a, is reached and the numbers calculated.

B.6  Assessment of maximum crack
size a,

(1)  This will usually be determined on the
basis of net section ductile tearing under the
maximum applied tensile action with the
appropriate partial factor, see EN 1999-1-1.
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qacTKOBUM Koedimientom, muB. EN 1999-1-1.
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Figure B.3 - Typical fatigue crack growth curves for aluminium alloy EN AW-6005A T6 LT
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Ta6bmmus B.1(a) - 3HaveHHs piBHS pO3pocTaHHs BTOMHOT TPIIIUHA JUTSL
EN AW-6005A T6 LT, R=K_;, /K., = constant
Table B.1(a) - Fatigue crack growth rate data for EN AW-6005A T6 LT,
R =K,/ K, = constant
[HuTEeHCHUBHICTD [HTEHCUBHICTD
Koe(iLieHT HaHpZﬁeHHH Koe(ilieHT Hanp Z)ECHHH
B R B W P o W B
. S i ity . ress intensity
R -ratio AK R -ratio AK
[Nmm2m°?] [Nmm2m°®?]
0,100 3,30 15,00| 1,65789E-19 0,500 2,00 16,29| 1,24322E-16
4,50 7,52 | 1,29310E-14 2,72 3,85 | 3,17444E-11
8,00 2,96 | 1,67380E-10 4,20 487 | 7,41477E-12
32,4 12,0 | 4,10031E-24 6,50 2,81 | 3,50674E-10
41,61 12,0 | 4,10031E-24 21,00 12,23| 1,21158E-22
60,00 12,0 | 4,10031E-24 29,17 12,23| 1,21158E-22
42,50 12,23| 1,21158E-22
0,200 2,90 18,53 | 2,67965E-20 0,650 1,50 16,93| 1,04285E-14
3,80 5,87 | 5,94979E-13 1,95 4,43 | 4,41861E-11
7,50 2,93 | 2,22754E-10 2,20 2,39 | 2,20681E-10
29,60 12,43 | 2,25338E-24 3,55 4,77 | 1,06838E-11
37,98 12,43 | 2,25338E-24 6,00 3,05 | 2,32639E-10
55,00 12,43 | 2,25338E-24 15,00 12,00| 6,08450E-21
22,18 12,00| 6,08450E-21
0,300 2,60 18,67| 1,77471E-19 0,800 1,00 13,03 | 9,99999E-12
3,40 5,24 | 2,47080E-12 1,28 4,99 | 7,28970E-11
7,35 2,82 | 3,06087E-10 1,55 2,50 | 2,16851E-11
26,00 12,40| 8,41151E-24 3,50 6,03 | 2,61124E-12
34,49 12,40| 8,41151E-24 4,60 3,12 | 2,22506E-10
50,00 12,40| 8,41151E-24 9,20 15,93 | 9,83032E-23
13,48 15,93 | 9,83032E-23
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Ta6mmua B.1(b) - 3naueHHs piBHS PO3POCTaHHS BTOMHOT TPIIIUHA TS
EN AW-6005A-T6 LT, K, = 10 Hum?m®° = constant
Table B.1(b) - Fatigue crack growth rate data for EN AW-6005A-T6 LT,
K, = 10 Nmm?mP®® = constant
[HuTEeHCHUBHICTD [HTEHCUBHICTD
Koe(iLieHT HaHpZﬁeHHH Koe(ilieHT HaHpZ)}I((eHHH
HanpyFZKeHHsI [HMM'ZMO’S] m A HanpyF;KeHHﬂ [HMM'ZMO’S] m A
. Stress intensity . |Stress intensity
R -ratio AK R -ratio AK
[Nmm2m°?] [Nmm2m°®?]
0,100 0,85 11,09 | 6,06810E-11 0,500 0,85 11,09| 6,06910E-11
1,16 3,74 | 1,80712E-10 1,16 3,74 | 1,80712E-10
1,60 2,69 | 2,96984E-10 1,60 2,70 | 2,95817E-10
8,00 2,96 | 1,67380E-10 5,55 5,09 | 4,92250E-12
32,40 12,0 | 4,10322E-24 6,50 2,81 | 3,50674E-10
41,61 12,0 | 4,10322E-24 21,00 12,20| 1,20951E-22
29,17 12,20| 1,20951E-22
0,300 0,85 11,09 | 6,06910E-11 0,650 0,85 11,09| 6,06910E-11
1,16 3,74 | 1,80712E-10 1,16 3,74 | 1,80712E-10
1,60 2,71 | 2,93585E-10 1,60 2,69 | 2,96037E-10
6,70 5,52 1,41317E-12 4,95 476 | 1,08127E-11
7,35 2,82 | 3,06087E-10 6,00 3,05 | 2,32639E-10
26,00 12,40 | 8,42100E-24 15,00 12,04 | 6,08100E-21
34,49 12,40 | 8,42100E-24 22,18 12,04 | 6,08100E-21
0,800 0,85 11,09 | 6,06910E-11
1,16 3,74 | 1,80712E-10
1,60 2,72 | 2,92718E-10
4,15 6,01 | 2,68983E-10
4,60 3,12 | 2,22506E-10
9,20 15,93 | 9,81913E-23
13,48 15,93 | 9,81913E-23
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Figure B.4 - Typical fatigue crack growth rate curves for various wrought alloys

Mpumitka. Crmasu 2024 TL R, ta 7075 LT R, He NOTE: The alloys 2024 TL R, and 7075 LT R, are
PEKOMEHIYIOThCS TS OyIiBeab Ta PoOOIT MUBIIBHOTO not recommended for buildings and civil engineering
MPOEKTYBaHHs. BOoHM HamaHi TS TIOPiBHSHHSL. works. They are givEN here for comparative reasons.
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works. They are givEN here for comparative reasons.
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Figure B.6 - Typical fatigue crack growth curves for various wrought alloys
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Ta6auns B.2 - 3HaueHHs PiBHIO PO3pPOCTaHHS BTOMHOI TPIIMHU A Ae()OPMOBAHHX CILIaBiB
R =K,/ K, = constant

Table B.2 - Fatigue crack growth rate data for wrought alloys, R=K_. /K__ = constant

.. IHTEeHCUBHICTD
KoeirfieHT
HaIpy>KCHHS
Hapr&KCHHH AK [HMM-ZMO’S] m A
. Stress intensity AK

R -ratio [NmmZmos]

a) 0,100 1,68 34,8 1,47182E-19
1,89 4,23 4,06474E-11
2,96 1,94 4,88644E-10
4,75 6,69 2,95135E-13
6,70 2,80 4,82538E-10
19,51 5,96 4,12350E-14
28,70 8,74 3,57541E-18
34,50 8,74 3,57541E-18

b) 0,800 0,87 10,43 4,27579E-11
1,24 3,33 1,95935E-10
2,27 2,98 2,60324E-10
3,40 4,69 3,24644E-11
6,44 10,8 3,73040E-16
11,45 10,8 3,73040E-16

IMpumirka. Ili 3HaueHHS € BEPXHIMH TPAHUISIMU NOTE: These values are upper bound envelopes
MOBEPXHI, 1[0 OTPUMaHi 3 KPUBHUX Ha pUCYHKax B.4(a) derived from curves in Figure B.4(a) and (b).

Ta (b).

Ta6imusn B.3 - PiBenb  po3pocTaHHs  BTOMHOI  TpIIMHM i1 JIMBapHUX  CIUJIaBIB,
R =K.,/ K, = constant

Table B.3 - Fatigue crack growth rate cast alloys, R=K_. /K, = constant

KoediienT [aTeHCHBHICTD
HaIpy>KeHHS Ha“py’KGEH{)‘SAK
R [Hym M ] m A
R -ratio Stress Intensity AK
[Nmm2m°9]
a) 0,100 3,28 35,46 5,10219E-30
3,45 11,01 7,18429E-17
4,60 4,37 1,82159E-12
12,18 5,78 5,37156E-14
23,07 19,12 3,47503E-32
27,30 19,12 3,47503E-32
b) 0,800 1,42 21,24 6,08486E-15
1,76 3,55 1,34235E-10
5,82 18,1 1,05480E-21
8,70 18,1 1,05480E-21
Mpumirka. 1li 3Ha4eHHA € BePXHIMH TPAHUISAMH NOTE: Values are upper bound envelopes derived
MOBEPXHi, 1[0 OTPHMaHi 3 KPUBHX Ha puCyHKax B.5(a) from curves in Figure B.5(a) and (b).

ta (b).
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Tao6auusn B.4 - PiBeHb po3pocTaHHs BTOMHOI TpIIMHU A JAe(OopMOBaHMX  CIUIABIB
K =10 Nmm2mP® = constant

Table B.4 - Fatigue crack growth rate data for wrought alloys, K, =10 Nmm?2mP® =
constant
koedittient [HTEeHCHBHICTH
HanpyxeHHs AK
HaIllpy>KCHHA [HMM-ZMO’S]
R m A
. Stress Intensity AK
R -ratio [Nmm.gmolg,]
0,100 0,76 9,13 | 1,21148E-10
1,26 2,77 | 5,26618E-10
19,50 595 | 4,18975E-14
28,71 8,79 | 3,07173E-18
34,48 8,79 | 3,07173E-18
0,800 0,76 9,27 1,27475E-10
1,22 2,84 | 4,56026E-10
4,37 5,28 1,24266E-11
6,76 11,02 | 2,12818E-16
11,45 11,02 | 2,12818E-16
IMpumirka. Ili 3HaueHHS € BEPXHIMH TPAHUISIMU NOTE: Values are upper bound envelopes derived
MOBEPXHI, 1[0 OTPUMaHi 3 KPUBHUX Ha pUCYHKax B.6(a) from curves in Figure B.6(a) and (b).

Ta (b).
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Pucynox B.7 - BukopucTaHHS TUNOBHX CTaHJAPTHUX F€OMETPUYHUX BUPIMIEHDb Ui Y Ta

M,

Figure B.7-

Use of typical standard geometry solutions for Y and M,
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JTOJATOK C
(TIOBIIKOBHN)
BUITPOBYBAHHS JIJISI PO3PAXYHKY

HA BTOMY

C.1 3araJjbHi HoJ0XKeHHS

Q) SIkmo Hemae [ocTaTHHOI KUIBKOCTI
TaHUX ISl TIOBHOI MEPeBIpKU KOHCTPYKIIii 3a
JOTIOMOTOI0 PO3paxyHKIiB Yy BiOMOBITHOCTI 3
2.2.1 Ta 2.2.2, moBuHHI OyTH HaBeJIeHI
JOJIATKOBI  ITIITBEPKEHHS, OTpPUMaHi 3a
JOTIOMOT' OO creniaabHO1 porpamu
BUNpoOyBaHb. Y I1IbOMY BHIAJAKy JaHl
BUNPOOYBaHb MOXYTh OyTH MOTPIOHI 3 OJHIET
3 HACTYITHHUX MPUYNH:

a) Hemae icropii abo CIIEKTPY
MPHUKIAACHOTO HaBaHTAXCHHS JJIA
OJIMHUYHOTO abo Oaratopa3zoBoro

HaBaHTAXXEHHS, 1 HEMOYKJIMBO BU3HAYNTH
iX 3a JOMMOMOTO0 NMPAKTHYHUX METO/IIB
a00 KOHCTPYKLIHHUX PO3PAXyHKIB (IUB.
2.3.1 ta 2.3.2). OcobmuBo 1€ MOXKE
CTOCYBAaTHCSI PyXOMHUX KOHCTPYKIIIH, 1110
3a3HAIOTh T1IpaBITIHOTO abo
aepoJAMHAMIYHOTO  HAaBaHTAKEHHS, B
SKUX MOXYTh BUHUKHYTH AWHAMIYH1 a00
pe3oHaHCHI epeKTH;

b) reomerpuuni XapaKTePUCTUKU
KOHCTPYKITIi HACTUIbKM CKJIaJHI, IO
HEMOXJIUBO OI[IHUTH CHJIM B €JIEMEHTI
a00 30HM MICIIEBHX HAIPY)KCHb 3a
JOTIOMOTOI0 TPAKTHYHUX METOJIB abo
po3paxyHkiB (1uB. 5.2 Ta 5.4);,

C) Marepiand, MPOCTOpPOBI jeram  abo
METOIU BUPOOHUIITBA eJIEMEHTIB
3’€JHaHb BIIPIZHAIOTHCS Bil HAa/aHUX B
TaOJHIIAX JIETATI30BaHUX KAaTETOPiid;

d) mami 1m0HO0  PO3POCTaHHS  TPIKUHU
HEOOXi/IH1 JUIsl IepeBIPKU MPOEKTYBAHHS
3 ypaxyBaHHSM JOMyCTUMHX PyHHYBaHb

(2)  BumpoOyBaHHS MOXYTh IPOBOJUTHCS
Ha UUIMX TNPOTOTHUMNAX, Ha KOHCTPYKIISX,
€KBIBAJIEHTHUX KOHCTPYKLISAM, II0 MaoTh
Oyru moOymoBaHi, abo0 Ha IX YacTHHaXx.
Inpopmarnis, mo oTpumaHa 3 BHUIIPOOYBaHb,
MOBHHHA BpPAaxOBYBATU CTYIiHb, A0 SKOTO
HaBaHTAXXEHHs, MaTepiajld, KOHCTPYKLIiHHI
nerani Ta METOI1 BUPOOHUIITBA
BUITPOOOBYBAaHOT KOHCTPYKIIi a00 eneMeHTIB
BIIMOBIAAIOTh KOHCTPYKIIl, 1[0 Mae OyTH
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ANNEX C
[INFORMATIVE]
TESTING FOR FATIGUE DESIGN

C.1 General

(1)  Where there are insufficient data for
complete verification of a structure by
calculations in accordance with 2.2.1 or 2.2.2,
supplementary evidence should be provided
by a specific testing programme. In this case
test data may be required for one or more of
the following reasons:

a) The applied load history or spectrum,
for either single or multiple loads, is not
available and is beyond practical
methods of structural calculations (see
23.1 and 2.3.2). This may apply
particularly to moving, hydraulically or
aerodynamically  loaded  structures
where dynamic or resonance effects can
occur;

b) the geometry of the structure is so
complex that estimates of member
forces or local stress fields can not be
obtained by practical methods of
calculations (see 5.2 and 5.4);

c) the materials, dimensional details, or
methods of manufacture of members or
joints are different from those given in
detail category tables;

d) crack growth data are needed for
damage tolerant design verification.

(2) Testing may be carried out on
complete prototypes, on structures equal to the
one to be built or on component parts thereof.
The type of information being derived from
the test should take into account the degree to
which the loading, materials, constructional
details and methods of manufacture of the test
structure or components thereof reflect the
structure to be built.



noOyoBaHa.

(3) Mani BUNIPOOYBaHb MOXYTb
BUKOPHUCTOBYBATUCSA 3aMiCTh  CTaHIAPTHUX
JaHUX JIMIIE TOJi, KOJM BOHM OTpPHMaHI Ta
3aCTOCOBAHI y BIJIOBITHOCTI 3 KOHTPOJIbHUMH
METOJUKAMH.

C.2  OrpumanHs 3HAYeHb A CHUX
HABaHTa)KeHb
C.2.1 3agpixcosani KOHCMPYKUii, wo

3A3HAIOMb MEXAHIUYHO20 enjiuey

(1) Cromu BigHOCSTBCS TaKi KOHCTPYKIIIL,
SK MOCTH, MIJKpaHOBI Oajlku Ta ONOpH
MAaIInHHOTO oOJagHaHHS. IToni6m1
KOHCTPYKIIi, I103a3HalOTh TaKUX CaMHUX
HaBaHTaXE€Hb, MOXXYTb BHKOPHUCTOBYBATHUCS
JUIs OTPUMAaHHS aMIUNTya, (a3 Ta 4acTOTH
MIPUKIIA/IEHUX HABAHTaXEHb.

(2)  TenzoMmeTpuuHi JaTYUKH, JATIYUKH
negopmMariii Ta MPUCKOPEHHS, 3aKpillJIeH] 110
0o0paHMX KOMITIOHEHTIB, sIK1 Oynau KajniOpoBaHi
MpU TPUKJIAJCHUX HABAHTAXCHHIX, MOXYTh
3alMCyBaTH MUIAX 3yCWIUIS 33 THITOBHH
pobounit nepioz KOHCTPYKITii,
BHUKOPHUCTOBYIOUH aHaJIoTOBe abo mnudpose
obnagHaHHs 300py AaHuX. EnemenTH moBuHHI
Oyru 0OpaHi TakKUM YHHOM, MO0 OCHOBHI
KOMIIOHEHTH HABaHTaXEHHS MOTJIU OyTu
BHUBEJCHI HE3aJeKHO BiJ BUKOPUCTAHHI
Koe(iIieHTIB  BILIUBY, OTPUMaHUX 3
HaBaHTAKCHb KaliOpyBaHHS.

(3)  AnbrepHaruBHI JTaTYUKU
HaBaHTWKCHHS MOXYTh Oynu BOyIOBaHI y
KOHTAKTHY TOBEPXHIO MDK TPHUKIAJCHUM
HAaBaHTAXKCHHSIM  Ta  KOHCTpYKIi€o, a
HETICpEPBHUMN 3aITUC, MOXXE OYTH OTpHUMAaHH
3a JIOIOMOTOK) BUKOPUCTAHHS TaKOro K
caMoro o0JiaJHaHHSI.

(4)  Maca, xOpCcTKICTh Ta Jlorapu(GMidHUI
JEKPEeMEHT  BUIPOOOBYBAHOI  KOHCTPYKIIil
noBuHHI ckiaamatd A0 30% MOuX MOKa3HUKIB
KIHIIEBOTO pPO3paxyHKy, a BJIaCHa YacToTa
PEKUMIB POOOTH, sIKA CIPUYMHSAE HAWOUIBIIL
nedopMalliiiHi KOJTUBaHHS, MOBUHHA CKIIAJAaTH
no 10%. VY iHmoMy BUIAAKy peakilisi Ha
HABAaHTAXXCHHS TOBUHHA OYTH TOCIiJOBHO
NepeBipeHa Ha  KOHCTPYKLIi, CTBOpeHii
BIJIMOBIAHO 70 KIiHI[EBOTO PO3PAXYHKY.

(5)  Yacrorna CKJIaJIOBa CIIEKTPY

JACTY-H b EN 1999-1-3:201X

3) Test data should only be used in lieu of
standard data if it is obtained and applied
using controlled procedures.

C.2  Derivation of action loading data

C.2.1 Fixed structures
mechanical action

subject to

(1)  This includes structures such as
bridges, crane girders and machinery supports.
Existing similar structures subject to the same
loading sources may be used to obtain the
amplitude, phasing and frequency of the
applied loads.

(2)  Strain, deflection or acceleration
transducers fixed to selected components
which have been calibrated under known
applied loads can record the force pattern over
a typical working period of the structure, using
analog or digital data acquisition equipment.
The components should be selected in such a
way that the main load components can be
independently deduced using the influence
coefficients obtained from the calibration
loads.

(3)  Alternatively load cells can be
mounted at the interfaces between the applied
load and the structure and a continuous record
obtained using the same equipment.

(4)  The mass, stiffness and logarithmic
decrement of the test structure should be
within 30% of that in the final design and the
natural frequency of the modes giving rise to
the greatest strain fluctuations should be
within 10%. If this is not the case the loading
response should be subsequently verified on a
structure made to the final design.

(5) The frequency component of the load

77



JCTY-H b EN 1999-1-3:201X

HAaBaHTAXEHHS, OTpUMaHa 3  poOoyoro
nepiogy, MOBHHHA OyTH TOMHOXKEHAa Ha
CHIBBIIHOIIEHHS  TEPMiHYy  CIyOM  Ta
poboyoro mepiogy Ais OTPUMAHHS CIEKTPY
KIHIIEBOTO pO3paxyHKy. Takoxx mpu moTpeodi
HEOOXiTHO POOWUTH MOMYyIICHHS 30LTbIICHHS
IHTEHCUBHOCTI abo YacTOTH, abo
CTaTUCTHYHOI EKCTPamoJisilii 3 BHUMIPSHOTO
nepiofy 0 TEPMIHY CITYKOH.

C.2.2 3agpikcosani KOHCMPYKUii, uwo

3a3HAIOMb  GNAUGY  YMOE  306HIUHBOZ0
cepedosuna
(2)  PexomenmyeThcst MOCITiIOBHA

NepeBipKa HaBAHTAXXEHHS Ha KOHCTPYKIII /10
KIHIIEBOTO PO3pPaxyHKY, SIKIIO MOYATKOBI JaH1
HaBaHTWKEHHS OTPUMaHI 3 KOHCTPYKIII 3
BJIACHOIO Y4acTOTOIO abo PI3HUIICIO
amoptm3artii Oumeme, HbK 10%, abo sKiIoO
dbopma TomepedyHOTO  Tepepidy He €
1IEHTUYHOIO.

(3)  Crektp KiHIIEBOTO PO3PaxyHKY MOXKe
OyTH OTpUMaHW B TIOKa3HUKaxX HAIMPSIMKY,
IHTEHCHMBHOCTI Ta 4YacTOTH HaBaHTA)KCHHS,
MIPU MOKITUBOCTI MOAMGIKAIII 32 TOTIOMOTOIO
MOPIBHSHHS JaHUX HABAaHTAKCHHs 3a TEpioj
300py JaHUX 3 METEOPOJIOTIYHUMHU 3aMMCaAMH,

OTPUMAaHUMHU BITPOJIOBK THUTIOBOTO
PO3paxyHKOBOTO TEPMIHY CITY)KOHn
KOHCTPYKITIi.

C.2.3 Pyxomi koncmpyKkuii

(1) Cromu BXOAATh TaKi KOHCTPYKIIII, SK
MOCTOBI KpaHW Ta IHIII KOHCTPYKIi Ha
KoJiecax, TPAHCIOPTHI 3acoOM Ta IUIaBYHOYi
KOHCTPYKIIi. B Takux THIAaX KOHCTPYKIIH
TCOMETPUYHI  XapaKTePUCTUKU  TOBEPXHI
pPYXOMOT1 YacTHMHU IOBHUHHI OyTH aJIeKBaTHO
BHU3HAYCHI B TOKa3HHUKaX (POPMHU Ta aMILTITyIU
HEpPIBHOCTEH MOBEPXHI Ta YaCTOTH, TaK SK IIe
Ma€e 3HAYHUN  BIUIMB HAa  JUHAMIYHE
HABaHTAXXCHHS KOHCTPYKILIi.

(2) Iumi BIUIMBM HaBaHTaK€Hb, TaKi SK
3aBaHTAXXECHHS Ta PO3BAHTAXECHHS, MOXYTh
BUMIPIOBATUCS 3a JOMOMOTOK0 IPHUHIIMITIB,
BkazaHux y C.2.1.

(3)  TloBepxHi pyxoMmMoi YacTHHH, Taki sK
BUTOTOBJIEHI Ui 0CO0JIMBUX e
BUIIPOOYBaJIbH1 HUISAXH, MOXKYTb
BUKOPHCTOBYBATUCS UISi OTPUMAHHS iCTOPIi
HaBaHTa)XEHb ISl PO3PAaxXyHKIB IMPOTOTHIIIB.
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spectrum obtained from the working period
should be multiplied by the ratio of the design
life to the working period to obtain the final
design spectrum. Allowance for growth in
intensity or  frequency, or statistical
extrapolation from measured period to design
life should also be made as required.

