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HAIIIOHAJIBHUH BCTYII

Januii ctangapt € TotoxxauM nepekiaagom EN 1999-1-3:2007: Design of aluminium structures
— Part 1-3: Structures susceptible to fatigue (IlpoexTyBanHs antoMiHieBUX KOHCTpyKIiii. Yactuna 1-3:
KoncTpykuii 4yTinBi 10 BUTPUBAJIOCTI).

EN 1999-1-3:2007 miarotosieno Texuiuaum komitetom CEN/TC 250, cekperapiaToM sIKOTO
kepye BSI.

I[O HaI_IiOHaJ'IBHOFO CTaHAapTy A0JYYCHO AHTJIOMOBHHI TEKCT.

Ha Tteputopii YkpaiHu sk HamioHambHHUM CcTaHAapT Aie jiBa konoHka Tekcry JICTY-H b
EN 1999-1-3:201X: "IIpoektyBaHHs amoMiHiEBUX KOHCTpyKIik. Yactuna 1-3: KoHcTpykiii, yyTnuBi
no Bromu" igeHTHYHHMN €Bpomneiicbkkomy crangapty EN 1999-1-3:2007 "Design of aluminium
structures — Part 1-3: Structures susceptible to fatigue " (€spokox 9: TlpoekTyBaHHS aTIOMIHIEBUX
koHcTpyknid. Yactuna 1-3: KoHCTpykiii, 9yTJiuBi 10 BHTPHUBAIOCTI), BUKJIAJICHA YKPATHCHKOIO
MOBOIO.

BimnosigHo no JIBH A.1.1-1-2009 «Cuctema ctangapTu3alii Ta HOpMyBaHHS B OYIIBHHIITBI.
OCHOBHI TOJIOKEHHSA» I CTaHAAPT BIAHOCHUTHCA N0 Komruiekcy B.2.6 «Koncrpykuii OyauHKIB i
CIIOpya».

CraHgapT MICTHTh BUMOTH, SIKi BIITIOBIIAIOTh YUHHOMY 3aKOHOABCTBY.

HaykxoBo-TexHidyHa oprasizaiiis, BinmoBiganbHa 3a Led crtanaapt, — TOB «YkpaiHcekuid
IHCTUTYT cTajeBUX KOHCTpYKIiK iM. B.M. IllnmaHOBCHKOTO».

Jlo crangapTy BHECEHO TaKi pelaKIliifHi 3MiHH:

- CIIOBa «IIei MDKHAPOIHUH CTaHIAPT» 3aMIHEHO Ha «IeH CTaHIapT»;

- CTPYKTYpHI ejleMeHTH cTaHaapTy. «OOximamuHky», «IlepeamoBy», «HamioHaJIbHHIA BCTYID»,
«BusHauennss moHATH» Ta «bibmiorpadiuni gaHi» odoOpMIEHO 3TiTHO 3 BUMOTaMHU
HaIlIOHAJIBHOI CTaHapTH3aIlll YKpaiHu,

- 3 «IlepenmoBu 10 EN 1999-1-3» y meil «HamioOHAJIBHHIA BCTYII» B3STE T€, IO O€3MOCEPEIHBO
CTOCYETBCS IIHOTO CTaHIAPTY.
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Beryn

Ile#i goxkyment EN 1999-1-3:2007 minro-
topnenuii TexuiunumMm komiretom CEN/TC
250 «byniBenbHi €BpokoaU», CceKperapiaT
saKoro miaTpumyetbest BSI.

[{bomy €BporelicbkoMy cTaHIapTy Oyjae Ha-
JIAaHO CTaTyC HAIIOHAJBLHOTO 3 MYyOJiKaIliEr
IIEHTUYHOTO TEKCTy ab0 CXBAJICHHSIM HeE
nizHime Jsucronaaa 2007 poxky 1 mpu
CKacyBaHHI KOH(QIIKTYIOUMX HalllOHAJIbHHUX
cranaaptis He nizHime 6epe3nst 2010 poky.

Januii €BpomMEWCHKUI CTaHIApPT 3aMIHIOE
ENV 1999-2: 1998.

Y BiIMOBIAHOCTI 3 BHYTPINIHIMH TOCTAaHOBAMU
CEN/CENELEC mHamionaneHi opranu 3i
CTaHJapTH3alii TakuX KpaiH 3000B’s13aHi
3MIACHUTH IMIUIEMEHTAIliI0 [IbOTo €BpOTelich-
Koro cranmapty. ABctpis, benbris, bonrapis,
Kinp, Yecvka PecnybOmika, [lanis, EcTtownis,
Oiansamiss, Ppannisa, Himeyunna, ['permis,
VYropmuna, Icmanmis, Ipmanmis, Itanmis,
Jlatisa, JlutBa, JlrokcemOypr, Maubra,
Hinepnannu, Hopseris, [lonpma, TlopTyramis,
Pymynis, CnoBauumna, Crnosenis, Icmanis,
[IBemnis, HBeitmapis 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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HALIOHAJIbHUN CTAHJIAPT YKPATHM

€BPOKO/]I 9: ITPOEKTYBAHHS AJTIOMIHIEBUX KOHCTPYKIIIN
YACTUHA 1-3: KOHCTPYKLII UY TJIMBI 1O BUTPUBAJIOCTI

EBPOKO/I 9: IPOEKTUPOBAHUE AJTIOMUHUEBBIX KOHCTPYKIIWMI
YACTbD 1-3: KOHCTPYKIIMN YYBCTBUTEJIBHBIE K YCTAJIOCTU

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

OcHoBu nporpamu €Bpoxoay

VY 1975 poui Kowmicis €Bpomneiicbkoi Crinb-
HOTH BUpILIWIA PO3MOYATH Mporpamy Iid y
rayy3i OymiBHUIITBA Ha miacraBi crarti 95
HoroBopy.  Meroto  mporpamu  Oyio
YCYHEHHS ~ TEXHIYHUX  MEpemKko] s
TOPIiBII1 TA Y3rOPKEHHS TEXHIYHUX YMOB.

VY pamkax miei nporpamu i Kowmicis B3sna
Ha cebe IiHIliaTHBY BCTAHOBUTH CHUCTEMY
Y3TO/DKEHUX ~ TEXHIYHMX  TpaBHI IS
NPOEKTYBaHHS Oy/iBesnb 1 cHopynd, sKi Ha
nepIrin cranuii Maju CIIyryBaTu
AJIbTEPHATHBOIO YMHHUM  HAIl[lOHAJIBHUM
IpaBUJIaM JIepXKaB-wIEHIB, a 3PEIITOI0 Malli
3aMIHHUTH iX.

Yropogopx m’atHaauaTH pokiB Kowicis 3a
nornomororo Pobodoro xomirery, 10 CKiaay
SAKOTO BXOJWJIM TPEJCTaBHUKH JIepP’KaB-
YJICHIB, BeJia pO3poOKy mporpamu €BpPOKO/IIB,
sSKa TpU3BeNIa JIO IyOJIKalii KOMILIEKTY
MEPLIOr0 MOKOMIHHS €BPONEHCHKUX KOJIB Y
80-x pokax.

VY 1989 poui Kowmicist ta nepxasu-unenn EU
(Espormeiicbkoi  CroimpHoTH) Ta  EFTA
(EBporeiicbkoi Acoriamnii BinbHoi Toprisii)

YuHHUH 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 yro;ml mibk Kowmiciero Ta CEN
(€Bporneicbkum KOMITETOM 3i
CTaHIapTU3allii) BUPIIINAIIH neperaTu
HiIroToBKy Ta myomikanito €Bpokonis CEN
3a JIOMOMOTOI0 cepii MaHjAaTiB, IO B
pesynbTaTi Hajano O  €Bpokogam Yy
MaiiOyTHOMY  CcTatycy  €BpOMEHCHKOTO
craggapry (EN). Ile moB’s3ye €Bpokomu 3
noyioxkeHHssMH  JlupektiB Paqu 1 Pimens
Kowmicii mono €Bpomneichbkux CcTaHAApTIB
(tro6to MupextuBu Pamu 89/106/EEC momo
oyniBenbHUX BUpoOiB — CPD — Ta Jlupextun
Panu 93/37/EEC, 92/50/EEC Ta 89/440/EEC
BIJTHOCHO CYCNUIBHUX pOOIT Ta HOCIyr 1
€KBIBAJICHTHUX JUPEKTHB EFTA,
3all0YaTKOBAaHUX 3  METOI0  JOTIOMOITH
3aCHYBaHHIO BHYTPILIHBOTO PHHKY).

CrpykTypHa nporpama €BpOKOIB BKIIOYA€E
CTaHAAPTH, SIKI B OCHOBHOMY CKJIaJIalOThCA 3
JIEK1IbKOX YaCTHH:

EN 1990 €Bpokoa: OcHOBH MPOEKTYBaHHS

KOHCTPYKITIH

EN 1991 €spoxon 1: /lii Ha KOHCTPYKIIii

EN 1992 €Bpokon 2: IIpoekryBaHHS
OCTOHHMX KOHCTPYKITii

EN 1993 €Bpokon 3: IIpoekryBaHHS
CTaJIeBUX KOHCTPYKIIIH

EN 1994 €Bpoxkox 4: IIpoextyBaHHS
CTaJIeBOOETOHHUX KOHCTPYKLIIH

EN 1995 €spokox 5: IIpoexryBaHHS
JIepeB’ STHUX KOHCTPYKITIH

EN 1996 €Bpokox 6: IIpoexTyBaHHS
KaM’SITHUX KOHCTPYKIIiH

EN 1997  €Bpoxkox 7:  Teorexniune
IPOEKTYBaHHS

EN 1998 €spokox 8: IIpoexTyBaHHS
CEMCMOCTIHKUX KOHCTPYKIIIH

EN 1999 €ppokon 9: IlpoekTyBaHHA

AITFOMIH1€EBHX KOHCTPYKITIH.

Cranmapt €BpOKOJIIB BHU3HAIOTH BIATIOBI-
JATBHICTh PETYISITOPHUX OpraHiB JeprKaB-
YJIEHIB Ta 3aXMILIAIOTh iX MPaBO Ha MpU3HA-
YeHHsSI BEJIMYMH, SKi TIOB’S3aHI 3 PEryIIo-
BAaHHSIM IMUTAaHb OC3MEKH HAa HAI[IOHATHLHOMY
piBHI TaMm, Jie BOHH BIIPI3HAIOTHCS.
CraTyc Ta rajy3b 3aCTOCYBaHHSA
€Bpokoais

HepxaBu-unenu EU ta EFTA Bu3HatoTh, 1110
€BpOKOIM MIIOTh K €TaJOHHI JOKYMEHTH
JUTSL TAKAX LLJIEH:

— 8K 3aci0 JOOBeJeHHS BIANOBITHOCTI

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



OyaiBenb 1 CHOpPYI OCHOBHUM BHUMOTaM
Hupexktuu Pamu  89/106/EEC, 30xpema
ocHoBHIN BuMO3l Nel — MexaniuHa
CTIMKICTH Ta CTAOLIBHICTP — Ta OCHOBHIH
BrUMO31 Ne 2 — TToxkexxHa Oe3meka;

— sIK OCHOBA JUIS YKJIaJIaHHSI KOHTPAKTIB JIJIst
OyaiBenb 1 COPYJ Ta IOB’SI3aHUX 3 HUMU
IH)KEHEPHUX TOCIYT;

— sSK OCHOBAa JUIS CKJIAJaHHS Y3TOJDKCHHX
TeXHIYHUX crenudikamii s OyaiBeTbHUX
BupoOiB (ENs ta ETAS).

€BpOKOJIM, OCKUIBKA BOHH O€3MOCEpEIHbO
BIJIHOCATBHCS 10 OYIIBEIBHUX CIIOPY/, MAtOTh
MPSIMUH 3B’SI30K 13 TIIYMAaYHUMH JIOKYMECHTA-
mu" posstiny 12 CPD, He3Bakaroum Ta Te, 1o
BOHU MAIOTh Pi3HY MPUPOJY 3 TaPMOHI30Ba-
HUMU CcTaHAapTamMu Ha BupoOu . Takum yu-
HOM, TEXHIYHI acCHEeKTH, K1 BUIUIMBAIOTH 3
€BpokoAiB g OyiBesb 1 CHOPY[, MOBUHHI

B MOBHIM Mipi OyTH  pO3IISHYTUMHU
Texniuaumu  komitreramu CEN  ta/um
pobounmu rpynamu EOTA, K1

pO3pOoOJIAIOTh CTAaHAAPTH Ha OYiBENbHI
BUpOOM, 3 TIO3UINA JOCATHEHHS IIOBHOI
CYMICHOCTI TeXHIUYHUX crenudikamii 3
€BpOKOJAMHU.

Crangaptu  €BpOKOJIB  PErIaMEHTYIOTh
3arajgbHl  [paBWiIa  IPOEKTYBaHHSA  JJIs
NPaKTUYHOTO BUKOPUCTAHHS 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

1. . .

Bignosigno mo cr. 3.3 mokymenta CPD ocHoBui BuMoru (ER) oTpumMaroTe KOHKpeTHY GopMy y TIyMauyHHX
JIOKyMEHTaX JUIsl CTBOPEHHSI HEOOXIHMX 3B’SI3KIB MK OCHOBHHMH BHMOT'aMH Ta MaHJaTaMH JJIsl TapMOHI30BaHUX
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 BignosigHo no cr. 12 CPD Tiryma4Hi TOKYMEHTH MarOTh:

a) HaJIaTH KOHKPETHOI (JOPMH OCHOBHHM BHMOTaM, y3TOIHMBIIN TEPMIHOJOTIIO i TEXHIUHI 3acay i BKA3aBIIH KIaCH
a0o piBHI A1 KOXKHOI BUMOTH, JI€ TIe HeoOXiHO;

b) BkazaTh MeTOmM BCTAHOBICHHS CITIBBIIHOIIECHHS MiX IIMMH KiacaMd a00 PiBHAMH BHMOT i3 TEXHIYHHMHU
BHMOTaMH, HAIPUKIIAJ], METOAU PO3PaXyHKY 1 MEPEBipKH, TEXHIUHI MpaBiIa MPOEKTYBAHHA i T. iH.;

C) ciayryBaTd PEKOMEHIAIIEI0 Ui BCTAHOBJICHHS Y3TOMKEHHX CTAHAAPTIB 1 HACTAHOB ISl €BPOMEHCHKOTO
TEXHIYHOTO YXBaJICHHSI.

€Bpokoan (aKTUYHO BiNirparoTh noAioHy poinb 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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PYKIIH Ta X KOMIIOHEHTIB K TPaJAULIIHOTO,
TaK 1 IHHOBAIIfHOTO XapakTepy. YHIKaJIbHI
¢dopmMu KOHCTPYKIii ab0 YMOBH IPOEKTY-
BaHHS CIIEIIaJIbHO HE OXOIUIIIOTHCA, 1 B
TaKUX BUIAJKaX MPOEKTYBAIbHUKY NOTPiOCH
JIOJATKOBUI €KCIIEPTHUM PO3TJISAL.

HauionaabHi cTanaapru,
110 BIPOBAIKYIOTh €EBPOKOIM

HarmionanpHi cTanmapTH, 0 BIPOBAKYIOTh
€BpOKOIIM, 3aBXIM BKJIIOYAIOTh TOBHUU
TeKcT €BpoKoy (BKIHOUAIOYM BCi JIOJATKH),
Bugannii CEN, sxomy MOXyTh TepemyBaTh
Harmonansuuii TUTYJIbHUMN JIACT Ta
HarmionansHa mepenqMoBa, a Tak0X MOXYTh
CYIPOBOIKYBATUCS Harionansaum
JIOIATKOM.

HamioHansHUHM J0JaTOK MOXE BKIIIOYATH
iHpOpMaLil0 BIJHOCHO THX MapaMeTpiB, sKi
3aNUIIAINCS BIAKPUTUMU B €BpOKOJAX s
HaIL[IOHAJILHOTO BUOODY, BiOMI K
HAI[IOHAJTbHO BHM3HAUEHl MapaMmeTpu Jjs
BUKOPHUCTAHHS TIPU MPOCKTYBaHHI OymiBesh
Ta IHKEHEPHUX CHOPYH, 10 OyayTh 3BeIeHI
y 3aIliKaBJeHIi KpaiHi, a came:

— 3HAUEHHS  YaCTKOBUX  KOe(Iili€HTIB
HAAIMHOCTI Ta/abo kiacu@ikaiio BUIAIKIB,
TSt SAKUX €Bpoxon periamMeHTye
BUKOPHUCTAHHS aJbTCPHATHB,

— 3HAYeHHS, SIKi CJIil BAKOPUCTOBYBATH TaM,
qe B €BpOKOAI  HABENICHO  TUIBKHU
MO3HAUCHHS;

— cneuudiuni nmaHi kpaiHu (reorpadivsi,
KJIIMaTHYHI TOIIO), HAIIPUKJIIAJ, KapTa BITPY;
— KOHKpPETHI METOAMKH JUIsl TUX BHIIAJIKIB,
KoJM €BPOKOJI periaMeHTye BUKOPHCTAHHS
albTePHATHB.

BoHM MOXyTb TakOX MICTUTH:
—  peKoMeHjauii 1010
IOBIAKOBUX OOIATKIB,

— TOCWJIaHHS Ha JOJAaTKoBY iH(popMallito,
sKa He CyNepeYnTh HOPMAaTUBHIM BHMOTaM 1
JI0TIOMArae npu KOpucTyBaHH1 €BpOKOJIaMHu.

34aCTOCYBAHHA

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’s3KkH Mizk €BpokoaamMu
Ta TAPMOHI30BAHMMH TeXHIYHHMH
cnenudikanisvu (ENs ta ETAS) nas
BHPOOIB

HeoOxinna Y3TOJKEHICTh MDK
rapMOHI30BaHUMH TEXHIYHUMU
cnenudikamismMu 11 OymiBeIbHUX BUPOOIB
Ta TEXHIYHUMH TpaBUJIaMU I OyaiBesb 1
cnopy/:[g. Kpim Toro, y moBHiii iHpopMmarrii,
aka  cymnpoBomkye CE  wmapkyBaHHA
OyIiBeTbHUX BHPOOIB 1 Ma€ BIMHOIIEHHS [0
€BpoKOIIB, Mae OyTH UYITKO 3a3HAYEHO, fAKI
HaIllOHAJTBHO BHU3HAYEHl MapaMeTpu Oyiu
B3STi 10 yBar.

JonarkoBa iHdopmauis 1moao
EN 1999-1-3

EN 1999 npusnaueHuii 111 BAKOPUCTAHHS 3
€BpokogaMu EN 1990 - OcHoBH
npoekTyBaHHs KoHcTpykiik, EN 1991 — Jlii
Ha KOHCTpyKIii Ta €Bpokomamu 3 EN 1992
mo EN 1999, gxi maroTh BiZHOIIEHHS IO
ATIOMIHIEBHX KOHCPYKIIIH a00 afOMIHIEBUX
€JIEMEHTIB.

EN 1999-1-3 — mne onmHa 3 WI’SITH YacTUH
EN 1999-1 — EN 1999-1-5, xoxHa 3 SKHX
CTOCYETBCSl PI3BHUX QIIOMIHIEBUX €JIEMEHTIB,
IPaHUYHHUX CTaHIB a00 THUMIB KOHCTPYKIIIH.
EN 1999-1-3 nHaBOIUTH TPUHIMIH, BUMOTH
Ta npaBuia 100 MPOCKTYBaHHS
KOHCTPYKI[I alfOMiHI€EBUX €JIEMEHTIB Ta
KOHCTPYKIIiH, SIKi 3a3HAIOTh BIUIHBY BTOMH.

YucnaoBi  3HAUYEHHS AN YACTKOBHX
KOe(QILieHTIB Ta HIII MapaMeTpy HaIIHHOCT1
PEKOMEHAYIOTbCS SIK OCHOBHI 3HA4YEHHS, SKi

3e0e3MeuyroTh NPUHHATHAN piBEHb
HajiiiHOCTI. BoHm Oymm oOpani mnpu
JOTYIIIEHH]1 BIJITOBIHOTO piBHS

kBamidikamii poOOITHUKIB Ta KOHTPOJIO
SKOCTI.

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

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.

Jlusucs posnin 3.3 i posain 12 3 CPD, a takox nynktu 4.2, 4.3.1,4.3.215.2 3 ID 1. KoncrykuiiiHi BupoOu siki HocuiaiThest Ha €BPOKOIH
[OBHMHHI TOYHO BKa3yBaTH ki Hanionanero Busnaueni ITapameTpu 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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Hauionaabuuii logatox
a0 EN 1999-1-3

Ilefti  crammapT Hajae  ajdbTEpHATUBHI
MpoLEAYpH, BEIUMYMHU 1 peKOMEHAAMii s
KJIaciB 13 MPUMITKaMH, SIKi BKa3yIOTh MicIIe,
JIe HeOOX1THO 3pOoOWTH HalliOHAIbHI BHOIp.
TakuMm 4YMHOM, HAIIOHAIBHUI CTaHIApT,
sakuii  BrpoBamwkye EN 1999-1-1 mnoBunen
mati  HamoHanpHWIi  HOOATOK,  SIKUH
BKJIIOYaB OW YCl HaIllOHAJbHO BH3HAYEHI
napaMeTpH, SKi BHKOPHUCTOBYIOTHCS IPHU
MIPOEKTYBaHHI aJIOMIHIEBUX KOHCTPYKIIIH
Juist OyIIBHULITBA Y BIAMOBIAHIN KpaiHI.

HamionaneHuit  BUOIp  J03BOJICHWUH Y
EN 1999-1-3 y Takux migmyHKTax:
-2.1(1)
-221(3)
-231(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)
—A31(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:
-21()
-2.21(3)
-2.3.1(3)
—2.3.2(6)
-24(1)
-3(1)
—4(2)
-5.8.1(2)
-5.8.2(1)
-6.1.3(2)
-6.2.1(2)
-6.2.1(7)
-6.2.1(11)
-6.2.4 (1)
-A3.1(1)
—E (5)
—E(7)
-1.22 (1)
-1.23.2(1)
—1.2.4 (1).



1 3AT'AJIBHI ITOJIOKEHHSA
1.1  Taay3ssb 3acTocyBaHHA
1.1.1 TIany3s 3acmocysanna EN 1999

(1)P  Cranmapr EN 1999  pernamenrye
MUTAHHS TIPOCKTYBaHHSI QTFOMIHIEBUX
KOHCTPYKIII OyJiBeJIb Ta CIIOPY [MUBUILHOTO
NPU3HAYCHHSA. 3MICT JIaHOTO  JIOKYMEHTY
BIJINOB1/1a€ MPUHIIMIIAM 1 BUMOTaM OE3IeKH Ta
eKCIUTyaTaliiHOT HaAIMHOCTI KOHCTPYKIIIH,
OCHOBaM iX TIPOCKTYBaHHS Ta IICPEBIPKH,
HagaauM y EN 1990 — OcHoBu npoekTyBaHHS
KOHCTPYKIIH.

(2) EN 1999 BucyBae BUMOTH TUIBKH IO
or1I0pY, eKCIUTyaTalliiHoi ~ MPUIATHOCTI,
JIOBTOBIYHOCTI Ta BOTHECTIHKOCTI
AJIIOMIHIEBMX KOHCTPYKUIN. [HIII BUMOTH, Taki
K Temio- a0 3BYKOBOJAILA, y JaHOMY
CTaHAAPT1 HE PO3IIIAAAIOTHCS.

3) Crangapt EN 1999 MTOBUHEH
BUKOPUCTOBYBATHCS pa3oM 3 HACTYITHHUMHU
JOKYMEHTaMHU:

- EN 1990
KOHCTPYKITIH

OcHoBH MIPOEKTYBaHHS

— EN 1991 Jlii Ha KoHCTpYKITii

— €Bpomeiicbki craHAapTH  OyaiBEIbHOT
MPOAYKIli, SKI CTOCYIOThCS aFOMIHIEBUX
KOHCTPYKII1H

— EN 1090-1: Bukonanus po0it 31 craneBuMu
Ta TIOMIHIEBUMH KOHCTPYKLisMU — YacTuHa
1 Orinka BIAIIOBIIHOCTI neTanen
KOHCTPYKILii"

— EN 1090-3: BukonanHsi poOIT 31 cTaleBUMHU
Ta aTIOMIHIEBUMH KOHCTPYKLisAMU — YacTuHa
3: TexHiuHi BHMOIM [0 AQIIOMIHIEBUX
KOHCTPYKIIiii®

(4)  EN 1999

YaCTUH.

MNOAUIIETBCI HA  II'STh

EN 1999-1-1 [IlpoektyBaHHsS aJIOMIHIEBUX
KOHCTpyKIid:  OCHOBHI  mpaBwia  Jyis
KOHCTPYKII1H

4
Byne ony6nikoBaHo
4 .
To be published
Byne omy6iikoBaHo

5 To be published

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

1.1  Scope
1.1.1 Scope of EN 1999

()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 IlpoekTyBaHHS alIOMIiHiI€BUX
KOHCTPYKLIN: Po3paxyHOK KOHCTpPYyKIii Ha
BOTHECTIHKICTb.

EN 1999-1-3: IIpoekTyBaHHS alIOMiHIEBUX
KOHCTpYKUiN: KoHCTpyKIii, 4yTaMBi 10 BTOMH

EN 1999-1-4 TIIpoekTyBaHHS aTIOMIHIEBHX
KOHCTPYKITIH: XonoaaohopmMoBaHui
KOHCTPYKIIHHUN JTUCTOBUIN MaTepial

EN 1999-1-5 [IlIpoekTyBaHHsS aJFOMIiHIEBHX
KOHCTPYKI[ii: OO0JOHKOBI KOHCTPYKIIii

1.1.2 I'any3ws 3acmocysanna EN 1999-1-3

1) EN 1999-1-3 nagmae ocHOBHI mpaBuia
MIPOEKTYBaHHS KOHCTPYKLINA 3 aJlOMIHIEBUX
CIUIaBIB, MNpPUKMAIOYM 10 yBaru TIpaHUYHUUN
CTaH pyMHYBaHHs, CIIPUYMHEHUN BTOMOIO.

2 EN 1999-1-3 namae npaBuia ms:

— TPOEKTYBaHHA 3 OE3MEYHUM TEPMIHOM
CITyXKOu;

— MPOEKTYBaHHS 3 ypaxyBaHHSAM JOMYCTHUMHX
pyHHYBaHb;

—  TNPOEKTYBaHHS B
BHUIPOOYBAHHSIMU.

(3) EN 1999-1-3  npusHaueHuit s
3actocyBanHs 3 EN 1090-3 «TexHiuHi BUMOTH
o BHUT'OTOBJICHHSA ATFOMIHIEBUX
KOHCTPYKIIA»,  SKMH  MICTUTh  BHUMOTH,
HEOOX1H1 JUId TMPOEKTHUX JOIYCKIB, SKHX
HEOOITHO  JOTpPUMYBAaTHCh B IpoOLEC]
BUTOTOBJICHHS €JIEMEHTIB Ta KOHCTPYKIIIH.

KOMIUIEKC1 3

(@) EN 1999-1-3 He 0XOIUTIOE TePMETUYHI
3axMCHI 00OJIOHKH Ta TPYOOTIPOBOJIH.

(5) Y EN 1999-1-3 posrusiiaerbes
HACTYIIHE:

Posain 1: 3aranbHi MOJIOKEHHS
Po3nin 2: OcHOBHM NpOEKTYBaHHS

Po3min 3: Marepianu, CKiIagoBi YaCTHHU Ta
3’€HYI0Y1 PUCTPOT

Po3nain 4: JIoBroBiuHIiCTh
Poznin 5: Po3paxyHOK KOHCTPYKIIii

Posnin 6: BromHa MINHICTE Ta JEeTaATI30BaHi
Kareropii

Jonatok A: OCHOBH pO3paxyHKy ONOpY BTOMi
(000B’ s13KOBHIN)

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]



Honatok B: Bka3ziBku 11070 OIlIHIOBaHHS
pPO3pPOCTaHHS ~ TPIMHH 32  JOIOMOTOIO
MEXaHIKH pyiHYyBaHHS (TOBIIKOBUIT)

Honatok C: BunpoOyBaHHS IUIsl pO3PaXyHKY
Ha BTOMY (IOBIIKOBUIA)

Homatoxk D: Po3paxyHok  Hampy>KeHHs
(ToBimKOBHIA)
JlonmaTok E: Anresiiigi 3 e qHAHHSA

(ToBimKOBHIA)

Honmarox F: Jliama3oH MajOIMKIOBOi BTOMH
(moBiKOBHIA)

Honatox G: BB koedimieHTy HanpyXeHHS
R (moBimkoBwii)

Homatrok H: BromHa MIHICTE 3BapHUX
3 €IHaHb (JOBIIKOBUIA)

Honarox |: JluBapHi criiaBu (JI0BIIKOBHIA)

Honarok J: Tabnuui gerani3oBaHuX KaTeropin
(1oB1IKOBHIA)

Honatox K: Meton crangaptHoi aerani 3
MICIICBHM HANPY>KEHHIM (IOBIIKOBHIA)

bibmiorpadis

1.2  HopMaTuBHi moCHJIAHHS

(1) Caim BHKOPHUCTOBYBAaTH HOPMATHUBHI
nmocwianas mo EN 1999-1-1.

1.3  JlonmyureHHst

(1)P Craim  BUKOPUCTOBYBATH  3araibHi

nomymenns EN 1990, 1.3.

(2P Cnim BHKOPHCTOBYBATH IIOJIOKEHHS
EN 1999-1-1, 1.8.

3 P Meromuku MPOCKTYBaHHS
BBAXAIOTHCS JIIMCHUMH TUIBKH TOMI, KOJH
JOTPUMYIOTHCSI BUMOTH BUKOHAHHS, HaBEACHI
B EN 1090-3, abo iHI11 €KBiBaJIEHTHI BUMOTH.

1.4 BinminicTe MiXk DpUHOMIAMH Ta
NpaBWJIAMU BUKOPUCTAHHSA

1) Haseneno B EN 1990, po3ain 1.4.

15  Tepminu Ta BUSHAYEHHHA

1.5.1 3azanvni nonoscenns

(1)  [pasuna naeneni B EN 1990, posmin
1.5.

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

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 |: 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.

(2)P  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

15.1 General
(1)  Therules in EN 1990, 1.5 apply.
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15.2 Jlooamxkosi mepminu, wo
suxopucmogyromocsa ¢ EN 1999-1-3

(1) VY nanomy €Bpomneiicbkkomy Cranmapri
BUKOPUCTaHI TEPMIHM Ta BH3HAYCHHS, IO
masegeni B EN 1990 ta EN 1999-1-1
JloaTkoBO y JTaHHOMY CTaHIapTi
BUKOPUCTOBYIOThCSL HACTYIHI TEpPMIHH Ta
BU3HAYCHHSL.

1.5.2.1 smoma

ocila0JeHHs YacTUHW KOHCTPYKIII depes
BUHUKHEHHSI TPIIMHU Ta PO3MOBCIOKEHHS 1l
B pE3yNbTaTi TOBTOPIOBAHOTO MEPEMIHHOTO
HaIpYXEHHS.

1.5.2.2 smomue nasanmasicenms

pSI THIIOBUX HaBaHTaKEHb, OINHCAHUN 34
JOTIOMOTOI0  TIOJIOXKEHb  a00  TMepeMilleHb
BIUTUBIB, iX Bapialfiii, NepioOAUYHOCTI Ta
[IOCJIIIOBHOCTI BUHUKHEHHS.

1.5.2.3 npoyec nasanmasicenns

BM3HAY€Ha IIOCIIJOBHICT, HaBaHTAXKECHHS,
MPHUKIIAJICHOTO JI0 KOHCTPYKII, SIKy, B IIUIAX
MPOEKTYBaHHS, Mepe10avacThCsl MOBTOPIOBATH
3 3aJ]aHOTO0 TIEPIOTUIHICTIO.

1.5.2.4 nominanvrne nanpyoicenHs

HalpYy)XeHHS B OCHOBHOMY MaTepiaii, SKUi
OpUMUKae 0 Micosd  pO3TallyBaHHS
MOTEHIIAIBHOT TPIIIUHK, IO PO3PAXOBYETHCS
y  BIANOBIAHOCTI 3  TPOCTOI0  MEXEI0
IOpYKHOCTI  Teopil  MarepiamiB,  TOOTO
JIOITYCKaIO4H, 110 TUTOCKI nepepizu
3aMUIIAIOThCS  IUIOCKUMH, a  yci il
KOHIICHTpALlii HAIIPY>KeHb HE BPAXOBYIOTHCS.

1.5.25

HanpyJceHHs

Moougikosare HOMIHAbHE

HOMIHAJIbHE HaMpyXeHHs, 30UIbIlIeHe 3a
JIOTIOMOTOI0  BIAMOBITHOTO ~ T'€OMETPUYHOTO
koe(illieHTa KOHIICHTpAIlil HAIPYKCHHS th,

3 METOI BpaxyBaHHS TIE€OMETPHYHUX 3MiH
MOTMIEPEYHOr0  Tepepidy, sSAki  He  Oynwm
BpaxoBaHi B Kjacudikaiii KOHKPETHOTO
KOHCTPYKI[IHHOTO €JIEMEHTY.

1.5.2.6 micyese nanpyacenns

TaKOX BiZIOME AK KOHCTpPYKU1ITHE
HanpyxeHHs. e HanpyXeHHsT HUK4e TPaHHMIl
OPYKHOCTI B TOYI, WIO BpPaxoBye BCi
reOMETpUYHI  HEOJHOPITHOCTi, aje  He
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1.5.2 Additional terms used in EN 1999-1-3

@ 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 OyIb-SKi MICIIEBi 3BYXKEHHS, NpH
SAKHX pajiyc Mepexoay HpsMye 10 Hyls, Taki
SK BHWIMKH, [0 BHHUKIM 4Yepe3 HE3HAuHI
HEOTHOPIAHOCTI, HaNpUKJIIa, KPOMKH
30BHIIIHBOI ~ MOBEpPXHI  3BapHOrO  IIIBA,
TPIIIMHY, TTONIKOKEHHS, CX0XK1 Ha TPILIUHY ,
3BUYANHI CII1IM MEeXaHIYHOT 0OPOOKH 1.T.1.

1.5.2.7 koeghiyienm xonyenmpayii 10Ka16HO20
HANPYHCEHHS]

CHIBBIIHOIIIEHHS MDK JIOKaJIbHUM
HaIpY>KCHHSIM, 10 OIIHIOETHCS 3a
JIOTIOMOTOI0  JIOTYILEHHS JIIHIHOT NpYyKHOT
MOBEAIHKM  Martepially, 1 HOMIHAJIbHUM
HaTIPYKCHHSIM.

1.5.2.8 makcumanvue micyese HanpyHceHHs

MICI[eBE HANPY>KEHHs, 110 BUHUKAE HA TIEBHIN
JOUISHIIIT B OKPEMOMY TE€OMETPHYHOMY THII
KOHCTPYKIii,  HampHKiIaZ, Ha  KPOMI
30BHIIIHBOI IOBEpXHI 3BAapHOTO IBa B
KyTOBOMY 3’€HaHHI IYCTOTUIMX HpOdiIiB,
JUIL  SIKOTO TPAHMIS BTOMH, BHpaXXEHa B
OJTMHHMIISIX Jiana3zony MaKCHMaJIbHOTO
MICIIEBOTO HANPYKEHHS, SIK TIPaBUJIO, BigoMa.

1.5.2.9 icmopis nanpyscenw

XpPOHOJIOTIYHMM  3amuc, 10  BimoOpaxkae
BUMIpPSHI abo po3paxoBasi Bapianii
Halpy)XeHb y MEBHIM TOYI[l KOHCTPYKLII 3a
BU3HAYEHUH TIEPIO]T Yacy.

1.5.2.10 mouxa 3minu HanpysiceHHs

3HAYEHHsl HANPY)XEHHS B iCTOpii HANpyXeHb,
IIpU IKOMY PiBeHb 3MIHHM HAIPY>KEHHS 3MIHIO€
3HAK.

1.5.2.11 nix nanpyorcenns

TOYKAa 3MIHM HANpyXeHHs, B sKill piBEHb
3MIHU HATPY>KCHHS 3MIHIOETHCS 3
MO3UTHUBHOTO Ha HETATHBHUI.

1.5.2.12 mouxa minimymy nanpysicenus

TOYKa 3MIHM HampYXKeHHs, B SKid piBEHb
3MIHU HaIpy>KEHHs 3MIHIOETHCS 3
MO3UTHBHOTO HA HETATUBHUM.

1.5.2.13 nocmivina amnaimyoa

TEPMiH BITHOCUTBCS JI0 iCTOpIi HANMpyXeHb, a
camMe [0  [JUISHOK, J€  HampyXeHHs
KOJIUBAETbCA MDK IIKaMH Ta TOYKaMH
MIHIMYMY Hanpy>XeHHs MMOCTIHHIX 3HAYE€HHb.

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 BITHOCUTBCS JO Oynb-skoi icTopil
HaNpyXeHb, L0 MICTUTh OlIbIIe, HDK OJHE
3HAYEHHS MIKOBOTO HAIIPYKCHHSI.

1.5.2.15 yuxn nanpyosicenns

YacTWHA ICTOpii  HAmpyXeHb  MOCTIHHOT
aMIUTITY/IM, B SIKId Halpy>XEHHS MOYHMHAETHCS
Ta 3aKIHYYETHCS 3 OJJHAKOBUM 3HAUEHHSM, aje
B TIPOILIECI MPOXOJIUTh Yepe3 MK HaNpy>KCHHS
Ta OJHYy TOYKYy MiHiMymy (B Oyab-sKiii
nociigoBHocTi). Takox 1€l TepMmiH O3Ha4ae
IIEBHY YaCTUHY icTopii HaIlpy>KEHb
NEepeMIHHOI  aMIUNTYyAH, BH3HA4YeHy 3a
JIOTIOMOTOI0 METOJTy MiJPaxXyHKY IIUKIIB.

1.5.2.16 niopaxynok yukiie

nporec TpaHcdopmanii icTopii HampyKeHb
NEepEeMiHHOI aMIUIITYAH Yy CIEKTp UHUKIIB
HamlpyXeHb, KOXKEH 3 SKUX Mae€ TIEeBHUN
Jiama3oH HaNpyXeHb, HaMpHUKIAZ, METO[
pe3epByapy Ta METOJl AOIOBOTO MOTOKY.

1.5.2.17 memoo oowo06020 nomoxy

METOJl TiAPaxyHKy IMKJIIB, IO BiITBOPIOE
CIICKTp Jiala30Hy HamnpyKeHb Ha OCHOBI
ICTOpI11 HANPYKECHb.

1.5.2.18 memoo pezepsyapy

METOJ] TIAPaxXyHKy IMKJIIB, IO BIATBOPIOE
CHEKTp [lala3oHy HalnpyKeHb Ha OCHOBI
icTopii HampyXeHb.

1.5.2.19 amnnimyoa nanpyoicenw
MOJIOBMHA 3HAYCHHS JIalla30HYy HAMPYKEHb
1.5.2.20 xoeghiyiecum nanpysicenns

MiHIMQJIbHE  HANpPY)XCHHS, TMOJAUICHE Ha
MakCHUMajbHE  HampyKeHHs B  icTopii
HaNpYXeHb MOCTIMHOT aMIUTITY A1 a00 B LIMKII,
oo OTpPUMaHUK 3  iCTOpil  HANpyKEeHb
MepEMIHHOT aMILTITY/IH.

15.221 Koe@iyichm IHMeHCcUuBHOCmi
HANPYIHCEHH.
MIHIMQJIbHA  IHTEHCHBHICTb  HaIlpyXEHHS,

MOJIVIEHA Ha MAaKCHMalbHy IHTEHCHBHICTb
HalpyKeHHs, U1I0 OTpUMaHa 3 IicTopii
HaNpyXXeHb MOCTIHHOT aMITTITYin 200 3 IUKITY
icTopii HanmpyXeHb MEePeMIHHOT aMIUTITY/IH.
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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 nanpyoicenns

cepenHe  3HAueHHS  anreOpaiuHoi  cymHu
MAaKCUMAJILHUX Ta MIHIMAJIbHUX 3HAYEHb
HaTpPYKCHHS.

1.5.2.23 oiana3zon nanpysicens

anredpaiuHa pi3HUI MDK MIKOM HaIpyXeHHs
Ta TOYKOIO MIHIMYMY B ITUKJII HAIIPY>KEHb.

1.5.2.24
HANpPYH#CEeHHs.

olanason IHMEeHCUBHOCMI

anreOpaiuHa pI3HHUIS MDK MaKCHUMAaJIbHOIO
IHTEHCUBHICTIO HamNpYXEHHSI 1 MiHIMaJIbHOIO
IHTEHCUBHICTIO HANpy>KEHHs, 110 OTPUMAaHI 3
MKy HAIPY>KEHHS Ta TOYKU MIHIMyMY B ITHKJI1
HaIlpYXEHb.

1.5.2.25 cnexmp oianazony nanpysicers

ricrorpaMa 4YacTOTH BHHHKHEHHS ISl BCIX
Jianma3oHIB HANMPYXEHb PI3HUX BEIWYHH, IO
3anucaHa abo po3paxoBaHa JIsi KOHKPETHOTO
HaBaHTAXCHHs (TaKOX IIed TEPMIH BiIOMHUI
MiJT HA3BOIO CIIEKTP HAIIPY>KEHHS).

1.5.2.26 pospaxynkosuii cnekmp

3arajbHe YHCJIO BCIX CHEKTPIB Jiana3oHiB
Halpy)XeHb, M0 MalTh BITHOIIECHHS JO
OIL[IHKHA BTOMH.

1.5.2.27 oemanizosana kameeopis Kateropis
€JIEMEHTIB

3HAYCHHS HaJlaHe KOHKPETHOMY €JIEMEHTY MPH
3aJJAaHOMY HAMpsMi KOJWBAHHS HAIpPyXEHHS,
JUTsE TOro, o0 BKa3aTH, sKa KPUBa BTOMHOL
MIIIHOCTI MIAXOINUTE IS OLIHKKA BTOMH.

1.5.2.28 3uococmivkicmeo

TepMiH  (QYHKIIOHYBaHHS 7O  BIiJIMOBH,
BHPQKECHUHW B IUKIAX, IiJ BIUIMBOM ICTOPIl
HaMpPYXeHb MOCTIMHOT aMIUTITYIH.

1.5.2.29 kpusa emommuoi miynocmi

KUIBKICHE CIIBBIIHOIIIEHHS JlianazoHy
HaIpy>KeHb Ta 3HOCOCTINKOCTI, SIKE
BUKOPUCTOBYETBCS  JUIS  OIIHKH  BTOMU
Kareropii KOHCTPYKIIHHOTO €JIeMEHTY, IO
HaHECEHE Yy JaHOMY CTaHAapTi Ha Tpadik 3a
JIOTIOMOT 01O JIOTapU(PMITHUX OCEH.

1.5.2.30 oopycmuma emomna miyricmeo

Jiama3oH HamnpyXeHb MOCTIMHOT aMIITyau
Ac, 1 TeBHOI JieTali30BaHOi KaTeropii ais

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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sHococTiikocTi N, = 2x10° nukis.

15231
amnaimyou

cpanuys emomu

Jiama3oH HaMpyXeHb, HIDKYE 3HAYEHb SKOTO
yci Jiana3oHu HaNpyXeHb B PO3PaXyHKOBOMY
CHEKTpl HEe MOBHHHI BPaxOBYBATHUCS SIK TaKi,
110 CIIPUYUHSIOTH BTOMHI PYHHYBaHHSI.

1.5.2.32 epanuuna mesnrca

MeXa, HWXK4Ye 3a Ky Jlala30HU HalpyXeHb
PO3PaxXyHKOBOIO  CIEKTPY MOXKYThb OyTH
BUKIIIOUEHI 3 PO3PaxXyHKY HAKOMUYEHHX
IIOIIKO/?KEHb.

1.5.2.33 pospaxynxosuii mepmin cuyscou

0a30BUil TepMiH dYacy, BIOPOJOBXK SKOTO
KOHCTPYKIIist NOBHHHA 0e3mevyHo
(GYHKLIOHYBAaTH 3 JOMYCTUMOIO MOJIHBICTIO
TOro, II0 BiIMOBAa KOHCTPYKLIi B pe3yabTari
BUHHUKHEHHSI BTOMHUX TPIIIUH HE
BiIOYAETHCS.

1.5.2.34 6e3neunuii mepmin cuyxncou

TEpPMIiH 4Yacy, BIOPOJOBXK SKOTO KOHCTPYKIIis
MOBUHHA  Oe3reyHo  (YHKIIOHYBaTH 3
JIOTTYCTUMOI0 MOXJTMBICTIO TOTO, 1[0 BiIMOBa
KOHCTPYKIIi B  pe3ynbTaTi BUHUKHEHHS
BTOMHUX TpIUIMH HE BIiOOyIeThCcs MpHU
BUKOPUCTaHHI METOAY IPOCKTYBAaHHS, SIKUH
3abe3reuye O0e3neuHuil TEpMiH CIIYKOu.

1.5.2.35 cminikicmeb 00 nowkooxcens

3ATHICTh KOHCTPYKIII BUTPUMYBATH BTOMHI
TPIMIUHA oe3 BUHUKHEHHSI BIIMOBH
KOHCTPYKITii abo eKCIUTYaTaIiifHO1
HEHAIIHHOCTI.

1.5.2.36 emomue nowkooxcenHs

BIIHOLIEHHS KUIBKOCTI [UKJIIB 3aJaHOrO
JIianma3oHy — HampyKeHb, SKUH  TOBHHEH
MIATPUMYBATHUCS  BIPOJOBXK  BHU3HAYEHOT'O
nepioay yacy (hyHKITIOHYBaHHS, 10
3HOCOCTIHKOCTI KOHCTPYKIIIHHOTO €JIEMEHTY
M1/l BIUIMBOM TaKoOTO 3K Jlalla30HYy HaNpYyKEHb.

1.5.2.37 naxonuuenusn nowkoodicenv Mavinepa

CYKYIIHICTh TIOLIKO/PKEHb BIIPOJOBXK YCIX
[UKJTIB B CHEKTPI Jiana3oHy Hampyxenb (abo
PO3paxyHKOBOMY CIEKTpi), IO 0a3yeTbcs Ha
npasuii [TaneMrpena-Maiinepa.
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nocmiunoi

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 eKgigaleHmue 8momHe
HABAHMANCEHHS
CHpOIIEHE HABAHTAXKEHHS, 3a3BUYal

NpPUKIAJEeHEe 33JaHy KIJIbKICTh pa3iB TaKuM
YMHOM, III0 BOHO MOX€ OyTH BUKOpPHUCTaHE
3aMiCTh OUIBII PEaTiCTUYHUX HaBaHTAKEHHb
Opyu  33JaHUX YMOBaX, 00 CIPUYMHUTH
€KBIBaJICHTHY KUIBKICTh BTOMHHX
NOMIKO/DKEHb 10 HPUIHATOrO JIOIyCTHMOTO
pIBHSI.

1.5.2.39 exsisanenmnuuil dianazon Hanpyyicensb

Jlama3oH  HampyXeHb  KOHCTPYKLIMHOIO
€JIEMEHTA, L0 BUKIMKAHUN BiJl MPUKIIAJCHHS
€KBIBaJICHTHOTO BTOMHOT'O HaBaHTAXCHHSI.

1.5.2.40 eKgiealeHmHe  HABAHMANCEHHS
ROCMINIHOL aMnIimyou
CIIPOLLEHE HABAHTAXECHHS MOCTIHHOT

aMILTITY/IM, [0 BHUKJIMKAE TOW caMuil eexT
BTOMHUX TOIIKO/PKEHb, M0 1 peambHi
HABaHTAXCHHSI IEPEMIHHOT aMILTITY/ M.

1.6 IMo3Hauenusn

A — KOHCTaHTa B
PO3POCTaHHS TPIIIUHH;

CHIBBIIHOIIIEHHI

a — BHCOTa KyTOBOT'O 3BApHOTO IIIBA,

a — JIOBXXHHA TPIIINHH,

a, — MPHHA TPIIIMHU HA IOBEPXHI;

da/dN — piBeHb PO3POCTAHHS TPIIMHA
(M/1mKn);

D - BenM4MHA BTOMHOTO TOIIKO/KCHHS, IO
BUpaxyBaHa 3a 3aJaHUil mepioJ  yacy
(byHKLIOHYBaHHS,

DL — BCJIMYMHA BTOMHOI'O ITOIIKOJI>KCHHA,IIIO

BHUpaxyBaHa 3a BCCh HCpiOII qacy

(bYyHKLIOHYBaHHS,

Dim BCTAaHOBJICHA TPAHUI BEIMYUHU
BTOMHHUX IOLIKO/IKEHb;

f,.n — XapaKTepUCTHUHMH oOmip 3CYBY
aaresii;

Kt - r€OMETPUYHUI Koe(IIieHT

KOHLEHTpallli Halpy>KEeHHS
K — xoedilieHT IHTEHCUBHOCT1 HAIIPY>KEHHS;

AK' — niama3oH iHTEHCHUBHOCTI HAIIPY>KEHHS;

JCTY-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, is the fatigue damage value calculated
for the full design life;

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

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

Ky,  is the geometric stress concentration
factor;

K is the stress intensity factor;

AK is the stress intensity range;

15
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Ky — KoedilieHT BTOMHOI  MIIHOCTI

anre3ifHoOro 3’¢IHaHHA,

Ke — KUTbKICTh CTAaHJAPTHHUX BiIXWJICHb BUIIE
cepeaHbO1 OUIKyBaHO{ IHTEHCUBHOCTI
HABAHTAXXECHHS |

Ky — KUIBKICTh CTaHAAPTHUX BiIXHJIECHb BUILE
CepelHbOi  OYIKYBaHOI KUIBKOCTI  ITUKJIIB
HABAHTAXKEHHS

L., — ebexTuBHA JOBXHMHA aAre3iiHUX
3’€IHaHb BHAYCK;

|, — MiHIMasTbHA BUSBIICHA JJOBXWHA TPIIIUHY;

|, — KpuTHYHA TOBXKHMHA TPILMHY,

log — norapudm 3a ocrororo 10;

M  —  TOCTIiHMIA  3BOPOTHIM  HaxWi
logAc —log N kpuBoi BTOMHOI MilfHOCTI, a00
BIZIMIOBITHUM MOKa3HUK CTYIIHS PO3POCTaHHS

TPIIKHHY,

m, —3HaueHHd M s N <5x10° nukiis;

m, — B3HaueHHs M I 5x10° < N <10°®
[UKIIIB;
N - 3HaueHHst (a0o 3arajbHe YMCIIO) IHKIIIB

Jlana3oHy Halpy>KEHb;

N -

, nmiara3oHi

3HOCOCTIMKICTh  IpHU
HalpyxeHb Acj;
N. — kinbkicts mmkmis (2x10°), mpu skiit

BU3HAYAETHCS CTAHJAPTHA BTOMHA MIIHICTB,

N, - ximekicts umkmis (5x10°) npu skiit
BU3HAYAETHCS TPAHUISI BTOMU MOCTIHHOT
aMILTITY !,

. . . 8 .o
N, - xkimekicte mukmiB (10°) npm  skiit
BU3HAYAETHCSI TPAHUYHA MEXKa,

ni — KUIBKICTh LUKIIIB Jl1alla30HY HAIIPYKCHb

Aoy,
P — BiporimHicTh;
R — koediieHT HanpyKeHHS,

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 is the logarithm to base 10;

m is the inverse slope constant of
logAc —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 Ac;;

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, — nepioAUYHICTH NMEPEBIPOK;

T, — 4ac 3 MOMEHTYy BUSBJIECHHS TpILIMHU, 32
SKHUH TPIIIMHA AOCSATAa€ KPUTUYHUX PO3MIPIB;
T, — po3paxyHKOBMI TEPMIH CIIYKOU;

T, — Oe3neuynuii TepMiH CIIYKOU;

Yy — TeOMETPUYHUHA KOEQIIIEHT TPIIIMHU B
CHIBBIIHOIIIEHHI PO3POCTAHHS TPIIIMHH,

Y& — YaCTKOBHUH KOE(DIIEHT IHTEHCHBHOCTI

BTOMHOI'O HAaBAHTAKCHHS,

YMf — YaCTKOBMM  KOEQIIIEHT BTOMHOL
MILIHOCTI;

Ao — HOMIHANBHUI [ialma3oH HaNpyXeHb
(HOpMasTbHE HAIIPY)KSHHS);

AT— edeKTHMBHMH  Jianma3oH  JOTHYHUX
HaIpY>KEHb;

Ao, — cTaHAapTHa BTOMHA MIIHICTh IPH

2x10° muknax (HopMasbHe HANpYKEHHs);

Ao, — rpaHuls BTOMH HOCTIHHOT aMILTITY/IH;

Ao — eKkBiBaJIeHTHHH JAialla30H HABAaHTAKEHb
MOCTIMHOT aMIUTITYd, MO0 BIIHOCHTHCS JIO
N

max ’

Ao, - €KBIBaJICHTHUNA nmiama3oH
HABAHTAKEHb TOCTIMHOI aMIUTITyAH, IO
BimHOCHTECs 10 2x10° cycles;

Ao, —rpaHu4Ha MEXKa;

Ao, — BTOMHa MIIHICTh (HOpPMaibHE
HarnpyXeHH:);
o] MakCHUMajbHe Ta MiHIMaJIbHE

max, min
S3HAYCHHA KOJIMBAHHS HAIIPY’KCHHA B I_II/IKJ'Ii
HaHp}I)KeHB;

O, — CepeHE HAPY>KEHHS.

m

1.7 Crenidikamisi 17151 BHUKOHAHHS PoOOiT

1.7.1 Chneuigirauin euxonanus pooim

(1) Croenmdikamiss  BUKOHaHHS  poOIT
NMOBHHHA  BKJIIOYAaTH yCi  BUMOTH  JIO
MITOTOBKK MarepialliB, MOHTaXy, 3 €IHaHb,
nojanbiioi oOpoOKM Ta MEepeBipKH, UL
3a0e3rneueH st MOTPiOHOT BTOMHOT MIlTHOCTI.