C.2.2 Fixed structures subject to actions due
to exposure conditions

(2) It is recommended that the loading is
subsequently verified on a structure to the
final design if the original loading data are
obtained from structures with a natural
frequency or damping differing by more than
10%, or if the cross-sectional shape is not
identical.

(3) A final design spectrum can be
obtained in terms of direction, intensity and
frequency of loading, suitably modified by
comparing the loading data during the data
collection period with the meteorological
records obtained over a typical design life of
the structure.

C.2.3 Moving structures

(1)  This includes structures such as
travelling cranes and other structures on
wheels, vehicles and floating structures. In
these types of structure the geometry of the
riding surface should be adequately defined in
terms of shape and amplitude of undulations
and frequency, as this will have a significant
effect on the dynamic loading on the structure.

(2) Other load effects such as cargo on and
off loading can be measured using the
principles outlined in C.2.1.

(3) Riding surfaces such as purpose-built
test tracks may be used to obtain load histories
for prototype designs. Load data from
previous structures should be used with
caution, as small differences, particularly in



Jlani HaBaHTaXXEHHs, 1[I0 OTPUMaHi 3
noTepeTHix KOHCTPYKIIiH, NOBHHHI
3aCTOCOBYBAaTHCS 3 OOCPEXKHICTIO, TaK fK
HEBENMKI  BIAMIHHOCTi,  HANpUKIaaA, B
MPOEKTYBaHHI Bi3Ka, MOXYTh 3HAYHO 3MIHUTHU
IMHAMIYHY XapaKTepUCTUKY. PexoMeHayeThes
nepeBipKka  HABAHTAKEHHS y  KIHIIEBOMY
pPO3paxyHKy, SKIIO HE MPHIMAEThCS TOBHA
mKana BunpoOyBans Ha BTomy (auB. C.3).

C.3  OrpumMaHHS JaHUX HANPY:KEHHS

C.3.1 Jani eunpooyeans
enemMenmie KOHCMpPYKyii

OKpemux

(1) Sxmo HasBHI TPOCTI EIEMEHTH, a
KOMIIOHEHTH OCHOBHOTO 3YCHJUII MOXHO
JETKO  mifpaxyBaTH ab0  BUMIPSITH, TO
JOIUIbBHUM € BUNPOOYBaHHS €JIEMEHTIB, IO
BKJIIOUAIOTh 3’€JIHaHHA a00 KOHCTPYKLINHHY
JIeTallb, 10 HEOOX1THO PO3paxyBaTH.

(2)  BimnoBigHuit 3pa3ok 3 TaKUMH K
po3MmipaMu,  SIKI  BHUKOPHUCTOBYIOTHCS B
KIHIIEBOMY PO3paxyHKYy, ITOBHHEH
BUMIPIOBATUCS Y BIANOBIAHOCTI 3 CIPOIIEHUM
PO3paxyHKOM MICIEBOTO HAampy>KeHHS (JIUB.
Jomarok D), 3 BUKOPUCTaHHSIM IT1IXO/ISIIIOTO
METOJy, TaKoro sK BHMIpPIOBaHHSA 3a
JIOIIOMOT'OFO AaTYNKIB nedopmarrii
EIEKTPUYHOTO OTOpPYy, KAPTHUHH MYyapOBHX
MoJI0C ab0 TeMIepaTypHOi MPYXKHOT TEXHIKH.
Kigmi  eneMeHTa IIOBHHHI  3HAXOIUTHCH
JOCTaTHBO NAJIEKO Bij MiCIs, K€ HEOOXITHO
BUNPOOYyBaTH, MO0 MiclieBl €peKTH B TOMUIII
MPUKJIaJJaHHsl HaBaHTa)XCHHS HE BIUIMBAJIM Ha
posmoin HampykeHHss B Touli. CkiamoBi
3yCHJUISI Ta TPAJIIEHTH HAMPY)KCHHS B 30HI , 1€
HeoOXimHe BHUNPOOYBaHHS, IIOBUHHI OyTH
IICHTUYHI 1O THUX, W0 [JIIOTh Yy BCIH
KOHCTPYKIIii.

(3) Koediunientn BIUIHMBY MOXYTh OyTH
OTpUMaHi 3  CTaTMUYHO  TPHKIAJCHHUX
HaBaHTa)KEHb, SIKi JI03BOJISATH BU3HAUUTH IIUISIX
HampyXeHHsT Juia  Oydb-sKoi  KoMOiHaIii
CKJIQJIOBUX HaBaHTaXEHHs. SIKmo0 moTpibHO,
KoeQIllieHTH MOXYTb OyTH OTpUMaHI 3i
3pa3kiB 31 3MEHIIEHUMM pO3MipaMH, IMpH
YMOBI, 1110 KOMIOHEHT y MaciTadi BianoBiiae
3pasKy.

C.3.2 Jani eunpodysanv KkoncmpyKkuii

(1) B meBHuX THMax KOHCTPYKLIH, TakuX
K O0O0OJOHKOBI KOHCTPYKIii, IUITICTHICTb
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bogie design for example, can substantially
alter the dynamic response. It is recommended
that loading is verified on the final design if
full scale fatigue testing is not to be adopted
(see C.3).

C.3  Derivation of stress data

C.3.1 Component test data

(1)  Where simple members occur such that
the main force components in the member can
be calculated or measured easily it will be
suitable to test components containing the
joint or constructional detail to be analysed.

(2) A suitable specimen of identical
dimensions to that used in the final design
should be gauged according to the simplified
geometric stress assessment (see Annex D)
using a convenient method such as electric
resistance strain gauges, moiré fringe patterns
or thermal elastic techniques. The ends of the
component should be sufficiently far from the
local area of interest that the local effects at
the point of application of the applied loads do
not affect the distribution of stress at the point.
The force components and the stress gradients
in the region of interest should be identical to
those in the whole structure.

(3) Influence coefficients can be obtained
from statically applied loads which will enable
the stress pattern to be determined for any
desired combination of load component. If
required the coefficients can be obtained from
scaled down specimens, provided the whole
component is scaled equally.

C.3.2 Structure test data

Q) In certain types of structure such as
shell structures the continuity of the structural
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KOHCTPYKIIHHOTO Mmarepiainy MO3Ke
CHPUYHUHSITH HEMOJKJIUBICTH 130JIsA1T
KOMIIOHCHTIB 32  JOMOMOTOI  TPOCTHX

MPUKIIAJAEHUX 3yCHIb. Y IbOMY BUIAJKY JaH1
Hamlpy)KEHHsI TOBHHHI ~ OTPUMYBaTHCS 3
MPOTOTHUIIB 200 BUPOOHUYMX KOHCTPYKIIIN

(2)  Taki »x cami MeTOOM BHUMIPIOBaHHS
MOXYTh BUKOPUCTOBYBATHUCS JUISt
BUIIPOOYBaHHS KOMITOHEHTIB. J[nsi OuibmiocTi
BHUIIQ/IKIB 3arajbHOIO BUKOPHUCTaHHS
PEKOMEHIYETbCS ~ TMPHUKJIAAATH  CTaTH4HI
HaBaHTAXKEHHS SK HE3aJICKHI CKIAJ0BI, Tak,
o0 HampyXeHHS MOTJIM KOMOIHyBaTHCS 3a
JIOTIOMOTOI0  KOE(ILIEHTIB  1HANWBIAYaJIbHOTO
BIUIUBY /I TOYKH, Ha SKIid HeoOXimHe
BunpoOyBaHHs. HaBaHTaXxeHHS  NMOBHMHHE
MIPOUTH Kpi3b IIUKJI NEPEBIPOK B pOOOTI mepes
OTPUMAaHHSM 3HA4EeHb KOE(IIEHTA BIUIUBY.

C.3.3 Ilepesipka icmopii nanpyscenus

(1) Takmit ke Meroja, K OINHUCAHUH Y
C.3.2, Moxe BHUKOPHUCTOBYBAaTHCS  JJIA
MepeBipKU iCTOPii HampyKeHb Ha TOYL [
yac BHUMPOOYBaHHS 3pa3ka IIiJl TEBHUM
HAaBaHTAXEHHSIM. Y  [bOMY  BHIAJKy
obnmagHaHHS NI 300py MaHUWX, MPO sKE Hie
MoBa y C.2.1, moOBUHHE BUKOPHUCTOBYBATHUCS
Sk st (QIKCyBaHHS ~ MOBHOI  icTopii
Halpy>KeHb, TaK 1 IS omeparii miapaxyHKy
uukiiB. OcTaHHS MOeE 3aCTOCOBYBATHCS AJIs
nepeadavyeHHs TEPMIHY CIYXOM y BHUITAJIKY,
KoJii oOpaHa BignoBigHa kpuBa Ao — N .

(2) Ile ommu BapiaHT, SKUH MOXE OyTH
BUKOPUCTAaHMK Yy pa3i BIACYTHOCTI YITKHUX
ICTOpii  HABAaHTAXKEHHsS, 1€  YTPUMaHHS
npuiaay Ui IMAPaxyHKY IUKJIIB IOCTIHHO
MPUKPIIJICHUM 10 KOHCTPYKIi Mg d4ac
(GYHKIIOHYBaHHS.

C.4  OrpumaHHS 3HAa4YeHb JOBrOBIiYHOCTI

C.4.1 Bunpoodysanna oxpemux ejnemeHmie
KOHCMPYKUIi

@ SIkmo BiOMi JaHi MO0 CHEKTPY
3ycuib  abo  icTopii HampyXeHb, MOXHa
BUKOPHUCTOBYBaTH BHUIIPOOYBaHHS OKPEMHUX
€JIEMEHTIB ~ KOHCTPYKLIi A7  MepeBipKu
PO3paxyHKy KpUTHUHUX JieTaje KOHCTPYKIIil.
EnemeHnTt, 10 BUIIpOOOBY€ETHCS, TOBUHEH OyTH
BUTOTOBJICHUM 3 TaKUMH X po3MipamMH Ta 3a
TaKOI0  METOJUKOIO, SIK KOMIIOHEHTH, IO
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material may make it impracticable to isolate
components with simple applied forces. In this
case stress data should be obtained from
prototypes or production structures.

(2) Similar methods for measurement may
be used as for component testing. For most
general use it is recommended that static loads
are applied as independent components so that
the stresses can be combined using the
individual influence coefficients for the point
of interest. The load should go through a
shakedown cycle before obtaining the
influence coefficient data.

C.3.3 Verification of stress history

(1)  The same method as described in C.3.2
may be used to verify the stress history at a
point during prototype testing under a
specified loading. In this case data acquisition
equipment as used in C.2.1 should be used to
record either the full stress history or to
perform a cycle counting operation. The latter
can be used to predict life once the appropriate
Ao —N curve has been chosen.

(2) A further option, which may be used in
the case of uncertain load histories, is to keep
the cycle counting device permanently
attached to the structure in service.

C.4 Derivation of endurance data

C.4.1 Component testing

(1)  Whenever force spectra or stress
history data are known component testing can
be done to verify the design of critical parts of
the structure. The component to be tested
should be manufactured to exactly the same
dimensions and procedures as are intended to
be used in the final design. All these aspects
should be fully documented before



BHUKOPUCTOBYIOTHCS B KiHIIEBOMY PO3PAXYHKY.
Yei mi acmekTd MOBUHHI OyTH TOBHICTIO
3aJJOKyMEHTOBaH1 JI0 BUTOTOBJICHHSI €JIEMEHTY
Ui BUNPOOyBaHHS. TakoX TMOBUHHI OyTH
3aJJOKyMEHTOBaHI yci METOAM HEpYyHHIBHUX
BUIIPOOYBaHb Ta KpUTEPii NpUMaHHS.

(2)  3pasku abo CIICMEHTH, 110
BHIIPOOOBYIOTHCS,  TMOBWHHI  TiaBaTUCS
HABaHTAXXCHHIO TAKUM YMHOM, SIK 3a3HAYEHO Y
C.2.1. TenzomeTpuuHi JAaTYUKUA, OCOOJIUBO Y
BUIAJKY 3 OKPEMHUMH €JIEMEHTaMH, MOBHHHI
BUKOPHCTOBYBATHCS JUISE NepeBIpKU
HaJIEKHOTO CTaHy HEPEeMIHHUX HaIlpyXeHb
Po3rantyBaHHsT TEH30METPUYHUX JATYMKIB
MIOBUHHE OYTH TakuM, 100 BOHM 3aluCyBalld
KOPEKTHI MapaMeTpu HampyxeHHs. ko
3alMUCyeTbCsd  HOMIHAJIbHE  HANpYXKEHHS,
JaTYUK TIOBUHEH OYTH pO3TalllOBaHMM SIK
MiHiMyMm B 10 MM Big Oynab-siKOi KpOMKHU
3BapHOro ImBa. KO HasgiBHUM KpyTHH
IpajieHT HaIlpy>KEHH, MOBUHHI
BUKOPUCTOBYBATHCSI ~ TpU  JaTuvka s
HaJaHHS MOXJIMBOCTI IHTEPIOJISAIII.

(3) OrpumanHs pO3paxXyHKOBHX JaHUX
3HOCOCTIHKOCT1 3a JIOTIOMOTOIO0 BUIIPOOYBaHb
MMOBUHHE TIPOBOAWTHCS Yy BIAMOBIAHOCTI 3
TAMH K  METOJUKAMH  OIIHKH, IO
BUKOPHUCTOBYIOTBCS JIJISl BU3HAYCHHS BTOMHOI
MIHOCTI y 6.2. 3a3Bu4ail I11i METOJMKH
BKIIIOYAIOTh ~ CTaTHCTUYHY  OLIHKY,  MIO
0a3yeTbCsi Ha BHUMIPIOBaHHI CepemHIX Ta
CTAaHIAPTHUX  BIOXWIECHb  JOTapUDMIYHUX
LIUKITIB MEePIoAy eKCIUTyaTallii mpu AOMyIIeHH1
HOPMaJIBHOTO PO3MNOJLTY (3aJIe’)KHa 3MiHHA)
UL 3aJaHUX  JIOTApUPMIYHMX  3HAYCHb
HampyXeHHs  (He3alexkHa 3MiHHA), abo
JiHIHHUA perpecuBHuil anamiz log Ao —log N
JUIA PI3HUX J1ana30HIB TEPMIHY CITyKOH, TUB.
pUCYHOK 6.1. TakuM YMHOM BCTaHOBIIIOETHCS
cepenHs JIHISA perpecii abo XapakTepuCTHIHA
JiHIA perpecii It MOMXJIMBOCTI 0COOJIHUBOT
JOBIOBIYHOCTI (K  TMpaBWJIO, MPHOIU3HO
97,7% abo 2 craHmapTHI BIAXWJICHHS Bif
cepeiHbo1). XapaKTepUCTHYHA JIiHIsA perpecii,
BHU3HAYCHA TakK, B BKAa3aHO BHUIIE, HE TIOBUHHA
IIEpPEBUILYBaTH 80% BIIMOBIZTHOTO
CepeIHhOT0 3HAa4YeHHS HampyxeHHd. Lle nae
MO>KJIUBICTB JJIsl ICHYBaHHS OUTBINOT KUTBKOCTI
Bapiallii B BUPOOHMLTBI, HDK CTaHAApPTHE
JOTIYIIEHHSI OJJHOTO HabOPy BTOMHHX 3pa3KiB.

4) HeoOximHo mam’siTaTH, IO CIpOIIeHA
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manufacture of the test component is carried
out. In addition any method of non-destructive
testing and the acceptance criteria should be
documented, together with the inspector's
report on the quality of the joints to be tested.

(2)  The test specimens or components
should be loaded in a similar manner to that
described in C.2.1. Strain gauges, especially in
the case of components, should be used to
verify that the stress fluctuations are as
required. The location of strain gauges should
be such that they are recording the correct
stress parameter. If the nominal stress is being
recorded the gauge should be at least 10 mm
from any weld toe. Where the stress gradient
Is steep three gauges should be used to enable
interpolation to be carried out.

(3) Derivation of design endurance data
from tests should follow the same statistical
evaluation procedures as have been used for
the establishment of the fatigue strength
design values in 6.2. Usually this involves a
statistical evaluation, based on estimates of
mean and standard deviation, assuming a
normal distribution, of observed logarithmic
life cycles (dependent variable) for given
logarithmic  stress  values  (independent
variable)  or  respectively a linear
logAo —log N regression analysis for the

different life ranges, see Figure 6.1. Thereby a
mean regression line or a characteristic
regression line for a specific probability of
survival (usually ca. 97,7% or at 2 standard
deviations from the mean) will be established.
For design purposes the latter is assumed
parallel to the first. The characteristic
regression line, defined as above, should not
be greater than 80% of the corresponding
mean strength value. This allows for wider
variations in production than is normally
expected in a single set of fatigue specimens.

4) It should be kept in mind that this
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METOJMKa OTPUMAaHHS IapaMeTpiB perpecii
94acTO 3aCTOCOBYETHCS HE3BAXKAIOUM HA T€, 10
BOHa MOXe OyTW HEHalidHOIO Yy BHIIAJKY,
AKIIO 3pa3Ku Majoro po3Mipy. Metoauka,
Bkazana y C.4.3, Hajgae BKa3BKH II0JIO
BIJIOBITHUX TOMPABOYHUX KOC(DIIi€HTIB.

(5)  Mns mnpoekTyBaHHS 3 ypaxyBaHHSIM
JOMYCTUMHX pyHHYBaHb HEOOXiIHO
OTPUMYBATH 3alKC PO3POCTaHHS BTOMHOI
TPIIIUHHA 3 KUTbKICTIO IIHKITIB.

(6) VY sKoCTi anbTEpPHATUBH, SAKIIO BigOoMa
ICTOpIs pO3PaXyHKOBUX HANPYXKEHb 1 € JOCTYI
70 oOjanHaHHSA 3MIHHOI aMIUTITYyAd, 3pa3oK
MOXXHa  BUIIPOOOBYBaTH pu icropii
HanpyXeHb 0e3 BUKOPUCTaHHS KOe(DIilIEHTIB.

C.4.2 Bunpooysanus 6 peanivHux ymosax

(1) BumpoOyBanHs B peajJbHHUX YMOBax
MOXXYTh TIPOBOJMTHCS TPH ICHYFOUHX YMOBax
eKcrutyaTarii abo Ha BUIPOOOBYBAIbHOMY
0o0nagHaHHI 3 HAaBaHTAXKCHHAM Ha €JIEMCHTH,
110 TIPUKITATAETHCS 3a JIOTIOMOT 00
TiApaBIivyHUX a00 IHITUX METO/IIB KOHTPOJIIO.

(2)  Tpuxnanewni HaBaHTAXCHHS HE
TTOBUHHI MePEBUIIYBATH HOMIHAIBHI
HaBaHTAXKCHHSL.

(3 VYV pasi, s#Kmi0  eKcIiuIyaTamidHi
HAaBAaHTAXXCHHS  3MIHIOIOTBCS  BHITQIKOBHM
YUHOM B TpaHUIAX, BOHM TOBHHHI OyTH

MpEeACTaBJICHI cepisiMu €KBIBAJICHTHUX
HABaHTAXXCHb, Y3TODKEHUMHU MK
MOCTaYaJIbHUKOM Ta 3aMOBHHKOM.

4 Vv SIKOCTI aJIbTCPHATHBH,
BUNPOOYBAJIbHI ~ HABaHTAXEHHS  MOXYTh
JOPIBHIOBATH HaBaHTAXKCHHSIM, HE

ITOMHOKEHUM Ha KOE(IIlI€EHTH.

(5) Ilpm npukiageHHi HaBaHTaXXCHb Ha
3pa3ku MOTPIOHO MOBHICTIO BIATBOPUTH YMOBU
MPUKIIAJICHHS HABaHTaXXCHb, SIKI OYIKYHOThCS
Ul KOHCTpPYKLii abo  eneMeHty mpu

eKCIUTyaTaIlii.

(6)  BumpoOyBaHHS MMOBHHHI
NpPOJIOBXKYBATHUCS,  MMOKH  HE  BHHHUKHE
pyiiHyBaHHs, a0 MOKH 3pa30K HE BTPATHTh
3aTHICTh OMUpPATHCS MOBHOMY
BUNPOOYBAILHOMY  HAaBaHTAXKCHHIO  4epes

OTpI/IMaHi IMOIIKO/PKCHHS.

(7)  Kinbkicts pasiB NPUKIIaJAEHHS
BUNIPOOYBAIEHOTO HaBaHTAXKCHHS 70
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simplified procedure of derivation of
regression parameters is often applied
although it may not be reliable in the case of
small samples. For respective correction
factors the procedures under C.4.3 give
guidance.

(5) For damage tolerant design a record of
fatigue crack growth with number of cycles
should be obtained.

(6)  Alternatively, if the design stress
history is known and a variable amplitude
facility is available the specimen may be
tested under the un-factored stress history.

C.4.2 Full scale testing

(1)  Full scale testing may be carried out
under actual operating conditions, or in a
testing facility with the test load on the
components applied by hydraulic or other
methods of control.

(2)  The loads applied should not exceed
the nominal loads.

(3)  Where the service loads vary in a
random manner between limits they should be
represented by an equivalent series of loads
agreed between the supplier and the purchaser.

(4)  Alternatively, the test loads should
equal the un-factored loads.

(5)  The application of loads to the sample
should reproduce exactly the application
conditions expected for the structure or
component in service.

(6)  Testing should continue until fracture
occurs or until the sample is incapable of
resisting the full test load because of damage
sustained.

(7 The number of applications of test
load(s) to failure should be accurately counted



pyHHYBaHHS MOBHHHA Oytu TOYHO
mi[paxoBaHa Ta  3ampcaHa  pa3oM 31
CIIOCTEPEKECHHSMH TPOTPECYIOYOTO PO3BUTKY
TPILIHH.

C.4.3 Ilpuiimanns

(1) Kpurepii npuiimManHs 3anexarb Bin
TOTO, 4YM TIOBUHHA KOHCTPYKIII  MaTH
XapaKTePUCTHKH, SIKi BIINOBIIAIOTH BUMOTaM
MPOEKTYBaHHA, M0 3a0e3medye Oe3MmeyHui
TepMiH ciayxOu, muB. myHKTH (2)-(7), abo
XapaKTePUCTHUKH, IO BIAMOBIAIOTH BUMOTaM
MPOEKTYBaHHS 3 YpaxyBaHHSAM JIONYCTUMHX

pylHYyBaHb, 1uB. TyHKT (11).

(2) Iomo npUiMaHHS METOIY
MPOEKTYBaHHA, [0 3a0e3medye Oe3nmeyHui
TEPMIH  CIOyXOH, CTPOK  ciayxbu 10
pyVHYBaHHS, SKHM BH3HAYA€TbCA  4Yepe3
BUNPOOYBaHHS, 1 3a JOMOMOTOIO SIKOTO
npuiiMaeTbcss B pPO3pPaxXyHOK  JOCTYIHA
KUIBKICTh pe3yNbTaTiB BUIIPOOYBaHb, TOBUHEH

OyTh HE MeEHIIe, HDK pPO3paxyHKOBa
JIOBTOBIYHICTb.

TL
ne:
T, — PO3paxyHKOBUU TepMiH CIyxOu (y
IIUKJIaX)
T, — cepemHil TepMiH CcayKOW 10
pyHHYBaHHS, SIKUAN BU3HAYAETHCS  3a
JOTIOMOT'OF0 BUITPOOYBaHHS (Y IIMKJIaX)
F — koedimieHT BUIpoOyBaHHS Ha BTOMY,

KM 3aJIC)KUTh BiJl JOCTYINHOI e(EeKTUBHOT
KUIBKOCT1  pe3yabTaTiB  BUINPOOYBaHb, SK
BKazaHo y taom. C.1.

(3)  Ilpwu ominmi 3HaueHb koedimienty F
3aCTOCOBYIOTBCS HACTYIIHI 3arajibHi
CTATUCTHYHI NPUHIUIM Ta  JIOMYIICHHS.
XapakTepucTHYHE  CTATHCTHYHE  3HAYCHHS
OTPUMYETHCSA 3a JIOMIOMOTrOKO  HACTYITHOTO
BUpasy:
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and recorded with observations of the
progressive development of cracks.

C.4.3 Acceptance

(1)  The criterion for acceptance depends
upon whether the structure is required to give
a safe life performance, see statements (2) to
(7), or damage tolerance performance, see
statement (11).

(2)  For acceptance of a safe life design, the
life to failure determined by test, adjusted to
take account of the number of test results
available, should not be less than the design
life (defined in A.2.1) as follows:

(C.1)
where:
T, is the design life (in cycles);
T is the mean life to failure determined

m

by test (in cycles);

F is the fatigue test factor dependent
upon the effective number of test results
available, as defined in Table C.1.

(3) In estimating F factor values the
following general statistical principles and
assumptions apply. A characteristic statistical
value is obtained by the expression

X =n—Ko (C.2)

ne K 3anexuTh BiA pO3MOALTY BIipOTiIHOCTI
Ta HEOOXiIHOI BIPOTiHOT JTOBrOBIYHOCTI
KOHCTPYKIIi 3 cepeiHiM 4 Ta CTaHJapTHUM
BIIXWIEHHSAM o . Ha mpaktumi us 3paska
po3Mipy N MOXyThb OyTH MiIpaxoBaHi JIMIIE
OLIIHKA  CEepeAHbOr0  Ta  CTaHJIAPTHOTO

where K depends on the probability
distribution and the required probability of
survival for a statistical distribution with the
mean ux and standard deviation o . In practice

only estimates for the mean and standard
deviation, i.e. xm and s respectively, may be
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BIIXWJICHHS,  HAIPHUKIA, Xm Ta S
BiIOBIAHO. TakoX MOBUHHI 3aCTOCOBYBATHUCS
MOTPaBOYHI KOEQIIiEHTH, SKi BHPAXKAIOTh
JIOBipUi IHTEpBaJIM CEPEIHBOTO Ta 3MIHHOTO
(abo crammaptHOTO BinmxwieHHs). [lomepenne
CHIBBITHOIICHHS MOXe OYTH BHUpPaXKEHE
HACTYITHAM BHPA30M:

XC
ne:
k =kk, +k;
K, — 11€ TEOpETUYHE 3HAYEHHs PO3MOJLTY,

10 BIIHOCUTBCS TO KOHKPETHOI BIPOTiIHO1
JIOBrOBIYHOCTI;

K, — TOIpaBKa JJis JOBIPYOTO IHTEPBATY
CTaHJAPTHOTO BIIXWJICHHS;

K, — IMOIpaBKa JJis JOBIPUOTO IHTEPBATY
CEPEeHbOTO BIIXUIICHHS;

k, Ta Kk, 3amexares Bix cTaHAApPTHOTO
BIIXWJICHHS S, pO3MIpPY 3pa3Ky N Ta 3a/1aHOTO
pIBHS JOBIpH.

VY 3aranpHOMY BUNAJKy

calculated for a sample size n. Accordingly
correction factors expressing the confidence
intervals of both the mean and the variance (or
standard deviation) have to be applied. The
previous relationship may be thus expressed as

—k-s (C.3)

where:

k =kKk, +K,

K, the theoretical value of the distribution
belonging to a specific probability of survival,

k, the correction for the confidence

interval of the standard deviation;
K, the correction for the confidence

interval of the mean;
k, and k, are dependent on the standard

deviation s, sample size n, and on the
prescribed level of confidence.

In the general case

k=kk, +Ks =20 49
: ) X(ZaIZ,n—l) \/ﬁ

ne:
n — pO3Mip 3pasKy;
a —  JIOBIpuMil  piBEHb  3HAYCHHS

BiporimHOoCcTi (Y BHUIAQAKYy HOPMaJIbHOTO
pO3MOILTY);

Z(1_q/7)— 3HAYEHHS BIPOTIIHOTO HOPMAIBHOIO
posmoainy 3
JIIOBTOBIYHOCTI

3a1aHOXO BIPOTiTHICTIO
(Ql-a/2), sigmosigHe 10
JIBOCTOPOHHBOT BiporigHocti (1—a);

BIpOTIMIHUIA  po3MOJLT  3a

X 2(a/2,n71)
KpUTEpieM  Xi-KBaapar  Jis  3aJaHOrO
noBipuoro iHTepBany «/2 Ta n-1 wuucna
CTYIEHIB CBOOOIH;

Yy 42,09y~ 3HAYEHHS {-BIPOTIIHOCTI PO3MOILTY
Q-al2), y

BIJIMOBIHOCTI /IO IBOCTOPOHHBOT BIPOT1AHOCTI
(1-a) Ta n—1 uucna cryneHiB cBOOOIN;

JUIs  3aJaHoi  BIPOT1IHOCTI

Jns  fgaHuxX TmpaBWwil  poOJIATBCS  HACTYIHI
JOTIYILEHHS:

- 3HAYCHHA CTaHAapTHOI'O BiIIXI/IJ'ICHHH
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n to/on
+ (1 /2,n l) (C.4)
where:
n is the sample size;
o is the confidence level or probability

value (in case of normal distribution);

Z(_q2) IS the value of the normal probability

distribution with given probability of survival
Ql-al?2), corresponding to a

two-sided-probability of (1-«);
2 @onyis the value of the chi-square

probability distribution for a given confidence
interval of «/2 and n—1 degrees of freedom;

ty wiong IS the value of the t-probability

distribution for a given probability (1-«/2),

corresponding to a two sided probability of
(1—«) and n-1 degrees of freedom.

For the purpose of these rules the following
assumptions are made:

- the standard deviation value is known



BilOME 3 TMONEpPEAHBOTO JOCBiAy, TOOTO
0a3yeThCs Ha IOCTATHBO BEIUKOMY 3pa3Ky;

— po3Mip, 1€ T03BOJIsIE BCTAHOBUTH K, B

IMO€IHAHHI;

- y  JIOCTaTHbOMY  00Cs31  BIAOMHI
OCHOBHUHM po3moAinl abo HeMae 3HAYHHUX
BIIXHJICHB BiJl HOPMAJIBHOTO PO3IOLTY;

— B IOTIPABIIi JUIS JOBIPYOTO IHTEpBATY
CEpeHbOTO BIIXWICHHA t-pPO3MOALT MOXKE
OyTy 3aMiHEHHI HA HOPMAaJbHUNA PO3MOILI.

(4) Y 3aranpHOMYy BUMAJKy yCi 3pa3Ku
BUIIPOOOBYIOThCS 70 PYHHYBaHHS, IPU LOMY
Bupa3 (C.3) nepeTBOprOETHCS Ha:
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from previous experience, i.e. based on a
sufficiently large sample;

- size, this allows k, to be set to unity;

- sufficient knowledge of the underlying
distribution is available or no significant
deviation from the normal distribution and;

- in the correction for the confidence
interval for the mean the t-distribution may be
replaced by the normal distribution.

4) In the general case of more specimens
all tested to failure expression (C.3) then
becomes

Z
K=k, Ky = 2y + et (C.5)

5) VY BHUINaAKy, KOJU 3pa3Ku OJHOYACHO
BUNPOOOBYIOTBCS JIO pPYHHYBaHs MEPIIOro
3pazka Il OIIHKM K JomyckaeThbes
HACTYITHE:

— B pe3yJabTaTi JOBrOBIYHICTH MEPIIOrO
3pa3Ka, 110 BiTHOCHUThCs A0 T, 3 Bupasy (C.1),
Oyne 3ajexarH Bim BEpPXHBOI TPaHMII
BIJIMTOBITHOTO PO3MOLTY.

— HeoOXiTHa abo pO3paxyHKOBa
JOBrOBIYHICTh, IO BIJHOCUTBCS 1O T, 3

Bupazy (C.1), Oyae Ha HAWHWKYHA TpaHUIl
pO3IOaLTY.

HwxHs rpanuns orpumyetbes 3 X, —K,S, npu
npomy K, Bimnosimae Bupasy (C.4). Bepxus
IPaHULS OTPUMYETHCS BIiOMOBITHO 3 X, +K,S .
BinnosinHe 3HaueHHst K, BH3Ha4aeThCs 3

ypaxyBaHHSM TPUIYIICHHS TOTO, IO SKIIO
BIpOTiIHA JIOBTOBIYHICTH OJHOTO 3pa3Ka,
pyHHYBaHHS SIKOT'O BUHHUKIIO npu
BIJIOBIIHOMY TEpMiHi cIy>k0H, nopiBHIOE P,
TO BIpPOTigHA JOBrOBIYHICT, N 3pa3KiB Ha
TaKOMy X piBHI Oyae nopiBHioBatu P". V
UISX O€e3leKH BH3HAYAETHCSI JOCTATHBO
HU3bKHIT piBeHb P" =C, a K, BH3HaYaeThCs 3

JI0TIOMOT OO0 3HAYEHHS HOPMAaJIbHOTO
posmoxiny mpu  Biporimmocri ¢'" s

BIAMMOBIAHMX 3HAUYEHH N .

KoedimienT K migpaxoByeThCs TAKHM YHHOM:

Jn

(5) In the case of more specimens
simultaneously tested until failure of first
specimen and in order to estimate k, it is
assumed that:

- The resulting life of the first
specimen — relating to T, from expression

(C.1) — will lie on the upper boundary of the
respective distribution;

- the required or design life — relating to
T, from expression (C.1) — will be at the

lower boundary of the distribution.

The lower boundary will be derived
fromx, —k;s, with k; according to expression
(C.4). The upper boundary will be derived
correspondingly ~ from X,+Kk,S. The
appropriate value of k, is calculated from the
assumption that if the probability of survival
of one specimen, failing at the corresponding
life, is P, then the probability of survival of n
specimens at the same level will be P". To be
on the safe side a sufficiently low value for

P" =cwill be defined, and k, is calculated

from the normal distribution atc*"

for corresponding values n.

probability

The factor k is then calculated from
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k:kl +k2 :Z(l—a/Z) +Zp (C6)

(6) 3 Bupazy (C.1) oTpuMyeMO HACTyIMHHIA
BHUpa3s:

(6) From expression (C.1) the following
expression is obtained:

logT, =logT, —logF (C.7)

Sxwii pu nopiBHAHHI 3 Bupasom (C.2) nae:

which by comparison to expression (C.2)
gives

logF =k -s abo (or) (C.8)

ta F 3 1abmum C.1

@) [ToBunHa OyTH BHW3HAYCHA BEITUYHHA
cTaHzaptHoro  BinxwieHHs.  [lomepenHiii
JOCBII 3 MOAIOHUMH  KOHCTPYKTUBHUMU
BUIAJIKaMU MOXe 3a0e3MeYnTH OUIbII Ha/llHH1
3HaueHHs. JloctynHa iHdopmanis ([Tocunanus
C.1 ta C.2) Hajae crieKTp pi3HUX CTaHAAPTHHUX
BEIMYUH  BIAXHICHb S, UL PI3HHX

QIMIOMIHIEBUX  3BapHUX  KOHCTPYKUIHHUX
neraneil. BoHu Moxyrb OyTu 3MiHEHI 3a
JIOTIOMOTOI0  BIITIOBITHMX CEpPEIHIX HaXWITIB
miHI perpecii M=4710 3Ha4YCHb Sy I

Jlana3oHy TIOBFOBIYHOCTI O BTOMHOI TpaHUIII
MOCTIMHOT aMILTITYI! 5x10% ks, st
JOCSTHEHHs noBroBiunocti mo 108 mwmkis
MOXe OyTH  JOUUTBHUM  BUKOPHCTaHHS
OUIBPIIMX [lalla3OHIB 3HAYEHb BIAIIOBIIHO [0
Haxwty M+ 2. Ilicas mocsrHeHHs 1€l Mexi
HEOOXITHUH OCOOTUBUIA PO3TIISII.

(8) 3nauyenns F, BusHaueHi Ha OCHOBI
BHUIIIEBKA3aHUX CTATUCTHYHHX CIIBBIJIHOIICHb,
Hamadi B Tabimumi C.1.

(9)  3nauenns B Tabmuii C.1 6a3yroThecs Ha
BipOTifHiil JOBroBivHOCTI 95% Ta moBipyOMy
piBHi 0,95 n1s8 HOpPMAaTbHOTO PO3MOIUTY Ta

CTaQHJApPTHOTO 3HAYCHHS BIIXWJICHHS
Sy =0,18. YV Bumanky  pyiiHyBaHHs
HEepIIoro  3pa3ka  JIOyCKaeTbCid  pIBEHb

BiporigHoi gosrosiunocri P" =5%.

(10) Kpwurepii mns  ¢axkTopiB  BHUMIpSHOT
JIOBIOBIYHOCTI Ta TS NpUIMaHHS
BIIPI3HSAIOTBCA B 3aJEKHOCTI BiJ BHUIMAJKIB
3aCTOCYBAaHHS Ta MOBUHHI OYTH IOTO/KEHI 3
IH)KeHepOM, BIIMOBIAATEHUM 33 IPUIMAaHHS.

(11) TIpuiimanns MIPOEKTYBaHHS 3
ypaxyBaHHSAM  JIONMYCTUMHX  pYHHYBaHb
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F=10% (C.9)

and F from Table C.1.

(7)  The value of the standard deviation has
to be estimated. Previous experience with
similar structural cases provides more reliable
values. Data available (References C.1 and
C.2) for various aluminium  welded
constructional details give a range of different
standard deviation values s, . These may be

transformed by the respective average
regression line slope of m=4to values s,

for the life range up to the constant amplitude
fatigue limit of 5x10° cycles. For lives up to
108 cycles it may be appropriate to use larger
scatter values according to the slope m+2.
Special considerations will be needed beyond
this limit.

(8)  The values F calculated on the basis
of the above statistical relations and given in
Table C.1.

(9)  The values in Table C.1 are based on a
probability of survival of 95% and a
confidence level of 0,95 for the normal
distribution and a standard deviation value of
Sgn = 0,18 In the case of first sample to fail

a probability of survival value of P" =5% is
assumed.

(10)  Criteria for factoring the measured life
and for acceptance will vary from one
application to another and should be agreed
with the engineer responsible for acceptance.

(11) Acceptance of a damage tolerance
design is dependent upon the life of a crack



3aJIOKUTh BiA TEpMiHy, 3a SKUH TpimuHA
J0CATae po3Mipy, IPH TKOMY BOHA MOXKe OyTH
BUSIBJICHA 3a JIOTIOMOTOI0 METOJY HepeBIpKH,
110 MOXX€  BUKOPUCTOBYBATHUCS npu
excrutyaranii. TakoX BOHO 3aJeXUTh BIX
piBHS  poO3pocTaHHS  TpIIMHH, (HaKTOPIB
KPUTHYHOI JOBXUHH TPIUIUHH, HACTIAKIB IS
0e31eKkn KOHCTPYKIIi Ta iHU PEMOHTY.

Tao6auusn C.1 - PiBeHb  poO3pOoCTaHHA
R=K,,, /K., =constant

BTOMHO1

JACTY-H b EN 1999-1-3:201X

reaching a size which could be detected by a
method of inspection which can be applied in
service. It also depends on the rate of growth
of the crack, critical crack length
considerations, and the implications for the
residual safety of the structure and the costs of
repair.

TPIIMHKA  JJI1  JIMBApHUX  CIUIABIB,

Table C.1 - Fatigue crack growth rate cast alloys, R=K_ . /K, =constant
Pesynbrar Po3mip 3pasky n
BUIPOOYBaHHS Sample size n
Test result 1 2 3 4 5 6 8 10 | 15 | 20 | 30 | 100

InenTnyHi 3pa3ku,
KOX€EH 3 SIKMX ITPOMIIOB
BHITPOOYBaHHS JIO
py¥WHYBaHHS
[Identical samples all
tested to failure.

3911320293 |2,78|268|261|252]|245|2,36 230224212

[nenTH4HI 3pa3kw, 1110
OJIHOYACHO IIPOHIUIN
BHITPOOYBaHHS JIO
pyiHYBaHHS TEPILIOTO
3paska
Identical samples all
tested simultaneously.
First sample to fail.

391271227 |203|188|1,77|161|151|136|1,26|1,15|0,91

C.5 3nayveHHs PO3pPOCTAHHS TPilIMHH

Bka3ziBxu 1010 OTpUMaHHS 3HA4YEHD
PO3pOCTaHHS TPIIMHU MICTSATHCS y
Honatky B.

C.6 3BiryBanus

@ Y BIINOBIAHOCTI 3 JaHUM PO3AUIOM
OpU  3aBEpIICHHI OyAb-SKMX IPOBEACHUX
BUNPOOYBaHb TMOBHHEH CKJIQJATHCS MPOTOKOI
BUNPOOYBaHb, B SIKOMY HEOOXIHO BKa3yBaTh
HACTYMHY iH(opMaIlito:

a) Ha3BYy Ta po3TalryBaHHs
BUINPOOYBAIIbHOT J1abopaTopii;

b) TIOCHITaHHS Ha aKpenTaIlii0
BUITPOOYBAJIbHOT YCTaHOBKH (ipu
HEOOX1THOCTI).

c) 1aTy BUMPOOYBaHHS;

d) iM's (iMeHa) ocoOu, IO BIAMOBiTaIbHA

3a BUIIPOOYBaHHS;

C.5 Crack growth data

Guidance on derivation of crack growth data is
given in Annex B.

C.6  Reporting

(1) At the conclusion of any testing
performed in accordance with this section a
test certificate should be compiled containing
the following information:

a) Name and address of the testing
laboratory;

b) accreditation reference of the test
facility (where appropriate);

c) date of test;

d) name(s) of the person responsible for
the testing;
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e) OmKC  BHUIPOOYBAaHOTO  3pa3ka  3a
HACTYITHUMHU KPUTEPIAMHU:

1) MOCUJIAaHHSI Ha CepiHui Homep (mpu
HEO0OX1IHOCTI), a00

2) [IOCWJIaHHST Ha HOMep(M) KpEeCIEeHHs
(mpu HEOOXimHOCTI), 200

3) OTIHC 31 CXeMaMH YH Jliarpamam, abo
4) dororpadii.

f) ormc MIPHUKIIACHUX CHCTEM
HAaBAaHTAXKEHHsI, BKIIOYAIOYM TIOCHJIAHHS Ha
1HII1 €BponeichbKi CTaHJapTH pu
HEeOOX1THOCTI;

9) 3aImncH, 0 3a(ikCyBaId MPHUKIIATaHHS

HAaBaHTAXEHHS Ta BHUMIpPSAHI peakiii Ha
HaBaHTAXXEHHSI, TaKi SIK TIPOTHH, HATIPYXCHHS,
JIOBTOBIYHICTE;

h) CYKYITHICTh HaBaHTaXXCHb, JieopMallii
Ta HANPY)XEeHb Y KPUTHYHHUX TOYKAX;

i) 3amuc, 1o (ikcye MTOBrOBIYHICTH Ta
BH/JI pyHHYBAHHS;
)} 3amuc, Mo (iKCye po3TalryBaHHS

CIIOCTEPEIKECHB 3a JOTIOMOTOI0 TIOCHUJIAHHS Ha
BHUIIC3a3HAYCH] YHKTH €)2) - €)4);

k) MPUMITKH 181(0)1 (0] OyIb-IKUX
BJIACTUBOCTEH, IO CTOCYIOThCA Oe3rexku abo
eKCIUTyaTaIlifHOT MPUIATHOCTI 00 €KTYy Tif
gac BHIPOOYBaHb, TaKi K IMOXO/DKCHHS Ta
po3TalllyBaHHs TPINIMHU MPU BHIIPOOYBAHHIX
Ha BTOMY;

) 3aInucu YMOB HABKOJIUIITHBOTO
CepelloBMINA TiJ Yac BHUMPOOyBaHb (TIpHU
HEOOXI1THOCTI);

m) MIATBEP/DKEHHST  aTecTalii  ychOoro

BHUKOPUCTAHOT'O 06J'Ia,ZlHaHH$I, 3aTBCPKCHE
YIIOBHOBAXXCHOIO OCO6OIO;

n) BU3HAUEHHsS  IIi Ta 00 €KTIiB
BUNIPOOYBAHb;

0) 3aTBEp/UKEHHA  BIAMOBimHOCTI  abo
HEBIAMOBIAHOCTI  HEOOXIAHUM  KPUTEpPIIM
NpUMMaHHS ;

9)] 3aMcl  IMEH Ta  mocax  0coo,
BIIMOBIAANBPHUX 32  BUIpPOOyBaHHA  Ta
3BITYBaHHS;

q) Ha3BY 3BITy Ta JaTy HOTO MOJaHHS.
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e) description of sample tested, by
means of:

1) reference to serial number where
appropriate; or

2) reference to drawing number(s) where
appropriate; or

3) description with sketches or diagrams;
or

4) photographs;

f) description of load systems applied
including references to other European
Standards where appropriate;

9) record of load applications and
measured reactions to load, i.e. deflection,
strain, life;

h) summary of loads and deformations
and stress at critical acceptance points;

)] record of endurance and mode of
failure;
)i record of locations of observations by

reference to €)2) to e)4) above;

K) notes of any observed behaviour
relevant to the safety or serviceability of the
object under test, e.g. nature and location of
cracking in fatigue test;

)) record of exposure conditions at time
of testing where relevant;

m) statement of validation authority for all
measuring equipment used;

n) definition of purpose or objectives of
test;

0) statement of compliance or non-
compliance with relevant acceptance criteria
as appropriate;

9)) record of names and status of persons
responsible for testing and issuing of report;

q) report denotation and date of issue.



JTOJATOK D
(TOBIIKOBHI)
PO3PAXYHOK HAIIPYKEHHS

D.1 BuxopucraHus CKIHYeHHMX
eJIeMeHTIB /151 pO3paxXyHKY BTOMM

D.1.1 Tunu enemenmis

D.1.1.1 barouni enemenmu

(1)  banouni eIIEMEHTH 3a3BUYAl
BUKOPUCTOBYIOTHCS VTS PO3paxyHKy
HOMIHAJIPHUX HAalpyKeHb B paMax Ta
MOAIOHMUX  KOHCTPYKIISIX. CrangapTHuit

0amoYyHUN eNneMEeHT A PO3PaxyHKy TpbOX
MPOCTOPOBUX paM Mae 6 CTyNEHIB CBOOOIM HA
KOXXHOMY KIHLIEBOMY BY3Ji: TpHU CTYHEHS
MEepeMIllleHHs Ta TPU CTYNEHsS OOepTaHHS.
[lelr emeMeHT MOK€ NPABWIBHO OIHCYBaTH
KpYTUJIbHY MOBEAIHKY TUIBKM Yy BHIaJKaXx,
KOJIM TIONEpEeYHuil nepepi3 He CXWIBHHMHM 10
BUKPUBIIEHHS, a00 SKIIO BUKPHUBJICHHS MOXeE
BUIbHO BHHHUKAaTU. PO3paxyHOK HampyKeHb
BUKPUBIIEHHS HEMOXJIMBUHA TMpPHU PO3PaXyHKY
BIIKPUTHUX TOHKOCTIHHUX KOHCTPYKITIH.