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;

ymi 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, s 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, s the cut-off limit;

Ao, s the fatigue strength (normal stress);
O maxcmin 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.

17
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1.7.2 Kepienuymeo no excniyamauii

(1) KepiBHUIITBO 1o eKCIUTyaTaril

MMOBUHHE BKJIFOYATU:

— JeTanpHy iHQOpMaLil0 Npo  BTOMHI
HaBaHTAXEHHA 1 PO3PaXyHKOBUH TepMiH
CIIy>KO0H, 1110 TPUHHSATI B IPOEKTI,

— Oynmp-sKi  HEOOXigHI BHMOTH MO0
IHTCHCHBHOCTI KOHTPOJBLHOTO HaBaHTaKEHHS
Ta YaCTOTH IMOBTOPEHHS ITiJT Yac eKCILTyaTallii;

— IHCTpyKIii, 1O mnepeadadarTh Oyab-siKi
Moaudikarii KOHCTPYKIIi, HaIlpUKJIIaJ,
CTBOPEHHSI OTBOpIB ab0 3BaproBaHHA, 0e3
KBaJII()IKOBAHOTO  PO3PAaXyHKY  MOXJIMBHUX
HACJIIKIB ISl KOHCTPYKIIT;

— IHCTPYKIIi OO0 AEMOHTaXY Ta TOBTOPHOTO
MOHTa)Xy 4YacTWH, HANpUKIAJa, 3aTSDKKH
KPINWJIBHOI IeTai.

— JIOTyCTHMi METOTH PEMOHTY Yy BHIAIKy
BUIIAIKOBOTO  MOIIKO/DKCHHS  KOHCTPYKIIiT
(HampuKIan, — BM'ATHHH,  IPOCOYYBAHHS,
PO3pHUBH 1.T.11.).

1.7.3 Kepisnuumeo no nepesipui ma
MExXHIUHOMY 00C1Y208Y8AHHIO

(1)  KepiBHHuIITBO 1o TEXHITHOMY
00CITyrOBYBaHHIO MOBHHHE BKJIIOYATH Ipadik
OyIp-SIKMX  HEOOXIMHMX TIEPEBIPOK, IO
MPOBOMAATHCST MMl dYac eKCIUTyaTailii, Jyist
YaCTWH, II[0 HAWOUIbIIE 3a3HAIOTH BTOMHU.
OcoOnuBe  3HaUeHHd L€  Mae  IpH
MPOCKTYBaHHI, IO Tmepeadavyae CTIUKICTh
KOHCTPYKIIIi /IO TONIKO/KEHb. Y TakoMy
BUIIAJIKy KEPIBHUIITBO TOBUHHE BKJIFOYATH:

— METOJIH TEPEBIPKH;
— Miclig IPOBEICHHS NEPEBIPKHU;
— EPIOIUYHICT IEPEBIPOK;

— 3a MoTpeOM — MaKCUMAJIbHO JOMYyCTUMHUI
PO3MIp TPILUIUHHU 10 KOPEKILii,

— JerampHy 1HGOpPMAIlIIO II0J0 METOJIB
peMoHTy a00 3aMiHM YacTHH, IO 3a3HAIA
BTOMHHX TPILIHH.

2 OCHOBU INPOEKTYBAHHA
2.1 3arajbHi M0JI0KeHHS
2.1.1 Ocnoeni eumozu

(1)P Limp 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



ypaxyBaHHSIM TPAHUYHOTO CTaHy BTOMH
noJyisirae B TOMY, IIO0 TIepEeKOHATUCS B
MPUITYCTUMOMY PiBHI BIPOTITHOCTI TOTO, IIO
(byHKIIIOHYBaHHS KOHCTPYKITii Oyne
HAJIEKHUM BIIPOJOBXK YChOTO PO3PAXYHKOBOT'O
TepMiHy i1 ciyx0u. Hanpuknan, HeoOXximHa
BIIEBHEHICTh y TOMY, IO HE BiIOyIeThcs
pyHHYBaHHS KOHCTPYKIIi uepe3 BTOMY, a
TaKOX Yy TOMY, II0 HE BHHHUKHE HEOUIKyBaHa
HEOOXITHICTh B PEMOHTI 4Yepe3 BUHUKHEHHS
MOIIKOJKEHb, CIPUYMHEHUX BTOMOIO, Ha
MPOTS31 PO3PAXYHKOBOTO TEPMIHY CITYKOU.

[IpoekTyBaHHS aMIOMIHIEBUX KOHCTPYKIIIM 3
ypaxyBaHHSIM TPAaHHYHOTO CTaHy BTOMH MOXe€
0a3zyBaTucsi Ha OJHOMY 3 HACTYITHHUX METO/IIB:

a) METOJI MPOCKTYyBaHHS, 10 3abe3rneuye
Oe3neuyHuii TepMiH ciayxou (mus. 2.2.1);

b) NPOEKTYBaHHS 3 ypaxyBaHHSM
JONYCTUMUX pylHYBaHb (1uB. 2.2.2).

Byne-sixkuii 3 mertoniB a) ta b)moxe Oyru
JIOTIOBHEHHUH a00 3aMiHEHHH MPOCKTYBAHHAM
B KOMIUTEKCI 3 BUNpoOyBaHHsIMu (muB. 2.2.3).

Mpumirka. Harionanphuii 10JaTOK MOXeE Ha/JaBaTH
MpaBWja 3aCTOCYBaHHS METONy NPOCKTYBaHHA 3
ypaxyBaHHIM JIOITYyCTHMMX pyHHYBaHB, JIUB.
JonaTok A.

(2)  TlpaBuia mpoeKTyBaHHS HAIalOTHCS B
inmux yactuaax EN 1999,

2.2  MeTtoauku po3paxyHKy Ha BTOMY

2.2.1 Memoo npOeKmy8aHHs, wo
3abe3neuye Ge3neuHuil mepmin cayHcou

(1)  Hanwmi METO/ 0azyeTncst Ha
pPO3paxyHKy TIONMIKO/DKCHb, SKIi BUHUKIIU
BIIPOJIOBXK PO3PAXYHKOBOI'O TEPMIHY CIyXOH,
3  BHUKOPUCTaHHSIM  CTaHJApTHUX  JIaHUX
HIDKHOT M@X1 3HOCOCTIMKOCTI Ta BEPXHOT MEX1
BTOMHOIO HaBaHTaxeHHs. Llell meron nae

KOHCEPBAaTHBHY OIIIHKY BTOMHOT
JIOBIOBIYHOCTI.
(2) Merox  BKIHOYAE  MPOTHO3YBAHHS

ICTOpi HANpy>XeHb HAa TMOTEHIIHHUX MICIIX
BUHUKHEHHS HaIpy)KeHb, 3a SKUM CIiIye

MIAPaXyHOK  Jllalma3oHIB  HalpyXeHb  Ta
KOMITUTALIISL ~ CIEKTPIB  HANpYyXeHHsA. 3a
Jomomororo  1iei  iH@opMmamii  oIiHKa
PO3paxyHKOBOIO TEPMIHY cityx0u

3MIICHIOETBCSL 32 JOTIOMOTOIO BiIIOBITHOTO
Jiarma3oHy Harpy)XeHb BTOMHOI MIITHOCTI IS

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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BIIOBIZTHOTO  KOHCTPYKI[IHHOTO
Lleit meToa HaBeIeHU B A.2

CIIEMEHTY.

(3) Mns wmeromy UpPOEKTYBAaHHS, SIKUI
3abe3neuye Oe3MeYHMH TEpMIH  CIyXOH,
3HaueHHd D, gng  Bcix  ULMKIB - 1pH

BUKOPUCTaHHI TpaBuia MaiiHepa TOBHUHHE
3a/I0BOJIBHSATH HACTYITHIA YMOBI:

ae
D, = z n, /N, po3paxoByeTbCsS BiIITOBIIHO
JI0 METOJAMKH, HAmIaHoi B A.2.

Mpumitka. Bemmunna D MOXE HaJaBaTUCA B

lim
HaunionansHomy JIOJIaTKY. PexomennoBane
MakcuMaibHa Benmunaa D, mopearoe 1,0.

2.2.2 Memoo npPOEeKmy6anus 3
YPaxyeanHaM 0OnYCMUMUX PYUHY8AHb

(1) Janui METOJ 0azyeThCs Ha
CIIOCTEPEIKCHHAX 332 PO3POCTAHHSAM TPIIUHU
3a  JIOMIOMOTOK  OOOB’A3KOBOT  MpOTpamu
OTJIAY.

lim

Hpumitka. Meron MOXKHa 3aCTOCOBYBATH y TOMY
BUIAJIKY, SKIIO OLiHKa OE3MEYHOro TePMIHY CIyKOU
MOKa3ye, IO BTOMa Ma€ 3HAYHWM BIUIMB Ha
E€KOHOMIYHUI PO3PaxyHOK Ta SKIIO BUCOKHH pPHU3UK
BUHUKHEHHS BTOMHUX TpiluH BIIPOZIOBXK
PO3PaXyHKOBOTO TEPMHY CIY:KOM € BHIIPaBIAHHM i
JIO3BOJICHUM HNPUHIMIAMHU METONY IIPOEKTYBaHHS, SIKUMA
3abe3neuye Oe3rneuyHuid TepMiH ciyxOu. Jlanuii Mmeron
Mae€ 3a METY OTPUMAaHHS TAKOTO X PiBHs HAIIHHOCTI, K
NP BUKOPUCTaHHI METOAY TIPOEKTYBaHHS, SIKHA
3abe3nedye Oe3neYHU I TepMiH CITyKOU.

2 Merton nepeabavae BU3HAYECHHS
MIHIMAQJIBHOTO MOMITHOTO PO3MIpY TPIlIMHUA
Ha TMOTEHIIMHMX JAUISHKAX BUHUKHEHHA
TpiuuH. Po3paxoByloThes iCTOpIi HANPYKEHb
Ha JUISHKaX, MICAS YOro TMiIpaxOBYIOTHCS

Jiama3oHU IHTEHCHBHOCTI HAMpy>KeHb Ta
KOMITUTFOIOTHCST CIIEKTPpH IHTE€HCHUBHOCTI
HaIpy>KCHb. s iHbOopMaIrist
BHUKOPUCTOBYETHCS 3 CITIBBIIHOIICHHSIM

pO3pOCTaHHs TPILMHU U1 CIUIaBY Ui
BU3HAUYEHHS PIBHS pO3POCTaHHS TPIIIMHHU.
OniHroeTbest  yac, SAKUA  MOTpiOeH  Ha
pPO3pOCTaHHS  TPILMHU O MAaKCUMaJIbHO
JIOTIYCTUMOTO PO3MIPY, a TaKOX BIAMOBIAHO
BU3HAYAETHCSI PEKUM TMepeBipku. Merox Ta
YMOBH HOT0 3aCTOCYBaHHs HagaHo y A.3.

[pumitka. PekomeHparii momo AaHUX PO3POCTaHHS
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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, :Zni I'N; is 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

@ 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



TpimuHY HajaThes y Jomatky B.

2.2.3 Ilpoexmyeannsa  3a 00noMo2010
eunpooysans

1) Janwmii METOJ MOBUHEH
BUKODHCTOBYBATHCS Yy  BHUMAJKy,  SKIIO
HeoOX1aH1 naHi po HAaBaHTAXXECHHS,
YYTJIUBICTB, BTOMHY MILHICTH abo

pO3pOCTaHHS TPIIMHU HE JIOCTYMHI 31
CTaHAApTIB a00 IHIIUX JKEpeN crenudiqaHoro
3aCTOCYBaHHS, a TaKOX [UI ONTUMI3alil
KOHCTPYKIIAHUX aetaned. /aHi BUnmpoOyBaHb
MOBUHHI BUKOPHUCTOBYBATHCS 3aMiCTh
CTaHJAPTHUX JAHWUX JIMIIE NPH YMOBI, IO
BOHU OTPUMYIOTBCS 1 3aCTOCOBYIOTHCS B
KOHTPOJIbOBAHUX YMOBaX.

Ipumitka. IlepeBipka mpoekTy 3a  JIOMOMOTOIO

BHUIIPOOYBAaHb IMOBHHHA MPOBOJWTHUCH BIiAMOBIAHO O
Bka3iBok [omatky C.

2.3 BToMHEe HABAHTAKEHHSA

2.3.1 ®@akmopu, wo CHPUYUHAIOMb
6UHUKHEHHA 6MOMHO20 HAGAHMANHCEHHS

()P  VYci  daxktopu, 1m0 COPUYHHSIOTH
BUHUKHEHHS  KOJHMBAaHb  HANPYKEHHSI B
KOHCTPYKIIii, TOBUHHI OyTH BU3HAYCHI.

(2)  PosrmsmaroTbes HacTymHI GakTopH, sKi
CIIPUYHHSIOTH KOJIMBAHHHS HATIPY)KECHHS:

a) TUMYacoBl PyXOMi HaBaHTaXXECHHS,
BKJIOYAIOYM BiOpallii, CHpUYMHEH] MAIIUHHUM
00JaTHAaHHSAM B TIOCTIHHUX KOHCTPYKIIIfX;

b) HaBaHTaKCHH, CIIPUYMHEHI]
30BHIIIHIMH YMOBaMH, TaKUMHU SIK BiTep,
XBUII 1.T.]L.;

c) CHJIM  TIPUCKOPEHHS B  PYXOMHX
KOHCTPYKLIfIX;
d) OUMHAMIYHA  peakilis, CIpPUYHHEHA

pPE30HAHCHUM e(EeKTOM;

Mpumirka. [HpopMmalifo 10710 0OOMEKEHHS BTOMH, IO
CIPUYMHEHa MICIEBOIO  I[IOBTOPIOBAHOKO  BTPATOIO
criiikocti nuB. y D.3.

€) 3MiHH TeMIIepaTypH.

(3) BenmuunHa BTOMHOIO HaBaHTAKECHHS
NOBHMHHA TpuiiMartucs BinnosinHo mo EN 1991
a0o BIAMOBIAHO a0 iHIIOTO €BPONEHCKOTO
CTaH/IAPTY, 110 MICTUTH BKA3iKH HA II0 TEMY.

Ipumitka 1. [lapamerpn BIIMBY, SK BKa3aHO Y
EN 1991, moxyTb BupakaTHcs Oyab-sIKUM 3 HACTYITHHAX

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

2.2.3 Design assisted by testing

@ 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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3HAa4YCHb.

Qpax Nmax CTAHIAPTH3OBAHUH CHEKTP, 200

Qg max O BITHOCHTBCA 110 N, THKITIB

. . . .
Qg , BUMIOBINHO 10 n = N = 2x10° UMKIB.

JuHamiuni eeKkTH BKIFOUEHI B IIi TapaMeTpH, SKIIO He
BKAa3aHO IHIIE.

Mpumirka 2. HanioHanpHU JOJaTOK MOXKE Ha/aBaTH
NpaBWiIa BHU3HAYCHHS BTOMHOTO HaBaHTAKCHHS VIS
BUNAJKIB, M0 He mependadeHi E€BponelicbKuM
CTaHIapTOM.

2.3.2 Ompumanns 3HAYeHb  6MOMHO20
HAGAHM AICECHHS
(1)  Okpim CTaHJApTIB BTOMHOTO

HAaBAaHTAXKEHHs, NOBHHHI OyTHM PpO3IJISAHYTI
HACTYITHI TyHKTH.

2 HaBanTaxkeHHs ~ BTOMU  3a3BUYal
NOBHMHHI OyTH BKa3aHi B MOKa3HHUKaX CIEKTPY
PO3pPaxyHKOBOTO HaBaHTa)XCHH, SIKHH
BHU3HAYa€e Jiama3oH IHTEHCUBHOCTI
KOHKPETHOTO PYXOMOTO HaBaHTaXEHHsS Ta
KUIBKICTh pa3iB MPHUKIAACHHSI KOXXHOTO PIBHIO
IHTEHCUBHOCTI  BIPOJIOBX PO3PaXyHKOBOTO
TEPMIHY CITYKOM KOHCTPYKIIi. SIKII0 MOXYTh
BUHUKHYTH JBa ab0 Oulblie pyXoMHX
HaBaHTKCHHS, HEOOXITHO BHU3HAUUTU (a3u
MDK HUMU.

(3)  Peanictuuna OIliHKA BTOMHOTO
HABAHTA)XCHHS Ma€ BHUPINIATbHE 3HAYCHHS IS
PO3paxXyHKY TEPMIHY CIY)KOM KOHCTpPYKIIii. Y
BUIIAJIKy, KOJM HEMa€ IACIOPTHUX JTaHHUX
IOJI0 HAsIBHOCTI PYXOMOTO HaBaHTaKCHHS,
MOTPIOHO OTPUMATH JaHI 3a JOTIOMOTOIO

ICHyIOYMX  KOHCTPYKIIiH, $Ki  3a3HAIOTh
MOAI0HUX BILINBIB.

4 B  mpomeci  BHKOHAHHS ~ 3ammMCIB
TpuBaMx  nedopmanii  abo  BiAXWIICHB

BIPOJIOBXX BIIMOBIIHOTO TMepiogy BHOOPKH,
JlaHl 1II0JI0 HaBaHTAXXEHHS TIOBUHHI OyTH
BUBEJECHI 3a  JOIIOMOIOI  ITOJAJIBIIOTO
aHaiizom peakiii. Ciig npuaUUTH 0COOTUBY
yBary Ui OILIIHKKA JWHAMIYHOTO 30UTHIICHHS
BIUTUBIB, MPH SKOMY YaCTOTH HaBaHTKEHHS
HAOMMKAOTBCS 10 HOPMAIBHUX  YacTOT
KOHCTPYKIIii.

Hpumitka. [Moganemn BkasziBku HagaHo y Jonatky C.

(5)  CroekTp po3paxyHKOBHX HAaBaHTa)KCHb
MOBMHEH OOMpaTUCS Ha OCHOBI BEPXHBOT MEXI1
OLIIHKM CyYMapHHX YMOB (PYHKIIOHYBaHHS
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Quax Max Standardized spectrum or
Qc oy Melatedto 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:

(@) 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



BIIPOJOBXK  yChOTO  TEPMIHY  CIIY)KOH
KoHCTpyKLii. HeoOXximHO mpuitmMatu 10 yBaru
yci MOXKJIMBI BIUIMBH POOOYMX Ta 30BHILIHIX
YMOB, BUXO/SYU 3 MOXJIMBOTO BHKOPHCTaHHS
KOHCTPYKIIIi BIPOJOBXK JTaHOTO MEpiofay.

(6) Mexa JOCTOBIPHOCTI, sKa
BHKOPHUCTOBYETHCS IS CIEKTPY
IHTEHCUBHOCTI HaBaHTa)XEHHS, TIOBUHHA OyTH
OCHOBaHa Ha CEPeJHIN BIPOTIMHIA BEIMYMHI
Wioc Kg CTaHgapTHUX BiAXWICHB. Meka
JIOCTOBIPHOCT1, $IKa BHUKOPHUCTOBYETHCS ISt
KUIBKOCTI IIUKJIIB B CIEKTPl PO3PaXxyHKOBOTO
HABAaHTA)XCHHS, IOBMHHA OYTH OCHOBaHa Ha
CepenHiil  BIpOTiAHIA BelMWuMHI IUIIOC Ky
CTaHIAPTHUX BiIXUJICHb.

Hpumitka. Bemmummn ko ta Kk, MOxyrs Oyru

BHU3HAYCHI B HarmionansHOMY JIO/IaTKYy.
Pexomennytotbcss umcnoBi 3HaueHHs K. =2, Ta

ky = 2. Jus. Takox [IpumiTky 2 y migposnini 2.4 (1).

2.3.3 Ekeieanenmmi 6MOMHI
HABAHMAIHCEHHA
Q) CropoleHe  eKBIBaJIGHTHE  BTOMHE

HaBaHTAXXCHHA MOXC 6YTI/I BHUKOPHCTAHO,
SKIIO 3aJ0BOJIBHAIOTHCA HaCTyTIHi YMOBH.

a) KOHCTPYKIliSI 3HAaXOJUTBhCS B MeXkax
OCHOBHHUX KOHCTPYKIIIMHHUX (hOPM Ta pO3MIpiB,
JUIS SKUX 1ICHY€ BH3HAYCHE EKBIBAJICHTHE
BTOMHEC HAaBAaHTAXCHHS,

b) peasbHE BTOMHE HAaBAaHTAXCHHS 3
IIEHTUYHOI IHTEHCHUBHICTIO Ta YacTOTOIO
NPUKIIAIAETECS AHAIOTIYHUM CIOCOOOM, IO
NPUUHATAA 111 OTPUMaHHA  3HA4YEHb
€KBIBAJIEGHTHOTO BTOMHOTO HAaBaHTAKCHHS;

C) BennunH M, m,, Ny taN_ , 1us.

puc. 6.1, mo npuWIfHATI UIS OTPUMAHHS
3HaUCHb €KBIBaJICHTHOT'O BTOMHOT'O
HABAHTAXXCHHS, JOPIBHIOIOTH BIAMOBITHUM
BETMYMHAM  OIIHIOBAaHOI  KOHCTPYKLIHHOT
eTanl.

Mpumirka. J{eski ekBiBaleHTHI BTOMHI HaBaHTa)KEHHs
MOXYTh OYyTH BW3HAuYeHI TpPH JOIMYIIEHHI MPOCTOr0
TPUBAJIOrO0 HAaXMIy, IpU siKoMy M, =M, Ta Ac =0.

Ilpn nDpukIageHHI HaBaHTaXXEHb 3 YHUCICHHUMU
LUKJIAMH HU3BKOT aMIUTITYyH PE3YJIbTaTOM MOXe OyTH
JTy’ke KOHCEpPBAaTUBHA OL[IHKA TEPMiHY CITYKOH.

d) JlmHaMivHa peakiisi KOHCTPYKIii Oye
JIOCUTh HU3BKOIO, SIKIIO PE30HAHCHI e(eKTH,
mo OyAyTh CHPUYMHCHI PI3HHUIICIO MAacH,
KOPCTKOCTI Ta KOe(DII[iEHTOM 3aTyxXaHHs, HE
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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 kg
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 ky 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

(@8] 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
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MaTHUMYTh BEJIHMKOTO BIUIMBY Ha HAKOIMYCHHS little effect on the overall Miner summation.
Maiinepa.

2 Y Bumaaky, SKOI0 EKBIBAJICHTHE (2) In the event that an equivalent fatigue
BTOMHE HaBaHTa)KEHHS BU3HAUEHE CIEI[iaIbHO load is derived specifically for an aluminium
JUISE BUKOPUCTaHHS B OyIIBHUITBI CIUIaBiB alloy structural application, all the matters
aIIFOMIHI0 , yCi BKa3iBKH, onucani Buiie y (1), addressed in (1) above should be taken
MOBUHHI MPUAMATHUCS 10 YBar. into account.

2.4  Yacrkoi koedimieHTH 115 BTOMHHX 2.4  Partial factors for fatigue loads
HABAHTAXKeHb

(1) Sxmo BroMHI HaBaHTaXeHHI Fg (1)  Where the fatigue loads F, have been
OyJIu OTpMMaHi y BiIMOBIIHOCTI 3 BUMOTaMu derived in accordance with the requirements
2.3.1(2) ta 2.3.2, TO 70 HaBaHTaXECHHS 0f2.3.1(2) and 2.3.2 a partial factor should
MOBMHEH OyTH 3aCTOCOBAHMN YaCTKOBHM be applied to the loads to obtain the design
KoedimieHT, MO0 OTpPUMATH PO3PAXYHKOBE load Fg,.

HaBaHTaxXeHHsA F, .