(2)  3a3Buuaii Gayo4YHI €JIEMEHTH YKOPCTKO
3’€HaH1 OJIMH 3 OJTHMM Ha Y3JI0BUX TOUYKaX. Y
SIKOCTI aJbTEPHATUBH MOXYTh TaKOX OyTH
BKasaHi IMIapHIpHI 3’€qHaHHA. Y OyIb-IKOMY
pa3i B 0aratbOoX KOHCTPYKIIISIX 3’ €THAHHS
HamiBxopcTki. Ha pomatok, B TpyOuacTmx
3’€THAaHHSIX KOPCTKICTh po3moaieHa
HEPIBHOMIPHO, IO CHPUYMHSE BUHUKHCHHS
HQ/UTMIIKOBUX 3THHAIBHUX MOMEHTIB. Taki
BJIACTUBOCTI KOHCTPYKI[Ii BHMAararoTh OUIBII
JOCKOHAJIOTO MOJICIIOBAHHS, HDK Ti, B SIKMX
BUKOPHCTOBYIOTBCS JKOPCTKI a00 IIapHipHI
3’cqHAHHS.

D.1.1.2 Membpanni enemenmu

@ MeMOpaHHi €IeMEHTH MPU3HAYCHI JJIs
MOJICITFOBAaHHS TUTACTUHYACTUX KOHCTPYKIIIH,
SKI TpamilTh B IUIOMMHIL. BoHM He
BUTPUMYIOTh 000JIOHKOBI 3TUHAJIbHI
HaBaHTaXEHHS. TpUKYTHI Ta NPSIMOKYTHI
IUTACTUHYACT1 ~ €JIeMEHTH  MIAXOAATh  JUIs
CIpUMMAaHHS HOJIB HOMIHAJIBHUX
MeMOpaHHHUX  HalpyXeHb B  BEJIMKUX
KOPCTKHX IJIACTUHYACTUX KOHCTPYKIISX.

JACTY-H b EN 1999-1-3:201X

ANNEX D
[INFORMATIVE]
STRESS ANALYSIS

D.1 Use of finite elements for fatigue
analysis

D.1.1 Element types

D.1.1.1 Beam elements

(1) Beam elements are mainly used for
analysis of nominal stresses in frames and
similar structures. A conventional beam
element for analysis of three dimensional
frames has 6 degrees of freedom at each end
node: three displacements and three rotations.
This element can describe the torsional
behaviour correctly only in cases in which the
Cross section is not prone to warp, or warping
can occur freely. Analysis of warping stresses
is impossible, when open thin-walled
structures are analysed.

(2) Usually, the beam elements are rigidly
connected to each other at the nodal points.
Alternatively, pinned joints can also be
specified. However, in many structures the
joints are semi-rigid. In addition, in tubular
joints the stiffness is unevenly distributed,
which causes extra bending moments. Such
structural features require more sophisticated
modelling than the use of rigid or pinned
joints.

D.1.1.2 Membrane elements

(1) Membrane elements are intended for
modelling plated structures which are action
in-plane. They cannot deal with shell bending
stresses. Triangular and rectangular plate
elements are suitable for solving nominal
membrane stress fields in large stiffened plate
structures.
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D.1.1.3 Touxocminni ob6onouxo8i enemenmu

Q) [Iporpamu KIHIIEBUX  €JICMCHTIB
MICTSTh PI3HOMAHITHI THIHM TOHKOCTIHHHX
enemeHTiB. Crogu BXOASThH IIOCKI €JIEMEHTH,
OJIMHApHI €JIeMEHTH KPWUBH3HU Ta TMOJBIIHHI
eleMeHTH KpuBH3HH. JledopmamiiiHi moss
3a3BUYail  QOPMYIIOIOTBCA Yy JIHIAHIN
(4-By3noBuii  enemeHT) abo mapaboJIUHIiM
(8-By3si0BHIA  elleMEHT)  MOCTAHOBIN. Y
3araJlLHOMY BHUIAJKY OOOJIOHKOBI €JIEMEHTH
OiAXOMATh A CHOpUAMAHHS — TPYKHHUX
KOHCTPYKLIHHUX HaNpy>KeHb y BAMOBIAHOCTI
1o Teopii 06os0HOK. HanpykeHHs1 cepeaHboi
IIJIOIHHA JIOPIBHIOE MeMOpaHHOMY
HaATPY)KEHHIO, a HaNpyXeHHS BEpPXHbOI Ta
HIDKHBOI TUIONUH — 11€ HaKJIaJeHl MeMOpaHHe
Ta 3rUHAJIBHE HANPYKCHHSI.

(2) 3a JIOTTOMOTOFO TOHKOCTIHHUX
€JIEMEHTIB MOKHA MOJIETIIOBATH JIUIIE CepeH]
mIomuHEn  TotactuH.  JlificHa ~— ToBIIWHA
Marepiany 3aJa€TbCsl SK BIACTHBICTH JIMIIE
JUIsl  eneMeHTy. TakoX € TOHKI CTIHKH 31

3MIHHOIO TOBIITHHOIO, SIK1 TOIUIBHO
BHUKOPHUCTOBYBATH VTS MOJIETIOBAHHS,
HaIpUKIIA]I, JTIUBApHUX KOHCTPYKITIH.

HaiiBayxnuBimyMM HEDOJIIKOM TOHKOCTIHHHUX
€JIEMEHTIB € Te, MmO 3 IiX JOIIOMOTOIO
HEMOKJIMBO 3MOJIEJIIOBATH peabHy
YKOPCTKICTh 1 pO3MOIUT HANPYKEHb BCEPEINHI
Ta TOOJM3y 3BapHOi 30HU OOOJIOHOK, IIO
MIEPETHHAIOTHCS.

D.1.1.4 Toecmocminni 06010HK08I enemenmu

(1)  [Hesxi BapiaHTH KIiHIECBHX €JIEMEHTIB
TaKOX BKJIFOYAIOTh TaK 3BaHI TOBCTOCTIHHI
000JIOHKOBI ~ eleMeHTH. Taki  eleMEeHTH
JI03BOJISIIOTh BpaxoBYBaTH norepeyHi
negopmarii po3TAry OOOJIOHKH y HaIpsIMKY
TOBIIMHU. TOBCTOCTIHHI €IEMEHTH TPAIFOIOTh
Kpare, HDK TOHKOCTIHHI eJIEMEHTH,
HATpUKJIall, y KOHCTPYKIIMHUX JAETaJsAX, B
SKUX BIJICTaHI MDK TNEpeTHHAMU MPHIICTINX
O0OOJIOHOK HEBENIMKi, 10 NPU3BOIUTH IO
3HAYHUX HAMPYXKEHb PO3TATY.

D.1.1.5 I1Tnockuii oegpopmosanuii cmau

@ [HOAI  JOLIBHUM €  JOCTIIKEHHS
MICIIEBUX HAaINPyXeHb HABKOJO BHUIMOK 3a
JTOIIOMOT' 010 JIOKaJIbHOT 2-D MOJENI.
[Tonepeunuit mepepi3s OIUHUIII TOBIIUHU
MOke OyTH 3MOJEThOBaHHWHA SK JBOMIpHA
KOHCTPYKIliI 32  JIOTIOMOTOI0  IJIOCKOTO
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D.1.1.3 Thin shell elements

(1) Finite element programs contain
various types of thin shell elements. These
include flat elements, single curvature
elements and double curvature elements. The
deformation fields are usually formulated as
linear (4-noded element) or parabolic (8-noded
element). In general, thin shell elements are
suitable for solving the elastic structural
stresses according to the theory of shells. The
mid-plane stress is equal to the membrane
stress, and the top and bottom surface stresses
are superimposed membrane and shell bending
stresses.

(2)  Thin shell elements can only model the
mid-planes of the plates. The actual material
thickness is given as a property only for the
element. There are also thin shells with
tapered thickness, which are useful for
modelling cast structures, for example. The
most important drawback with thin shell
elements is that they cannot model the real
stiffness and stress distribution inside, and in
the vicinity of, the weld zone of intersecting
shells.

D.1.1.4 Thick shell elements

(1) Some finite element packages also
include so-called thick shell elements. These
allow transverse shear deformation of the shell
in the thickness direction to be taking into
account. Thick shell elements work better than
thin shell elements in e.g. constructional
details in which the distance between adjacent
shell intersections is small, giving rise to
significant shear stresses.

D.1.1.5 Plane strain elements

(1) Sometimes it is useful to study the
local stress fields around notches with a local
2-D model. A cross section of unit thickness
can then be modelled as a two dimensional
structure using plane strain elements.



ne(OpPMOBAHOTO CTaHYy.

D.1.2 Hooanvwui 6Ka3i6KU w000
3aCmMOoCy8anHsA CKIHUEHHUX e/1eMEeHMie

(2 TBepaOTUTI €IEMEHTH HEOOXiMHI IS
MOJICITIOBAHHSI KOHCTPYKIIKA 3 TPbOXMIPHUMU
noysiMu  leopMarii  Ta  HANpPYKCHHS.
3a3Buyail HallOLIbIIE MIAXOAATh KPUBOJIHIHHI
i3onmapamerpuyHi 20-By3i10Bi enemenTH. [HOMI
BOHU TOTPEOYIOTHCS B 3BAPHUX EJICMEHTAX
JUISS MOJICTFOBAHHSI 30HU IEPETHHY IUTACTHUH
91 000JIOHOK.

(2)  He pekomeHIy€eThCS BUKOPUCTOBYBATH
TBEPJIOTUI €JIEMEHTH 3 JHIAHOIO
[IOCTAHOBKOIO  TEpeMillleHHs  4epe3  iX
HEJIOCTaTHIO CYMICHICTh 3 CITKOIO Ha SIKii
BEJIETHCS TIOUTYK BUPIICHHS.

(3)  Tsepmorimi emement 3 10-Tm
BY3JIOBHM KBAJIpAaTUYHUM TETPACIPOM TyXKe
JOIJTBHO ~ BHUKOPUCTOBYBAaTH Y  BHUMIAAKY
aBTOMAaTUYHOI TOOYJOBU CITKH, JO TOTO XK,
Takl €JIEMEHTH MalOTh BHCOKI ITOKA3HHKH
CYMICHOCTI.

D.2 KoediuienTn
HaNpY:KeHHSA

KOHLEHTpAauii

(1) Benmuuwam KoedillieHTIB KOHIIEHTpAIl
HaIpy>KeHHsI Ta KOe(Dilli€eHTIB BIUTMBY HaAPi3y
TSt 3araJlbHOBUKOPHCTOBYBaHUX
TCOMETPUYHUX XapAKTEPHCTUK MOXKYTh OyTH
OTpHUMaHi 3 MAaCIIOPTHUX JTAHUX
(mmB. nocunanus D.1 ta D.2).

(2)  Twumnosi o

3aKpYIJICHUX KYTIB Ha IUIOCKIA TJIMTI HaJaH1
Ha pucyHky D.1.

BEJIINYNHU K TUTS

JACTY-H b EN 1999-1-3:201X

D.1.2 Further guidance on use of finite
elements

(1) Solid elements are needed for
modelling structures with three dimensional
stress and deformation fields. Curved
isoparametric 20-noded elements are generally
the most suitable. In welded components, they
are sometimes required for modelling the
intersection zone of the plates or shells.

(2) Solid elements with linear
displacement formulation are not
recommended  because of insufficient

convergence with increasing mesh refinement.

(3) 10-node quadratic tetrahedron solid
elements are very efficient for automatic mesh
generation and have a good convergence
behaviour.

D.2  Stress concentration factors

(1)  Values of stress concentration factors
and notch factors for commonly occurring
geometries can be obtained from published
data (see References D.1 and D.2).

(2)  Typical values of K, for rounded
corners in flat plate are given in Figure D.1.
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b) Fatigue stress concentration factor K for re-entrant

corners based on net stress at X
1 - length of straight > 2r; 2 — stress fluctuation

Pucynok D.1- Tumnosi koedilieHTH KOHIIEHTPALI] HAIIPY>KEHHS Ha 3aKPYIJIEHUX KyTax IJIOCKOi

IIJIUTHU

Figure D.1- Typical stress concentration factors from rounded corners in flat plate

D.3 OOmexeHHs BTOMH I  Jicro
0araTropa3oBoi MiClIeBOI BTPaTH CTIlKOCTI

1) ['Hy4KICTh €IeMEHTIB IMJIUTH MOBHHHA
OyTH oOMexeHa JUTST 3anooiranHs
6araTopa3oBUX MICLIEBUX BTPAT CTIHKOCTI, SIKi
MOXYTh CIPHYUHATH BTOMY B KpaiHIX
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D.3 Limitation of fatigue induced by
repeated local buckling

(1) The slenderness of plate elements
should be limited to avoid repeated local
buckling that might result in fatigue at or
adjacent to edge connections.



3’eMHaHHAX a00 Ha 3’€IHAHHAX, CYMDKHHX 3
HUMH.

2 Hagmumkosumu OaraTopa3zoBUMH
MICIIEBUMH  BTpaTaMH  CTIHKOCTi, MOJKHA
3HEXTYBATH, SKIIO JOTPUMYETHCS HACTYITHA

JACTY-H b EN 1999-1-3:201X

(2) Excessive repeated local buckling may
be neglected if the following criterion is met:

yMOBa:

(Gx,Ed,ser
kc ’ cYE

Ie:

csx,Ed,ser ’ Tx,Ed,ser Hal'[py}KCHHfl uE

KOMOIHAI[1H HaBaHTa)XEHb, IKI  4acTo

3yCTPI4arOThCH;

k .k — xoedimieHTH NiHIHHOI TPYXHOI

BTpaTH CTIMKOCTI MpHU AOMYILIEHHI IIapHIPHUX
KIHI[IB €JIEMEHTY IUIUTH;

2
c. =0,904-E-(t,/b,)
t,,b, — ToBIIMHA Ta rMOMHA CTIHKY MaHEI.
IMpumitka. TepMmiH «IUXaHHA  CTIHKH»  MOXeE

3ycTpiuaTucs B JTepaTypi y TOMY K 3HAuyeHHI, fK 1
«baraTopa3oBa MiclieBa BTparta CTIHKOCTi».

2
1’1Tx,Ed,ser <11 (D l)
k,-o¢ 7 '
where:
O, edaser» Txeaser are the stresses for the

frequent load combination.
k .k are the linear elastic buckling

coefficients assuming hinged edges of the
plate element.

ce =0,904-E-(t, /b, )
t,.b, are the thickness and the depth of the
web panel.

NOTE: The term web breathing may be encountered in
literature having the same meaning as repeated local
buckling.
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JTOJATOK E
(TIOBIIKOBHI)
AJITE3IMHI 3°€ THAHHSI

(1) PospaxyHok anre3iiHux  3’€JHaHb
MIOBUHEH BPaxOBYBATH HACTYITHI TyHKTH:

— HEOOXITHO 3HU3HUTHU JI0 MIHIMYyMY MIif0
pO3IIapOBYBaHHS;

— Cllii  MIHIMI3YBaTH
HaIpyKCHb;

KOHIICHTPAIII0

— nedopmariii y OCHOBHOMY Matepialii He
MTOBUHHI IEPEBUIIYBATH TEKYUICTh;

— XiMIYHA KOHBEpCisi ab0 aHOJyBaHHS
MOBEPXOHb  MOKpALylOTh  aAres3iro y
MOPIBHSIHHI 3 00€3KUPEHHSIM a00 MEXaHIUYHOIO
abpasiero;

— arpecuBHl 30BHIIIHI YMOBH 3a3BHYail
CKOPOYYIOTh TEPMIH CITYKOH.

(2) Y Bunanky 3’€mHaHb BHAIYCK Y
3’€HYIOYIN TMIOMMHI  e()EeKTUBHE JIOTUYHE
Hanpy>KeHHsI AT IOBUHHE 0a3yBaTHCs Ha CHIII
Ha OJIMHUIIIO MUPUHU 3’€THaHb, TOAUICHIA Ha
e(eKTUBHY IOBXKHMHY Hanycky L., , ze:

L., = ZoBxkuHY Hanycky L, ne L <15 mmM;

Lagh = 15 MM, ge L > 15 mmM.

(3)  CranpmaptHa BTOMHa MIIHICTh
aAre31ifHOTO TOJABIMHOTO 3’€HAHHS BHAMYCK
BH3HAYAETHCS 32 JOMOMOTO0 TaKoi (GOpMYyIIH:

ANNEX E
[INFORMATIVE]
ADHESIVELY BONDED JOINTS

(1) Design of adhesively bonded joints
should consider the following:

- Peel action should be reduced to a
minimum;
- stress  concentrations should be
minimized;

- strains in the parent metal should be
kept below yield;

- chemical conversion or anodizing of
the surfaces improves adhesion compared to
degreasing or mechanical abrasion;

- aggressive exposure conditions usually
reduce fatigue life.

(2)  For lap joints failing in the bond plane,
the effective shear stress range At should be
based on the force per unit width of the joint
divided by the effective length of the lap L,,,,

where:

L., =lap length L, where L <15 mm;

Lagh = 15 mm, where L >15mm.

(3)  The reference fatigue strength of an
adhesively bonded double lap joint which fails
in the bond line is defined by the equation:

AT agn = Ke aon * fua (E.1)
ze: where:
Koo — BEIMYMHA KoedillieHTa BTOMHOI Ke.n IS the value of the adhesive joint

MIIHOCTI ajresiiHoro 3’emHaHHs K., mpu
6 .

N. =2x10° nuxiis;

fV’adh — XapaKTepUCTUYHA 3CYBHA MIIHICTb

a/Jre3uBy, sIKAa OTPUMYETHCS 31 CTAaHIAPTHOTO

CTaTUYHOTO BHUIPOOYBaHHS 3CYBY HAIYCKY

(muB. EN 1999-1-1).
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fatigue strength factor k., at N, =2x10°
cycles;
f,.n 1S the characteristic shear strength of

the adhesive obtained from a standard static
lap shear test (see EN 1999-1-1).
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Taoauua E.1 - Axaresiiini 3’ eqHanys
Table E.1 - Adhesively bonded joints
®dopma npoaykuii
HeranizoBana . Korcrpyxuiiina nerams PospaxyHoxk
. I[UIS[HKEI BHUHUKHCHHSA IMTOIIKO/>KCHH S
KaTCFOPISI PrOdUCt fOI‘mS HaIlPpY>KCHHA BI/IMOF'I/I 0 BI/IIfOHaHHH
Detail Constructional detail Stres§ Execution requirements
category Initiation site analysis
Hopmanbhe Mamuana 00poOKa nuie
HaIpyKeHHS 3a OIIOMOI'OK0
[IpoKaTHi, ITAMIIOBaHi Ta KOBaHi NEPETHBOI KPOMKH BI/ICOKOIHBPII[KiFJHOI
BHpOGH (pe3sepHoi romibku
[Tix HanpyxeHHs Ha
OJHO- T2 TBOKOMITOHEHTHI eMOKCHIHI TIEPEAHIN KpoMIIi, [liaroToBKa MOBEPXHi:
38’ 13yBayi EKCIIeHTPUCHUTET o0ekupeHHs abo
3,€ILHaHH5[ BHAITyCK, TOBIIIMHA 6iHLHI IJIAXY HAIIPYKCHHA XpomMaTuiHa KOHBepCiSI
TOHKOI yacTHHHU < 8§ MM JIe y . o
CHMMETPUYHOMY ToBmuHa 3 €qHAHHS TIHIT
Rolled, extruded and forged products | 3 €/FanHi BHaryck 3 36ipkn y pamkax
MOABIAHAM 00MEXEHb, BUSHAUYCHHX
0,111, oo Single and two-component epoxies TIOKPUTTAM 215 BUMPOOYBaHb.
Lap joint, thickness of thinner part MILHOCT1 HpH 3CYBI
m =6 <8 mm Stress_normal N _
1 to leading edge Machining only by high
m, = speed milling cutter
Stress peak at
leading edge, Surface Preparation:
eccentricity of degreasing or chromate
b load path in conversion
\ symmetrical
\' double Assembly: bondline
R . covered lap thickness within
Ha ninii 3 €/IHaHHs Ha [EPeHIA joints only tolerances
_ KpoMmnr specified for shear
In bondline at leading edge strength
test
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Ne Np N
10
ATy,
N/mm?
5] M"ﬁ.
et
5
h.““
4 (] ""'h\
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ML \\\. ‘\\ 0,11 fyang -M-
\ RUYEEEER™N
5 ™~ h . 3,856
TN
\-.\ "h-..._.
q 2,756
T 2,20-6
1 -~
104 0% 10@ 107 108 10%

Kpusa BromHuoi mintHocTi mpu 3cyBi: 3,85-6
O/THOKOMIIOHEHTHMIA, 1110 TPEp/i€ MPU HarpiBaHHi
MoaudikoBaHui eNOKCHIHMII 3B’sI3yBaY,

f, aan = 35 H/mm?

KpuBa BTromMHoi MintHoCTi npu 3cyBi: 2,75-6
JBOKOMIIOHEHTHMH, 1110 TPepAie NPH 0X0I0AKeHHI
MoaudikoBaHui enOKCHIHMII 3B’s13yBayY,

f, an = 25 H/mm?

Kpusa BToMHoi MinfHoCcTi ipu 3cyBi: 2,20-6
JABOKOMIIOHEHTHA, 1110 TPep/ie MpH 0X0JI0/KeHHI
Moaudikopana akpuiaosa emona, f, . =20H/mm?

Pucynoxk E.1-
Figure E.l-

N

Fatigue shear strength curve: 3,85-6 single-component,
heat cured, modified epoxide, f, ., =35N/mm?

Fatigue shear strength curve: 2,75-6 two-components,
cold cured, modified epoxide, f,,;, =25N/mm?

Fatigue shear strength curve: 2,20-6 two-components,
cold cured, modified acrylic, f, ., =20 N/mm?

At,,—xpuBa N Juist anres3iifHuX 3’ €IHAHb
At — N curve for adhesively bonded joints

Tabmuuss  E.2 - Yucnosi snauenns misn K, (= A7/ f, ) 11 agresiitnux 3’eqnanb

Table E.2 - Numerical values for k. (= A7/ f, ,,) for adhesively bonded joints
JleranizoBana kateropis (N = 2x10°) 1n5 N. = 6 N =108
Detail Category (N = 2x10°) N =10 o =510 L =10
ATe aan | ¥y o m, ATI S, o ATy 1 f, AT 1 f, o
0,11 6 0,181 0,094 0,065

(4)  CuiBigHOIIEHHS PO3paXyHKy Ha BTOMY
70 TEepPMIHIB CIy>kOM y Jiama3zoHi Bif 10° 1o
5x10° kB a6o y Jlianma3oHi Bij 5x10° no 108
IUKITIB BU3HAYAETbCS TaK, SK BKa3aHO Y
nyHkTax 6.2.1 (2)  6.2.1(4) JTAHOTO
JOKYMEHTY BiJIIOBITHO.

(5) B po3paxyHKOBHMX 3HAUE€HHSIX MIITHOCTI
anre3ifHux 3’€HaHb JO  BHILIEBKAa3aHUX
3Ha4eHb MII[HOCTI OBHHEH 3aCTOCOBYBATHCS
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(4)  The fatigue design relationship for
endurances in the range between 10° to 5x10°
cycles or in the range between 5x10° to 108
cycles is defined as in 6.2.1 (2) and 6.2.1
4) respectively in this document.