Feo =7V - Fe (2.2)
ae where:
Ve - ACTKOBMH  KOE(IUi€EHT ~BTOMHHUX ve IS the partial factor for fatigue loads.
HABAHTAXEHb.
Mpumirka 1. Yactkoi koedirtieHTH MOXYyTh OyTH NOTE 1: The partial factors may be defined in the
BU3Ha4eHI B Hanionansanomy JOJIATKYy. National Annex. A value of y, = 1,0 is recommended.
PexoMeHnyeTbCS 3HAYEHHS ), = 1,0
IMpumitka 2. SKu0 BTOMHI HaBaHTaXEHHS 0a3yrOThCs NOTE 2: Where fatigue loads have been based on other
Ha IHIIMX MeKaX TOCTOBIPHOCTI, sIKi HE BKasaHi y confidence limits than those in 2.3.2(5), recommended
2.3.2(5), To pexOMEHI0BaHI 3HAYEHHs IS YaCTKOBHX values for partial factors on loads are givEN in Table
koedieHTiB  mpuiimatobcs  mo  Ttabmmmi 2.1 2.1. Alternative values may be specified in the National
AJIbTepHATHBHI 3HA4YeHHs MOXYTh OyTH HajaHi B Annex.
HarrionaiibHOMY 07aTKYy.
Tabmumus 2.1 -  PexkoMeH0BaHi 4aCTKOBI KOE(illieHTH Jp, s iIHTEHCUBHOCTI Ta
KUTBKOCTI IIUKJIIB B CHIEKTPi BTOMHOTO HaBaHTAXKEHHS
Table 2.1- Recommended partial factors y. for intensity and number of
cycles in the fatigue load spectrum
VEt
ky =0 ky =2
15 1,4
1,3 1,2
1,1 1,0
3 MATEPIAJIN, CKUIAJOBI 3 MATERIALS, CONSTITUENT
YACTHUHHU TA 3’€ITHYIOUI ITPUCTPOI PRODUCTS AND CONNECTING
DEVICES
(1)  IIpaBuna mpoeKTyBaHHs, 3a3HAYCHI Y (1)  The design rules of EN 1999-1-3 apply
EN 1999-1-3, BigHOCATBCS 10 CKJIaJ0OBUX to constituent products in components and
YAaCTHMH KOMIIOHEHTIB Ta KOHCTPYKI[H, IO structures as listed in 1999-1-1:05-2005 with
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nepeniveni y  1999-1-1:05-2005, oxkpim
cmaaBiB 3 Hu3bKkow MinHicTIo EN AW-3005,
EN AW-3103, EN AW-5005, EN AW-8011A
3 Oymp-SIKUMH CTYIIHSIMH TBEpJIOCTi, Ta
EN AW-6060 i3 TOKa3HMKOM CTyIIEHEM
TBepAOCTI T5.

Hpumitka 1. He icHye HagiitHOi iH(pOpMarii momo
XapaKTepUCTHK ~BTOMHOI ~ MIIHOCTi  BHINE3TaJaHUX
CTyIEHeW TBEpIOCTi Ta CIUIABIB 3 HU3bKOIO MIIHICTIO.
HamioHaneHuid JOJaTOK MOXKE HaJaaBaTh iH(POpMAIiO
II0/I0 XapaKTEPUCTHK BTOMHOI MIITHOCTI TaKHX CILIaBiB
Ta CTYMIHIB TBEPJIOCTI BiIMOBiHO. BunpoOyBanHs s

OTPUMaHHS  JaHUX  [OBHHHI  INPOBOJUTHUCS Y
BiZIOBIqHOCTI 3 BuMoramu Jlogatky C.

Mpumitka 2. [Hdopmanito 1m010 JMBapHHUX CIUIABIB
nuB. y onatky L.

(@) EN 1999-1-3 HOIIMPIOETHCS Ha
KOMIIOHEHTH 3 BIJKPUTUMHU Ta IMyCTOTUIMMHU
npouUIAMH, BKIIOYAIOYM  €JIEMEHTH, IO
PO3p0o0JIeHi 3 TOEAHAHHS TaHUX MPOIYKTIB.

3 EN 1999-1-3 TIOITUPIOETHCS Ha
KOMIIOHEHTH Ta KOHCTPYKIi 3 HACTYIHHMHU
3’€THYIOUNMH MTPUCTPOSIMHU:

— JlyroBe 3BaproBaHHs (IyroBe 3BaprOBaHHS
METAJICBUM €JIEKTPOJOM B IHEPTHOMY Ta3i Ta
JyroBe 3BAPIOBAHHS BOJIb()paMOBHM
CIIEKTPOIOM B iHEPTHOMY rasi);

— craieBl OoyiTh, IO TMepepaxoBaHl Yy
EN 1999-1-1, tabnums 3.4.

[pumitka. [HQopMaIito MO0 aare3iiHHOro 3’€THAHHS
nuB. y Honatky E.

4) [Hpopmariiss mom0 po3paxyHKy Ha
BTOMY Ta OLIHKH CTaJbHHUX OOJNTIB HAa PO3TST
Ta 3cyB 3Haxomutbcs y EN 1993-1-9, rtalm.
8.1.

4 JOBI'OBIYHICTD

@ Jani mono Bromu, Hagani y EN 1999-
1-3, MOYTb 3aCTOCOBYBaTHUCS pu
HOpMAJIbHUX  aTMOC(epHHX  yMOBax 1O
temrieparypu 100 °C. ¥V Bunazaky 3i cruiaBom
EN AW-5083 npu temneparypi Oinbiie, HDK
65°C i"dopmaris moa0 BTOMHOI MIIIHOCTI,
HaBenmeHa y EN 1999-1-3, we wmoxe OyTtn
BUKOPHUCTAHA, SIKIIO He 3a0e3MeueHe MOKPUTTS
JUIsl €PEKTUBHOTO 3aXUCTY BiJl KOPO3ii.

(2) MHani momo BTOMHOI MIITHOCTI He
MOXYTb OyTH 3aCTOCOBaHI1 il BILIUBOM YMOB
arpecMBHOTO HABKOJIMIITHHOTO CEPEJOBHUIIIA.
Bka3ziBku  momo  MarepiaiiB  Ta  yMOB
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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

@ 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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HaBKOJIMIIIHBOTO CepelloBHIa HagaHi y 6.2
Ta 6.4.

[pumitka. HamioHanpHUE TOJATOK MOXKE HaTaBaTH
MOAAJBII J1aHi MO0 TEPMIHY eKCIUTyaTallii, OCHOBaHi
Ha MICIIEBUX YMOBaX HaBKOJIMIITHEOI'O CEPEOBHIIA.

3 Jns aare3iiHO 3B’S3aHUX 3’€IHAHb
MaroTh pO3TJISAATHCA OCOOJMBI yMOBH Ta
BILJIMBHM HaBKOJIMIIHLOTO CEPEAOBHIIIA.

Hpumitka. {us. Jonatok E.

5 PO3PAXYHOK KOHCTPYKIIIHA

5.1  3aranbHuii po3paxyHoOK

5.1.1 3acaneni nonoscenns

(1)  HoBunHwMii OyTH OOpaHUil TAKUN METOJ
PO3paxyHKYy, 111(0) 3abe3neuye TOYHE
nepeadoaveHHs peaxiii MPYXHBOTO
HaNpPYXCHHsI KOHCTPYKIII Ha BU3HAYEHY [iI0
Bromu. [lpm 1BOMYy MakcCHUMalbHI  Ta
MIHIMaJbHI TIKM HANpYy)XeHHs, BU3HA4EHI B
icTopii Hampy»XeHb, MOBUHHI OyTH HACTUIBKH
HE3HaYHUMH, 100 HUMHU MOXHa OyIno
3HEXTYBaTH, AUB. puc. 5.1,

Mpumirka. Biamosizno mo EN 1990-1-1, npyxna
MOJIENIb  JUISI CTATHYHOI TepeBipku (IUIst  TpaHuIl
MirHOCTI 200  eKcIuTyaTarfiiHol  HamiiHOCTI) He
000BSI3KOBO Ma€ OYTH JOCTATHBOIO JUIS OLIHKH 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

5.11

(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.

General

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) [ocriiina amIutiTy 12
a) Constant amplitude

3
F Y
a
\\/ O-I'f'IEK
1 &
5| ¥,
0 / -
T B
O-r'lin

6) IMepeminna ammiTyaa
b) Variable amplitude
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2

1 —nik Hanpy:KeHHsI; 2 — TOYKa MiHIMYMY; 3 —IIUKJI HANIPY:KeHHS; O — TOYKA 3MiHH HANPY KeHHsI
Oy “MAKCHMAJIbHE HANIPY)KEHHS, O, —MiHiMaJbHe HaNpy:KeHHsl; O, —CepelHE HANPYKeHHs;, Ac —aianazon

HaINPYKEHHSI ; o, — aMl'lJ'liTyZIa HAMPYKCHHSA

1 —stress peak; 2 — stress valley; 3 — stress cycle; o — stress turning point
Ox — Maximum stress; o, —minimum stress; o,, —mean stress; Ac — stress range; o, — stress amplitude

Pucynok 5.1 — TepMiHOJIOTis, IO CTOCYETHCS ICTOMIT HAPY>KEHB Ta IUKITIB
Figure 5.1 — Terminology relating to stress histories and cycles

(2) JlunamiuHi BIUTMBH TOBUHHI  OyTH
BKJIIOYEHI B PO3PaXyHOK ICTOpii HaIlpyXeHb,
OKpIM BUNAJKIB, KOIU OylI0 NpUKIaZEHE
CKBIBAJICHTHE HABAHTA)XEHHS, SKE CIPUYMHSIE
Taki caMi BILJIMBH.

(3)  Skmo mpyKHSA peakiis 3aJeKUTh Bij
CTYINEHsI 3aracaHHs, I TMOBMHHO BH3HAYATHCS
BHUIPOOYBAHHSIMU.

IMpumirka.. JIus. lonatok C.

(4) He JIO3BOJISIETHCS JOMYIICHHS
Mepepo3noAuTy CHJI MDK  €JIeMEHTaMH B
CTaTHYHO HEBU3HAYCHHMX KOHCTPYKIIisIX.

(5) BmumB xopcTkocTi OyIb-SKUX IHIIUX
MmarepiaiiB, SKi TOCTIHHO 3aKpimieHi o
QJIOMIHIEBOT ~ KOHCTPYKIi, TMOBUHHI  OyTH
OPUKAHATH 10 yBaru B HPOLECI PO3PaXyHKY Yy
NPYXKHIN cTafil.

(6) Mogeni s 3araJbHOTO  PO3paxyHKY
CTaTUYHO  HEBHU3HAUEHUX  KOHCTPYKIINA Ta
rpardyacTux  pam 3 KOPCTKUMU abo
HAIBKOPCTKUMH  3’€HaHHAMHU  (HAIpHKIA,
MOJiei KIHIEBUX €JIEMEHTIB) IMOBHHHI OyTH
3aCHOBaHi Ha  TMPYXHHUX BJIACTUBOCTSIX
Marepiany, OKpiM BUNAJKIB, KOJW JaHl I0J0
nedopMmariii Oynu OTpuUMaHI 3 KOHCTPYKIIH
IPOTOTUIIB a00 TOYHO BUMIPSHUX (I3UUHUX
MO/IETIEN.

Ipumitka. TepMiH «KIHIIEBUH €TEMEHT» BUKOPHCTaHUH
JUIA IIO3HA4YCHHA AHAJIITUYHUX MECTOA1B, B AKX

KOHCTPYKIIIffHI eJIeMEHTH Ta 3 €HAHHA TIPEICTaBJICHI
CTep)KHEM, 0allkoro, MEMOpPAaHHOK OOOJIOHKOIO, TBEPIHM

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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TisToM a0 iHIo (opMoro enemMenTiB. Llimumo po3paxyHky
€ BHU3HAYCHHS CTaHy HalpyXeHHS, TpH  SKOMY
3a0e3MeuyeThcsl CYMICHICTh IEPEMINICHb Ta CTaTHYHOI
(abo muHAMIYHOI) piBHOBAarH

5.1.2 Buxopucmanna 6anounux enemenmie

@ banouni enemeHTH  TOBUHHI  OyTH
OPUJATHAUMHU  JUIS  3arajbHOTO  PO3PaxyHKY
Oasiky, paMHHX a00 rpaT4acTUX KOHCTPYKIIIH 3
ypaxyBaHHIM oOMexeHb (2)-(7), mpuBemeHuX
HIDKYE.

(2)  banouni  eneMeHTH  HE  MOBHHHI
BUKOPDHUCTOBYBATUCS  JUIA  aHANi3y  BTOMH
MIAKPIMJIEHUX IJIACTUH KOHCTPYKIIHM TIOCKUX Ta
000JIOHKOBHUX €JIEMEHTIB, a00 /i TUBapHUX a00
KOBAaHUX €JIEMEHTIB, SKIIO BOHH HE MPOCTOl
PU3MATUYIHOT (HOpMHU.

(3)  OcboBi, 3ruHaJIbHI, 3CYyBHI Ta KPYTHJIbHI
JKOPCTKICHI BJIACTHBOCTI Tepepizy OamouHuX
€JIEMEHTIB MOBHHHI OyTH po3paxoBaHi Yy
BIJIMOBIAHOCTI 3 JIIHIHHOIO TEOPI€I0 MPYKHOCTI,
Opu  JONYIIEHHI, 10  IUIOCKI  mepepi3u
3aJMIIAIOTBCS  IUIOCKMMH. B Oyab-skomy
BUIAJKy, BUKPUBJICHHS IOIEPEYHOTrO Mepepizy,
CIIPUYMHEHE KPYTiHHAM, TIOBUHE NPUIMAaTHCS 10
yBarm.

(4)  Sxmo 0anouHi eIIEMEHTH
BUKODHUCTOBYIOTbCSI B KOHCTPYKIISIX 3
€JIEeMEHTaMH  BIIKpUTOTO Tmepepizy, abo 31
CXWIIBHUMHU JI0 BHKPHBJICHHS €JIEMEHTaMH 3
MyCTOTUIUX TPOodiiB, SKi 3a3HAIOTH BIUIUBY
KPYTiHHS, €JIEMEHTH MOBUHHI MaTH SK MIHIMyM
7 cTyniHiB cBO0O/HM, BKIIOUAIOYH BUKPUBJICHHS.
B sKocTi anpTepHaTHBH U MOJEIIOBAHHS
MONEPEYHOTO nepepizy MOTPiIOHO
BUKOPUCTOBYBAaTH 0OOJIOHKOBI €JIEMEHTH.

(5) B BiactuBOCTAX Tepepidy OalO4HUX
CJIEMEHTIB, 110 NPUJISATAIOTh 10 TOYOK NEPETUHY
€JIeMEHTIB, MOTPiIOHO BpaxyBaTH ITiABUIICHHS
KOPCTKICTI,  BHACHIZOK  PO3MIpy  JAUITHKH
3’€IHAHHS Ta HasIBHICTI IIOJATKOBUX
KOMIIOHCHTIB (Hampukiaa, (acoHOK, CTHKOBHX
HAKJIJ0K 1.T.]1.).

(6)  KopcrkicHi XapaKTepUCTUKH OAJOYHUX
€JIEMEHTIB, 110 BUKOPUCTAHI I MOJCITIOBAHHS
30HM 3’€JHAHHS Ha KYTOBHUX IIEPETHHAX MIX
BIIKpUTHMH 200 MYCTOTUTUMHU E€JIEMEHTaMH, [
iX momepeyHi nepepi3u He MOBHICTIO MPOXOJAATh
Kpi3b  3’€AHaHHSA (HAOpPUKIAA, HEMOCHJICHI
TpyOuaTi By3/H), ab0 SKIIO KOHCTPYKIIHHA
JIeTalb € HAIMBKOPCTKOI (HAPUKIIAJ, 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

@ 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 0OATOBMM KIHIEBUM 3’€IHaHHAM  a0o
3’€qHaHHS IIINOPKM 3 KYyTHKIB), IIOBUHHI
OI[IHIOBATHCS 3a JIOIIOMOI0I0 00OJOHKOBHMX
elleMeHTIB a00 TpUEJHAHHS EJNEMEHTIB 3a
JIOTIOMOTO10 TIpYXUH. [IpyXKMHU MOBHUHHI MaTu
e(EeKTUBHY JKOPCTKICTh AJISi KOXKHOTO CTYIEHS
CBO0OIM, 1X MKOPCTKICTh MOBHHHA BH3HAYATHCS
3a JIONOMOIOK BHNPOOyBaHb ab0 Mojenei
000JIOHKOBHUX €JIEMEHTIB 3’ €IHAHHS.

(7)  Sxmo OanouHi CIIEMEHTH
BUKOPUCTOBYIOTHCS IS MO/IETIOBAHHS
KOHCTPYKIIIi 3 €KCIIEHTPUCUTETAMH MIX OCSIMH
€JIEMEHTIB Ha 3’ €QHAHHIX abo SIKIIIO
HAaBaHTAXXCHHA Ta OOMEXKEHHS MPHUKIATAI0THCS
O EJEeMEHTIB He Ha iX OcCfX, TO Ha JaHUX
MO3MINSAX CIJiJ BUKOPHCTOBYBAaTH €IIEMEHTH 3
JKOPCTKUM 3 €IHAHHIM, 100 MiATpUMYBaTH
HEOOXiJJHy CTaTH4Hy piBHOBary. 3a mnoTpeOu
HEOOXITHO BUKOPUCTOBYBAaTH IMPYXHUHHU, SK
BKazyeThes y (6).

5.1.3 Buxopucmanns MeMOpaAHHUX,
000/10HKOBUX Ma MEepoOOminux e1emMeHmie

(1) MembGpauni CIIEMEHTH MTOBHHHI
3aCTOCOBYBATHCSl  JIMIIE 70 THX YacTHH
KOHCTPYKINi, B SAKAX MOXHA HEXTyBaTH
3rHHABHAM HAMPYXKEHHSM.

(2)  O6omonkoBi CIIEMEHTH MTOBMHHI
3aCTOCOBYBATHUCSl /10 BCIX THUIIB KOHCTPYKIIH,
OKpIM THX, /1€ BUKOPUCTOBYIOTBHCS JIUTI, KOBaHI1
a00 MalIMHHI €JeMEeHTH CKIIQJHOT (GOopMH, IO
BKJIIOYAIOTh TPUBHUMIpPHI JUISHKA HANpyXeHb. Y
TAKOMY BMIIQJIKy CJIiJi BUKOPUCTOBYBAaTH TBEpPIi
eJIEMEHTHU.

(3) Sxkmo wmemOpanHi abo 00OJIOHKOBI
€JIEMEHTH  BHKOPUCTOBYIOTBCS B  paMKax
3arajibHOTO  PO3paxyHKy Uil TOro, mio0
npuiMaTu B PO3paxyHOK 3arajabHy
KOHIICHTPAIII0 HAMpyXeHb, MOMIOHO JO THTO,
0 BKa3aHo y 5.2.2, po3Mmip SYEHKH CITKH
MMOBUHEH OyTH JOCTaTHHO Majuil B Tid YacCTHHI
€JIEMEHTY, Ie MOJKJIUBE BHHHKHCHHS
[IOIIKOKEHB, 1100 ITOBHICTIO OIIHUTH BILIUB.

Hpwumitka. lus. Jlonatok D.

5.2 Kaacudikauis Hanpy:KeHb

5.2.1 3azanwvni nonoicennsn

(1) MoXyTb BUKOPUCTOBYBATHCS TPU PI3HUX
THUITH HAIIPYXKCHB:

a) HomiHampHe HampyxeHHs, auB. 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

5.21 General

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

a) Nominal stresses, see 5.2.2. For derivation

29



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

OTtpumMaHHs 3Ha4YEHb HOMIHAJILHOTO

HanpyxeHHs 1uB. y 5.3.1;

b) momudikoBaHe HOMIHAIBHE HANPYXKCHHS,
JIUB. 5.2.3. OtpumaHHs 3HAYE€Hb
MOJU(DIKOBAHOTO HOMIHAJIBHOTO —HAINPY)KEHHS
auB. y 5.3.2;

C) MakCcHMaJIbHI MICIIEBi HAIIpyKeHHs, AuB. 5.2.4
Ta 5.3.3.

5.2.2 HominanbHi Hanpyxcenns

(1)  HowminaneHi HanpyxeHHs (quB. puc. 5.2 )
MMOBUHHI  BUKOPHCTOBYBAaTHUCS  JUISl  OIIHKH
JUITHOK BHUHHMKHEHHSI TIONIKO/DKEHb B TPOCTHUX
eJIEMEeHTaX Ta 3’ €THAHHSAX, SKIIO TOTPUMYIOTHCS
HACTYIIHI YMOBH:

a) KOHCTPYKIIIHHI ~ getani, 3’€IHaHi 3
IITHKAMUA BUHUKHEHHS MOLIKOKEHD,
MPEJICTaBJICH] JeTalli30BaHUMHU KaTeropisimu, abo

b) JieTani3oBaHi Kareropii Oynu
BCTAHOBJICHI ~ BHUIPOOYBaHHSAMH, B  SKUX
pe3yJabTaTu BHPaXKCHI B HOKa3HUKaX

HOMIHAJIBHOT'O HaIIPpYy>KCHHA.
Hpumitka. BunpoOyBaHHS TOBHHHI  IPOBOIUTHCS

BiJOBiIHO 710 BKa3iBok Jomatky C.

C) noom3y TTSTHOK BUHUKHECHHSI
MOIIKO/DKCHh HEMAa€ 3arajbHUX T€OMETPUIHUX
BIUTUBIB, TaKWX, K BKa3aHi y 5.2.3.

5.2.3 Mooudghixoseani
HANPYHCEHHA

HOMIHAIbHI

(1) MoaudikoBaHi HOMIHATIbHI HANPYKCHHS
NOBHHHI ~ BUKOPUCTOBYBATHUCS B  MicCLAX
HAsSBHOCTI HOMIHATBHUX HAIMPYKEHb, € TUITHKU
BUHUKHEHHSI HOUIKO/KEHb 3HAXOAAThCS
no0nu3y onxHoro abo Oulbllle  HACTYNHUX
TeOMETPUYHUX BIUIMBIB KOHIICHTpaIlii
HANpYXXCHHS, IPH YMOBi, IO BPaXOBYIOThCS
nyuktu 5.2.1(a) ta (b):

a) 3arajgpHi 3MiHM (OPMH  TOIMEPEYHOTO
nepepizy, HalpuKIIa, Tpopizu ado BXiIHI KyTH,

b) 3arajibHi 3MIiHH JKOPCTKOCTI HAaBKOJIO
MOTICPEYHOTO TIepepi3y eIeMEHTa B HEKOPCTKUX
KYTOBHUX 3’ e IHAHHAX MDK BIIKPUTUMU
nepepizaMu ado MycTOTUTUMHU TPOdLIIMHY;,

C) 3MiHU HampsMKy a00 BHPIBHIOBaHHS, 110
MIEPEBUIYIOTh 3HAUCHHS, BKa3aHi B TaOIHUIIX
JIETaNli30BaHUX KaTEeTOPiit;

d) 3aIi3HEeHUH 3CyB Ha IIMPOKIN 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;



Mpumitka. us. EN 1999-1-1, K.1.
e) nedopmallis MyCTOTUTUX €JIEMEHTIB;

f) BIUIMB HETIHIHHOTO MOTIEPEYHOr0 3rMHY B
THYYKHX IUIOCKMX IUIMTaX, Halpukiag, B
nepepizax kinacy 4, B SKUX CTaTH4HE
HAaBaHTAXCHHA  HAONMKEHE 0  MPYKHOTO
KPUTHYHOTO HABAaHTAKEHHS, HANPHUKIAZ, Y
JIUISTHKAX PO3TATY B CTIHKAX.

Hpumirka. {us. Jonatok D.

(2) BumeBkazaHi TreOMETPHUYHI  BIUIHBH
KOHIEHTpallli Halpy>XeHb MOBUHHI MPUHMATHUCS
B PO3paxyHOK 3a Jonomoror xoedimienty K,

IVB. PHCYHOK 5.2, 10 BHU3HAYAETHCA SIK
TEOpETHYHA KOHIICHTPALlsl HANpYy>KEHHS, M0
BUpaxyBaHa  JAJs  JIHIAHOTO  TMPY)XKHOTO
Matepiany, ©e3 ypaxyBaHHA yCiX BIUIMBIB
(mokanpHUX ab0 TEOMETPUYHHX), SKI BiKe
BKIIIOYEHI B KpPUBY  BTOMH Ao —N
KJacu(ikoBaHOI KOHCTPYKUIMHOT aerani, 10
PO3IIISIAETHCS SIK CTaHIapTHA.

5.2.4 Makcumanwvni micyesi Hanpyicenns

(1) MakcumanbHi  MICIIEBI  Hampy»KEHHS
NOBUHHI ~ BHUKOPHCTOBYBAaTHCS  JIMIIE  TIPH
JOTPUMaHHI HACTYITHUX YMOB:

a) JUISHKA, 1€ BUHMKA€E HANpYXEHHS — Le
KpOMKa 30BHIIIHHOI MOBEPXH1 3BAPHOrO IlBa B
3’€¢lHaHHI 3  CKJIQJHUMH  T'€OMETPUYHUMU
XapaKTepUCTUKaMH, JIeé HOMIHAIbHE HaIllPYKEHHS
YITKO HE BU3HAUEHO.

IIpumitka. UYepe3 3HauHUM BIUIMB 30HM, LIO 3a3HAE
BHCOKOI  TEMIEpaTypd, Ha MIIHICTh 3BaplOBaHUX
AIIOMIHIEBUX  KOMIIOHEHTIB, JOCBiJT  eKCIUTyaTartii
CTaTPHUX KOHCTPYKIIIMHWX JeTaled He MiAXOMUTH It
AITFOMIHISA.

b) JeTajaizoBaHa KaTeropist TUTSL
MaKCHUMaJIbHOTO MICIIEBOTO HaINpyXCHHS
BHU3HA4YCHAa 3a JIONIOMOTOK BUIPOOYBaHb, a
pe3yibpTaTi BUPAXKEHI B MOKa3HUKaX
MaKCHUMaJbHUX  MICHEBUX HANpPYXKEHb  JUIS
BIJIMOBITHOTO PEXUMY (QYHKITIOHYBaHHS,

c) 3TUHAJIBHI ~ HaINpYy>KCHHS 000JIOHKH
BUHUKAIOTh Yy  PYXOMHX  3’€IHaHHIX 1
BPaxOBYIOThCS BiAmoBiaHo 10 10 5.1.2 (6);

Mpumirka. lus. Jomatku C, D ta K.
d) JaHi 00  OTPUMAaHHS

MaKCUMaIILHUX MICLIEBUX
3HaxoAAThes y 5.3.3 12 6.2.4.

3HAYEHb
HaIpYXEHb

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 Ao — N fatigue strength curve
of the classified constructional detail
considered as a reference.

5.24 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.

31



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

GITTTTTTY
\"4EE EENEA|

[TTTTTT

—
—
—
e
—
—_
—
—_

a) MicueBa KOHIEHTPAIisi HATIPYKeHb Y KPOMIi 30BHIIIHbOI MOBEPXHi 3BAPHOIO IIIBA;

1-30Ha BUHMKHEHHSI TpilmHu; 2 — giHiiiHNii po3nogin HaBaHTa:keHHs, KoedillieHT HATPY KeHHS 151 KPOMKH
30BHIIIHBOI NOBEPXHIi 3BAPHOI0 HIBA HA Z HEe PO3PAXOBAHMIA

a) Local stress concentration at weld toe;
1- crack initiation site; 2 — linear stress distribution, weld toe stress factor at z not calculated
Ao
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b) 3arajsbHa KoHUEHTpaLlis HANPYKEHHS HA BEJTUKOMY OTBOPI
Ac = niana3oH HOMIHAJILHUX HANpYKeHb; AcK = niana3oH Moau(piKOBAHUX HOMIHAJILHAX HANPY/KEHb HA

AiNSTHUi BUHUKHEHHs X, 1110 CIPUYHHEHI BEJIMKUM 0TBOPOM. ; 3 —HelliHiiiHe HANMpy KeHHs1, 4 — 3BapHMii moB; 5 —
BeJIMKMIi 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

T

¢) Micue K0pCcTKOro 3’ €AHAHHS ;
Ac = Aiana3oH HOMiHAJIBLHHUX HAaNpy:xkeHb ; AcK = gianason MoaupikoBaHNX HOMIHAILHHX HANPYKEHb HA
ZIi.T[ﬂHIIi BUHUKHCHHSA X, 1o Cl'lpl/l‘lI/IHeHi reoOMEeTPpUYIHMUM BILUIMBOM KOHHeHTpaHii HAaBAaHTaKECHb
¢) Hard point in connection;
Ao =nominal stress range; AcK = modified nominal stress range at initiation site X due to the
geometrical stress concentration effects
Pucynox 5.2- [lpuxiagu HOMiHAIBHUX Ta MOAM(IKOBAHUX HOMIHAIBHUX HATIPYXKEHb.
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Figure 5.2 - Examples of nominal and modified nominal stresses.

5.3  OTpuMaHHS 3HAYeHb HANPYKEHb

5.3.1 Ompumanna 3nauenv HOMIHANLHUX
HanpyiceHb

5.3.1.1 Koucmpykyitni  modeni, 8  SAKUX
BUKOPUCTNOBYIOMbCSL OANOYHI eleMeHmuU

(1) OcpoBi Ta AOTHYHI HAMPYKEHHSA B
MiCIli BUHUKHEHHSI IOBUHHI PO3PaxOByBaTHUCS
3  OChOBHUX, 3THHAJbHMX, 3CYBHHX Ta
KPYTUJIbHUX BIUIMBIB 3a JOMOMOTOI0 JIHIHHUX
MPY)KHUX BIACTHBOCTEH mepepizy.

(2) Mnomi momepeyHHx mepepiziB  Ta
MOKAa3HUKHU Tepepi3iB TOBHHHI BPaXOBYBATH
Oynb-sKi crieriaibHi BUMOTH KOHCTPYKIIIHHOT
JeTati.

5.31.2 Koucmpyxyitini modeni, 6 AKux
BUKOPUCTNOBYIOMbCS MeMOPAHHi, 0000HKOGI
abo meepoomini eremeHmu

(@D SIKII0 pO3MOIisT 0CHOBOTO HANPYKECHHS
€ JIHIMHUM Y3J0BX IMepepidy eleMeHTa IO
000M OCSIM, TO HANpPYKEHHS Ha JUISHII
BUHHUKHCHHS MOXYTh BHKOPHCTOBYBATHCS
0e31mocepeTHbO.

(2)  Sxuro po3moia 0CHOBOIO HAMPYIKESHHS
€ HEJIIHIMHUM Y3/I0BXK Iepepizy eIeMeHTa IO
000M 0CsIM, TO HaNpyXEHHS Y3[I0BXK MEpepizy
NMOBHHHI OyTH 00’€mHaHi, 100 OTpUMATH
OCBOBI 3yCHJIJIS T 3TUHAJIBHI MOMEHTH.

Mpumirka. Bumeskaszani 3HAYECHHS [IOBMHHI
BUKOPUCTOBYBATHUCA Yy TIIO€AHAHHI 3 BLANOBIIHOKO

30HOI0 TIONEPEYHOr0 Tepepi3y Ta IOKa3HUKaMH
nepepisiB, mo0 OTPUMATH HOMiHAJIbHI HAIIPYXESHHS.

5.3.2 Ompumanna 3nauenv mooughikoeanux
HOMIHAIbHUX HARPYIHCEHD

5.3.21 Kowcmpyxyiuni moodeni, 6 AKUX
BUKOPUCTNOBYIOMbCSL OANOYHI eleMeHmuU

(1) HowminambHe HaNpy)KEHHS IOBHHHE
OyTH MMOMHOYXEHO Ha BIAMOBiNHI KOe(DillieHTH
KOHLCHTpALl MpYXHOro HanpyxeHus K,
BIIMOBIIHO 710  PO3TAllyBaHHA  JUISHKH
BUHUKHEHHSI 1 TUIY T0JI HAIIPY>KEHHS.

(2 Ky
T€OMETPUYHI HEOHOPITHOCTI, OKPIM THX, fAKI
BKJIIOUEHI B JIETAII30BaHy KaTeropito.

MOBUHEH  BpPaxOBYyBaTH  Ycl

53 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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3) th [MOBUHEH BU3HAYATUCS BIAIIOBIAHO

JI0 OJTHOTO 3 HACTYIMHUX MiJXO/IB!

a) CrannmapTHi BHpIMICHHS Ui KOCe(]IiLli€HTIB
KOHIIEHTpallii HalpyXeHHS;

Mpumirka. {us. D.2.

b) posmonmin Ha MIAKOHCTPYKINI OTOYYIOYOi
reoMeTpii  BHUKOPHCTOBYIOUH  OOOJIOHKOBI
CIEMEHTH 3  BpaxyBanHaMm  (2), Ta
MPUKIIAJAl0Yd HOMIHAJIBHI HAMNpPYXEHHS 10
TpaHUIIb;

C) BUMIpIOBaHHS TPYXKHUX Jedopmariiit
¢biBUYHOI MoOJeni, IO BKIIOYAE 3arajibHi
reOMETpPUYHI  HEOJHOPIIHOCTI,  aje  He
BKITIOYA€ XapaKTEPUCTUKH, SIKi BXKE BHECEHI B
JieTalli30BaHy Kateropito (aus. (2)).

5.3.2.2 Koucmpykyitni mooeni, 6 AKUX
BUKOPUCTNOBYIOMbCS MeMOPAHHi, 000JI0OHKOGI
abo meepoomini eremeHmu

Q) Axmo  monudikoBaHe  HOMIHAIbHE
HANpYXXCHHS TOBWHHE OyTH BHU3HAYCHE 3a
JIOTIOMOTOI0 ~ 3arajibHOr0  pPO3PaxXyHKy Ha
JUTSTHITI BUHUKHEHHS, BOHO Ma€e 0OMpaTHUCs Ha
HACTYITHIN OCHOBI:

a) JOKaJabHI KOHIEHTpAIlil HalPy>KEHb, TaKi sIK
HAlpY)XeHHS KOHCTPYKIIHHOI Jnetani abo
3BapHOro mpoduro, SKi BXKE BKIIOYEHI B

JeTalli30BaHy  KaTeropioo, HE  IOBHHHI
BPaxOBYBaTHCH;
b) suciika B  AUIAHII  BHHUKHEHHS

MOIIKO/DKCHHS ~ MMOBMHHA OYyTH  JTOCTaHbO
HEBEIWKA s TOro, mmo0 TomepeauTu
BUHUKHEHHSI 3araJlbHOTO TIOJISl HATIPY>KEHHS B
30HI HaBKOJO [OUISHKH, HE BKIIOYAIOYU
BILIUBH ().

Hpumirka. us. D.1.

5.3.3 Ompumanusa 3nHaueHb MaKCUMATbHUX
Micyesux HanpyHceHd

(1) MakcumanbHe MICIIEBE HANPYKEHHS —
I TOJIOBHE HANPYKCHHS MEPEBAXKHO IOTIEPEK
JiHIT KPOMKM 3BapHOro IBa 1 TIOBUHHO
BHPaxOBYBATUChH 32 JOIOMOTOI0 YHCEIbHUX 200
eKCIIEPUMEHTAJILHUX METOAIB, OKpIM BUIIAJIKY,
KOJIM HasiBHI CTAHAPTH1 BUPILICHHS.

Hpumirka. {us. D.1

2 Jnst  mpocTUx BUMNANKIB, SK Ha
pucyHky 5.2 (C), MakcuMajabHEe MiCIeBE
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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



HAIPpY)KEHHA MOke OyTH TPUHHATO SIK
Mo u(ikoBaHE HOMIHAIbHE HANpPYKEHHA Ta
IiJPax0BaHo y BiAMOBITHOCTI 3 5.2.3.

(3) Ana KoHCTpYKUiHUX KOHQIrypariu,

1o SIKUX HEMOKJINBO 3aCTOCYBaTH
CTaHJapTHI koedimieHTH KOHIIEHTpaIii
HAMpY)KeHHS, 1 sKi 3 wLi€l OpUYUHH
BHMAaralTh  CICI[ATbHOTO  PO3PaxyHKY,

BTOMHE HANpPYXEHHS Ha KpPOMI 3BapHOIO
IBa HE TIOBUHHE BpPAaXOBYBaTH BIUIMB
KOHIEHTpALll HampyXeHHs, TOMYy IO
KJacu(ikoBaHa  KOHCTPYKI[IHHA  JeTaib
pO3IIAa€eTbCcsl K CTaHAapTHa, TOOTO 3
F€OMETPUYHUMH  BJIACTHUBOCTSIMU  KPOMKH
3BapHOro IIBA.

5.3.4 Opienmauin nanpyscennsn

1) Jliama3oH roJIOBHOTO HAMIPYXEHHS — 1€
HaiiOunbma  anreOpaiyHa  pi3HMUA MK
TOJIOBHUMH HANpPYXCHHSIMH, IO [ilOTh B
TOJIOBHIM IUIOIIMHI 3 PI3HUIEI0 HE OuIble,
HiK 45°.

(2) 106 ormiHWTH, B SKOMY IOJIOKEHHI
(meprepneIMKYIIPHOMY YH  MapalieIbHOMY)
3HAXOJMUTHCS  KOHCTPYKIIHA JeTaibh 110
B1IHOIIIEHHIO JI0 OCI 3BapPHOTO IIBa, HEOOXITHO
BPaxOBYBaTH, IO SKIIO TOJOBHE PO3TATYIOYE
HANpYXXCHHS 3HAXOJUTHCS MiJ] KYyTOM MEHIIIE,
HDK 45° 1Mo BIIHOIICHHIO JI0 OCi 3BapHOTO
IBa, TO TPHUIAMAETbCA JOMYIICHHS, IO
MIOJIOKEHHS IeTali TTapaJiebHe.

5.4  Jliama30HM HANpyX&eHb AJIS1 OKPEeMHUX
NiJISTHOK BUHMKHEHHSI HANIPYKeHb

5.4.1 Ocnoenuii mamepian, 36apni wieu ma
MEXAHIYHO 3aKPIni1eHi 3’ €OHAHHA

Q) TpimuHYU, MO 3ABISIOTHCS HA KPOMII
3BApHOr0 IIIBA, BEPXHIM 4YacCTHHI 3BapHOTO
IBa, OTBOPAX KPIMUIBHUX JCeTalIel, IOBEPXHI,
0 CTHPAETHCS 1.T.J. Ta PO3MOBCIOIKYIOTHCS
M0 OCHOBHOMY Marepialy abo Merany
3BaplOBaHHS, TIIOBHHHI  OI[IHIOBAaTHUCA  3a
JIOITOMOTOO0 BUKOPHUCTAHHS Jiarma3ony
OCHOBHHUX HaIlpy>KE€Hb B €JIEMEHTI B i TOYITI
(muB. puc. 5.3).

(2) Bruus MiCLIEBOT KOHIIEHTpAIlii
HaNpyXeHb 3BapHOro mpodimo, Oonra Ta
OTBOPIB 3aKJICIIKU BPAXOBYEThCS B JaHHUX
MirtHOCTI Ao —N s BIAMTOBiMHOT KaTeropii
KOHCTPYKIIHHOT JIeTaIl.

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.

54  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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542 Kymoei weu ma cmukosi weu 3
HENnoGHUM NPOGAPOM

(¢D) TpimuHM, O 3SIBISIOTHCS HAa KOpEHI
3BapPHOTO IIBAa 1 PO3MOBCIOLKYIOTECS IO
TOBIIHHI 3BapHOTO IIBa, IMOBUHHI
OI[IHIOBATHCS 32 JIOTIOMOTOI0 CyMHU BEKTOPIB
D, HampyxeHb B MeTajal 3BaprOBaHHS, LIO

0a3yeTbcsl Ha eEeKTUBHINA TOBIIWHI IIIBA, JHB.
PUCYHOK 5.3.
IMpumirka. HopManbHe 3HaueHHS! BEMYUHMA MIITHOCTI

MOKHA ~ OTPEUMYBaTd  TaK, sK  IIOKa3aHO B
KOHCTPYKITi#HiN getani 9.2, Tabmums J.9.

5.4.2 Fillet and partial penetration butt welds

@ 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.

| 391‘1"( > Aeif '. |

l il

Pw Ta Hw - CWJIX HA OAMHUYHY JT0OBKUHY

P, and H, are forces per unit length

Pucynok 5.3 - HanpyxeHHs B TOBLIMHI 3BapHOTO IIBa
Figure 5.3 - Stresses in weld throats.

(2) B 3’eaHaHHAX BHAIMyCK B OJHIM

TUIOLIMHI HATIPY>KEHHS HA OJIMHUYHY JJOBXKUHY
MOXxe OyTH pO3paxOBaHO Ha OCHOBI CEPETHBOT
IJIOMmII JUIsi OChOBUX CHJI Ta TPYKHOTO
MOJISIPHOTO TIOKAa3HWKA 3BAPHOI TpyHu JUIs
MOMEHTIB B IUIOIIKHI (IUB. pUCYHOK 5.4).

Mpumitka. HopManbHe 3HaueHHS BEMYUHMA MIITHOCTI

MOXHa  OTpUMYBAaTH  Tak, SK I[IOKa3aHO B
KOHCTpYKUiHHIN netani 9.2, tabmuis J.9.

36

(2) In lapped joints in one plane the stress
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 — xyToBuii I0B; 2 — 30HA 3’€/IHAHHS BHAIIYCK

1 —fillet weld; 2 — lapped area

FrTT e
| ! A N
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paN !
} I~ 2 N j
1 . e,
YYYvYy T
Poznonin Po3nonist HATIpy KeHHS,
HaNpPYy:KeHHs, cnpu4YuHeHuii MomenToM M = F,
CNpUYMHEeHn
3cyBHOIO cHiI0i0 F Stress distribution due to
Stress distribution moment M =F,

due to shear force F

Pucynok 5.4 - HanpyxeHHs y 3’ €IHaHHSX BHAITYCK
Figure 9.4 — Stresses in lapped joints.

55 AparesiiHi 3°¢1THaAHHA

Q) Orminka BTOMH TIOBMHHA BKJIIOYATH
MOBEPXHIO  pyHHYBaHHS y  IUIOIIMHI
3’ ¢ qHAHHIL.

Hpumitka. {us. Jonatok E.

5.6  JluBapHi cruiaBu

(1) TotpibHO BHKOPHUCTOBYBAaTH OCHOBHI
MICIIEBI HampyXeHHs. Moxe BUHHUKHYTH
norpeba y  OCTaTOYHOMY  PO3PAXyHKY
HanpyxeHHs abo BUMIpIOBaHHI aedopmaniii y
BUMAAKY CKIaaHOT (opMH, SKIIO HeMae
CTaHIAPTHHX PIIlICHb.

5.7  ChnekTpu Hanpy:KeHHsI

@ Metoqu ans  WiAPaxyHKY — IUKJIIB
Jiara3oHiB HANPY)KEHHS 3 METOK OTPUMaHHS
CIIEKTPIB HANpPY)KeHHs HamaHi y JlomaTky A.

5.8  PospaxyHok aianmazoHy
€KBiBaJICHTHOT0 HANpPY:KeHHS s
CTAHJIAPTH30BAHUX Mojejeli BTOMHOIO
HANpY:KeHHSA

5.8.1 3azanwvni nonocennsn

(1) sk 3a3amaueno y EN 1991, orinka
BTOMH JJISi CTaHAApTU30BaHUX BTOMHHUX
HaBaHTAXXCHb ITIOBUHHE BUKOHYBAaTHCA 3a
JIOTIOMOTOI0 OJTHOTO 3 HACTYITHUX MiIXO/IIB:

55 Adhesive bonds

@ Fatigue assessment should include
failure surface through the bond plane.

NOTE: See Annex E.

56  Castings

(1)  The principal geometric stress should
be used. Finite stress analysis or strain
gauging in the case of complex shapes may be
required, if standard solutions are not
available.

5.7 Stress spectra

(@8] 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) HOMIHQJIGHUHM J[ialma3oH Harpy>KeHHS
JUTSE KOHCTPYKITIMHUX JeTaliel, SKUii BKa3aHHi
B JIETaIi30BaHiil KaTeropii,

b) Jianma3zoHu MO (IKOBAHOTO
HOMIHAJFHOTO HAINpPYXCHHS , /16 BUHHUKAIOTh
panToBi 3MIHU Iepepidy , L0 3HAXOIUTHCS
HEIAIEKO BIJ TISTHKA BUHUKHEHHSA
HaIpy>KCHHsI, Ta SKi HE BKIIOYCHI B JIaH1 MPO
KOHCTPYKIIIHHY JIeTab;

C) Jlialla30HA MICIIEBUX HAIPYXKEHb, TPH
AKHX BUHUKAIOTh 3HaYHi nepenaau
HaNpY)KeHHsI HEMOAIIK Bil KDOMKHU 3BapHOTO
IIBA.

Hpumitka. Y HamioHadpbHOMY  JOJaTKy  MOXKE
HaJaBaTHUCS iH(popMaIIis OJJ0  BUKOPUCTAHHS
Jliama30HiB HOMiHAJIBHUX HAINpPYKCHb a00 Jiana3oHiB
MO H(DiKOBaHMX HOMiHAJILHUX HANpPYKEHb

2 Po3paxyHkoBe 3HaueHHs Jiama3oHy
HaNpyXeHb, $KE& BUKOPUCTOBYETbCA IS
OLIIHKA BTOMHM, NOBMHHO OYyTH 3 Jiala3oHiB
HanpyXeHb Y Aoy,  BUINOBIIHO 110

N, =2x10° uuKmis.

5.8.2 Po3paxynkoee 3Hauenna Oianazony
HanpyyceHb

(@) Po3paxyHkoBe 3Ha4eHHS Jiarma3oHiB
HOMIHAJIbHUX HANpYXeHb ¥ AC., TOBHHHE

BH3HA4YaTHUCA HACTYIIHUM YHHOM:

JUTSl HOMIHQJIBHOTO Halpy>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

VerAOg, = Ay X Ay Xood X2y X Ao 5 (7 Q) (5.1)

JUTSt MOAU(IKOBAHOTO HOMIHAJILHOTO

HaIlpy>KECHHS!

YreAog,

ne: Aog, (7, Q,)— KoedilieHT HanmpyxeHH,

SIKUA 3aJI€KUTHh Bi BTOMHHX HaBaHTAXKEHD,
o Bu3HaueHi y EN 1991,

A _
MTOIIKO/PKEHHSI, 110 3aJIeKaTh BiJl CIIEKTPIB, K

BKa3aHO y BiAnoBiaHii yactunai EN 1991,

Kyt
MPU3HAYCHUA JUIT  BpPaxXyBaHHS MICIIEBOTO
3pOCTaHHS HANpPYKEHHS, TIOB’S3aHOTO 3
TCOMETPHYHUMHU XapaKTEPUCTUKAMH JCTali,
HE BKIIOYCHOTO y CTaHAAPTHY KPUBY
Ao. — N, nuB. Takox 5.3.2.1.

koedimieHTH €KBIBAJICHTHOCTI

— KOe(IIi€EHT KOHIIEHTpAIlll Halpy>KeHHS,
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for modified nominal stress

=Kg7pAoe, (5.2

where: Ao , (7 Qy) 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,

K, — is the stress concentration factor to take

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



Ipumirka. SIkimo HeMae AOCTYINHUX JAHUX INOAO A

TO iHpOpMalis I[OAO0 PO3PaxXyHKOBHX  3HAUCHb
qiama3oHy — HampyXKeHHs  MOXE  HaJaBaTHCS Yy
HanionansHOMY OnaTky.

6 BTOMHA MIIHICTD TA
JIETAJII30OBAHI KATEI'OPIi

6.1  [eramizoBaHi kaTeropii

6.1.1 3acanvni nonosrycenns

1) [TepeBipka aaeKBaTHOCTI OMOPY BTOMI
OCHOBYETHCSI Ha 3HAUCHHSIX OMOpPY 3 psay
CTaHJIapTU30BaHMX JIETAII30BaHUX KaTeropii.
JeramizoBaHa KaTeropisi MoOXe BKIIOYATH
0JIHy 200 OulbllIe YaCTO BUKOPUCTOBYBaHUX Ta
KJIacipiKOBaHUX KOHCTPYKIIHHHUX JeTajei.
JeranizoBaHi KaTeropii MOBUHHI BU3HAYATHUCS
3a X CTaHJAPTHOIO BTOMHOK) MIIHICTIO Ta
BIIMOBIIHUM 3HAYEHHSM JUISI 3BOPOTHHOTO
HaXWJIy OCHOBHOI YAaCTHHU JIIHEAPU30BAHOTO
BigHOmEHH Ao.—N, a TakoX HOBHHHI

BIZIIOBIAATH ITOJIOKEHHAM 6.2.

6.1.2 ®@axkmopu, wo
demanizoeamny Kamez2opiio

enjiuearomos Ha

(1) BromHa MIIHICTP KOHCTPYKIIHHOT
JleTali TOBWHHA BpaxOBYBaTH  HACTYIMHI
bakropu:

d) HampsMOK TIEPEMIHHOTO  HANpPYKEHHS
BITHOCHO KOHCTPYKIIHHOT AeTani;

b) posramyBaHHsS JUISHKA  BHUHUKHECHHS
TPIIIMHYU B KOHCTPYKIIHHIN eTaii;

C) reoMETpUYHE PO3IOJIOKEHHS Ta BITHOCHA
MPOTOPIIiI0 KOHCTPYKLIHHOT AeTail.

(2) BromMHa MIIHICTE 3aI€XKUTH  BIfJ

HACTYMHUX (HaKTOPIB!
a) bopma BHpoOY;

b) marepian (OkpiM BHMIAAKIB 3aCTOCYBaHHS
3BapIOBaHHS);
C) METOJ] BUKOHAHHS;

d) piBenp sikocTi (y BHIaIKax 3acTOCYBaHHS
3BapIOBAHHS Ta JIUTTH);

€) TUI 3’€IHaHHS.
6.1.3 Koncmpykuyiuni oemani

(1)  KoucrpykuiiiHi nerani
PO3MOAUISIOTECS HAa HACTYIHI TPU OCHOBHI

JCTY-H B EN 1999-1-3:201X
NOTE: Where no appropriate A data is available,

1
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 Aoc.—-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

(1)  Constructional details may be divided
into the following three main groups:
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Ipymu:

a) IUIOCKI €JIEMEHTH, 3BapIOBaHI EIEMEHTH Ta
0O0JITOBI 3’ €ITHAHHA,

b) anresiiini 3’ €IHAHHSA;
C) JIMTi €ICMEHTH.

Hpumitka 1. [lepemik neramizoBaHWX KaTeropii ta
KOHCTPYKUIMHUX  JeTasieil 3  CHIBBIJHOIICHHAIM
Ac. —N s BTOMHOI MILIHOCTi €IeMEHTIB IpyIH a),

YYTIMBUX /IO  TEMIEPaTypd  HaBKOJHUIIHBOI'O
cepe/ioBHINa 1 HE MOTPEOYIYMX 3aXUCTy IOBEPXHI
(muB. Tabmumio 6.2), Hamaetbes y Jomatky J.
HamioHanbHuii [1OJAaTOK MOXKE BU3HAYaTH  1HIII
JIeTali3oBaHi KaTeropii Ta KOHCTPYKI[iHHI neTani, a
TaKOX KpHUTEpil WIUIBHOCTI JUIS TaKUX CIIEMEHTIB,
BpPaxoBYIOUHU MOJIOKEHHS 6.1.2 Ta 6.3.
PexomeHyrOThCS KaTeropii, HaJaHi B
pekomennoBaHomy Jlonmatky J.

Hpumitka 2. HamioHamsHUA TOMATOK MOXE MICTHUTH
JTaHi MO0 KOHCTPYKINIHUX JeTajel, ki He BKa3aHi y
Homnatky J.

Hpumitka 3. Bka3iBku mOHO0 JHTHX EIIEMCHTIB
MictaTees y Homatky 1.

Hpumitka 4. Bra3iBku mom0 aAre3idHUX 3’€IHAHD
muB. y Jomatky E.

6.2 XapaxkTepuCTHKH BTOMHOI MillHOCTi

6.2.1 Knacugirxosani
oemaii

KOHCMPYKUIHI

(1)  VYzarampHena ¢Gopma CHiBBiIHOIICHHS
Ao.—N moka3ana Ha puc. 6.1, ne BoHO

HaHeceHe Ha jorapudmuunuii rpagik. Kpusa
BTOMHOI MIIHOCTI TOKa3aHa CEePEeIHbOI0
JiHIEI0 MiHYC 2 CTaHAApTHE BiIXWIEHHS 3
€KCIEPUMEHTAIbHUX JAHUX.