(5) The design strength values for
adhesively bonded joints should apply a
partial factor y,, to the above given strength



JaCTKOBUI KOEQILIEHT Jy, .

Ipumirka. YactkoBuil koedilieHT p,, 111 HEBHUX
TUITB ~ KOHCTPYKUIHHMX  Jeraneil  Moxe  OyTH
BHU3HAYCHHH y HanionansHomy JIOJIATKY.
PexomeHnyeThes 3HaueHHA ), = 3,0.

6) JMnsa MIPUKJIAICHHS
HaBaHTAXCHHS PEKOMEHIYETHCS
BUIIPOOYBaHHS TPU THUIOBHX T'€OMETPHUUYHHUX
XapaKTePUCTHKAX, THIOBIA SKOCTI poOIT Ta
THUTIOBUX 30BHIITHIX YMOBaX.

KPUTHYHOTO

(7)  XapakTepuCTUKH BTOMHOi MII[HOCTI
ISl aAre3ifHux 3’€IHaHb 3aCTOCOBYIOTHCS
JMIIE TIPY TeMIepaTypi B niana3osi Bix -20°C
1o + 60°C.

Mpumitka. Hapani  temmepatypHi — oOMeXeHHS
OCHOBaHI Ha JOCTYIHHX pe3ylbTaTaXx BHIIPOOYBaHb.
[Hnn 3Ha4YeHHss MOXYTh BH3Ha4daThcs HarioHanbHUM
JIOIATKOM, SIKIIIO BOHU MiJTBEPIHKEHI BUIPOOYBaHHSIMH
y BignosigHocTi 3 JJomatkom C.

(8)  He mo3BossieTbcss POOUTH JNOMYIICHHS
Ha BIUIMB CEPEJAHBOTO HANPYXKEHHS 0e3
MTBEPKCHHS BUMPOOYBAHHIMU (nmuB.
Honarok C).

JACTY-H b EN 1999-1-3:201X

values.

NOTE: The partial factor y,, for specific
constructional detail types may be defined in the
National Annex. The value of y,, =30 is
recommended.

(6)  Testing under representative conditions
of geometry, workmanship and exposure
conditions is recommended for critical
applications.

(7)  Fatigue data for adhesively bonded
joints applies only within a temperature range
of -20°C and + 60°C.

NOTE: The temperature limits given are based on
available test data. Other values may be defined by the
National Annex, if they are justified by test according
to Annex C.

(8) No allowance should be made for
effect of mean stress without justification by
test (see Annex C).
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AOJATOK F
(1OBIAKOBHUMN):
JIIAITIA30H MAJIOIIUKJIOBOI BTOMHA

F1 Beryn
(1)  Sxmo Jiana3zoHaMu BHCOKOTO

HaMPYKCHHSI, SKI TPUKJIAAI0THECS MEHIIE, HK
10° pasis, 3aBIAIOTHCA 3HAYHI MONIKOKEHHS,
To KpuBi Ao — N, HagaHi y 6.2 1is MEBHUX
KOHCTPYKIIHHUX JeTaneil, Ta KoeQilieHTIB
HampyXeHHss R MoxyTe OyTH HEIOpEYHO
KOHCEpBaTMBHUMHU. BkazaHi HWX4Ye JaHl
MOXYTh 3aCTOCOBYBATHCS JJISI OTPUMaHHS
TOYHIIIOTO MepeI0aYeHHs TEPMIHY CITYXKOH.

F.2  Moaudikauii kpuBux Ac —N
(1)  Ona posrosiwmocti Bim 10° go 10°

LIUKIIB  KpUBa  PO3PAaXyHKOBOI  BTOMHOI
MIIIHOCTI MOYKE BH3HAYATHCS SIK:

ANNEX F
[INFORMATIVE]:
LOW CYCLE FATIGUE RANGE

F.1 Introduction

(1)  Where significant damage is done by
high stress ranges which are applied less than
10° times, the Ao — N curves given in 6.2 for
certain constructional details and R -ratios
may be unnecessarily conservative. The data
below may be used to obtain a more accurate
life prediction.

F.2 Modification to Ac — N curves

(1)  For endurance between 10° and 10°
cycles the fatigue design curve may be defined
as:

Mo my
A 1 o
N, =| =2¢. .20™ .10° (F.1)
AG; Vet Y
ne: where:
N, — migpaxoBaHa KUIBKICTh LHKIIB [0 N, — is the calculated number of cycles to

pyHHYBaHHS Jlana3oHy HanpyXeHHsS AGi;

Ao.— cTaHzapTHE 3HAYEHHS  BTOMHOI

MIIIHOCTI  TpHU 2x10° B 3amexHocTi Bix
JETATI30BaHO1 KaTeropii;

AO'i— z[iana30H HaAIIpYy>KCHb JII T'OJIOBHUX

Halpy>KeHb Ha JIeTaji, MOCTIHHWUN s BCIX
LIUKITIB;

M, — 3BOPOTHIM JorapupMiyHUM HaXWI
kpuBoi Ao — Ny niama3zoHi Bif 10° mo 10°
LMKIIB, SKHHA 3aJI€KUTHh Bia JeTali3oBaHOI
KaTeropii, crjiaBy Ta 3Ha4eHHs R ;

M, — 3BOPOTHIA JIOTapUPMIYHUM HaXWII
kpuBoi Ao —N, skuil  3aleXdUTh  BII

JIeTani30BaHO1 KaTeropii,
Ve — YaCTKOBUM KOe(IIiEHT, SIKUI JOMycKae
HETOYHOCTI y CIEKTpI HaBaHTaXEHb Ta

PO3paxyHOKY peakiii (qus. 2.4);

YacTKOBUH  Koe(ilmieHT 1S

Y mt -
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failure of a stress range Aci;

Ao. — is the reference value of fatigue

strength at 2x10° cycles depending on the
detail category;

Ao;— is the stress range for the principal

stresses at the detail and is constant for all
cycles;

m, — is the inverse logarithmic slope of the

Ao —N curve in the range 102 and 10° cycles,
depending on the detail category, alloy and
R -value;

m, — is the inverse logarithmic slope of the

Ao —N curve, depending on the detail
category;

v — IS the partial factor allowing for

uncertainties in the loading spectrum and
analysis of response (see 2.4);

vw — IS the partial factor for uncertainties in



HETOYHOCTEH B Marepiajax Ta BHUKOHaHHI

(muB. 6.2.1( 2)).
F.3  Pe3yiabTraTH BUNIPOOYBaHb

(1) VY Tabmuui F.1 mokasani 3HaueHHSA M,

s BUOpaHWUX KOHCTPYKIIMHHMX JeTale y
MEBHUX TPOIYKTax ae(GopMOBaHUX CIUIABIB,
OTpHMaHi B pe3yJabTaTi BUIPOOYBaHb.
Mpumitka 1.J[1s1 xoedinieHTiB HanpyxeHHs R Mix
R=-1ta R=0 MoOXHa BHUKOPHUCTOBYBaTH JiHIHHY
[HTEpIOMALII0 3BOPOTHLOTO 3HAYEHHS M, .

Mpumitka 2.3HaueHHss R Moxe O0azyBarucs Ha
MPUKIIAJICHNX HaNpyXeHHSIX Jmine 0e3 BpaxyBaHHS
3aJIMIIKOBUX HANpYKEHb.

JACTY-H b EN 1999-1-3:201X

materials and execution (see 6.2.1( 2)).

F.3  Test data

(1) Table F.1 gives values of m, for

selected constructional details in certain
wrought alloy products which have been
derived from test data.

NOTE 1: For R -ratios between R=-1 and R=0a
linear interpolation of inverse m, value may be used.

NOTE 2: The R -value may be based on the applied
stresses only without taking into account residual
stresses.

Tabauus F.1 - 3uauenns m,
Table F.1- Valuesof m,
Tabmuis Mo
. JleTajli30BaHol
Tun geram
Detail Kareropti Crnasu DopMu pOayKIIi
T Detail Alloys Product Form R=-1 R=>0
ype
Category
Table
Jlucr, mrta Ta mpocti mpodii
Jluct, mmta Ta mpocti mpodiri
[lItammoBani mpodismi
7020 IlItamnoBani mpodimi
1.1 6000 cepis® TAMIOBAHL TPOMLT 5,0 m,
1.2 (seriesY) . 4,0 m,
13 J.1 2020 Sheet, é:)):?rtﬁs?gg:lmple 40 m,
14 6?806%2281;1 Sheet, plate and simple 40 m,
extrusions

Shaped extrusions

Shaped extrusions
7.6 3,0 M
9.1 1. 1) 3,0 ml
9.2 3.7 1a (and) .9 EN 1999-1-1, Table 3.1a 3.0 m,
9.3 3,0 m
9.4 3,0 '
: : m,
15.1 3,3 m,
15.2 315 3,3 m

iy

Y Bukmouenns — mus. 3(1)
Y Exceptions - see 3(1)
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NOJATOK G
(TOBIIKOBMIA)
BILJINB KOE®IICHTY

HAIIPYKEHHS R
G.1 36iabuIeHHs BTOMHOI MillHOCTI

(1) Mdnsa 3HaueHb NOPUKIAJCHOTO PIBHIO
HanpykXeHHss MeHmuX, Hbk R =+0,5, MoxxHa

BUKOPUCTOBYBaTH  30UIbLIEHE CTaHIapTHE
3HaYeHHs BTOMHOI MintHOCTI Ao, (R) y micmi

AC. HACTYIIHUM YHHOM:

AGC(R) =

ae:

f(R)— 30Ubmyrounii  KoeillieHT, — SIKHid
3aleXUTh BI KoedilieHTa HampyxeHHS R,
TUITy €JIeMEeHTa Ta KOHCTPYKIIMHOT AeTal, sK
BKazaHO HWK4e y G.2.

IMpumitka. CyuinbHOTATHEHI TpyOuM Ta ¢dopMoBaHi
npo¢ini (Ckaam4acti, THyTi) MOXYTh MaTH 3aJTUILIKOBI
HaIripy>X€HHsA, SAKUMU HE MOXXHA 3HEXTYBATH, TaK IIO

30UIBLICHHST MIIHOCTI y BIJMOBIAHOCTI 3 JaHUM
JonaTkoM He MOXKe OYTH J03BOJICHO.

G.2 Bunaaku 3iIbIIeHHA BTOMHOI

MillHOCTI

G.2.1 Bunaoox 1

(1) Ie#t BUMAZOK CTOCYETHCS IUITHOK
BUHUKHEHHS IOIIKO/DKEHh Y OCHOBHOMY
Marepiani Ta JedOpMOBaHUX KOMIIOHEHTIB
KOHCTPYKIIIHHUX €JIEeMEHTIB, BiIJajICHUX BiJ
3’cqHAHb.

(2)  IloBuHHI POOHTHCH IOMYCKH Ha Oyb-
SIK1 TIOTIEpEIH1 BILUTUBH a00 HECYMICHICTH (Ha
J0JIATOK JI0 MPUKIIAJICHUX HATIPY)KEHB ).

(3)  3uHayenus 30WTbIIYIOUOTO Koe(ilieHTa
f(R) OTPUMYIOTbCS 32  JIOTIOMOTOXO

HACTYITHOT'O BUpPaA3y:

ANNEX G
[INFORMATIVE]
INFLUENCE OF R-RATIO

G.1 Enhancement of fatigue strength

(1)  For applied stress ratio values less than
R=+0,5 an enhanced reference fatigue

strength Ao.(R) may be used in place of
Ao, as follows:

f (R)Ao, (G.1)

where:

f (R) is the enhancement factor depending on

the R -ratio and the type of component and
constructional detail, as given in G.2. below.

NOTE: Drawn tubes and formed profiles (folded; roll-
formed) may have residual stresses, which are not
negligible, so that an enhancement according to this
Annex may not be allowed.

G.2 Enhancement cases

G.2.1Casel

(1)  This applies to initiation sites in the
base material and wrought products in
structural elements remote from connections.

(2)  Allowance should be made for any pre-
action or lack of fit in addition to the applied
stresses.

(3)  The values of the enhancement factor
f (R) are given by

f(R)=12-0,4-R (G.2)

uB. Takox Tabmuio G.1 ta pucynok G.1.
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Tabamus G.1 - 3pavenns f(R) mns Bumaaky 1

Table G.1- Valuesof f(R) for case 1

R f(R)
<-1 1,6
>-1
1,2-04R
<+0,5
>+0,5 1,0
Factor fiR)
1.6
1
1!3 — \
— - 2 \
—
=~ ]
—
1oL, 3 . _. N e A,
-1 -0.5 -0,25 0 +0,5 +1

R=a

n‘irfon‘ax

1 — ninsTHKH, NOBHICTIO BUIbHI Bi HANIPY:KeHHsA; 2 — NJITHKH, YaCTKOBO BiIbHI Bil HANPY:KeHHsI; 3 —TIISTHKH 3
3aJMIIKOBUMHU HANIPY:KEHHSAMHU

1 —fully stress free regions; 2 — partially stress free regions; 3 — regions with residual stresses

Pucynox G.1-
Figure G.1-

G.2.2 Bunaook 2

(1) ILe#t BUImAZOK CTOCYETHCS IUISHOK
BUHUKHEHHS  TIOIIKO/DKEHb, 3B’SI3aHUX 3
3BapHUMH a00 MEXaHIYHO 3aKPIUICHUMHU
3’€IHAaHHSAMH B TIPOCTUX KOHCTPYKIIHHUX
CIIEMEHTaX, B SKHUX BHUSBJICHI 3aJHMIIKOBI
HampyXeHHS O, BpPaxoOBYIOUH  OyIb-sKi

res

MOTIEPE/IHI BIULIUBHU 200 HECYMICHOCTI.

(2)  EdexrtuBHe KoedirieHTy
HanpyxeHHss R R, MOBUHHE BH3HAUYATHCS

3Ha4YCHHA

HAaCTYITHUM YUHOM:

Reff

ae:
Ac — fiana30H MPUKIIAIGHOTO HAPYXEHHS.
f(R)

3) 3HaueHHS BHU3HAYAIOTHCS

_2:0,—Ac
2.0, +AC

KoeoirienT 36impmenns Bromuoi minaocti f (R) mpum 2 x10? nuknax
Strength enhancement factor f(R) at 2 x102 cycles

G.2.2 Case 2
(1) This applies to initiation sites
associated with welded or mechanically

fastened connections in simple structural
elements, where the residual stresses o, has

been established, taking into account any
preaction or lack of fit.

(2)  The effective R-ratio R, should be
estimated as follows:

(G.3)

where:
Ao — is the applied stress range.

(3)  Thevalues of f(R) are given by
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HAaCTyYITHUM YUHOM:

f(R)=0,9-04-R (G.4)

uB. Takoxk Tabmuiro G.2 ta pucynok G.1

see also Table G.2 and Figure G.1.

Ta6auusa G.2 — 3uauvenns f(R) mwis Bumanxy 2

Table G.2- Values of f(R) for case 2

R

eff
<-1
>-1

<-0,25

>-0,25

G.2.3 Bunaook 3

(1)  Ieit BUMamgoK CTOCYETHCS TUITHOK Oiist

3BapHUX 3’€THAHb Ta CKJIAJTHUX
KOHCTPYKIIMHUX 30IpHUX JeTanei, B SKUX
HEMOXJTHBO KOHTPOJIIOBATH  3aJIMIIKOBI
HaIpy>KCHHS.

(2) VY upomy Bumaaky sHaueHHs f(R)
MOBUHHE MPUAMATHCS 3a OJMHUIIO JUIA BCIiX

koedimieHTIB HampyxeHHs R (auB. Takox
puc. G.1).
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f(R)

1,3

09-04R
1,0

G.2.3 Case 3

(1)  This applies near welded connections
and to complex structural assemblies where
control of residual stresses is not practicable.

(2) In this case f(R) should be taken as
unity for all R -ratios (see also Figure G.1).



JOJATOK H
(TOBIIKOBHI):
3BIJIBINIEHHS MIITHOCTI 3BAPHHUX

3’€ITHAHb

H.1 3araabHi mojgoKeHHSA

(1) VY Bumagkax, KoJM BTOMHI TPIilIMHH
BUHUKAIOTh Ha KpPOMIIl 3BapHOTO IIBA,
MIIIHICTh 3BapHUX 3’€THAHb MOXE OyTH
301IBIIICHA. Taki  meromau 3a3BUYal
BUKOPHUCTOBYIOThHCS Ha HaNOUTbII
HaATNPY)KEHUX 3BAPHHUX 3 €IHAHHAX a00 JUIs
MOCWIEHHSI 3BAapHUX 3 €/IHaHb, SKI MaroTh
HU3bKY MIIHICTb.

2 PosrmsinaroThest HACTYITHI METOTH:
— MalMHHa 00poOKa abo 1uTipyBaHHS;

— OOTICyBaHHS  JIyTOBUM  3BaplOBaHHIM
BOJIb()pAMOBUM  €JIEKTPOJIOM B  CEPEIOBHIIII
1HEpTHOTO Ta3y abo MIa3Molo;

— HaraptoBka (apoOecTpymeHeBa 00poOka,
TOJIKOBA HarapToBKa, MIPOKOBYBaHHS
MOJIOTKOM).

(3) VYV Bumaakax, koiu OyId 3aCTOCOBaHI
crierianbHi TeXHIKH 30UTBIIEHHS MIIHOCTI , Y
Jiana3oHl Hampy>XKeHb BIPOJOBX CEPETHHOTO
Ta JIOBrOro TEpPMIHY CIyXOu Moxe OyTu
3adikcoBaHE 3POCTAaHHA  MIIHOCTI Oiblie,
Hixk Ha 30%. HailizHaunimie 30UTbIICHHS
MIITHOCTI ~ JIOCATA€EThCS 332  JIOTIOMOTORO
KOMOIHAIlil IBOX METO/IIB, TAKHX SIK MaIlWHHA
00poOka (abo muTihyBaHHS) Ta TPOKOBYBAHHS
MOJIOTKOM, KOJIA 3aBISKH BHUKOPHUCTAHHIO
IHIUBIOyalbHUX  MOXIIMBOCTEH  KOXKHOTO
METOJly OTPUMYEThCS TOJBIHHE 30UIBIICHHS
MIL[HOCTI.

(4) Hma  BCIX METOMIB BPaxOBYIOThCS
HACTYITHI aCIIEKTH:

a) OBMHHa OyTH [OOCTyMHA MiAXOAAIIA
METOuKa poOOTH;
b) O  3aCTOCYBaHHS  3axOJiB  MIOJO

30UIBIIEHHS MIIHOCTI HEOOXIIHO
MEePEeKOHATHUCS, IO HEMA€E TPILIUH MOBEPXHI y
KPUTHYHUX JIOKAIIfX;

c) aka TIepeBipka  BHUKOHYEThCA  3a
JIOTIOMOT0I0  MpOoHHUKato4oi ¢apbu abo 3a
JIOTIOMOTOI0  3aCTOCYBAaHHS IHIIUX METO/IB

JACTY-H b EN 1999-1-3:201X

ANNEX H
[INFORMATIVE]

FATIGUE STRENGTH IMPROVEMENT

OF WELDS

H.1 General

(1) In cases where the fatigue cracks
would initiate at the weld toe, the capacity of
welded joints can be improved. Such methods
are normally used at the most highly stressed
welds or for improving welds having low
strength.

(2)  The following methods are considered
here:

— Machining or grinding;
—dressing by TIG or plasma;

— peening (shot peening, needle peening or
hammer peening).

(3) In cases where specified improvement
techniques have been employed, an
improvement at the mid and long fatigue life
region up to 30% measured by stress range
may be obtained. The highest improvement is
achieved by the combination of two methods
like machining (or grinding) and hammer
peening where the double improvement of the
individual methods can be reached.

4) For all methods the following aspects
should be considered:

a) suitable work procedure should be
available;

b) efore applying the measures for
improvement it should be assured that no
surface cracks are present in the critical
locations;

c) his should be done by dye penetrant or
other suitable NDT methods;
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HEPYHHIBHOTO KOHTPOJIIO;

d) PH KOPOTKOMY TEPMiHi CIIy>KOH, KOJIH
MICIIEB1 HAPY>KEHHSI MIEPEBULIYIOTh TPAHULIIO
TEKy4OCTi, MepioJ BHHUKHEHHS TpIIIUH €
HE3HAYHMM  (HE3aJIeKHO Bl  HAsBHOCTI
HaJPi3iB) 1 30UTBIICHHS MIITHOCTI, BIMOBIIHO,
TEX € He3HAYHUM. TOMy B TakOMYy BHIIQJKy
npu pospaxyHKy B 10° muKkmiB 30iIbIIeHHS
MminHocTi He BinOynerbes. (KpuBa Ac—N B
TAaKOMY BHUIMAJKy 3MIHIOETBCS MpPH IMOCTIHUX
3HAYEHHSX IPU PO3PaxyHKy B 10° MUKIIB);

e) OBUHHI BpaxoByBaTHCS NOTEHLINHI
MiCllsi BMHUKHEHHSI BTOMHHUX Jedopmarriit
OKpIM THUX, II0 NUUISATal0Th 30UIBIICHHIO
MIIIHOCTI, HAMNpPUKIaA, KOJH 30UIbIICHHS
MIIIHOCTI BiI0YyBa€ThCA HAa KPOMII 3BAPHOTO
IBa, TO Takl JIOKallii, SIK IMepepi3 3BapHOTO
IIBa Ta BHYTPINIHI TpPIUHU (YaCTKOBOIO
MIPOHUKHEHHS) MOXYTh OyTH OOMEXYHOUuuM
(bakTopom;

f) MaloTh BpaxoByBaTHUCA BTOMHA
JIOBTOBIYHICTh Ta MOJKJIUBICTH 3aCTOCYBaHHS
METO/IIB 3MIITHEHHSI;

9) Py yMOBaxX HEOOMEXEHOCTI KOpo3ii y
BOJI, 30LIbIIEHHS MINHOCTI YacTO HE
BimOyBaeThcsa. MeToau, SKi  BKIIOYAIOTh
KOMIIpeCiiiHi 3IMIIKOBI HaIpy>KCHHS
(HarapToBKa), € MEHII YYTIMBUMH. ToMy y
TaKUX BUIMAJIKAX U JOCATHEHHS 30UIBIIECHHS
MILIHOCTI HEOOXI1THUHI AHTUKOPO3INHUI
3aXHCT.

(5)  Po3paxyHKOBi 3HAa4YeHHS 3MI[HCHHX
3BapHUX IIBIB MMOBHHHI BCTAHOBJIIOBATUCS 3a
JI0TIOMOTO0 BUIIPOOYBaHsb, nuB. Jlomatox C.