(2)  PoszpaxyHKOBe CHIBITHOIICHHS BTOMH
JUISL 3HOCOCTIMKOCTI B Jlama3oHl MDK 10° 1o
5x10° Bu3HaUA€THCA 32 POPMYIIOIO:

N, = 2x10°

ne. N

, —TlepenbauyeHa KUIBKICTb LHMKIIIB

Jliana3oHy HanpyXeHb Acj 10 pyHHYBaHHS;

Ac. — cTaHAapTHa BeJIMYMHA BTOMHOI
MIITHOCTI Tpu 2 X 108 [UKJIaX B 3aJIE)KHOCTI
Bil JETANI30BaHOI Kareropii, M AKOi
CTaHJAPTU30BaH1 BEJIMYMHHU HAJaH1 B TaOJIHUII

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 Ac. —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 |.

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 Ac. —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.

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

ml

Ao, 1
AG; VeV

(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, — [ilana3oH HaNpyXXeHb A TOJIOBHUX

HaIpy>KeHb KOHCTPYKIIIHOT JeTa,

[MOCTIMHUH JUTS BCIX IIUKIIIB;
m, — 3BOpoTHIM Haxmi kpuBoi Ac—N B
3aJIe)KHOCTI BiJ] IeTali30BaHO1 KaTeropii;

Y& — YacTKOBUHM Koe(illi€HT, JOIMYyCKarouuii
HETOYHOCTI B CIEKTPl HaBaHTaXEHb Ta
PO3paxyHKy peaxitii;

Yw  —  YAacTKOBHH  Koe(iieHT i

HETOYHOCTEW B MaTepiali Ta BUKOHAHHI,

Ipumirka 1. 3Hauenns y., nuB.y2.4.

Ipumirka 2. 3HaueHHA 4aCTKOBOTO Koe(ilieHTa yp
JUIS TIEBHOI KOHCTPYKIIMHOI neTanmi Moxe OyTH
Bu3HaueHe B  HamionaneHOMy  momatky.  [lisa
Oc3neyHoro (YHKIIOHYBaHHS Ta IS CTIHKOCTI [0
MIOIIKO/KEHb peKOMeHAYyeThes koedimieHT 1,0.

IIpumirka 3. 3HayeHHSA YAaCTKOBOI'O KOE(ILIEHTA ¥,

JUTA anre3idHuX 3’ enHaHb auB. y JomaTtky E.
Taoauua 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;

rw — 1S 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.

CrangapTu3oBaHi 3HaUCHHS Ao (H/ )
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 |

Ao |\
\ 2
N\
AN
a
1 g
my
b
AO'C
c
AO'D ————————
m d
AO'JI_ =
2108 510°
(_
Ne Np N | 1)
| | | |
104 10% 108 107 108 10%
N

a — Kp¥Ba BTOMHOI Mil[HOCTi; b — cTaHIapTHAa BTOMHA MilHIiCTB;

C — rpaHMIs BTOMM NOCTiifHOT aMIuTiTynu; d — rpaHHYHA MeKa
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, npu BIUIMBI NEBHUX YMOB

HABKOJIUIIIHBOTO CepeIOBHIIA AUB. y 6.4.

(4) ) Po3spaxyHKOBE CIIBiHOIIICHHS BTOMH
‘o . . . 6
JUISL 3HOCOCTIMKOCTI B miama3oHi Mbk 5x10° ta
8 . :
10" mukJ1iB BU3HAYAETHCS 32 (POpMYIIOTO:

N, =5x10°

(5) ['panuI BTOMH TOCTIHHOT aMILTITYIH
Ao, BU3HA4YaAECTHCA INIpHU 5x10° mukmax (s

npocroro Marepiany — mpu 2x10° mukmax), i
HUOKYE 1I[i€l TpaHUIl [UKIW HANPYyXEHb
NOCTIHHOI ~ aMIUIITYyAM  HE  BBAXAIOTHCA
pyhHiBHUMH. OJHAK, HABITh SKIIO BHITAIKOBI
UKW OyAyTh BUIIE IILOTO PIBHS, TO BOHU
BUKJINYYTh TaKe PO3MOBCIOKEHHS TPIIIUHH,
10 3MYCUTh HU3bKI UKW aMIUTITYIU CTaBaTu
PYHHIBHUMH. Yepes e 3BOPOTHIMN
gorapu(MiyHUNA HAXWJI OCHOBHOI KPHUBOI
Ao —N wmix 5x10° ta 108 LUKJIaMU I[TOBUHEH

Oyt 3MiHEHMH 10 M, OpU BILIMBI YMOB

3arajJbHOIro CIICKTpPY, KOJIHU mz = m:L +2.

IpumiTtka. BuKOpUCTaHHS TMOCTIHHOrO 3HAYCHHS
3BOPOTHBOTO  HaxXumy M,=m +2 Moxe OyTH

KOHCEPBATUBHUM JIA ACAKUX CHCKTpiB.

(6) DBymp-siki UMKJIKM HaANpPYXEHb HUKYE
rpaHMYHOi Mexi Ao, mpu momymensi 10°
IIUKJTIB TOBUHHI BBAXKATHUCS HEPYHHIBHIMH.

(7) Hns JiarazoHiB HaNpy>KeHb,
NPUKITAJCHUX  MEHINe, HDK 10° pasis,
BEJTMYMHA OTOPY, BIAMOBITHO A0 PUCYHKY 6.1,
MOXe  OyTM  KOHCEpBaTHUBHA, M0 €
HEMOTPIOHUM JJIi TEBHUX KOHCTPYKLIHHUX
nerane.

Hpumitka. Jlomatok F Hagae BKa3iBKH IIOIO
PO3paxyHKy Ha BTOMY JUIsl 3HOCOCTIHKOCTI B Jliana3oHi

10 10° mukie. HarioHanbHui 101aTOK MOKE HaIaBaTH
JI0JJaTKOBI ITOJIO’KEHHS.

(8) B niamasoni mix 10° ta 10° upkiamu
MOBUHHA TMPOBOJAWTHCS TEpeBipKa, 1100
BU3HAYUTH YU HE CIIPUYMHSIE PO3PAXYHKOBHI
Jiama3oH HaIpyXeHb MaKCHUMaJIbHOTO
PO3TSTYIOYOTO HAINPY)KEHHS, SKE TEPEBUILYE
1HIIII PO3paxyHKOBi rPaHUYHI 3HAUYEHHS OTIOPY
JUIs  KOHCTPYKUIHHUX  JeTaneid,  JUB.
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Kpusa BromHo1 MirtHocTi log Ac —log N .
Fatigue strength curvelog Ac —log N .

) For N, under certain exposure
conditions, see 6.4.
(4)  The fatigue design relationship for

endurances in the range between 5x10° to 10°
cycles is defined by the equation:

m

foe 1 [EJ " (6.2)

AG; VetV

5

(5)  The constant amplitude fatigue limit,
Ao, 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
Ac—N curves between 5x10° and 10° 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 Ao, , assumed at 10° cycles, should be

assumed to be non-damaging.

@) 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)  Jnus Toro, mo0 BHU3HAYMTH KIHIIEBHI
Jiama3oH  JIeTANT30BaHMX  KaTeropii  Ta
MO3BOJIMTH MIABHUINEHHS a00 MOHIKEHHS
JeTali30BaHOi  Kareropii 3a  JOMOMOTOIO
MOCTIHHOTO TEOMETPUYHOTO IHTEepBaly, B
Tabnuili 6.1 HamaeThes CTaHAAPTHUM Alana3oH

3Ha4eHb Ao . [linBumenHs (ab0 MOHMKCHHS)

OJIHOI JIeTaTi30BaHOi KaTeropii o3Havae BUOIp
HacTymHoro  Outbmoro (a0  MEHIIIOro)

3HaYCHHAAC., NIpH SAKOMY 3HAa4€HHA M, Ta
m, He 3MiHIOIOTBCA. lle He crocyeThes

anre3ifHuXx 3’ €IHaHb,

(10)  [MeranizoBani KaTeropii
3aCTOCOBYIOTBCS JUIs ycix 3Ha4Y€Hb
CEpPEIHBOTO HANPYKEHHs, SKIIO HE BKAa3aHO
1HIIIE.

[pumitka. Bka3iBku 100 IiIBUIICHUX 3HAYCHD

BTOMHOI MIIIHOCTI ISl 3HAYEHb MIIHOCTI Ha CTHCK a0o0
HU3BKUH pIBHS MIITHOCTI po3Tary nuB. y Jomatky G.

(11) Jis  TI0CKHX  eNeMEHTIB,
10 3a3HAIOTh 3TMHAIBHHUX HAMpPYKEHb, MPH
skux Ao, ta Ao, (nuB. Pucynok 6.2) maroTh

MPOTHJIC)KHI 3HAKH, BIANOBIAHE 3HAYCHHS
BTOMHOTO HANPYXXCHHS I JIeTaJed MEeBHHUX
THUITIB MOKe OyTH 3017IbIIEHE Ha OAHY a00 ABI
JIETATi30BaHl KaTeropii y BiAMOBIAHOCTI 10
Tabmumi 6.1 g t <15 mwm.

Mpumitka. HamionanbHuid 100aToK MOXe HaJaBaTH
THII JIeTalli Ta Jiana30H TOBIMHH, JUIS SIKOTO JI03BOJICHE
ITiIBUIIICHHS, a TaKOXK YHCII0 KaTeropiu.
Pexomenayerscs, mo0 KUIBKICTh KaTeropild, Ha SIKY
301IBIIYETHCSl 3HAYCHHSI, HE MIEPEBUIILYBaja 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 - Ilnockwuii eneMeHT, 110 3a3Ha€ 3TUHAIBHOTO HAIPYKEHHS
Figure 6.2 — Flat member under bending stresses.

6.2.2 Hexknacugikosani demani

(1)  Herani, siKi MOBHICTIO HE BIIHOCATHCS
JI0 33/1aHOi JIeTai30BaHOi KaTeropii, MoBUHHI

6.2.2 Unclassified details

1) Details not fully covered by a given
detail category should be assessed by
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OLIIHIOBAaTHCS 32 JOMOMOTOI0 MaCIOPTHUX
JAHMX, SKIIO BOHHM JOCTYyHHI. Takox MOXyTb
OyTM  mpoBeACHI  MNpUIMAaNTbHO-CIAaBaTbHI
BUIIPOOYBaHHS HA BTOMY.

[pumitka. BumpoOyBanHs Ha BTOMY IIOBHHHI
mpoBouTHCS Yy BiamoBigHoCTi 3 Jomatkom C.

6.2.3 Aozeziuni 3 eonanns

Q) BroMHa MIIIHICTh aAre3iMHuX 3’ €HAHb
MOBUHHA  0Oa3yBaTWCs  Ha  pe3yJbTaTax
BUNPOOYBaHh KOHKPETHOT'O  3aCTOCYBaHHS,
BpPaxOBYIOYH BiAMOBIIHI BIUIMBU 30BHIITHBOTO
CepeOBUILA.

Mpumitka. [laHi mono po3paxyHKy —aAre3ifHux
3’eaHanb auB. y lonatky E.

6.2.4 BusnaueHHA CMAHOGPMHUX 6EUUUH
MAKCUMANIbHUX MICUEBUX HANPYIHCEHb

@ [TinpaxoBaHi MakKCHUMaJIbHI MiCIIeBI
HATPY)XCHHSI 3aJIeKaTh Bil 3aCTOCOBAHOTO

croco0y BUpPaXyBaHHS MaKCUMAaJTbHUX
MICIIEBUX  HalpyXeHb, a  PO3pPaxyHKOBI
3HAUEHHS  CTAaHJApPTHOTO  MaKCUMaJbHOTO
MICIICBOTO ~ HAINPY)KCHHsS  TIOBMHHI  OyTH

CHIBBIIHECEHI 3 BHKOPHUCTAHOIO METOAUKOIO
MPOEKTYBAHHSI.

NOTE: Jomatok K MicTUTh METOJ CTAaHAAPTHOI AeTai
3 MaKCUMaJbHUM MICLUEBUM HampyxeHHsM. JlaHuii
JlonaTok MoOXXe BHMKOPUCTOBYBATHCS Yy TNOEIHAHHI 3

ﬂOI[aTKOM J JJIA BU3HAYCHHA CTaHAAPTHUX BCIWMYHH
MaKCHUMAaJIbHOI'O MiCHeBOl"O Halpy>XCHHA.

6.3  BmiuB cepeHbOro HaNpPYyKeHHS

6.3.1 3azanweni nonoicenns

(@8] [adopmartiss 11010 BTOMHOI MIITHOCTI,
Ha/IaHa B TAOJMIISIX JIETAli30BAHUX KATeTOpiH,
BIIHOCHUTBLCS o YMOB 3HAYHOT'O
PO3TATYIOYOTO  CEPEIHBOTO  HATPYKCHHSI.
SIKIIO cepellHE HANpPYKEHHS € CTUCKAIOYHM,
a00 KO 3HAYEHHS PO3TATY  HHU3BKE,
[UKJIIYHA JIOBIOBIYHICTH 3a TICBHUX YMOB
MOXe OyTH 30UThIIICHA.

IMpumirka. Tlomampini  BKa3iBKM — MICTATBCS Y
Honatky G.

6.3.2 [Ilnockuit mamepian ma mexaniuHo
3aKpinieHi 3’cOHann

(1)  BpaxoByrouH, 110 BIUIUB 3aJHIIKOBOTO
HaANPY)KEHHSI TIPU PO3TATY Ta HEY3TOJDKEHi
HaIpY)XEHHs AII0Th Pa3oM 13 MPHUKIaJIEHUMU
HANpPYXCHHSIMH, MOX€E BHKOPHCTOBYBATHCS
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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

@ 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(DilieHT 30UThIIICHHS BTOMH.

Hpumitka. lus. lonatok G.
6.3.3 3eapmni 3’conanns

6.3.3.1 3acanvruii memoo

@ Jlommycku Ha cepelHe HANpPYKEHHS He
JO3BOJISIETbCS.  BUKOPUCTOBYBAaTH B 3BapHUX
3’€JTHAaHHSX, OKPIM HACTYITHUX BUIIAJIKIB!

a) Axo BunpoOyBaHHs OyiiM TPOBEACHI
1 TOKa3anu JINCHUW CTaH HaIpYKCHHS
(BKJIFOUAIOYM  3aJIMIIKOBI Ta HEY3TOKEHI
HANpy)KEHHsI) B THII 3’ €THAHHS Ta TOCTIZIOBHE
30UTBIIICHHS BTOMHO1 MIIHOCT1 31
3MCHIIIEHHSM CEPEIHBOTO HAIIPYKCHHS;

b) KOJIM TIOBUHHI BUKOPUCTOBYBATHUCS
METOIUKH IIIBUIIEHHS BTOMHOI MII[HOCTI, fAKI
NPU3BOJATh /IO BUHUKHEHHS 3aJUIIKOBUX
CTHUCKAIOUMX HANpyXeHb, 1 SKIIO MPUKIATCHE
HANpPYKCHHsI HE Ma€ TaKoro 3HAYEHHS, IMI00
CTHCKalo4e 3aJIMILIKOBE HanpyXeHHs
3MEHIIYBAJIOCh Yepe3 IUIacTH4Hi Aedopmartii
B Iporieci GyHKIIOHyBaHHSI.

Mpumirka. JTus. [lonarok G.

6.3.4 Aozesiuni 3’ conanns

(1) He m03BONAIOTHCS JOMYCKM HA BILIUB
CEpEeIHhOTO HAMNpPYKCHHS 03 TepeBIpKH 3a
JIOTIOMOTO}0 BUITPOOYBaHb.

6.3.5 Jiana3on nuzvkoi 3nococmiikocmi

(¢D)] ITo BIJHOIIEHHIO 1o IIEBHUX
KOHCTPYKI[IHHUX neTanen MOXYTb
BUKOPUCTOBYBATHUCS IT1{BUILEH] BTOMHI1

MIITHOCTI  JI7I1 HETaTUBHUX  KOEQIIIEHTIB
HanpyxeHast R st N <10° KB,

Hpumitka. {us. Jonatok G.

6.3.6 Iliopaxynok yuknie 0nsa po3paxyHkKie
Koegiyienmy nanpyscenna R

1) MeTo 1 OTpUMaHHS MaKCHMaJbHOTO Ta
MIHIMAJIBHOTO CEPEIHBOTO HANPYKEHHS JIJIs
IHAUBITyAIbHUX  [HMKIIB B CHEKTpI 3
BUKOPUCTAHHSIM METOJY Pe3epByapy MOBHHEH

BI/IMOBiIaTH ToOJOKeHHsAM JlogaTky A, pwuc.
A.2.

6.4 BniiuB yMOB  HAaBKOJMIIHBOIO

cepeaoBuia

(1) Adns peskux KOMOIHAIii 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

(1)  For certain combinations of alloy and
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YMOB HaBKOJIMIIHBOTO CEPEAOBUINA HOMEP
JIeTaji30BaHol KaTeropii, IIPUCBOEHUN
KOHCTPYKUINWHIM  fmeTani, TmMOBHHEH OyTu
3MIHEHMI Ha HIKYMi. JlaHi 1100 BTOMHOI
MIITHOCTI, HaJaHi B I[bOMY €BpOMEHCHKOMY
CTaHJapTi, HE IOBHUHHI 3aCTOCOBYBAaTHUCA 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
unless an efficient corrosion

BUMAKAaX,

TeMmmeparypa

environment,

HABKOJIMIIHBOTO  CEPEAOBHUINA  IEPEBUIILYE prevention is provided.

65°C a6o 30°C a1t MOPCHKOTO CEpEIOBHIIA),
OKpIM BHITQJIKiB, KOJIM HASBHUA €(EKTUBHUI
3aXHUCT Bill KOPO3ii.

Ipumirka. Tabmuis 6.2 Hamae IS JeTani30BaHUX
kateropiid, BkazaHux y [omatky G, Homepu
JIETaTi30BaHUX KaTeropii, 0 KX BOHHU IMOBHHHI OyTH
3MEHIIEeHI  BiJNOBIAHO IO YMOB  3OBHIIIHBOI'O
CepesloBHIIA 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.

Tabauusn 6.2 — Homepu neranizoBaHux Kareropidl, 10 skuXx Ac. TOBMHHI OyTH 3MEHIUIEHI
BIJIMOBIHO JI0 YMOB 30BHIITHHOTO CEPEIOBHUIIA Ta CILIABY.

Table 6.2 — Number of detail categories by which Ao should be reduced according to
exposure conditions and alloy
Marepian 'YMOBH 30BHIIIHBOTO CEPEOBUINA
Material Exposure conditions
.. Miceki
PiBHi . . . YmMmoBu
IHIYCTpIaJIbH1 Mopceke cepenoBHILEe
Cepi 0 . | 3aXUCTY M . 3aHYPEHHA
epis CHOBHHH YMOBH arine
(mus. . . Immersed
CIUIaBy| CKJIan 1999-1-1) Cinbcbk | Industrial Urban
1 - .
Basic -’11 yMmoBH .
Alloy | Compositio Protectio Rural |TTomips |XKopcrk|. He IMomipai | XKoperk Upicr Mopeeie
L 71 n ratings . . IHIYCTpIaJIbH . aBoja| a Boja
Series n i i . Moderat i
(see EN Mode- | Severe |1 YM0BH! Non- e Severe? Fresh | Sea
1999-1-1) ate 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 | AIMgMn A 0 0 (P)? 0 0 0 0 1
6xxx | AIMgSi B 0 0 (P)? 0 0 1 0 2
7xxx | AlzZnMg C 0 0 (P)" 0 0 2 1 3
D (P) nyxe 3amexuTh BiI yMOB HABKONMIIHEOrO cepenoBHIa.MoxiMBa HeoOXimHiCTH mocTiiHOI
MiATPUMKHU TIEBHOT'O PiBHS 3aXMCTY AJIS 3amo0iraHHs pU3UKY MiCLEBHX 30BHIIIHIX BIUIMBIB, SIKi MOXKYTh
MPU3BECTH 0 BUHUKHEHHSI PYHHIBHUX TPILIMH.
2 3navenns N, noBuHHE OyTH 30iNbILIEHE 3 5x10° 10 10" uukis.
IpumiTka. SHIKEHHS He TOTPiOHE [T AeTali30BaHuX KaTeropii < 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 10’ cycles.
NOTE: Downgrading is not needed for detail categories < 25 N/mm?.

6.5 TexHiku  mIBHINEHHA  BTOMHOL 6.5  Improvement techniques
MilHOCTI
(1) MoxyTh BHKOPHCTOBYBATHCS METOIH 1) Methods for improving the fatigue

[IiABUILEHHS BTOMHOI MIIHOCTI Ui IIEBHUX strength of certain welded constructional
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3BAPHHUX KOHCTPYKIIMHUX JeTaleH.

Mpumitka. MeTomu miIBUIIIEHHS BTOMHOI MIITHOCTI, SIK
MIPaBIJIO, TOPOTi B 3aCTOCYBaHHI Ta MArOTh CKIIAJHOCTI
B KOHTpOJI sKOCTi. IX HeGaaHo BUKOPHCTOBYBATH JUIS
3arajJbHOr0 MPOCKTYBaHHS, OKPIM BHUMAJKIB, KOJIU
BTOMa € KPUTHYHOIO Ul BCi€l KOHCTPYKIII Y Takmx
BHIAIKaX HEOoOXiJHI KOHCyNbTalii crnemiamictiB. [ani
METOJM YacTillle BUKOPUCTOBYIOTHCS ISl TTOJIOJIAHHS
ICHYIOUHX TIPOEKTHUX HenxonikiB. JuB. nomaTok 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 used to overcome existing design
deficiencies. See Annex H.
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JTOJATOK A
(OBOB' SI3KOBUM):

OCHOBM PO3PAXYHKY BTOMHOI
MIIIHOCTI

A.l  3arajapHi M0J0KEHHA

A.1.1 Bnaue émomu na npoeKkmyeanus

1) P KoHCTpyKIIil, 0 MiIal0ThCsA 4acTo
MepeMIHHUM eKCIUTyaTaIlitHuM
HABAHTAKEHHSM, MOKYTh OyTH 4yTIIMBUMH JI0
BTOMH, sIKa& MOKE BHUKJIMKATH PyWHYBaHHS, i

MOBUHHI  NEpeBIpATHUCS 3a TPaHUYHUMU
CTaHAMH.
(2)  PiBeHb  BIANMOBITHOCTI  KpPHUTEPisIM

TPaHUYHOTO CTaHy 32 HECYYOI0 3[aTHICTIO 200
ITPaHUYHOTO CTaHy 3a eKCIUTyaTalifHOIo
npuaaTHICTIO, mo Bkazanuid y EN 1999-1-1,
HE TIOBUHEH BUKOPHUCTOBYBATHUCS SIK KPHUTEPIi
pU3UKY pyHHYBaHHS 4epe3 BTOMYy (JamMB.
A.1.3).

3) Mexa, 00 IK0I BTOMa MOK€ BILIMBATH
Ha KOHCTPYKILiI0, IOBUHHA OyTH BH3HAYCHA HA
MOYAaTKOBIA  cTamii  mpoekTyBaHHSA.  J[s
OTpUMaHHS JOCTaTHbOI ~ TOYHOCTI y
MPOTHO3YBaHHI1 O€3MEeKH TMPOTH BTOMHOTO
pyHHYBaHHS HEOOXITHO:

a) TOYHO BU3HAYUTHU TIOBHY
MOCJIIOBHICTD eKCILTyaTalliHIX
HaBaHTAXEHb BIIPOJIOBXK TEPMIHY CIYKOHU;

b) e(eKTUBHO 1 TOYHO OI[IHUTH TNPYXKHY
peakmiro KOHCTPYKUii Mig  O4YiKyBaHUMH
BILTMBAMH;

(c)  pospaxoByrouu KOHCTPYKILIHHY
JIeTalb, peTelbHO TMepeadayuTd  METOAU
BUTOTOBJICHHSI Ta PiBEHb KOHTPOJIO SIKOCTI.
Jlani  XapakTepuUCTUKM  MOXYTh  MaTu
BUpIIIAJIbHE 3HAYEHHS TSI BTOMHOI MIITHOCTI,
1 X HEOOXiJHO KOHTPOJIIOBAaTH 3 OUIBIICIO
TOYHICTIO, HDK TUTS KOHCTPYKITIH,
pO3paxoBaHUX Ha IHINI TPaHWYHI 3HAYCHHS.
[adopmariss om0 BUMOT 0 BHKOHAHHS
mictuteest y EN 1090-3.

A.1.2 Mexanizm pyiinysanus

(1) Cnig  npumyctuTH, 1O ~ BTOMHE
pyWHYBaHHS 3a3BHYaii BUHUKAE Yy TOUII
BUCOKOTO HAlpyXeHHs (4epe3 panToBy 3MiHY
FEOMETPUYHUX XApAKTEPUCTHUK, 3aJIUIIKOBE
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ANNEX A
[NORMATIVE]:

BASIS FOR CALCULATION OF
FATIGUE RESISTANCE

A.l  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 HaAmpyXKeHHs abo 3arocTpeHi
TPIIIMHYU, CXO0XiI Ha po3puBH). BToMHI
TPIIMHUA  PO3MOBCIOKYIOTBCSI 3  TIEBHUM
[IaroM Ijg BIUIMBOM 3MIHM LUKIIYHOTO
HampyXeHHs. BoHHM, #K TmpaBWwiIo, He
3MIHIOIOTBCSA i  BIUIMBOM  IOCTIHHOTO
HaBaHTAXKEHHS. PyliHyBaHHS BUHHKAE, SKIIO
MOTICPEYHUM TIepepi3, IO 3alUIIAEThCs, HE

B3MO31 BHUTPHMAarTd TPHUKIaJEHE  IIKOBE
HABaHTAKCHHS.
(2) Caim  npunycTuTH, MmO ~ BTOMHI

TPIILIMHU PO3MOBCIOIKYIOThCS MPUOIU3HO M1
NpSIMAM KyTOM JI0 HANPSIMKY MaKCUMAaJIbHOTO
Jiarma3oHy TOJIOBHHMX HampyXeHb. PiBeHb
PO3MOBCIOPKEHHS 30UTBITYETHCS B
reOMETPHUHIH nporpecii. Yepes e
pPO3pOCTaHHsS TPIIMHU Ha pPaHHIX CTaisaX
4acTO He3HayHe, 1 BTOMHI TPIUIMHU YacTO
HEMOXXJIUBO TOMITHTH BIPOJOBXK OUIBIIOT
YacTUHM 4acy iX IicHyBaHHs. Lle Moxe
CHOPUYMHATUH NpoOJeMHU y BHABIEHHI iX B
MpoLeci eKCIuTyaTaIii.