H.2 Mamunna 00podka abo
HUTi(pyBaHHSA

(1) Mamunana 00poOKa MOKE
BUKOHYBATHCS 3a JIOTIOMOTOFO
BHUCOKOILIBUJIKICHOTO poTariifHOTO

HanuiapHUKY. Llelt MeTron mae Taki nmepeary,
gk  OUIbII ~ TOYHE 3HA4YCHHS  pajiycy,
MapKyBaHHs, THapajeibHe JI0 HalpsMKy
HamnpyKeHHs, Ta OTPUMAHHSA JOCTYNy [0
KyTiB. SIKIIO J03BOJISE JIOCTYM, TO y SIKOCTi
aIbTEPHATUBHM  MOXE  BHUKOPHUCTOBYBATHUCS
CTaHOK JJIs nuTihyBaHHS aOpa3sUBHUM JTUCKOM,
muB. puc. H.1. B o0ox Bumaakax MOBHHEH
perenbHO  oOupatucs  pajiyc  piKyd4oi
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d) n the short life region where the local
stresses exceed the yield strength the initiation
period is a small fraction (irrespective of the
notch case) and the improvement is thus small.
Hence, there will be no improvement in design
at 10° cycles. (The Ao —N curve is thus
rotated with fixed values at 10°);

e) otential fatigue fracture locations other
than that being improved should be
considered: e.g. if the weld toe area is
improved, then locations like the weld throat
or internal cracks (partial penetration), might
be the limiting factor;

f) he fatigue life and the usefulness of
improvement methods should be considered;

9) Under freely corroding conditions in
water, the improvement is often lost. Methods
involving compressive  residual  stresses
(peening) are less susceptible. Corrosion
protection is therefore needed if the
improvement is to be achieved.

(5) Design values for improved welds
should be established by testing, see Annex C.

H.2  Machining or grinding

(1) Machining can be performed by a high
speed rotary burr cutter and has the advantages
of producing a more precise radius definition,
leaving marks parallel to the stress direction
and gaining access to corners. Alternatively a
disk grinder may be used if access permits, see
Figure H.1. In both cases the radius of the
cutting tip or edge should be correctly chosen.



TUTACTUHH 200 KPOMKH.

(2) o6 mepexkoHaTHCs y BHAAICHHI
Yy)KOPITHUX €JEeMEHTIB 1T.n., MAalluHHA
o0pobka 3a  JIOMOMOTOK  POTALIHHOTO
HaNWJIBHUKY TMOBHHHA Jocaratu riaubuau 0.5
MM HWXKYE Kpaw Oyap-sKOTO MiApizy 1.T.1.,
aJie He TIOBHHHA TMepeBUITYBaTH 2 MM abo 5%
TOBIIVMHHM TUIMTH, B HE3aJIKHOCTI BiJ TOTO,
K€ 3HAYEHHS € MEHIMM, auB. puc. H.2.
Hesnaune 3MeHIIEHHS TOBIIMHU TUIMTH 1
BIZIIOBigHE 30UIBIIEHHS HOMIHAJILHOTO
HaINpy>KeHHsI HE € 3HAUHUMH Mpu TOBITUHI 10
MM abo Outbie. Y BUMaAKy OaraTomiapoBOTO
3BApHOrO IIBa MOBHHHI OyTH 0OpoOJeHI sK
MIHIMyM Bl KPOMKH IIBa. TakoX MOTPIOHO
CIIIKYBaTH 3a MIATPUMAHHSAM HaJEXKHOTO
pO3Mipy mepepizy IiBa.

a) odpodka porauiiitnum Tepnyrom; ,b) migpyBanus
abpa3sMBHUM AMCKOM

a) burr machining; b) disk grinding

PucynoxkH.1 — Meroau mammHHOT
00poOku/tLTihyBaHHS
FigureH.1 — Machining/grinding techniques

H.3  OO6ricyBanus JAyTOBUM
3BapIOBAHHIM BOJIb(PaMOBUM eJIEKTPOAOM
B CepeJOBHII iHEPTHOrO0 razy ado miasMor

(1) Tak sk  ;yroBe  3BaplOBaHHS
BOJIL()PAMOBUM €JIEKTPOJOM B CEPEIOBUIII
IHEpTHOTO Tazy — II€ METOJA TUIbKH JUIs
IUIACTHH 3 TOBHIMHOIO 4 MM a00 MeHIIe, BiH
MOYKE€ BUKOPHCTOBYBATHUCS TOJi, KOJH KPOMKa
3BapHOIO IIIBa € KPUTHUYHOIO AisHKO0. [Ipu
NIEPEeIUIaBIIOBaHHI BXK€ ICHYIOUO1 KPOMKH IIBa
BKpalUIeHHs Ta MiAPI3M  MOXYTb  OyTH
BUJIAJIEH], a paJilyc KPOMKH — 30UTbIIEHUH, 1110
B pe3ynbTaTi 3MeHHIye (akTop MicHeBOi
KOHIICHTpallii HalpyXeHH.

2 Crnig  BHUKOPUCTOBYBAaTH CTaHJApTHE
oOnmasHaHHsA JUISL  JOYrOBOTO  3BaprOBaHHs

JACTY-H b EN 1999-1-3:201X

(2)  To ensure the removal of intrusions
etc. Burr machining has to be extended to a
depth of minimum 0.5 mm below the bottom
of any visible undercut etc., but should not
exceed 2 mm or 5% of the plate thickness,
whichever is the less see Figure H.2. The
slight reduction in plate thickness and
corresponding increase in nominal stress is
insignificant for thickness of 10 mm or larger.
In the case of multipass welds at least two
weld toes should be treated. Care should also
be taken to ensure that the required throat size
IS maintained.

b)

0,5-1,0mm 0,5-1,0m '

a)noBHmii npogisan; b)kpomka 3BapHoro msa

a) full profile; b) weld toe

PucynokH.2 — I'eomerpuyHi XxapakTepucTUKU
npodiTto
FigureH.2 — Profile Geometries

H.3  Dressing by TIG or plasma

(1)  While TIG welding is only a practical
process for structures made of plates 4 mm
thick or less, it can be used for improving the
fatigue strength in cases where the weld toe is
the critical site. When re-melting the existing
toe region inclusions and undercuts can be
removed and the toe radius can be increased
which reduces the local stress concentration
factor.

(2) Standard TIG dressing equipment
should be used, without the addition of any
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BOJIb()PAMOBUM  €JIEKTPOJIOM B CEPEIOBHIII
iHEepTHOTO Ta3zy 0e3 3acTOCYBaHHS OYAb-SIKOTO
¢inpTpaniiinoro  matepianry.  OOTicyBaHHs
IYrOBMM  3BaplOBaHHSM  BOJIb()PaMOBUM
€JIEKTPOJIOM B CEPENOBHILI IHEPTHOTO Tra3y
qymIMBe 10 TNPO(EciOHaTbHUX  HABUYOK
oreparopa; HeOOXiTHO MATPUMYBATH YUCTOTY
MOBEPXHi, MO0 YHUKHYTH BHHUKHCHHS IIOD.
[ToBunHi  OyTH  WIATOTOBaHI  JETabHI
METO/IMKU BUKOHAHHSI.

(3)  30uIbIICHHS MIIHOCTI MOBUHHE OYyTH
MIATBEPHKEHE BUMPOOYBAaHHSIMMU.

H.4  HaraproBka

(1)  Haiikpami  pe3ynabTaTé  3a3BUYAil
OTPUMYIOTHCS 32 IOIOMOIOI0 METO/IIB, B IKUX
BUKOPUCTOBYIOTHCSI KOMIIPECIIHI 3aJUIIKOBI
HanpyxeHHs. Halinomumpenimi mMeroau — 1e
MIPOKOBKA MOJIOTKOM, TOJIKOBa HarapToBka abo
npobectpymeHneBa obpobOka. HaraproBka — 11e
Mporec XOJOAHOI O0OpOOKH, TpH  SKOMY
MOBEPXHS  IJIACTUYHO  3MIHIOETBCS  TIiJT
BIUIMBOM IHCTPYMEHTY. Orouyrounii
(npy>xHuit) Marepian cTuckae nehopMOBaHUN
00" em. DyHKITIOHATBHA i BUCOKOT KOMITpECii
MOXX€  3HHU3UTH  DPIBEHb  3aJHUIIKOBOIO
Hampy)XeHHsl 1 MOBHHHA BPAaXOBYBaTHCh MpHU
3aCTOCYBaHHI CIIEKTPIB BUITAIKOBOTO BIUIHBY..

(2)  IloBuHHI OyTH MArOTOBIECHI METOAUKH
JUIsT  BCIX CHOCOOIB  HArapTOBKH:  XOJIH,
nedopmallii KpOMKH 3BapHOTO IIBa Ta BHIMKA
JUIL TIPOKOBKM MOJIOTKOM Ta HarapTOBKH
apMaTypHUM MTYYIKOM, IHTEHCUBHICTb,
MOKPUTTSI Ta TECTOBa IUIacTUHA Jaedopmariii
JUTsl IpoOeCTpyMEHEBOT 0OpOOKH.
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filler material. TIG dressing is sensitive to
operator skills and it is important to have clean
surfaces to avoid pores. Detailed procedures
should be prepared.

(3)  The improvement should be verified by
tests.

H.4  Peening

(1) The largest benefits are normally
obtained with methods where compressive
residual stresses are introduced. The most
common methods are hammer peening, needle
peening, and shot peening. Peening is a cold
working process where the impact of a tool
deforms the surface plastically. The
surrounding (elastic) material will compress
the deformed volume. High compressive
service action can decrease the level of
residual stress and should be taken into
account when applying random action spectra.

(2) Procedures for all peening methods
should be prepared: Passes, weld toe
deformation, and indentation for hammer and
wire bundle peening; intensity, coverage, and
Almen strip deformation for shot peening.



JOJATOK IU
(1OBIJIKOBHHN)
JIUBAPHI CIIVIABHU
1.1 3arajbHi M0JOKEHHH
(1) HwxkueBkazana iHpoOpMaLlisi  MOXKE
3aCTOCOBYBATHUCS JIJISl JIMBAPHUX CIUIABIB TIpU
YMOBI, 110 JOTPUMYIOTHCS npaBuia

po3paxyHky, Bkazani y EN 1999-1-1 nynkr
3.2.3.1 Ta itoro Jomarky C.3.4

(2) MoxyTh BUKOPHCTOBYBATHCS MpaBHia
po3paxynky y EN 1999-1-3 mns nmBapHHX
CILIABIB, SIK1 3a3HAIOTh BTOMHOT'O
HAaBaHTAXEHHsS, 1 NpaBWwia s CIUIaBIB Y
EN 1999-1-1, TaOJIHUIIST 3.3, SIKIIIO
BpaxoBYIOThCS BUMoru [.3.

1.2

3HaYeHHSA BTOMHOI MIiITHOCTI
1.2.1 I'naoxi rusapni cnnasu

(1) B 3zamexHocrti
CTYITIHIO  SIKOCTI1
3aCTOCOBYBATHCS
Tabymmi [.1.

HEOOX1THOTO
[.3)  moxyTh
3Ha4YeHHA Ao

Bix
(muB.
YHCIIOBI

Taoauus
Table 1.1-

JeramizoBana KaTeropis
Detail Category
(N =2x10°

Ao,

3
Il
3

710

~

50
40
32
25
Y mus. IPUMITKY B 1.3

Y see NOTE in 1.3

1.2.2  3eapuuit mamepian

(@8] 3HaueHHs BTOMHOI MIIHOCTI IS
3BapHUX JIMBAPHUX CIUIABIB HE BXOISTH Y

JACTY-H b EN 1999-1-3:201X

ANNEX |
[INFORMATIVE]
CASTINGS
.1 General
(1)  The following data may be used for

castings provided that the rules for calculation
of stresses in EN 1999-1-1 clause 3.2.3.1 and
its Annex C.3.4 are followed.

(2)  The design rules in EN 1999-1-3 for
castings under fatigue loading, for the alloys
given in EN 1999-1-1, Table 3.3, may be used
if the additional requirements in 1.3 are
observed.

1.2 Fatigue strength data

1.2.1 Plain castings

(1) Depending on the required level of
quality, see 1.3, the numerical values for Ac of
Table 1.1 may be applied.

I.1 — Ywucnosi 3nauenns Ao (H/MM?) aas rimagkux marepiaiis
Numerical values of Ao (N/mm?) for plain material

N =10° N, = 2x10° N, =108
Ao Aoy Ao,
108,9 71 40,6
76,7 50 28,6
61,4 40 22,9
49,1 32 18,3
38,4 25 14,3

1.2.2 Welded material

Q) Fatigue strength values for welded
castings are not covered by EN 1999-1-3.
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EN 1999-1-3.

[MpumiTka.3HaYeHHS BTOMHOI MIITHOCTI JIsi 3BapHHUX
3’€/IHaHp JIMBAPHUX CIUIABIB MOXKYTh OYTH BH3HAYEHI y
HanionansHomy nonatky.

1.2.3  Mexaniuno 3’conani nueapni cnnasu
1.2.3.1 Boamogi 3’ eOnanns

UYucnosi 3HadeHHs Ao Tabmumi 1.2 MOXyTh
3aCTOCOBYBATHCS It 00TiB Kateropii A: Tum
migmunaaka, 1us. EN 1999-1-1.

Taoauua 1.2 -
Table 1.2-

NOTE: Fatigue strength values for welded joints of
castings may be defined in the National Annex.

1.2.3 Mechanically joined castings
1.2.3.1 Bolted joints

(1)  The numerical values Ao of Table 1.2
may be applied for bolts of Category A:
Bearing Type, see EN 1999-1-1.

Yucnosi 3HaueHHss Ao (H/MM?) 11 O0nTOBHX 3’€IHAHD
Numerical values of Ao (N/mm?) for bolted joints

JeranizoBaHa KaTeropis s
[JIIKOTO MaTepiaty
Detail Category
(N, =2x10°) for plain material

Binmosigaa JleranizoBana
- = 6
kateropis (N, = 2x10°)

IUTs1 OOJITOBUX 3 €IHAHb

Corresponding Detail Category
(N. =2x10°
for bolted joints

N =10° N, =2x10°| N =10°

Ao, m =m, Ao Aoy Ao,
71 45 4 95,2 35,8 16,9
50 40 4 84,6 31,8 15,0
40 25 4 52,9 19,9 9,4
32 20 4 42,3 15,9 7,5
25 16 4 33,8 12,7 6,0

1.2.3.2 llapnipHni 3’ conanns

(1) 3uHayeHHs BTOMHOI MIIIHOCTI st

MapHIpHUX  3’€IHaHb HE  BXOIATH Yy
EN 1999-1-3.

Mpumitka 1.3HaueHHs BTOMHOI MIIHOCTI 3 TaOmUIl
J.15 TS 0OJITOBUX 3’¢IHaHb MOXYTh

BUKOPDHCTOBYBATHCS, SKIIO B aHaji3l pPO3paxyHKY
aJIeKBaTHO Ta HAIIHHO PpO3MIISANAETHCA  PO3MOJLT
HANpY)KEHHS Ha IIApHipi Ta B €JIEMEHTI, HATIPUKIIA, 3a
JIOTTIOMOT'OF0 MiCIIEBOI'0 PO3PAXYHKY HATIPYKEHHS.

HpumiTtka 2.3HaueHHSs BTOMHOI MIITHOCTI IS
mIapHIpUX 3’€IHAHBb JHBAPHUX CIUIABIB MOXYTh OYyTH
BH3HaYeHi y HamioHanmsHOMY HOHATKY.

1.2.4 Jlueapni cnnaseu 3 aoze3iliHumu
3’€OHanHAMU

@ AnresiiiHi  3’€HaHHS B JIMBApHUX
criaBax He posrisaatoTees y EN 1999-1-3.

[Ipumitka.3Ha4eHHS BTOMHOI MIITHOCTI [UTS aAre3iiHIX
3’€/IHAHb B JIMBAPHHX CIUIaBaX MOXYTh BH3HAYATUCS Yy
HarmionansHOMY TOIATKYy.
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1.2.3.2 Pinned joints

(1) Fatigue strength values for pinned
joints are not covered by EN 1999-1-3.

NOTE 1: Fatigue strength values of Table J.15 for
bolted joints may be used provided that design analysis
considers adequately and reliably the stress distribution
along the pin and the member, e.g. by geometric stress
calculation.

NOTE 2: Fatigue strength values for pinned joints of
castings may be defined in the National Annex.

1.2.4 Adhesively bonded castings

(1)  Adhesively bonded joints in castings
are not covered by EN 1999-1-3.
NOTE: Fatigue strength values for adhesively bonded

joints in castings may be defined in the National
Annex.



1.3 Bumoru 1o sakocti

(2 [ToBuHHI  po3rAsAaTUCs  J10JATKOBI
obMexeHHs 3 Tabmumi 1.3, sKi CTOCYIOThCS
JiameTpy mop.

Taoauusa
Table

JACTY-H b EN 1999-1-3:201X

1.3 Quality requirements

(1) The additional limitations in Table 1.3
concerning maximum pore diameter should be
observed.

1.3 — 3HayeHHS MaKCUMAJILHOTO JiaMeTpy MOp /IS IMBAPHUX CIUIABIB, MM
1.3 — Values for maximum pore diameter [mm] for castings

JeranizoBaHa KaTeropis

Detail Category
(N, = 2x10°) n 50

40 32 25

MakcuMalbHHN TiaMmeTp
op 0,2 0,5
maximum pore diameter

2,0 (HOpMaJIbHUH)

0.9 15 (normal)

IIpumiTka. BUTOTOBJICHHS JIMBapHHUX CIUIABiB 3
niamerpoM 1op MeHme, HiX 0,6 MM, nOTpeOye
CrelialIbHUX HABUKIB, JOCBiy, TEXHIKM Ta TEXHOJOTI]
JutTs. J{o Toro *x BUSIBICHHS HOp 3 JiaMETPOM MEHIIIE,
Hik 0,6 MM, moTpeOye cremiaJbHOrO OOJagHAHHS,
0cobmuBO i 3HaueHb g0 0,2 MM, KOIM MOXKIHBICTH
BUSIBJICHHS 1Ie()EKTIB TAKOI'O PO3MIpPY 3aJEKHUTh TaKOK
BiJl popmH (TOBLIMHK) JIMBAPHOTO cIuiaBy. JlomyiieHHs,
3po0JieHi Isi MaTepialbHUX BJIACTHBOCTEH JIMBAPHOIO
CIUIaBY, SIKUH BUKOPHCTOBYIOTHCS Y KOHCTPYKLIHHOMY
pO3paxyHKy, NOBHUHHI OyTH 3aBipeHi BHPOOHHKOM
JIUBAPHOTO CILIABY.

NOTE: Producing castings with pore diameter less
than 0,6 mm requires special skill, experience and cast
technique and technology. Furthermore detecting pores
less than 0,6 mm requires special equipment especially
for the range up to 0,2 mm, where the possibility of
detecting flaws of such a size depends also on the
shape (thickness) of the casting. Assumptions made for
the material properties of castings, to be used in the
structural design, should be confirmed by the casting
manufacturer.
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JOJATOK J.
(TOBLIKOBMHIA):
TABJIAL JIETAJI30BAHUX

KATEIOPIN
J.1l 3arajbHi MoJI0KEeHHA

(1)  HeramizoBani KaTeropii Ta
cruiBBimHOmEHHST Ao — N , BKa3aHi y JaHOMY
Jlonatky, MOXYTh BHKOPHUCTOBYBATHUCS JIUIIIE
IpH BpaxyBaHHI MOJI0XeHb Po3ainy 6.

(2)  3nHayeHHs JAeTaNi30BaHUX ~KaTeropii
JIMCHI A7  TeMIepaTypd HaBKOJUIIHBOIO
MOBITPS Ta 30BHIMIHIX YMOB, SKI HeE
noTpeOyIoTh 3aXUCTy MOBEpXHI (AMB. TaOII
6.2), Ta B 3BSI3KYy 3 BUMOTaMH JIO BUKOHAHHS
EN 1090-3. Ili 3Ha4YeHHS OTPUMYIOTHCS 3i
3HaueHb Koe(QIl[leHTa HaNpYyXEeHHsS, SKI He
Menire, Hix 0,5.
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ANNEX J
[INFORMATIVE]
DETAIL CATEGORY TABLES

J.1 General

(1)  The detail categories and the Ao —N
relationships in this Annex may only be used
with the provisions of Chapter 6.

(2)  The detail category values are valid for
ambient temperature, exposure conditions
which do not require any surface protection
(see Table 6.2), and in connection with the
execution requirements of EN 1090-3. These
values are derivated for stress ratio values not
smaller than 0,5.



Taoaumsa J.1-— [leranizoBani KaTeropii A7 IPOCTUX €IEMEHTIB.

Table J.1- Detail categories for plain members
JleranizoBaHa
KaTeropist
dopmu IPOAYKITIT
Ao —mY PMH TIPOIYKIL
Tun Koncrpykuiiina gerans
nerami OOMexeHHs
CILIaBy JlinsiHKa BUHUKHEHHS TIOIIKO K CHHS
Detail
type Detail Product forms
category ) )
Constructional detail
Ac-mP S .
Initiation site
Alloy
restriction
125-7 Jluct, TuMTa Ta TPOCTHH TPECOBAHMI
1.1 CTep)KE€Hb Ta  NPYTOK  MAIIMHHOI

7020 TineKA  66poGKN
(only)

OpienTarris
HaMpyXEHHS

Po3paxyHoxk
HaIpyKeHHS

Stress orientation Stress analysis

INapanenmsamil 200

.2) OcHOBHE HOMIHAJIbHE
HOPMaJIbHHIL” 110
. HAIpy)KeH-Hs Ha
BiJIHOLLIEH-HIO JI0 :
JUISTHKAX BUHMKHEHHS

MpoKaTy abo eKCTpy3ii

JACTY-H b EN 1999-1-3:201X

Bumoru 1o BUKOHaHHS

Execution requirements

IToBepxHs 6€3
TOCTPUX KYTIB , TUTHKH
SIKITO He TapasielibHa
JIO HATIPSIMKY

BiacyTHiCTh BXiTHUX KYTiB
y podiii, BiICYyTHICTh

KOHTAKTY 3 IHIITMH
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1.2 90-7

80-7

1.3 7020 TiIBKH

(only)

112

Sheet, plate and simple extruded rod
and

bar, machined parts

SN

HepiBHicTh OBepxHi

Surface irregularity

Jluct, minta, eKCTpyAOBaHi mpodii,
TpyOH, KOBaHi JeTai

Sheet, plate, extrusions, tubes, forgings

HarpssIMOK

Parallel or normal 2 to
rolling or extrusion
direction

TMTOIIKO/KCHHS HaIpy>KCHHS, KyTH
0e3 KOHIIEHTpaTopa
HaIpyKeHb
Principal nominal
stress at initiation site
Surface free of sharp

corners unless parallel
to stress direction,
edges free of stress
raisers

JaCTUHaMH.

MexaHiuHa 00poOKa
MOBEPXHI

R,; <40um.

BizyansHa nepeBipka

No re-entrant
corners in profile, no
contact with other
parts.
Machined with a
surface finish
Rz <40 pum.
Visual inspection.

Pyune muridpyBanss He

JI03BOJISETHCS, TUIBKU

SKIIO HE B HATIPSMKY,
napanenbHOMY



1.4 71-7
140-7

1.5 7020 TUIBEKH
(only)

1.6 100-7

i
b

[ 4

HepiBHicTh oBepxHi

Surface irregularity

Buimku, orBopu

Notches, holes

—@AG

~

/
|

A

4

HepiBHicTs MOBEpxHI

Surface irregularity

(7

PospaxyHok
KOHITEHTpaIlil
HaTpPYKEHHS 1B Y
D.2

Account for stress
concentration: see
D.2

JACTY-H b EN 1999-1-3:201X
HanpyXeHH0. BincyTHICTh
TIOJIPSITTHH. TTOTIEPEYHUX
HaNpsSIMKy Halpy>KCHHS.
BizyanbsHa mepeBipka.

Hand grinding not
permitted unless parallel to
stress direction. No score
marks transverse to stress
direction. Visual
inspection.