A.1.3 Ilomenuiini
6MOMHUX MPIUUH

Mmicuss  6UHUKHEHHA

(1)  PosrasmaroThCs  HACTYIHI  JIISTHKH
MOXJIMBOTO BHWHUKHEHHS BTOMHHUX TPIIIUH,
[0 BIAMOBITAIOTh TIEBHUM KOHCTPYKIIIMHHM
JIETAJISM.

a) KPOMKH Ta KOpPEHI IIBIB HpH 3Bapll
OILJIABJICHHSIM;

b) KyTH, W0 MiUIAraloTh MAaIIHHHINA
00po0ITi;

C) nepdopariitnHi a0  BHCBepIJICHI
OTBOPH;

d) 0Opi3Hi Ta BUMMJICHI KDOMKH;

e) NOBEPXHI Il BHCOKHUM KOHTAaKTHHM

TUCKOM (KOpo3iiiHe CTHpaHHs);
f) KOpEHI KPIMUILHOT pi3h0H,

(2) BroMHiI TpIIMHH TaKOX MOXYTh
3’SBJIATUCS Yepe3 HEBHU3HAUEHI NMPUYHUHHU, SKI
BUHUKaIOTh Mg  4vac  poboru. Ilpm
HEOOX1AHOCTI CJI1J] pO3IJIAJaTH HACTYIIHE:

a) HEOTHOPITHOCTI marepiamy abo

ne(eKTr 3BaproBaHHS,

b) BUIMKM a00 TOAPSINHH, CIPHYUHEHI
MEXaHIYHHUM TTOIIKOIKSHHSIM;

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;
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C) KOPO3iitHi S3BH.
A.l.4 Ymoeu uymaueocmi 0o emomu

(1) Hpwm ouiHui HMOBIPHOCTI YYTIMBOCTI
JI0 BTOMH HEOOXITHO BpaxOByBaTH HACTYITHE:

a) 3HAYHE CIIBBIMHONIEHHS AUHAMIYHOI'O
1 CTaTUYHOTO HaBaHTaXeHb. Pyxomi abo
MiIAOMHI KOHCTPYKIIii, TaKi K Ha3eMHHH ab0
BOJIHUW TPaHCIOPT, KpaHU 1T.1I, OuIbIIe
MMIITAfOTBCS BTOMHHUM HAaBaHTAKEHHAM, HDK
3aKpiryIeH1 KOHCTPYKIIi, IKIO TUIbKH OCTaHH1
HE 3a3HAIOTh B  OCHOBHOMY PYXOMHX
HaBaHTAXXCHb, HAIIPHUKJIA]], MOCTH,

b) yacTe NPUKIAJAaHHS HaBaHTAXCHHS.
Ile mpu3BOAWTH JO BEITUKOI KITHKOCTI ITUKIIIB
HAa TOpoTsa3i  TepMmiHy  cayxOu.  ToHki
KOHCTPYKIlii ab0 eleMEeHTH 3 HHU3BKUMU
OPUPOJHUMH YacTOTaMU OCOOJIMBO CXWIIbHI
JI0 PE30HAHCY 1, TAKUM YMHOM, J0 30LTbIICHHS
JUHAMIYHOTO  HANpYKXeHHs  HaBiTh  MpHU
HU3BKUX CTaTHYHUX PO3PaxXyHKOBHUX
HanpyxeHHsX. KoHCTpyKIIii, 10 B OCHOBHOMY
3a3HAIOTh PYXOMHX HABaHTaXEHb, TaKUX SK
BITPOBE HaBAaHTAXEHHS, a TAKOXXK KOHCTPYKIIi,
10 TMiATPUMYIOTh MalllMHHE 00JIaTHAHHS, CITiJ
YBaKHO TIEPEBIPUTH HA PE30OHAHCHUM €(PEKT.

C) BUKOPUCTOBYBaHHS 3BaprOBaHHS.
Jesxi 3BapHi neTani, 110 4acTo
BUKOPHCTOBYIOTHCS, MalOTh HU3BbKY BTOMHY
MIIHICTh. L[e cToCcyeThest HE TUTBKU 3’€THAHD
MDK ~€lleMEHTaMH, a TaKoX Oyab-SKHX
eJIEMEHTIB, MPUKPIIUIEHUX 0 HABAHTAXKEHOT'O

€JIEMEHTa, HE3aJle)KHO  Big  TOrO, 4YH
BBAYKA€THCS CyMapHe 3’€IHaHHSA AK
«KOHCTPYKIIIHE.

d) CKJIQIHICTh 3 €IHYBaIbHOI  JeTai.

CknanHi 3°€JHaHHA 4YacTO CHPUYMHSAIOTH
BUCOKI KOHILIEHTpalil HaNpyKeHHs 4epes3
MicIeBi 3MIHH KOPCTKOCTI UISXY
3aBaHTa)XE€HHs. Xoua II€ 4acTo HE 3aBJae
3HAYHOTO BIUIMBY Ha TPAaHUYHY CTaTUYHY
MILHICTh 3’ €QHAaHHS, aje MOXKE 3HAa4HO
BIJIMBATH HAa BTOMHY MILHICTh. SIKIIO BTOMa
JOMIHaHTHa, TO HEO0O01IHO oOupaTu TaKy
(dopMy TOnEepeyHOro nepepizy A eNeMeHTa,
1106 3a0e3MeYnTH PIBHOMIPHICTH Ta MPOCTOTY
KOHCTPYKITi{ 3’€JIHAHHS. Heobinnuit
pPO3paxyHOK  HampyXeHb Ta  aJeKBaTHI
CTaHJApTH JUII BHUPOOHUIITBA H TEpeBipKU
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C) Corrosion pits.
A.1.4 Conditions for fatigue susceptibility

@ 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;



HaIpy>KeHb.

e) Opu  TEBHUX TEMIEpaTypHUX abo
XIMIYHUX BITUBaX 30BHIIIHHOTO CEPEIOBHIIA
BTOMHA MIIHICTh MOX€ 3MEHIIYBATHCS, SKIIO
MOBEPXHS METANy HE3aXUIIICHA.

A.2 Meroa NPOEKTYBAHHS, 111 (1)
3a0e3neuye Oe3MeYHMd TEPMiH CIyKOU

A.2.1 Ilepeoymosu ons Memooy
npoeKmyeanus, uio 3ade3neuyc oOezneyHull
mepMmiH CyxHcou

(1)  TlepembaueHa kapTHHA EKCILTyaTaIlii
KOHCTPYKLIi TOBUHHA OYyTHM MpuiHATa Yy
MOKAa3HUKAX TMOCTIJOBHOCTI HABAHTAXKEHb Ta
9acTOTH. B SKOCTI anbTEepHATHUBH, PEAKIlis
HAMpY)XCHHSI Ha BCiX MOTCHIIHHUX MICIIAX
BUHUKHCHHS HANpPY)XEHb IOBUHHA OyTH
NPUKHATA B TOKa3HUKAX B ICTOPIi HAIIPYKEHb.

@) XapaKkTepUCTUKU BTOMHOI MIITHOCTI Ha
BCIX JUISHKaX MOJJIMBOTO BHUHHKHEHHS
HAMpY)XeHHs] TOBHMHHI OyTH TPHHHATI B
MMOKa3HUKAaX KPUBOi BTOMHOT MIITHOCTI.

3 Vci noTeHIiiHl TUISTHKM BUHWUKHEHHS
HaAIMpPY)KCHHsI, Ha SIKUX B1I3HAYA€THCS BUCOKUMN
pIBEHb HANpPYKEHb Ta 3HAYHI KOHIIEHTpaIlii
HaIpyXeHb, IOBUHH1 OyTH NEepeBIpeHi.

4) Cranmaptu SIKOCTI, 11(0)
BUKOPHUCTOBYIOTBHCS y BUPOOHHUIITBI
KOMIIOHEHTIB, 1[0 BKJIIOYAIOTH IIOTEHIINHI
TUISTHKA BUHUKHEHHSI HAIPY)KEHHS, TMOBUHHI
OyTH CyMICHI 3 KOHCTPYKUIHHUMH JETaJSIMH,
1110 BUKOPUCTOBYIOTHCS.

(5) OcHOBHa MeETOJMKA ONHCAHA HUXKYE
(muB. pucyHok A.1):

a) [ToTpiOHO OIIHUTH BEPXHIO MEXY
YaCTOTH EKCIUTyaTal[ifHOrO HaBaHTKEHHS

JUIi  PO3PaXyHKOBOTO  TEPMIHY  CIYKOH
KOHCTPYKIIii (1uB. 2.3);

b) [TorpibHO  OWIHUTH  PE3YIBTYIOUY
ICTOpIF0  Hampy)XeHHS Ha  MOTEHIIHHUX

IUITHKaX ~BUHUKHEHHS HANpPYKEHHs, IO
nepeBipstoTbess  (muB. A.2.3  «OTpuMaHHS
3HAYCHb CIICKTPIB HAMPYKECHHS»).

C) TaM, JIe¢ BUKOPUCTOBYETHCS HOPMaJIbHE
HaTNpyXXEHHsI,  HEOOXigHO  Monu(iKyBaTu
icTopit0 HampyxeHb B OyIb-IKOMY MiCIIi
KOHIICHTpALlli MICIIEBOTO HANPYXEHHs, SIKE HE
BKIIIOUEHO B JICTAN30BaHy KaTeropiro, 3a
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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

o1
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JIOTIOMOTOI0  BHUKOPHCTaHHS  BiONOBIIHOTO
KOe(iliEHTY KOHIEHTpALil HanpyXeHHs (IuB.
5.3.2 «OTtpumaHHsS 3HaYeHb MOAU(DIKOBAHHX
HOMIHAJIbHUX HAIIPYKEHbBY).

d) HEoOX1HO 3MEHIIUTH icTopiro
Halpy)XeHb JI0 €KBIBaJEHTHOI KUIBKOCTI
UK (Ni) pi3HUX [iana3oHiB  HAMPYKEHb
Ao;, BHUKOPHCTOBYIOUH METO] IiIpaxyHKY
mukniB  (muB. A.2.3 «OTpHMaHHS 3HAYCHb
CIIEKTPIB HAMPY)KCHHSI).

e) PO3MOAUIMTA  IHUKIH Y
3MEHIIEHHS

HOPSIIKY
Jiarma3ony Ao, 11 (010}
copMyBaTH CHEKTp Jiana3oHy HalpyXeHb, B
akomy . = 1, 2, 3 1 Tak mami Ui mepuIoro,
JPYroro TPeThOro IHTEpBaNy y CHEKTpi (IUB.
A23 «OtpumaHHi 3Ha4YeHb  CIEKTPIB
HaINpYKCHHS).

f) KJIacu(iKyBaTH KOHCTPYKUINHHY JeTajb
BIIMOBIIHO JI0 33J]aHOTO PSIY JAETalli30BaHHX
kareropiii. Jlnsg BiAMOBIMTHOT JeTani30BaHOl
KaTeropii Ta BIAMOBIIHOTO CHIBBIJHOIICHHS
Ao —N HeoOXiIHO BU3HAYUTH OMYCTHMY
3HococTiikicTs (N,) a11 po3paxyHKOBOTO

Iiama3ony HanpyxeHb (Ao, ).

9) HEOOXiTHO  po3paxyBaTd  3arajbHe
nomko/keHHs D g yciX  IMKIIB,
KOPUCTYIOUHCHh  TIPAaBWJIOM  HAKOTHUYCHHS
Maiinepa, ne:

DL

h) po3paxyBaTu  OC3MEYHUH  TEpMiH

ciryxou T, ne:

Je TepMIH eKcIuryaTamii T, Mae Taki X

OJIMHMIII BUMIPIOBaHHS, 5K T ;

i) HEOOXITHO BXKUTH HACTYITHUX 3aXO/IiB,
AKkmo Ty MeHmie, HbK T, :

— e pa3 po3paxyBaTH KOHCTPYKI[il0 abo
€JIEMEHT, 11100 3HU3UTH PIBHI HAPY>KEHHS;

— 3aMIHUTH KOHCTPYKIIMHY JeTajab Ha 1HIY,
sIKa Ma€ BUIILY KaTeropiio;

— KOO MOXKJIMBO, BUKOPHUCTOBYBATU MCTOJ
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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 Ao —N relationship
determine for the design stress range (Ao;),

permissible endurance (N;);

9) calculate the total damage D, for all
cycles using Miner's summation where

i (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 less than 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 JOMYCTHMHUX
pyiinyBaHb (quB. A.3).

A.2.2 Iliopaxynox yuknie

@ [TigpaxyHOK UUKIIB — IIe MpoIeaypa
MEPETBOPEHHSI CKJIAHOI ICTOPii HAMpPYKEHb Y
3pYyYHHI CHEKTp IHMKIIB y TIOKa3HHKax
Jliara3oHy HaIMpYyXeHb Ao, KUIBKOCTI IUKIIIB
N Ta, mNOpud HEOOXITHOCTI, KoedimieHTy
HarmpyxeHp R .

(2)  Jlns KOpOTKHX iCTOpiii HAMPyXEHb, J¢
NOPOCTI  BIUIMBH  TMOBTOPIOIOTHCSI  NEBHY
KUIbKICTh pasis, PEKOMEHIYEThCS
pesepByapHHiI METOX MiApaxyHKy. Moro
MPOCTO Bi3yali3yBaTH Ta BUKOPHUCTOBYBATH
(muB. pucyHok A.2). Tam, ne HeoOXimHO
BUKOPHUCTOBYBATH JIOBI'1 iCTOpii HAampyXeHb,
HamnpuKiIaa,  OTPUMaHi 3  BUMIPIOBaHb
nedopmartiii B iCHYIOUMX KOHCTPYKIIsIX (IUB.
Homatoxk  C), PEKOMEHIIYEThCS  METOJ]
JIOTIIOBOTO MOTOKY. OOUIBa METOIU MIAXOIATh
JUIS. KOMIT FOTEPHOTO PO3PaxXyHKY.

A.2.3 Ompumanns
HABAHMAIICEHD

3HAYEHDb cnekmpy

(1) B pesymbrari ckiagaHHSA Yy MOPSIKY
CcraJgaHHs CITUCKY LUAKJIIB JianazoHy
HalpyXkeHb  AC  OTPUMYETbCA  CIEKTp
HaInpyKeHb. /[ JerkocTi miApaxyHKIB TIpH
HEOOXITHOCTI MOXHA CIPOCTUTH CKJIQTHUN
CHEeKTp /[0 MEHIIOI KUIBKOCTI IHTEpBaiB.
KoHcepBaTuBHUI METOJ BHKOPHCTOBYETHCH,
mo0 CKOMIIOHYBaTH IHTEpBadM B OLIBMII
IPYIH, SIKI MICTSTh TaKy K 3arajbHy KUIBKICTh
[UKJIIB, aje YUii Jiana30H HamnpyXeHb PIBHUN
HaOUIbIIIOMY iHTEpBaly B Tpymi. 3 OUIBIIOO
TOYHICTIO CEPeAHbO3BAKEHE 3HAYEHHS YCIX
iHTEepBaJiB MOXe OyTH BHpaxyBaHe 3a
JOTIOMOTOI0 M, 7€ M — 3BOPOTHIM HaXui
kpuBoi Ao —N, skuii ckopiml 3a Bce
BUKOpPHCTOBYeThCss  (muB.  pucyHok  A.3).
Bukopucranus apu(pMeTHUHOIO CepeHbOro
3HAYEHHs 3aBXK]IM HEKOHCEPBAaTUBHE.

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

where appropriate (see A.3).

A.2.2 Cycle counting

@ 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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a) CucremMa, KOHCTPYKIiiiHA TeTalb
X-X Ta HAaBaHTaKeHHsI

a) System, constructional detail X-X and
loading
c) Icropist HanpyxkeHb AeTami X-X

¢) Stress history at detail X-X

d) ITinpaxyHok nuKJiB, pe3epByapHuii
MeTo]

d) Cycle counting, reservoir method

€) CnekTp Aiana3oHiB HANPYKEHHS

e) Stress range spectrum

f) N, =nmkam o pyiinyBanast npu piBHi
Aiana3oHy HANpys:KeHHA Ao, ,
logAc —log N po3paxynkoBuii TepmiH
cay:k0u KOHCTpyKuiiiHoi xeTani X-X
f) N, = cycles to failure at stress range
level Ao, , logAc —log N design line for
constructional detail X-X

g) CYKYIHIiCTh MOIIKOIKEHD 32
npasuiom Iaasmrpena-Maiinepa

g) Damage summation, Palmgren-

Miner-rule
Pucynoxk A.l-
Figure Al-
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A\ 4

b) TunoBuii nuka HaBaHTaKeHHs (MOBTOPIOBAHMIA Y PO3PAXYHKY

Ao

Ao

Ao

Ao
Ao?
Ao3

n pasiB). T =wuac.

b) Typical load cycle (repeated n times in design). T =time

Ao

‘( n1)‘( nZ)‘( n3)‘( n4)‘

Meroanka OIIHKH BTOMH
Fatigue assessment procedure
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JJISl POIleCY HABAHTAKeHH:. Bu3HauuTu
mik B

Step 1. Determine stress history for

c
U \] T loading event. Identify peak B

ag
T Kpoxk 1: Busnauntu icTopiio Hanpy:keHb
A

B B
- Kpok 2: 3cynyTn icTopilo HaBaHTa:KeHb
L [ 3;iBa HanpaBo Bix niky B
\ f Step 2. Move stress history on left of peak
T S B to right

Kpok 3: HanoBuuTH «pe3epByap»
«Bogoo». Haiidiapma rianonna — ne
TOJJOBHHMH ITHKJI.

Step 3. Fill "reservoir' with "water"".
\ j Greatest depth is major cycle
Omin X .

Kpoxk 4. BinBecTu Boay 3 HaiOinb1Iol
rauounn. BUu3HAYHTH HOBY

A /\"‘ MakcuMaJIbHY riauduny. Ile 6yne npyruii

AC HAHOLIb NI IUKJI.

Step 4. Drain at greatest depth. Find new
maximum depth. This is second largest
cycle

Q2mean 2

— Aoy
Kpok 5: IloBTOpIOBaTH, NOKH <BOJa» HE
. AG 3HnkHe. CymMa ycix IMKIiB — 1e CIeKTp
2 HANPY KeHb s icTopii, HaBe/IeHOI BUIIe
' Ay Step 5 Onwards. Repeat until all ""water"
drained. Sum of all cycles is stress

spectrum for above history

E>
>
>
S

Cycles

Pucynok A.2 - Pe3epByapHHii METOJ MiipaXyHKY LIUKIIIB
Figure A.2 — Reservoir cycle counting method
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nyno N3 Ny

1 — nilicHi inTpeBany; 2 — cpoueHi iHTepBain; Ao - Aiana3oH HanpykeHb; N — KyMyJIATHBHA 4acTOTa
(npu Gyab-sIKiii KinbKOCTI MKIIIB) ; 3 — mik (KOHCepBaTHBHMIA) ; 4 — cepeqHbO3BAKeHE 3HAYEHHS (HAHOLIBII
TOYHE); 5 — cepenne apupMeTuyHe (HeKOHCEPBATHBHE); 6 — 3adikcoBaHUii CrieKTpP; 7 — CIIPOLIEHHI CIIEKTP
AJI51 PO3PAXyHKY.

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 - CrpouieHuii po3paxyHKOBHU CIIEKTp Jiara3oHy
Figure A.3— Simplified stress range spectrum

A.3 IIpoexktyBaHHsi 3
JAOMYCTHMUX PyiiHYBaHb

YPaxyBaHHAM

A.3.1 Ilepedoymoeu o0na npoekmysanHs 3
YPaxyeaHHAM 0ONYCHMUMUX PYIHY8AHb

1) [TpoekryBaHHS 3 ypaxyBaHHSIM
JIOTTYCTHMHX pyHHYBaHb MTOBUHHE
BUKOPHUCTOBYBATHUCS JIMIIE TOMII, KOJH YITKO
BH3Ha4Y€Ha 00J1acTh 3aCTOCYBAHHS.

Mpumitka. Y HaumioHansHOMY J07aTKy MOXYTh OyTH
HajaHi o0JacTi 3acTOCyBaHHS TMPOCKTYBaHHSI 3

ypaxyBaHHSIM JIOITyCTHMHX py#HYBaHb.
PekoMeHIyIOThCSl YMOBH, BKasaHi y @) - d).
a) JinsHKM BWHWKHEHHS TPIIIAH TIOBHHHI

3HAXOAWTHCS ONU3BKO IO MOBEPXHi, MO0 Jerko Oyio
NPOBOMUTH  iX  OOCIYyroByBaHHSA.  BHKITIOUCHHS
MOXJIMBE JIMIIE Yy BHINAJKaX, KOIU 3abe3medeHi
Oe3revHi aJbTEPHATHUBHI NULSIXM 3aBaHTAXKEHHS, a
KOHCTPYKIIIHHI JeTalli CIIPOEKTOBaHI TAKUM YHHOM, IO
PO3POCTaHHSI TPILIMHA MOXKJIMBO 3yMUHUTH JIO TOTO, SIK
TPILMHA JOCATHE TEPILIOro NUIIXY 3aBaHTAXKECHHSL.

b) Meroauka, Bkazana y A.2.2, TOBUHHA
3aCTOCOBYBAaTUCS JUIi BHM3HAYEHHsI IEPiOAWYHOCTI
TEXHIYHUX TMEPEBIPOK Ta MAKCUMAJIBHO JOMYCTUMOTO
PO3MIpY TPINIMHU 70 TOTO, SIK BUHUKHE HEOOXIHICTh B
KOPEKIIii.

C) [ToBuHHI OyTH AOCTYNHI HpaKkTH4YHI METOAN
MIepEBIPOK, 3a JOMOMOTOI0 SIKHX MOXKJIMBE BHSBICHHS
TPILMH 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.

) Practical inspection methods should be
available which should be capable of detecting the
cracks and measuring their extent well before they



JIOCSTHYTh KPUTHYHOTO PO3MIpY.

d) BkaziBky MI0Z0 TEXHIYHOTO OOCIYroBYBaHHS
MOBUHHI MiCTHTH iH(opMarito, BkazaHy y 1.7.3, mis
KOXXHOT'O PO3TaIlyBaHHS TPILHHU.

A.3.2 Busnauennsa cmpamezii nepegipok
0711  NPOEeKMYGaHHsA 3  YPAXYBAHHAM
0onycmumux pyiuHyeaHs

1) Ha Oyap-skiif miIAHII HOTEHIHHHOTO
BUHUKHCHHS TPIIIUHM, ]I TEPMiH O€3MeYHOi
eKcIuTyaTanii T MEHILNUH, HDK

pO3paxyHKOBUH TepMIH eKcIuTyaramii T,

MOBUHEH OyTM  pO3paxoOBaHUN  IHTepBal
HEepPeBIPKH T,
(2) Y BkaziBKax OO0  TEXHIYHOIO

00CTYyroByBaHHS TIOBUHHO OyTH BU3HA4Y€HO,
0 TMepiia TMepeBipka KOXKHOI  JAUISHKH

[MOTEHIIIHOTO BUHHUKHEHHSI TPIMUHA
MOBUHHA  MPOBOJUTUCS 10  3aKIHYCHHS
TepMiHy O0e3MeUHO1 eKCIuTyaTaIlii.

3) Y  Bka3iBKax MIOJO0  TEXHIYHOTO

00CIIyrOByBaHHSI MOBUHHO OYyTH BU3HAYCHO,
110 [IOCJIIOBHI MepeBipKu [IOBUHHI
MPOBOJUTHUCS  PETYISIPHO 3  BU3HAYCHHM
iHTepBanaoM T, IpU yMOBI, LIO:

T, <0,5T,

ne T, po3paxyHKOBHH Hac, 3a AKMH TpILIMHA,

[0 BHUHUKJA Ha OUISHIN, IO OLIHIOETHCH,
pO3poCTaEeThess 3 MOMITHOI foBXuHU |, 10

KpuTH4YHOI oBXUHU |, (mauB. puc. A.4).

Mpumitka. JonycriMa MiHIMabHA JOBXHHA TPIiIUHA
TOBEpXHI  TOBMHHAa  BPaxOBYBaTW  JIOCTYITHICTB,
pO3TalryBaHHs, MOXJIMBHH CTaH IIOBEPXHI Ta METOX
nepeBipku. 3Ha4eHHs |, MOBHMHHE GyTH HE MeHIIIe, HIX

peKkoMeHAOBaHe 3HadeHHA B Tabmmmi A.l, oxpim
BUIIAKIB, KOJIH TIPOBOMSATHCS creriaibpHl
BHIIPOOYBaHHS, MO0 OBECTH, IO MEHIII JOBXIHH
MOXYTb OyTH BH3HAuY€HI 3 BIpOTiITHICTIO HE MEHIIE
90%.

(4)  Skmo Oyap-sika iHINA  [OCTiiiHA
KOHCTPYKI[iiHa a00 HEKOHCTPYKIIiiiHA JIeTab
HE J03BOJISE€ TMOBHHUI JOCTYH A0 TPIIIHUHY,
NpUXOBaHA JIOBXKWMHA TPINIMHH TIOBUHHA
JIOJABaTUCS IO BIAMOBITHOTO 3HAYCHHS B
tabmumi A.1, mo6 orpumaru 3HadeHHs |, i

PO3paxyHKYy.