[MpocBepreni ta
PO3TOPHYTI OTBOPH.
BincyTHiCTh monpsmnuH
TMMOAPAIINH.IIOTICPEYHUX
Opi€HTAIlil HAITPYKEHHS.
BizyanbHa mepeBipka.

Holes drilled and reamed.

No score marks transverse

to stress orientation. Visual
inspection.
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DM =M rpanmms Bromu moctiitroi ammmitymu npu 2x10° mikmax

2 Ko OpieHTAllis HANPY/KEHHS HOPMANbHA IO BiIHOMICHHIO JI0 KCTPY3ii, BUPOGHHUK TTOBHHEH MPOKYHCYIBTYBATHCS MO0 SKOCTI Y BHIIAJKY, KOMH EKCTPY3is
BHKOHYETKCS 3a JIOIIOMOT'OK0 BXiJJHOI'O OTBOPY 200 KOMOIHOBAHOT MaTpPHIII.

3 R qus. y EN-ISO 4287 ta EN-1SO 4288.
1,2
VM =M" "constant amplitude fatigue limit at 2x10° cycles.

2 If the stress orientation is normal to the extrusion direction the manufacturer should be consulted concerning the quality assurance in case of extrusions by port
hole or bridge die.

% R,, see EN-1SO 4287 and EN-I1SO 4288.
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500 Ne=Np N
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Pucynok J.1 - KpusiBromHoi MirtTHOCTI Ao — N 1j1 TpOCTHX €IEMEHTIB — KaTeropii Taki x,
AK y Tabmmmi J.1
Figure J.1- Fatigue strength curves Ao — N for plain members - categories as in Table J.1

Ta6auust J.2 — Ywucnosi 3Hauenss 0f AX — N (H/MM?) mis npocTux eneMeHTiB — Kareropii
TaKi x, K y Tadmuii J.1
Table J.2—- Numerical values of AX— N (N/mm?) for plain members - detail categories

as in table J.1

Haxun Huxmu N

Slope Cycles N
m, m, 1E+05 1E+06 2E+06 5E+06 1E+07 1E+08 1E+09
7,0 7,0 214.8 154,6 140,0 122,8 111,2 80,1 80,1
7,0 7,0 191,8 138,0 125,0 109,7 99,3 71,5 71,5
7,0 7,0 153,4 110,4 100,0 87,7 79,5 57,2 57,2
7,0 7,0 138,1 99,4 90,0 79,0 71,5 51,5 51,5
7,0 7,0 1227 88,3 80,0 70,2 63,6 45,7 45,7
7,0 7,0 108,9 78,4 71,0 62,3 56,4 40,6 40,6
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Taoaunsa J.3 — JleranizoBani Kareropii ajist €JIeMEHTIB 31 3BapHUMH MpPUETHAHHIMH —
nonepcyHa KpoOMKa 3BapHOro mBa
Table J.3 — Detail categories for members with welded attachments — transverse weld

toe
Po3paxyHok HanpyxkeHHSA Bumoru 10 BUKOHaHHS
Stress Execution
Tleranizoana Koncrpykiiiiina gerans analysis requirements
Tumt nerani 1 | Kateropis Detail JinsHKa BUHUKHEHHS Posmipu (Mm)
. Dimensions Jo3Bonene
D || categor HOIHKO:H)KGHHH ] '
etail type Aa% my Constructional detail (mm) Hla:[r?p a;::;gﬂ HaIpy>KeHHs IS PiBens sxocti®
by Initiation site gt);ess Stress Qua_lity level®
arameter already
P allowed for
3.1 32-3,4 L<20
25-3,4 H o .
9334 a MorepevHii KpoMIli
20-3,4 3BAPHOIO IIBA B HATIPYHKCHOMY Howminanbhe Edexr Hlnipysanns
3.2 t<4 CIIEMCHTI, O BII Kpato L>20 HaIpy>KeHHHS Ha T ABUIIEHHS [inpiz
4<t<10 (3BPIOBAHIA BUKOHYETLCA Y JUISHIL JKOPCTKOCTI 3rinapKyBaHHS
10<t<15 II03I0BKHBEOMY HAIIPSIMKY Ha BUHMKHCHHS NpHeHARHS C
A Kpato Hom(llé) TIOIIKOJK €HHS Grind
ttra:jnsverss we toefon Stiffening effect Undercut
stressed member, away from Nominal stress at of attachment smooth
edge (weld continued initiation site
longitudinally at flange edge)
3.3 28-3,4 Ly Ao L<20
23-3,4
3.4 ig:g’i L>20
t<4
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4<t<10 Ha monepeuniii kpomii
10<t<15 3BapHOrO 1IBA B HANIPYKEHOMY
eJIEMEHTI Ha KyTi (3BaploBaHHS
BUKOHYETHCA Y IMO3A0BKXHBOMY
HaNpsMKY Ha Kparo MOJIKH)
At transverse weld toe on
stressed member at corner (weld
continued
longitudinally at flange edge)
35 18-3.4 Hemae pagliycy
No radius
IToBepxHs enemeHTa Ha Kparo
Member surface on edge
Paniyc
—r T yBaHHS
napalnenbHun
3.6 36-3,4 A r >50 HATIPAMKY
BayTpimms kpoMka 3BapHOTO HANPYKCHHA
IIBa Ha Kparo Kpowka
In ground weld toe on edge 3BApHOTO IIBa
MTOBUHHA OyTH
r MTOBHICTIO
30BHIIIHA
Grind radius
parallel to
_ - r>50 stress
> 3034 Ao direction.
BHyTpIIIIHS KpOMKa 3BapHOTO Weld toe
I1IBa Ha KPako Ha KiHIIi [1Ba should be fully
In ground weld toe on edge at ground out

weld end
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Hewmae paniycy
No radius

3.8 23-3,4

Ha moBepxHi enemMenTa Ha
MOTIEPEYHOMY 3BapHOMY IIIBi
On member surface at transverse
weld

Ym,=m +2

2 JIJ1st TTOCKUX €TEMEHTIB I/ TIEF0 3TMHAIBHOrO HampyKeHHs auB. 6.2.1(11) Ta ays 30iIbIIeHHs Ha IBi A€Tali30BaHi KaTeropii;.
% Bianosinzo 1o EN 1SO 10042:2005

Ym,=m +2

2 For flat members under bending stresses see 6.2.1(11) and increase by two detail categories.

¥ According to EN 1SO 10042:2005
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Pucynok J.2 - KpusiBToMHOI MiltHOCTI Ao — N 15 elleMeHTIB 31 3BapHUMH 3’ €JHAHHAMH,
TIOTIEPEYHUM 3BApPHUM IITBOM — JIETaJII30BaH1 KaTeropii BIIMOBITHO 10
Tabmmd J.3
Figure J.2-— Fatigue strength curves Ao — N for members with welded attachments,
transverse weld toe — detail categories as in Table J.3

Taoaunsa J.4 — Yucnosi 3HaueHHss Ao —N (H/MM?) qns 3BapHEX 3’€IHAaHB, MTOIEPEIHOTO
3BapHOTO IIIBa — JIETaIi30BaH1 KaTeropii BiANOBIAHO 10 Tabmuii J.3
Table J.4 — Numerical values of Ac— N (N/mm?) for welded attachments, transverse
weld toe — detail categories as in Table J.3

Haxwn Huxmu N
Slope Cycles N

m | m, | 1E+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 1E+08 | 1E+09
34 | 54 86,9 44,1 36,0 27,5 24,2 15,8 15,8
34 | 54 77,2 39,2 32,0 24,4 21,5 14,0 14,0
34 | 54 67,6 34,3 28,0 21,4 18,8 12,3 12,3
34 | 54 60,3 30,7 25,0 19,1 16,8 11,0 11,0
34 | 54 55,5 28,2 23,0 17,6 15,5 10,1 10,1
34 | 54 48,3 24,5 20,0 15,3 13,4 8,8 8,8

34 | 54 43,4 22,1 18,0 13,7 12,1 7,9 7,9
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Ta6uuus J.5 — JleranizoBani Kateropii Ijsl €JIEMEHTIB 3 MO3J0BKHIMH 3BapHUMHU
MIBAMHU
Table J.5 — Detail categories for members with longitudinal welds

Po3paxyHOK HanpyXeHHs

Bumoru 10 BUKOHaHHS

Stress . -
‘ Vs Execution requirements
. Koncrpykuiitna neranp analysis
Heranizosa PiBeHb AKOCTI
Heran Ha JinsHKa BUHUKHEHHS Quality
i T
b THITY KaTeropg{ MTOLIKO/>KEHHS f 31311[25 HOro oﬂo‘:{(;HZH?ﬂ level ¥
1 Ao —m Weld IMTapamerp Hal'I[l )Klz HIIIM Xapakrepuctu
Detail Detail Constructional detail type HaIpYXEHHS g?[/ress ’ KU 3BapIOBaHHS Tlosepxus | A0AaTKOBO
type category Stress . Welding additional
N concentrations e B Ta
Ao —m) Initiation site parameter already allowed characteristics HYIPI - reomerp.
H.
for . Surface
internal
and
geometric
ABTOMaTHYHE
5.1 63-4,3 CT— 3BapIOBaHHS
pHY Oe3rnepepBHIM
CTHKOBHH IIIOB IBOM
IIOBHOI'O HopManBHe B C
NPOBApIOBAHH | Hanpy>KEHHS Continuous
g Ha JULTHI automatic
) BUHHUKHCHHS :
5.2 56-4,3 PO3PUB 3BapHOTO 11Ba Eull R welding
At weld discontinuity penetration o
butt weld C C
Nominal
3BapHMii stress at Bynp-saxi
prY initiation site . oY
CTHKOBHH IIIOB TIIKITAKA 1S
45-4,3 [IOBHOT'O IMOAOBKEHHS C D 2)
5.3 TIPOBapPIOBAHH
Po3puB 3BapHOIO I11Ba A Any backing
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At weld discontinuity bars to be
Full continuous
penetration
butt weld
45-4,3 be3nepepeauit B C
5.4 KyTOBHH I1I0B
Continuous
AG Ac = fillet
5.5 40-4.3 Po3puB 3BapHOIo IBa weld c D
At weld discontinuity
IIepepuBuactu
1 KyTOBUH
2 78| | mosg<25L
36-4,3 AC Ao . C D
5.6 Intermittent
' Kpomxka abo kpatep 3BapHOro fillet weld
mBa g<25L
Weld toe or crater
OrtBip
BEPXHBOI
YaCTHUHU 3 .
HasBHicTs
HEHTPOM Ha OTBOPY Y BEPXHIH
28-4,3 0C1 3BapHOIro YacTHHI C D
mBa <25
5.7 Presence of
Kpomxa abo kpatep 3BapHOTO Cope hole
cope hole
IBa centred on
Weld toe or crater weld axis
r<25

Ym,=m +2

2 BecIiepepBHiCTh y HAPAMKY [O3I0BKHBOT'0 3BapHOT0 IIBA IOBUHHA OyTH He JIOBIIE, Hik 1/10 TOBIMHM IITHTH 200 MATH HAXHI KpYTilmii 3a 1:4.

9 Bimmosiro 10 EN 1SO 10042:2005

Ym,=m, +2

2 Discontinuity in direction of longitudinal weld should be not longer than 1/10 of the plate thickness or exhibit a slope steeper than 1:4.
¥ According to EN 1SO 10042:2005
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Pucynok J.3 - Kpui BToMHOi MilTHOCTI Ao — N 17151 €1€MEHTIB 3 MO3I0BKHIMHU 3BaAPHUMHU

IIBaMH — KaTeropii BIAMOBIIHO 710 Tadmuiy J.5
Figure J.3-— Fatigue strength curves Ao — N for members with longitudinal welds - detail
categories as in Table J.5

Tadmauus J.6 — Uucnosi 3HadeHHss Ao — N (H/MM?) 3 mo310BKHIMEU 3BapHUMU IIBAMH — KaTEropii
BIAMOBIIHO 10 Tadmu J.5
Table J.6 - Numerical values of Ao — N (N/mm?) with longitudinal welds - detail categories
as in Table J.5

Haxwun Huxmu N
Slope Cycles N

m | m, | 1E+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 1E+08 | 1E+Q09
43|63 | 1264 74,0 63,0 50,9 45,6 31,6 31,6
43163 | 1124 65,8 56,0 45,3 40,5 28,1 28,1
43 | 6,3 90,3 52,9 45,0 36,4 32,6 22,6 22,6
43 | 6,3 80,3 47,0 40,0 32,3 29,0 20,1 20,1
43 | 6,3 72,3 42,3 36,0 29,1 26,1 18,1 18,1
43 | 6,3 56,2 32,9 28,0 22,6 20,3 14,1 14,1
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Tabauusa J.7 [leranizoBaHi KaTeropii ajis eJleMeHTIB 3 MO310BKHIMH 3BAPHUMH IIBAMH
Table J.7 Detail categories for members with longitudinal welds

JACTY-H b EN 1999-1-3:201X

Bumoru 1o BUKOHaHHS

Execution requirements

PiBenb sixocTi

Heranizosa Koncrpykuiitna geranb Pozpaxyno .
Hleran Ha JlinsHKka BUHUKHEHHS Tun . K Q“a"?{
b THITY : 3 eHyBaIbH level
1 KaTeropid IIOIIKO/KEHH S 3BapHOIO A YACTHHA HaIIPY>KEHH XapakTepHcTHi
aiBa - A
| Detail Constructional detail Weld Joint 3BAPIOBAHIHA Tosepxis | Aonarxos.
EiEtaE:I category Initiation site type Part Stress Welding Ta Additional
yp Ac-m? analysis - : TeOMETp.
! characteristics BryTpiiH.
Internal
Surface
and
geometric
IToBHe JlucroBuii TlomoBxkyB
711 56-7 MpOBapIoBa | IMPOKAT, CyXi abpHI B B
HHS,, pEIOBUHHI TUTATH Ha
nutipyBaHH KIHIIAX,
s BEPXY 3 Fla_ts, Bif[pi3aHHs
000x solids Ta
CTOpIH posommi SoBHimIHii mm(};y}l]aaHH 6)
. Bigkpuri . KOpiHb IIIBa
7.1.2 45-7 3papuuii moB Full _ Q)opim nepepis3 p HaIPSIMKY C C
Weld penetration HaIpYy>XEeHH
, caps Net section Rogt f s
round Open ground o
ﬂg shapes .
ush both Extension
sides plates used
7921 50-4.3 3BaproBant | JlucroBuii on ends, B B 4)6)
- ’ 3 000X IPOKAT, CyXi cut off and
7.2.2 40-3.4 CTOpiH, PECUOBUHU ground B C 6)
o ’ [TOBHE flush in
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Kpomka 3BapHoro msa MpOBapoBa Flats, direction of
Weld toe HHS solids stress
Binkpuri
Welded dbopmu
from both
7.2.3 36-3,4 sides, full Open
penetration shapes
3BaproBanH | JlucroBuit
s 3 OJIHIET | TPOKAT, Cyxi
7.3.1 40-4,3 croponu, | pedoBunuFla
MOBHE ts,
HpoBapoBa solids
HHA 3
OCTIHHIM . .
pesepcyEa Bingkpuri
Hb-HAM bopmu, : 6)
MIOPOXKHUCTI
TpyOUacTi
739 3234 KpOMKs\f;iljp;(éro 1IBa :::IS?SS
Open
only, full P
penetration shapes,
. hollow,
with tubular
permanent
backing
7.4.1 45-4.3 3BaproBand | JlucroBuid 5) 6)
sl 3 ONHIET | TpOKaT, Cyxi
CTOpOHH, PEYOBUHHI
IIOBHE
7.4.2 40-4,3 MpOBaproBa Flats,
HHs 6e3 solids
peBepcyBa Binkpuri 6)
Kpomxka 3BapHOro msa HHA bopmm, :
Weld toe ITOPOKHHUCTI,
7.4.3 32-3,4 Welded Tpy0OUacri
one side | Open shapes,
only, full hollow,
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JACTY-H b EN 1999-1-3:201X

penetration tubular
without
backing
Herro-
YactkoBe .
nepepi3
MIPOBaprOBa
HHSL TOBIIUHU
18-3,4 3BapHOTO
7.5 Partial tea
Weld penetration Net throat
IToBHe PoGouwnii
pOBaproBa nepepis?
7.6 36-3,4 HHSI Net section
Full 2)

Kpomka 3BapHOro msa
Weld toe

penetration

Ym,=m +2

2 BesnepepBHICTh Y HAPSMKY [O3JOBKHBOr0 3BaPHOTO IIBA TTOBHHHA OyTH He H0BIIe, HK 1/10 TOBIIMHK [THTH a00 MaTH HAXWI KPyTimmii 3a 1:4.
9 Binnosinno 1o EN 1SO 10042:2005

Ym,=m +2

2 Discontinuity in direction of longitudinal weld should be not longer than 1/10 of the plate thickness or exhibit a slope steeper than 1:4.

% According to EN 1SO 10042:2005
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Pucynok J.4 - KpusiBTOMHOI MitHOCTI Ao — N I CTHKOBHX 3BapHUX 3 €THAHb MK

eJIeMEHTaMH — JIeTai30BaH1 KaTeropii BiMOBITHO A0 Tabmwmili J.7

Figure J.4-— Fatigue strength curves Ac —N for butt welded joints between members —

detail categories as in Table J.7

Taoauns J.8 — YUucnosi 3HaueHHst Ao —N (H/MM?) qis cTukoBUX 3BapHHX 3 €IHAHb MDK

eJIeMEHTaMH — JIeTali30BaHi KaTeropii BiIMOBITHO a0 Tabmwmii J.7

Table J.8 — Numerical values of Ao — N (N/mm?) for butt welded joints between members

— detail categories as in Table J.7

Haxwun Iuxm N
Slope Cycles N
m | m, | 1IE+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 | 1E+08 | 1E+09

9 85,9 61,8 56,0 49,1 45,5 35,2 35,2
7 9 69,0 49,7 45,0 39,5 36,6 28,3 28,3
43 | 6,3 | 1004 58,7 50,0 40,4 36,2 25,1 25,1
43 | 6,3 90,3 52,9 45,0 36,4 32,6 22,6 22,6
34 | 54 96,5 49,0 40,0 30,6 26,9 17,5 17,5
43 | 6,3 80,3 47,0 40,0 32,3 29,0 20,1 20,1
34 | 54 86,9 44,1 36,0 27,5 24,2 15,8 15,8
34 | 54 77,2 39,2 32,0 24,4 21,5 14,0 14,0
34 | 54 43,4 22,1 18,0 13,7 12,1 7,9 7,9
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Tadommus J.9 —JleranizoBaHi kKaTeropii i KyTOBUX 3BapHMX 3 €IHAHb MK €JIEMEHTaMHU
Table J.9 - Detail categories for fillet-welded joints between members

JACTY-H b EN 1999-1-3:201X

Po3paxyHOK HanpyxeHHs

Stress analysis

Bumoru 1o BUKoHaHHS

Execution requirements

Jleranizosana Koncrpykuiiina gerans Tum PiBenp sikoCTI
Tu KaTeropis JlinssHKa BUHUKHEHHS 3BAPHOTO [Tapamer | Konmentparris _
reran TIOIIKO/KEHHS 1Ba p HaIpy>KeHHS, Bivori 110 Quality
Detail HANpY)Ke | NO3BONEHA JUI | o0 level ¥ Jonarkono
Detail tvpe category Constructional detail Tvoe of HHSI P A
yp Ao —mD Initiation site \BI/VF;I q Stress Weldin Tosepxusita | i
! Stress concentrations ~ding BayTpimH. reomerp.
requirement
paramete | already allowed
r for internal surface and
geometric
Tloxsiitau
i
KyTOBYHA TlonoBxyBain
sBapHii bHI IJTUTH HA
L110B KIHIISX,
YaCTKOBO Edexr BUIPISAHHA Ta
T yBaHHS
TO TTOCHJICHHS HADSIMK
IPOBapIO TIOIIEPEYHOT0 y AI; Y
BaHHS, Pob6ounit eJIeMeHTa
9.1 28-3,4 TpIIIMHA | mepepis Extension C C
KPOMKH Net Stiffening lates used
Kpomka 3BapHOro msa IUIS section effect of cf)n ends. cut
Weld toe al/t>0,6 transverse off aﬁ d
element q
grod
fi I;I)Ztr':,i\;jld direction of
. Ac
penetratio
n; toe
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crack for
a/t>0,6

Tlonsiitan
71
KyTOBUI
3BapHUI
1II0B
YaCTKOBO
ro
IIpOBapHO Herro-
BaHHA, Hepepig
TPIIIMHA | TOBIIMH

KOpHA u
TS 3BapHOT

. alt<0,6 0 TIBa
3BapHUii OB

Net
Weld Double throat

fillet
weld
partial
penetratio
n; root
crack for
a/t<0,6

9.2 25-3,4
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9.3

12-3,4

3BapHUIi 0B

Weld

Omnocrop
OHHIM
KyTOBUI
3BapHUI
moB ?
Ui
TPIIIUHU
KOpHS
I1Ba 75

alt<0,6

One sided
fillet weld
2) root
crack for
a/t<0,6

9.4

23-3,4

Ao

Kpomxa 3BapHOrO 11sa

Weld toe

Kyrosuit
3BapHUN
1I0B

Fillet
weld

Pob6ounii
nepepis

Net
section

ITix

HaTpPy>KEHHS

Ha KIHIAX

3BapHOTO IBa

Stress peak at

weld ends

9.5

18-3,4

3

Kpomka 3BapHOro msa

Weld toe

Kyrosuit
3BapHUN
0B

Fillet
weld
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Herro-
nepepi3

TOBIIMH
\ / KyroBwuii "
v 3BapHUN | 3BapHOT
V I1I0B 0 LIBa,
Ac & Fillet JIUB.
3BapHuii II0B weld 5.4.2
Weld Net
throat,
see 5.4.2

9.6 14-3,4

Ym,=m +2

2y BUMaaKy HABHOCT] TPyGUaCTOro MOIEPEUHOro mepepisy po3paxyHOK MPOBOAUTHCS 3a TrroM geram 9.1 a6o 9.2 BixmosinHo..
% Bianosinzo 1o EN 1SO 10042:2005

Ym,=m +2

2 In case of tubular cross section design to detail type 9.1 or 9.2 accordingly.
¥ According to EN 1SO 10042:2005
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Ne Ng
S
[
~D ~
P 'y T —
. ﬂ!h — - SE-T
q BRNIN S0 T =
U RS ERS e
N M~ 35.43
™~ ey iy jgig
N Bt 3634
=t — [ 32-34
[y
"‘\._\H-
H"'-m
18-3,4
4 )5 1 \7 \ 8 \
10 10 10 10 10 N 10
Kpusi BroMHOI MitHOCTI Ao — N 17151 KyTOBHX 3BapHHX IIBIB MDK €JIEMEHTaAMU
- JIeTalli30BaHi KaTeropii BIAMOBIIHO 10 Tabmwui J.9
Fatigue strength curves Ao — N for fillet-welded joints between members —

detail categories as in Table J.9

Taoaumsa J.10 — Yucnosi 3HaueHHs Ao —-N (H/MM?) g1 KyroBHX 3BapHHX IIBIB MK

eJIeMEHTaMU - JIeTalli30BaH1 KaTeropii BiAmoBiaHo A0 Tabnwuii J.9

Table J.10 — Numerical values of Ao — N (N/mm?) for fillet-welded joints between

members— detail categories as in Table J.9

Haxwun Iuxm N

Slope Cycles N

m | m, | 1IE+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 | 1E+08 | 1E+09
34 | 54 67,6 34,3 28,0 21,4 18,8 12,3 12,3
34 | 54 60,3 30,7 25,0 19,1 16,8 11,0 11,0
34 | 54 55,5 28,2 23,0 17,6 15,5 10,1 10,1
34 | 54 43,4 22,1 18,0 13,7 12,1 7,9 7,9
34 | 54 33,8 17,2 14,0 10,7 94 6,1 6,1
34 | 54 29,0 14,7 12,0 9,2 8,1 5,3 5,3
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Taomuna J.11 —

JleramizoBaHi Kareropii s MONEPEYHHX 3BAPHUX INBIB Yy CKJIaJCHUX
Oankax

Table J.11- Detail categories for crossing welds on built-up beams
Bumoru 1o BUKoHaHHS
Execution requirements
: Koncrpykuiitna geranb ; 4
HeranizoBan . - Po3paxyHo Pisenp sAKOCTI
. a KaTeropis Constructional detail Tun N Quality
HII ; 3BAPHOI'0 4)
. Detail , P )2)3) | HampyxeH level
Jeraini categor HinsiHKka BUHUKHEHHS IBa s Bumoru no OATKOBO
Detail Ao —m) TTOIITK OJK €HHSI Type of Stress 3BapIOBAHHS I; dl(;i tional
type Initiation site weld?? e Welding | Tosepxus ta
nternal) surface and
geometric
TToxsitinu
u
CTUKOBHUI
N TlonoBxyBan
3BaApHIH bHA IJIMTA Ha IMomo
OB . A KyTOBI./IX
’ KIHIIAX, 3BAapHHUX IIBIB
IIOBHEC . .
BIApI3aHHA Ta . COPSKEHHSA
MpOBapro . 3oBHIII .
T yBaHHS . CTIHKH 3
BaHH, HaIPIMK HIT HOJIULIEIO TUB
uutipyBan | PoOounii y Ar; Y KOpiHb a6, J.5. T 5' 4
11.1 40-3,4 HA BEPXY | TIEPepI3 tpa B B 260 5.5
1IBa 3 Net .
BOX section Extension Root
Cio . plates used round For web-to-
3BapHuii 0B P on ends, cut 9 off flange fillet
D off and welds, see Table
ouble
Weld . ground flush J.5, type no. 5.4
sided butt AN
weld. full in direction or5.5
penetratio of Aa
n,
caps
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ground
flush both
sides

11.2

40-3,4

3BapHUit OB
Weld

OmnHocrop
OHHIH
CTUKOBUH
3BapHUIL
ITI0B,
TIOBHE
MIPOBapIO
BaHHJ,
nutipyBaH
Hsl BEpXy
Ta KOPHIO
33BAPHOT
0 IIBa

Single
sided
butt weld,
full
penetratio
n,
root and
cap
ground
flush
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11.3

36-3,4

Kpomxka 3BapHOro msa
Weld toe

ITonsiiinu
n
CTUKOBUH
3BapHUI
IIOB,
IIOBHE
MPOBapPIO
BaHHA

Double
sided butt
weld,
full
penetratio
n

Tynuii
KyT
>150°,
30BHIII
Hil
KOpiHb
3BapHO
o IIBa
Overfil
I angle
>150°
root
ground
off

114

32-3,4

Kpomka 3BapHOTO 1sa
Weld toe

Omnaocrop
OHHIM
CTUKOBHH
3BapHUM
IIOB,
TIOBHE
MPOBapIo
BaHHS

Single
sided
butt weld,
full
penetratio
n

Dm,=m +2

2 Honepequ CTHKOBC 3\€I[H3.HH$I CTIHKH Ta ITOJIKU J10 TIOBHOI'O MOHTAXy Oaku 3 HO3,Z[OB)KHiMI/I 3BApHMMHU 1IBAMHU .

¥ Konyconoxiouuit Haxun < 1:4 npw 3MiHi IHIpHHA 260 TIHOHHH.
) Bimnosigao g0 EN 1SO 10042:2005
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Um,=m +2
2 1
2 Transverse web and flange butt joint before final assembly of beam with longitudinal welds.
¥ Taper slope < 1:4 at width or thickness change.
4 According to EN 1SO 10042:2005
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Figure J.6-—

TePETUHAIOTHCS JETANII30BaH1 KaTeropii BiAMoBimHO A0 Tabmwmmi J.11

categories as in Table J.11

Fatigue strength curves Ao — N for crossing welds on built-up beams — detail

Taoaunsa J.12 — Yucnosi 3HaueHHs Ao — N (H/MM?) mas 3BapHHMX MIBIB CKjI1ag0BOI OajKH, IO
MEePETHUHAIOTHCS JIeTali30BaH1 KaTeropii BiAMoBiaHO 10 Tadmui J.11

Table J.12 — Numerical values of Ac—N (N/mm?) crossing welds on built-up beams — detail
categories as in Table J.11

Haxwn Huxa N

Slope Cycles N

m | m, | 1IE+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 | 1E+08 | 1E+09
34 |54 | 965 49,0 40,0 30,6 26,9 17,5 17,5
34 |54 | 869 44,1 36,0 27,5 24,2 15,8 15,8
34|54 | 434 22,1 18,0 13,7 12,1 7,9 7,9
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Taoaunsa J.13 — JleTanizoBani kaTeropii 11 NpueIHaHb HAa CKIAJaHUX OallKax

Table J.13 - Detail categories for attachments on built-up beams

JACTY-H b EN 1999-1-3:201X

Po3paxyHOk HanpyXeHHs
Stress analysis

Bumoru 10 BUKoHaHHS
Execution requirements

Heranizos K . o
OHCTPYKI[IMHA I€TaJIb 2 . :2)
T aHa : : . P
)1:;:1 KaTeropis Constructional detail E = JlomycTimi 1BCHE AKOCTL
_ o _
i Detail . c E ITapamerp KOHIIEHTpallii Quality level ?
Ju1siHKa BUHUKHEHHS o O HaIIPy>XCHH HaIpY>KEHHS
ITOIIKOIXKCHHA gﬂx 8_ A I[OI[aTKOBO
DEtai CateQOrX iti H i o > IToBepxHd Ta
| Ao —m; Initiation site = F Stress BHyTpim p additional
type = Stress concentrations - TCOMETP.
parameter already allowed
for - surface and
internal :
geometric
ITonepeune
3’€HAHHS, TTocumrorounii
»
vt toBmuHa < 20 edexr
Agx t MM, 3BapHE 3 npueaHaHHs /
000X KpaiB KOHITCHTpAITis Liii?{ﬁ?[ﬁiix
) HAIIPY>XEHHS Y
131 23-34 Transverse «TBEPIIN TOUITI» crﬁ?::;}[:’l
attachment, 3 exHaHHA (Y HOJTHIIEHO JTHB
thickness < 20 . iBH. . '
Kpomka 3apHoro wmsa PobGounit TOPIBH. 3 pHC Tabi. J.5, T Ne
Weld toe mm, welded on HeDeDis 5.2) C C 5446055
one or both Net Eeé)tion ' '
sides Stiffening effect For Web-to-
ARG Homome of attachment / flange fillet
A ) . welds, see Table
JOBXXKHHA concentration at 15 tvpe no. 5.4
132 | 1834 > 100 mw, “hard point” of = DR
' ’ 3BapHe 3 000X connection '
KpaiB (compare to
Figure 5.2)
KpOMKa 3BApPHOro mBa Longitudinal
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Weld toe

attachment
length
> 100 mm,
welded on all
sides

13.3

32-4,3

W

_

Kpomxka 3BapHOro mnsa
Weld toe

A\

XpecToBUAHUMI
abo
T-nonioumit
npodis,
MOBHE
MIPOBAPIOBAHHS

Cruciform or
tee, full
penetration

13.4

25-4,3

3BapHUit OB
Weld

XpecTOBUAHMI
abo
T-nmoxiouui
podiib
JIBOCTOPOHHI
KyTOBI 3BapHi
B TPIIIIMHA
KOpHSI II1Ba
al/t<0,6

Cruciform or
tee, double
sided fillet
welds; root

crack for
a/t<0,6

Herro-
nepepis
TOBIIUHU
3BapHOTO
1Ba

Net throat

138




JACTY-H b EN 1999-1-3:201X

13.5 20-4,3

Kpomxka 3BapHoOro mnsa
Weld toe

HoBxunHa
JMcTa
OOIIMBKH
> 100 mm,
3BapIOBaHHS 3
yCixX CTOpiH

Coverplate
length
> 100 mm,
welded on all
sides

Pobounii
nepepi3

Net section

Vm,=m +2

2 Bianosinzo 10 EN 1SO 10042:2005.

Ym,=m +2

2 According to EN 1SO 10042:2005.
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Pucynok J.7— KpusiBromHOI MitHOCTI Ao — N 111 Tpre€IHaHb HA CKIIaJaHuX Oamkax —
JIeTaTi30BaH1 KaTeropii BiAmoBiqHO 10 Tadu. J.13
Figure J.7 - Fatigue strength curves Ac —N for attachments on built-up beams — detail
categories as in Table J.13

Ta6auus J.14 —Yucnosi 3HaueHHs Ao —N (H/MM?) ans npuenHanb Ha CKIAJaHUX Oajgkax —
JIeTaTi30BaH1 KaTeropii BiAMOBiAHO 10 Tadi. J.13
Table J.14 — Numerical values of Ao — N (N/mm?) for attachments on built-up beams — detail
categories as in Table J.13

Haxwun Huxmu N

Slope Cycles N

m | m, | 1E+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 1E+08 | 1E+09
43 | 6,3 64,2 37,6 32,0 25,9 23,2 16,1 16,1
43 | 6,3 50,2 29,4 25,0 20,2 18,1 12,6 12,6
34 | 54 55,5 28,2 23,0 17,6 15,5 10,1 10,1
43 | 6,3 40,1 23,5 20,0 16,2 14,5 10,0 10,0
34 | 54 43,4 22,1 18,0 13,7 12,1 7,9 7,9
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Ta6mmua J.15 — JleranizoBani Kareropii /st 60JITOBHX 3 €IHAHb
Table J.15 - Detail categories for bolted joints

JACTY-H b EN 1999-1-3:201X

Bumoru 1o BUKOHaHHS

Execution requirements

HeranizoBa P nanpyxenus
Tom HA Koncrpykuiiina erais Stress
nerani | ARerop Constructional detail analysis
Detail [Tapamerp JIomyCTUMI KOHIIEHTpAIIiT
Detail HinsHka BUHUKHEHHS MOUIKO/KEHHSI HaIIPY>KEHHs HANPYKEHHS.
type categor¥ Initiation site Stress concentrations
Ao —m Stress parameter already allowed for
Tekcrypa moBepxHi,
reOMETPUYHI
ITonepemHb0 HaBaHTAXEHUH (THIT HoMinansHe XapaKTEepUCTHKN OTBOPY
TEPTH), BHCOKOMi_uH_HI‘/'I CTaHeBI/I_fI 6onT HaTpYKEHHS, SIKe JUTA KPITUICHHA
Preloaded (friction type), high GasyeThes Ha Surface texture, .
strength steel bolt BACTHEOCTAX fastener hole geometry;
nepepisy OpyTro HEpIBHUU PO3MOALT
151 56-4 Nominal HaBaHTaKEHHSI MK
stress psAnamMu OONTIB
based on un_eql_JaI I_oad
distribution
Ilepen oTBOpOM (iHOMI Ha Kparo 0TBOPA) gross between rows of bolts;
In front of hole section
(sometimes at edge of hole) properties EKCI[CHTPHCHTET TIIAXY
HaBaHTAXKEHHS JIUIIIE Y
CHMETPUIHUX
3 €THAHHSIX BHAITYCK 3
HO/IBIHHUM TIOKPUTTAM
eccentricity of load path
C . Hominasnbue in symmetrical double
TajeBHid OONT Oe3 MonepeaHBOTr0 gy
. HaIpy>KeHHSI, K covered lap joints only
15. 56-4 HaBaHTXKEHHs (TUITY MiANIAITHUKA) 6asyerhos Ha

Non-preloaded (bearing type) steel bolt

BJIACTHBOCTSX
pobouoro repepizy

3'e€THAHHS BHAMMYCK 3 TNIOCKUMHU
napajeibHUMHU TIOBEPXHAMU

Lap joint with flat parallel surfaces.

MammHHa 00po0Ka JIHIIe 3a J0TOMOT 00
BHCOKOIIBUJIKICHOT (hpe3epyBaibHOT
TOJIOBKH;, IIPOCBEP/IICHI OTBOPH (3 OIMIIHHUM
PO3ropTyBaHHsIM) a00 mepdoparliiiHi 0TBOpU
(3 000B’SI3KOBHM PO3TOPTYBAHHSM, SKIIO
TOBIIMHA > 6 MM)

Machining only by high speed milling cutter;
holes drilled (with optional reaming) or
punched (with compulsory reaming if
thickness > 6 mm).

g morepenHBO HAINPYXEHUX OOMNTIB SKICTh
nopunHa Oytu 8.8 ( f, > 640 H/mm?) aGo
Bue, 1uB. EN 1999-1-1.

For preloaded bolts the quality should be 8.8
( f, =640 N/mm?) or higher see EN 1999-1-1.

3"eTHAHHS BHAITYCK 3 TUIOCKHMMU
napaneIbHUMH TTOBEPXHIMHU
Lap joint with flat parallel surfaces.
MammHHaa 00poOKa JIUIIE 32 TOOMOT OF0
BHCOKOIIBU/IKICHOT (ppezepyBaibHOL
TOJIOBKH; ITPOCBEPUICHI OTBOPH (3 OMIIHHUM
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Ha xparo orBopa

At edge of hole

Nominal stress based
on net section
properties

po3ropTyBaHHsIM) abo nepdopaliiiai 0TBOpH
(3 000B’I3KOBUM PO3TOPTYBAHHSM, SIKIIIO
TOBIIMHA > 6 MM)

Machining only by high speed milling cutter;
holes drilled (with optional reaming) or
punched (with compulsory reaming if
thickness > 6 mm).

IHdopmariist moa0 GONTIB MICTUTHCS Y
EN 1999-1-1.

For bolts see EN 1999-1-1.

Vm,=m +2

2 TlinTBepmKenns onopy cranesux Gonris: qus. EN 1993-1-9. (Verification of the resistance of steel bolts: see EN 1993-1-9.)
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Pucynok J.8 — Kpusi BromMHOiI MitHOCTI Ao — N 1 OOITOBHX 3 €IHAHB- AE€TATI30BaHI
Kareropii BIAMOBIHO 10 Tabnumi J.15
Figure J.8 — Fatigue strength curves Ao — N for bolted joints — detail categories as in Table

J.15

Ta6auJ.16 —Yucnosi 3nHaueHHss Ao —N (H/MM?) nug GoiToBHX 3 €QHAaHB- J€Tali3oBaHi

s Kateropii BiAnoBigHO 10 Tadmui J.15
Table J.16 —Numerical values of Ao — N (N/mm?) for bolted joints — detail categories as in
Table J.15
Haxwn Huxmu N
Slope Cycles N
m, m, 1E+05 1E+06 2E+06 5E+06 1E+07 1E+08 1E+09
4 4 118,4 66,6 56,0 445 37,4 21,1 21,1
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JOJATOK K (JOBLIKOBHIl): METOJ]

CTAHJAPTHOI JETAJI 3
MAKCHUMAJBHUM MICHEBUM
HAINIPY)KEHHSAM

(1) VY sianosigHocti 3 manum Jlogatkom
JUIS METOJy BU3HAYCHHS BTOMHOI MIIHOCTI
CTaHIApPTHOI  JeTayi 3  MaKCHMaJbHUM
MICIICBHM HaIpyKEHHSIM MOBHHHI
BUKODHUCTOBYBATHCS  JaHi, BH3HAauYeHi 3a
BHMOTaMH JIAHOTO CTaHAAPTY.

(2) Meroauka po3paxyHKy TOJSTaE B
HACTYITHOMY:

a) HeoOxinHo 00patu cTanaapTHy JeTallb
3 BIJIOMHM BTOMHHM OIIOPOM 3 TaOmuIll
JIETaI30BaHUX KaTeropid, sika MaKCUMalbHO
CXO’Ka Ha OIIHIOBaHY JETallb IO SKOCTSIM

3BapIOBaHHS, reOMETPUIHUM
XapaKTepUCTUKAM Ta napaMmeTpam
HABaHTAKCHHS;

b) BU3HAYUTH THII HANPYXCHHS, MpH

SIKOMY MPOSIBISETHCSI BTOMHUH o11ip. 3a3Buyait
1Ie HOMIHAJIbHE HaNpyXeHHs (Take, sKe
BKa3aHe y TaOIuIll JETaTI30BaHNX KaTeTropii);

C) ctBoput mozenb MKE cranpapTHOi
IeTall Ta OIIHIOBAHOI IeTail 3 OJHAKOBUM
TATIOM 3aKpilJICHHS Ta eJeMEHTaMHu, SKi
BIIMTOBIIAIOTh PEKOMEHAIlISIM, HAJaHUM Y
5.1;

d) MPUKJIACTU JI0 CTaHAApPTHOI JeTali Ta
OI[IHIOBAHO{ JIeTalll HaNpy>KEeHHs, BU3HAUCHE Y

b);

e) BU3HAUUTHU JIalla30HU  HANPYKEHHS
AO s 1ot MaKCHMAaJIbHOTO MICLIEBOTO

HATpY)KEHHsI JUIi CTaHJApTHOI Jerani Ta
nlarma3oHu HaTPYXCHHS AC s access
MaKCUMAJILHOTO MICIIEBOTO O HaIpPyXCHHS
I7Is OLIIHIOBAHOI AeTaIi;

f) BTOMHA MIIHICT OIHIOBAHOI AeTamni
I 2X  MUIBHOHIB  HUKIIB A0 4

BHU3HAYA€ETHCS 3@ KJIACOM BTOMH CTaHAAPTHOL
perani Ao, 3a JONOMOIOK HAacTYIIHOTO

BUpa3y:
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ANNEX K [INFORMATIVE]: HOT SPOT
REFERENCE DETAIL METHOD

(1)  For the hot spot reference detail fatigue
strength method as defined in this Annex, data
determined under the requirements of this
Standard should be used.

(2)  The calculation procedure is as
follows:

a) Select a reference detail with known
fatigue resistance from the detail category
tables, which is as similar as possible to the
detail being assessed with respect to weld
quality and to geometric and loading
parameters;

b) identify the type of stress in which the
fatigue resistance is expressed. This is usually
nominal stress (as in the detail category
tables);

C) establish a FEM model of the reference
detail and the detail to be assessed with the
same type of meshing and elements following
the recommendations given in 5.1;

d) load the reference detail and the detail
to be assessed with the stress identified in b);

e) determine the hot spot stress ranges
Ao, Of the reference detail and the hot

Spot stress ranges Ao ... Of the detail to be
assessed,;

f) the fatigue strength for 2 million cycles
of the detail to be assessed Ao ... IS then

calculated from the fatigue class of the
reference detail Ao ¢ by:



AcYC ,aSSess =

9) JNOIYCTUTH IS OI[IHIOBAHOI JeTaii
Taki * Haxuad slopes m;, m,, Ak 1y

CTaHJIAPTHOI IeTaTi.

3 VY BUNAAKYy, SKIIO IS ITATBEPHKEHHS
BHUPaxyBaHUX HAIPYKCHb BUKOPHCTOBYIOTHCS
KOHTPOJIBHI BUMIPIOBaHHS, HEOOXiTHO
3a0€3MeYUTH  KOPEKTHE  IMO3MIIOHYBaHHS
TEH30METPHUYHKX JAaTYMKIB 11032 30HOIO0, SKa
3a3HA€ TEIJIOBOTO BILIUBY.

IMpumitka. JlomaTtkoBa iH(pOpMAIisS TIOA0 METOIY
craHzapTHoi nerani mictutbes y bidmiorpadii D.3.

GHS,ref

JACTY-H b EN 1999-1-3:201X

-Ac (K.1)

C,ref

HS ,assess

9) assume for the detail to be assessed the
same slopes m,, m, of the reference detail.

(3) In case control measurements are
performed to verify the calculated stresses, a
correct positioning of the strain gauges outside
the heat affected zone should be assured.

NOTE: Additional information to the reference detail
method: see Bibliography D.3.
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BIBJIIOT'PADIA
IHOCHUJIAHHSA JOJATKY B:
MEXAHIKA PYHHYBAHHSA

B.1 Cranpgapuuii mMeron BUNpOOYBaHHS IS
BUMIPIOBAaHHS PIBHIO PO3POCTaHHS BTOMHOI
tpimuan, ASTM E647-93.

B.2 Cumynsnii KOpOTKHX TPIIMH Ta iHIINX
BIUIMBIB YMOB HHM3BKOTO PIBHIO 3aKPHUTTS MPH
BUKOPHCTaHHI K ax / AK -301mb1ryrounx
METOAMK PO3POCTaHHS BTOMHOI TPIIMHHU.

ASTM STP 1149-1992, pp.197-220.

B.3 V. Ipad: Tlapamerpu Ta MeTOAMKH
MEXaHIKM pYyHHYBaHb Ui OI[IHKM BTOMHOI

MOBEIIHKU 3BApIOBAHUX QITIOMIH1EBUX
eneMeHTiB.  JlomoBial 3 NpOEKTyBaHHS
OyniBenb, MioHXEHChKUI TeXHIYHUN

yHiBepcuTeT, aonoine Ne 3/92 (nocnimxeHHs
TUM-LME, nomosimau J[. Kocteac, MronxeH,
1992).

B.4 P. Ongpa: CraructuuHa OIlIHKA JTaHUX
MEXaHIKK pPYWHYBaHHS s (HOpPMYTIOBaHHS
HampsIMKIB TMPOEKTYBAaHHS JJIsi 3BapIOBaHHUX

KOMIIOHEHTIB B  QJIOMIHIEBUX  CIUIaBax.
JlomoBimi 3 TIpOeKTyBaHHS  OymiBeb,
MIOHXEHCBKUH  TEXHIYHMH  YHIBEPCHUTET,

nonoBinb Ned4/98 (mocmimkennss TUM-LME,
nonosinau J[. Kocreac, Mrouxen, 1998).

B.5 PiBHsHHA KoOe€dili€eHTy I1HTEHCHUBHOCTI
HaINpY>KCHHsI I TPIIUH y TPUBUMIPHUX TiT
KiHIeBux po3mipie. ASTM STP 791, 1983, cr.
[-238 - 1-265.

IHOCHUJIAHHA JOJATKY C:

BUIIPOBYBAHHSA JIS1 PO3PAXYHKY
HA BTOMY

C.1 1. Kocteac: [Ipo BToMHI XapaKTEpUCTHKH
amominiro. [[. Kocreac, mokrop nmemarorigynux
HayK, AJIOMIHIH Ha MNPaKTULl, KypHaI
«Stahlbau Spezial», Bunyck Ne 67(1998) Ernst
& Sohn, bepnin

C.2 P. Ixaxapa, [. Kocreac, P. Ownpgpa:
ba3oBi mOKyMEHTH Al KPUBHX PO3PaXyHKY
Ha BTOMY Ui 3BapIOBAHUX AaTOMIHIEBUX
xommoHeHTiB. [IW mgok. Ne. XIII-1588-95.
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