(5)  Slkmo0  BUKOPUCTOBYEThCS ~ 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.

(€)) 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 I, 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

57



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

KOHTpYKLIHA TOBIIWHA, 1 SKIIO JUISHKA
BUHUKHEHHS  TPIIMHU  3HAXOJIUTHCS  Ha
HEJIOCTYIIHII TOBEPXHi (HAIPUKIIaa, Ha KOpEeHi
OJTHOCTOPOHHBOTO 3BapHOTO mBa B
TpyO4acTomy eJIeMEeHTI), MOXke OyTH TOLLIBHO
IUIAHYBAaTU CTpATEril0 MEepeBIPOK, OCHOBaHY
Ha YJIbTPa3BYKOBOMY BHUIPOOYBaHHI, JUIs
BHSIBJICHHSI 1 BUMIPIOBAHHS TPILIUH JIO TOTO,
SIK BOHH JIOCSITHYTh JIOCTYITHOI oBepxHi. Taka
CTpaTeris HE TOBUHHA NpHMaTHCs 0e3
MOTIePEHIX BUMIPOOYBAaHb 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 — KPUTHYHA JOB:KUHA TPimmuu; b — qonmycTumMa MiHiMaabHA MOMITHA TOBKHHA; C — KpUBA JificHOro
po3pocTaHHs; d — KpHUBa IONYCTHMOr0 HAMIIBHAIIOr0 PO3POCTAHHSI, BEPXHIO MexKy TuB. y loxatky B; i —

HOMep nepeBipky; T, — inTepBan nepesipku; T, — iHTepBaJ yacy A0 TOro, ik TPilllMHA CTA€ MIOMITHOIO;

Tf yac, 3a SIKUH TPilMHA, PO3POCTAETHCA 3 MOMITHOI JIOBKUHU 10 KPUTHYHOI IOBKUHU
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

Pucynoxk A.4 - Crpareris nepeBipku Ajs MIPOCKTYBAHHS 3
ypaxyBaHHSAM JOIIyCTUMHUX PYHHYBAaHb
Figure A.4 — Inspection strategy for damage tolerant design

Tabamusa A.1 —PekomenoBani Oe3neuni 3HaU€HHsI Uil IOMITHUX TPIlMH NOBEpXHi |, B MM
Table A1 -Recommended safe values of detectable surface crack length I, in mm

PosramryBanss TpimmHI
Crack location

. . [IopcTka moBepxHH, T'octpuii kyT,
MCTOII TICpCBIPKH Pisna nnocka BCPXHA YaCTHUHA KpOMKa 3BapHOIo
Method of Inspection MTOBEPXHS p p p
. 3BapHOro mBa iBa
Plain smooth
surface Rough surface, Sharp corner,
Weld cap Weld toe
BizyanpHuid, 32 10MTOMOT'010
30LTBIITYHOYOr0 IPUCTPOIO 20 30 50
Visual, with magnifying aid
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BunpoOyBaHHs 3a JOIOMOT0I0
MPOHUKAIOUUX PIAUH 5
Liquid penetrant testing

10 15

OCBITJICHHS Ta 3HATTS 3aXHCHOT'O TIOKPUTTAL.

Hpumitka. Bxa3ani Bulne 3HAYCHHS BHUKOPHUCTOBYIOTHCS IIPH JIOMYIIEHHI ONM3BKOTO KOHTAKTY, JOCTaTHHOTO

NOTE: The above values assume close access, good lighting and removal of surface coatings.

(6) 3nauenns |, moBMHHE OyTH TaKmM,

00 pobouuit epepiz, BPaxoBYHOUNU MOKIUBY
dbopmy mpoduTIO TPIMIMHM Yepe3 TOBIIUHY,
MII  BUTPUMATH  MaKCUMaJIbHI  CTaTHUYHI1
pO3TATYIOU1 3yCWUIS TiJ HaBaHTaXKCHHSM,
[IOMHOXXEHUM Ha KOEQIIIEHT, PO3paxOBaHUM
srimgo EN 1999-1-1, 06e3 HecTaOLILHOTO
PO3MOBCIOKEHHS TPILIMHU.

n T

JIOTIOMOT OO PO3paxXyHKY Ta/abo
BUNPOOYBAHHS, JOMyCKAIOYM HaBaHTAKCHH,

OBUHEH OLIIHIOBATUCH 3a

NOMHOXKeHE  Ha  KoedimieHnT  (auB.2.4),
HACTYITHUM YHHOM:

a) Merox PO3paxyHKy [IOBUHEH
OasyBaTHCs HAa  OPUHIMIAX  MEXaHIKH

pyiinyBanb  (muB.  Jlomatoxk B). Cuin
BUKOPHUCTOBYBATH CIIIBBIJHOIIECHHS BEPXHbOI
TpaHMII PO3pOCTaHHS TPIIINHH, 110
BU3HAYA€ThCSI  AK  CEpeAHe IUIIOC  JiBa
CTaHIAPTHHUX BigXWIeHHS. SIK ampTepHATHBA,
MeBHI JaHl WIOJO0 PO3POCTaHHS TPIIIMHU
MOXYTb OYyTH OTpUMaHi 31 CTaHJIAPTHHUX
TECTOBMX 3pa3KiB IPU BUKOPUCTAHHI TAKOTO K
Mmatepiay, SK |y [OUIIXYy PO3POCTaHHA
TpiIMHU. Y  TakoMy BHUIAJAKY pIBEHb
pPO3pOCTaHHsI  TPIIMHK  TIOBHHEH  OyTH
MIOMHOKEHUI Ha KOEQIiEHT BIAMOBIAHO 0
BUIIPOOOBYBATBHOTO KoeQilieHTy BToMH F
(muB. Tadmuio C.1);

b) SKIIO PO3POCTAHHS TPIIIMHUA BUHHUKAE
yepe3 BUNPOOYBaHHS OKPEMHUX EJICMECHTIB
KOHCTPYKIii a00 camoi KOHCTpPYKIi, M7 4ac
SIKOTO CHUMYJIIOIOTBCS BIJIMOBIAHI MaTepialiy,
TCOMETPHYHI  XapaKTEPUCTUKA Ta  METOJ
BHUPOOHMIITBA, TO  BIINMOBiIHA  MOJETh
MPUKIAJICHOTO  3yCWJUIA  IOBHHHA  OyTH
3aCTOCOBaHa JI0 BUMPOOYBaHUX 3pa3kiB (IUB.
Homnatoxk C).

C) 3aJI0KYMEHTOBaHHH piBEeHb
pPO3POCTaHHS  TPINIMHA MDK  JOBXHHAMU
tpimman |,  Tta |, noBuHeH Oyrm

(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.

@) 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 1, and |, should be

factored by the fatigue test factor F (see
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ITIOMHOKEHUI Ha BUIIPOOYBAIbHUI
kopedirient Bromu F (quB. Tabmuiro C.1).

(8) BkaziBku 1010 TEXHIYHOTO
oOCIIlyroByBaHHsI TOBMHHI BH3HA4YaTH TaKli
3ax0]i1, MOHEOOX1/IH1 /ISl BUSIBJICHHS BTOMHO1
TPIIMHM i Yac PperyasipHOi TEeXHIYHOI
MIePEBIPKHU:

a) SKIIO BUMIpSHA JOBXXWHA TPIIIHHA
MeHIIa, HDK |,, To He NOTPIOHO BXKHMBAaTH

HIIKUX 3aX0/iB 11010 YCYHEHHS
HECTPABHOCTEH.
b) SKIIO BHUMIpSHA JOBXHHA TPIIMHA

nopiBHse abo mepeBmmye |, ememeHnt

HEOOXITHO OIIHUTA Ha TMPUIATHICTH 10
[UThOBOTO  BUKOPUCTAHHS,  BU3HAYUBIIIH,
BIIPOJIOBXK SIKOTO Yacy KOHCTPYKIliS 3/aTHa
0e3neuno (yHKI[IOHYBaTH 0e3 Kopekiii abo
3aMiHHU. Y BUIIA]IKY MIPOJTOBKECHHS
(GYHKLIOHYBAaHHS ~ HEOOXIHO  PO3IJIAHYTH
MOKJIUBICT ~ 30UIBIIEHHS  MEPiOAMYHOYTI
MepeBipoOK Ha MiCIIi.

C) SKIIO BHUMIpsSHA JOBXXWHA TPIIIMHA
nepeBuiye |, , KOHCTpyKLis NMOBHHHA OyTu

HeraifHO BUBEJICHA 3 eKCILTyaTallii
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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.



JIOJJIATOK B
(IOBIIKOBHN)
1010 OIITHKH
TPIIIUHU 3A
MEXAHIKH

BKA3IBKU
PO3POCTAHHS
JTOIMOMOTI' 010
PYWUHYBAHHS

B.1 Cdepa 3acTocyBaHHs

1) Meroro 1BOro I0JATKy € HaJaHHS
iHopMarlii Mmoa0 3aCTOCYBaHHS MEXaHIKH
pyHHYBaHb IS OIIHKA PO3POCTAaHHS BTOMHHX
TPIIIMH 3 TUIOCKUX TOCTPUX HEOTHOPITHOCTEH.
['07OBHUM YHHOM TII€ CTOCYETHCS OIIHKH
HACTYITHOTO:

- BXke BioMmi jgedextd (BKIHOYAOUU

BTOMHI  TpIIMHM, BHSBJICHI WA  4Yac
eKCIUTyarTarfii);
- noryctumi  nedextd  (BKIIIOYAOUH

PO3MIISIT TOYAaTKOBOTO 3’€HAHHA abo Mex
BUSIBJICHHS ~ JIepeKTIB  3a  JONOMOIOIO
HEepYHHIBHUX BUTIPOOYBaHb);

- CTIMKICTE 10 nedekTiB (BKIOYAIOUN

OIlIHKY MPUIATHOCT1 bi (o) UILOBOTO
BUKOPHUCTAHHS nedeKTiB, creriajabHO
CTBOPEHHUX JUIST MMEBHUX BUMOT
GYHKITIOHYBAHHS).

(2) Meron OXOTLTIOE HOpMaJIbHE
pPO3POCTaHHSI BTOMHHX TPIIIMH y HAMPSIMKY
TOJIOBHOTO PO3TATYIOYOTO HATNIPY>KEHHS
(Meton 1).

B.2 Ilpunounmu

B.2.1 Po3mipu mpiwjun

@ JlomyckaeTbesl, 10 PO3MOBCIOKEHHS
BTOMH TIOYMHAETBCS 3 BXKE ICHYIOYOTO
IJIOCKOTO Je(PEeKTy 3 TOCTPOIO TPIIIMHOO, SKa
3a3BUYail  PO3POCTAETBCS Yy  HAMPSAMKY
Jliana3zoHy TFOJIOBHOIO PO3TATYFOYOTO
Hanpy>XeHHs: Ao B JIaHI{ TOYIII.

(2)  Posmipm Bxe icHyruMx AedekTiB
noka3aHi Ha pucyHky B.l. Iloka3ani nedextun
pPO3MOAUIAIOTECS HA Ti, IO CTBOPIOIOTH
pO3JIOM TIOBEpXHI, 1 Ha Ti, IO TOBHICTIO
3HAXOJIATHCS BCEPEIMHI MaTepiaity.

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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_)I A
Aoy Ay
< l >
Sla N\ 1
a) aedexT, 10 CTBOPIOE PO3JIOM MOBEPXHi
1 —BisibHa OBepXHS; 2 — 1eheKT
_,l B
Ao, Ag,
— —
—)] B

b) nedexT, M0 3HAXOTUTHCSI BeepeanHi MaTepiaxy

mw EI
14. 26, 1
A-A
a) Surface braking flaw
1 - free surface; 2 — flaw
A
]
¥
< 2C" L
B-B

b) Embedded flaw

Pucynok B.1- IcHyrounii 10 BUHUKHEHHS TPIIIUHU IJIOCKHH edeKT

Figure B.1-

B.2.2 Cnissionowennsn pocmy mpiugunu

(1) [Tix BIMBOM Jiama3oHy IUKIIYHUX
HaTpYXeHb Ao (GpoHT TPILIUHU
MepeMilyeThCsl BIUIMO MaTepiany BiAHOBIIHO
JI0 3aKOHY pO3NOBCIOJDKCHHS TpIlWHU. B
HampsiIMKy '@’ piBeHb  PO3MOBCIOHKCHHS
BU3HAYAETHCS 32 POPMYIIOIO:

Pre-existing planar flaw

B.2.2 Crack growth relationship

Q) 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:

da
— = A(Aa’°-y)" B.1
o = Aa’-y) (B.1)
Je: where:
a — MarepiaJibHa KOHCTaHTa  PIBHS a is the fatigue crack growth rate
po3pocTanss BroMHOi Tpintuau (PPBT); (FCGR) material constant;
m — TMOKa3HUK CTYNEHS pO3POCTaHHs m Is the crack growth rate exponent;
TPIMIUHA
y — rEOMETPUYHHUN KOCPIIIEHT TPIIIHH, y is the crack geometry factor depending
AKMA  3aleXUTh Bi (OpMU  TPILIUHH, on the crack shape, orientation and surface

OpieHTallii Ta po3MipiB TpaHULl TOBEPXHi.

Hpumitka. OnuHAi LIs KoeillieHTiB iHTEHCHBHOCTI
nanpyxenns AK — Hum? m>° [MITa m>°], a st piBust
pospocrtanss Tpimuan da/dN — [m/mmxi].

(2) lle MoxHa 3ammMcaTH 3a JOMOMOTOIO
dbopmynu:

da
dN

zie
AK - nmiara3zoH IHTEHCHUBHOCTI
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= AAK"

boundary dimensions.

NOTE: The units for stress intensity factors AK are
Nmm? m® [MPa m®°] 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
(B.2)

where
AK is the stress intensity range and equals



HaNpyKeHHs, o JopiBHIoE Aca’’y .

3 [Ticns  mpuknagenHs N IUKIIB
Jiarna3oHy HamnpyXeHb Ao TpillMHA 3pOCTE 3
posmipy @' 10 posmipy a° y BiamoBigHOCTi 3
HACTYITHUM IHTETrpyBaHHSIM:

(4) VY zarampHomy Bumaaky A, AK Ta m
3aJIekaTh BiI a.

B.3  3nauyeHHs po3pocTraHHs TpiluHH A
Ta M

1) A and m  oTpumyloThCI 3
BUMIPIOBAaHb  PO3POCTaHHSA  TPIUNIMHH  Ha
CTaHJIAPTHUX 3paskax 3 HA/IPi30M,
opieHTOoBaHMX y HampsMmky LT, TL abo ST
(Hanpukian, sSK Ha pUCYHKY B.2), 3
BUKOPHUCTAHHSIM CTaHJAPTU30BAHUX METOIHNK
BUNPOOYBaHb. Po3paxyHOK 3pa3ka IMMOBHHEH
Oyru TakuMm, o0 Oyllo AOCTYIHE MpaBUIIbHE
BU3HAUYEHHS  KOeQillieHTy  IHTEHCHUBHOCTI
HAIPY)KCHHS (K) (Hanpukazn,
CHIBBIIHOIIIEHHS MDK MIPUKIIAJICHUM
HABaHTAXKXCHHIM Ta PO3MIpOM TpimuHu 'a").

Mpumirka. [Mopanbira iH(pOopMariis 010

CTaH/aPTU30BAHUX METOAUK BHIPOOYBAHB MICTUTBCS Y
6i0miorpadii, B.1.

+ 0,05

025w o

1 0,8

E |2 11

i<

0,275~
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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:

da (B.3)

4) For the general case A, AK and m
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.

+ 0,005+
<>

0,6w
+ 0,005v

A7 a,

< a

w + 0,005 w
1,5w 0,010 w

< >

LY

>

<

1 — niameTp oTBOpY; 2 — 3MillleHHSI OTBOPY;
3 —30inbIIeHHs; 4 — MOYATKOBAa BTOMHA TPilllMHA
PexomennoBana toBmmmaa 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- Twumoswuii 3pa3ok po3pocTanHs TpiluHu (npukiaa 3 nocui. B.3)
Figure B.2 - Typical crack growth specimen (example from ref. B.3)
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(2) BumpoOyBaHHS  TPOBOAATHCS  Tif
BIUIMBOM  KOHTPOJIbOBAHOTO  KOMIT FOTEPOM
[UKJIIYHOTO HaBaHTAXXCHHS Ha 3pa3Ky Npu
MOCTIHHOMY CIIBBIAHOIIEHHI 1HTEHCUBHOCTI
npukiageHoro Hampyxkenns K, /K ., sk
JUIs IOCTIHHOT yMOBM BunpoOyBaHHsA R, Tak i
JUIL U TIOCTIHHOI YMOBHM BHITPOOYBaHHS
K npu TOYHOMY BUMIPIOBaHHI

PO3pOCTaHHSI TPIUHYU TI0 HAJIPI3Y.

max !

Mpumirka. [Mopanbmia iH(pOopMariis 1010
CTaHaPTU30BAHUX METOAUK BHIPOOYBAHB MICTUTBCS Y
6i0miorpadii, B.2.

(3)  Slkmio mMCKpeTHI 3HAYEHHS JTOBKHHHU
TPILIMHA & OTPUMAaHi, TO JJs PO3TallyBaHHS
JTAHUX BUKOPUCTOBYETHCS IUIABHA KPWUBA, MPH
3aCTOCYBYHHI METOAy, IO BH3HAYCHUH B
CTaHIapTi BUIIPOOYBaHHS. PiBenn
pospoctannst Tpimubau da/dN npu 3anmaniii
JOBXKUHI TPIIIMHU BUPAXOBYETHCS K TPAJIIEHT
KPHUBOI U IEBHOMY 3HaUCHHI.

4 BinmoBigHe  3HayeHHS ~ Jiama3oHy
KoeillieHTY IHTEHCUBHOCTI HanpyxeHHs AK
OTPUMYETHCS 3 JIOTMOMOTOI0  BIAIOBIIHOTO
pimenHss K pmns BunmpoOyBaHOTO 3pa3Ky B
MOEAHAHHI 3 JI€I0 JIala30Hy MPHUKIAICHOTO
HaBaHTAXXCHHs. Pe3ynbTaTu CHIBBiJHONICHHS
da/dN ta AK mHaneceHi Ha rpadik 3a
JIOTIOMOTOFO JIOTapu(MIYHOT ITKAJIH.

(5)  Hns 3aranbHOTO BUKOPHUCTAHHS KPHBI
pPO3pOCTaHHs MOXYThb 3aCTOCOBYBATHCS IS
pi3HuX 3HaueHb R . Pucynok B.3 memonctpye
tunoBuil npukinag da/dN 1o BiIHOIIEHHIO
no kpuBux AK mis neopMOBaHOrO CIUIaBY
amominito EN AW-6005A T6. Ha pucynky
B.3(a) ymoBoto BunpoOyBaHHs Oyii0 NOCTIHHE
CHIBBIIHOIIEHHS IHTEHCUBHOCTI HAIpPYKEHHS
K, /K a Ha pucynky B.3(b) pesynbratn
BUNIPOOYBaHHS IMpH MOCTIHHOMY 3HA4eHHI
K, =10 Hvm?m>  moemayeThes 3
KOHCEpBAaTUBHUMU T'UIKAMU KPHUBOI 3 PUCYHKY
B.3(a). [  xomOiHamiss  pe3y/ibTaTiB
MOCTIHHOTO 3HaueHHd R Ta mocCTiHHOTO
3HaueHHs K € KOHCepBaTUBHUM IH)XCHEPHUM
HAaOMKEHHSIM 1 MOXE BUKOPHUCTOBYBATHCS
Ui miepen0adeHHss BTOMHOI  MIITHOCTI Y
BUTA/IKY 3HAYHUX 3QTUIIKOBHX PO3TATYIOYHX
Harpy>keHb a00 HeOCTaTHIX BUMIPIB BTOMHOT
TpimuHu. 3Ha4eHHs M Ta A mnsa puc. B.3
HanaHi y Tabnuigix B.1(a) Ta (b).

max !

64

(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’

2m®® 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).



(6) Ha pucynxy B.4(a) Hnanecene Ha
rpadik mocriiine 3HayeHHs R-PPBT koBanmx
amoMiHieBux cmasie R = 0,1, a Ha pucyHKy
B.4(b) Bkaszami BigmoBimHI  JaHi IS
nocriiiHoro 3HaueHHss R = 0,8. Ha pucynky
B.5 mokazani nocrtiiini R-PPBT kpuBi Tpbox
CIUIaBiB KOKUIbHOTO JUTTA mpu R = 0,1 Ta
R=0,8. Ha pucynky B.6 moka3ani
KOMOIHOBAHI [aHl IDOCTIMHUX 3HaueHb R Ta

K nax U1 BUIPOOYBaHb KOBaHMX aJIIOMIHIEBUX

crumaBiB R = 0,1 ta R =0,8. 3gauenuss m ta
A Bepxuboi rpanuni PPBT mnoxpurrs,
MoKasaHi Ha MaiaoHKax B.4 - B.6, Takox
HajaHi y Tabnuisx B.2 - B4 BigmosinHoO.

[pumiTka. IMonanerra iHpopmaIris 010

crmiBiggomennss  da/dN Ta AK HaJaHa y
bi6miorpadii, B.3 ta B.4

@) 30BHIIHIN  BIUIMB ~ KOpPO3ii  MOXKe

BmmBath Ha A ta  m. Pesympratu
BUNIPOOyBaHb,  OTPUMaHI INpU  yMOBax
BOJIOTOCTI ~ HAaBKOJIMIIHBOTO  CEPEJOBHIIIA,

3aTHI OXOIUTIOBaTH OUIBLIICTH HOPMAJIBbHUX
aTMoc(epHUX YMOB.

B.4 T'eomerpuuHa pyHKIis y

(1) Teomerpuuna GYHKIlIS Y 3aI€KUTH Bil
reomerpii Tpimmuan (hopMu Ta pPO3MIpY),
pPO3MIpiB TpaHUIb TOBEPXHI OTOYYIOUOTO
MaTepiady 1 MOJenl HampyXeHHs B 30HI
LUISIXY TPILUHU.

(@) Hana  iHpopmamis  Moxe  Oytu
OTpUMaHa 3 PO3pPaxyHKy KIHIIEBHX €JICMCHTIB
KOHCTPYKIHHOT Jerani 3 BUKOPHCTAHHSIM
€JIEMEHTY., 10 MICTUTh BEPIIUHY TPIIIUHU.
[HTeHCUBHICTD HampyXeHHS JUIi  PI3HUX
JIOBXXHH TPILUHU BHU3HAYAETHCS 3a
JOTIOMOT0l0 iHTerpany J. AJbTepHAaTUBHUM
IUIAXOM BOHA MOke OyTH BH3HAu€HHA 4epes3
NEepeMIllleHHs], T0JIeé HANpY)XEHHS HaBKOJIO
Kpalo TpimMHM abo 3araibHy EHEepriro
MpYXKHOI AedopMmartii.

(3)  Posnoscromkeni pilieHHs JUIS
3arajbHO BHUKOPUCTOBYBAaHUX TI€OMETPUUYHHX
XapakTepucTuk (TIagkuil MaTepian Ta 3BapHi
[IBH) — II¢ aJbTEPHATHUBHE JDKEPEIIO 3HAYCHD
y. CrangapTHi JaHI 4YacTO HAJAIOTHCA B

nokasHuKax |y, ae Y =yr *°. Tunoswuii
NPUKIA] TPIIMHUA Ha TJIaAKIA IUIATI, IO
MPHU3BOMTH JIO PO3JIOMY TIOBEPXHI, HATAETHCS

Ha pucynky B.7(a). Skmo  TpimmHa

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 is
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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3HAXOAMUTHCS HA KPOMII IIBA Ha IOBEPXHI
IUINTH, TO TOJANbIIa KOPEKIis BIUIMBY
KOHIICHTpallli MICIIEBOI0 HANpPYXEHHS MOXe
BUKOHYBaTHCS 3a JONOMOIOI KOEQili€HTY
30itpmenHs M (muB. pucynok B.7(b)).

[pumitka. TTomamnbrma iH(pOpMAaIIis I0JT0
PO3TIOBCIOIKEHHX PillleHb 3HaxoAauThes y bibmiorpadii,
B.1Ta B.5.

(4)  Pesymprar Y mnas riaagkoi IUTATH Ta
M [UI KPOMKHM 3BapHOTO 1IBA HaJa€ Bapiamii

Yy B TIpoleci PO3POCTaHHsS TPIIHUHU YTIUO
TOBII[MHU MaTepiany (quB. pucyHok B.7.(C)).

B.5 InTerpauis po3pocTaHHsi TPillUHU

(1) Ans  3arajgpHOrO0  BWIIAAKY  ICTOpIi
HAlpy)XeHb 3MIHHOI aMIUTITyd TOBHHEH
BU3HAYATUCS CIEKTP HAmpyXeHHs  (auB.
2.2.1).Ha npakTuii MOBHUI CHEKTP MMOBHHEH
MPUKIAIATUCS SIK MiHIMYM B 10-TH 0 JHAKOBHX
MOCIIIOBHOCTAX 3 OJHAKOBUMH Jiara3oHaMu
HanpyXkeHb Ta KoeQillieHTaMH HaIpyKEeHHs
R, ane mpu onHiil AecATIH KITBKOCTI IMKIIB.
brok 3 HalOITBIINM Mialla30HOM HAMPYXEHb
MOBUHEH MPUKIAATUCA TEPIIMM B KOXKHIM
nocimimoBHocti  (mmB.  pucyHok  A.3).
Po3pocranns TpinmuHM, 1O 30UTBIIYETHCS,
BUPAxXOBYETbCA 3a JIOTIOMOTOIO0  IOJIIFOHY
pPO3pOCTaHHS TPIMIMHU IS BiJIIOBIIHOTO
Koe(ilieHTy HampyxkeHHs R nans koxxHOro
OJOKy  LHMKIIB  HalpyXeHb  IOCTIHHOI
aMILTITY M.

(2)  Skmo HeBimoMmM  AIMCHHMH — HIISIX
3aJIMIIKOBOTO  HANpYXEHHs, TO MOo0Iu3y
3BApHUX IIBIB HEOOXiAHO BUKOPHUCTOBYBATHU
BUCOKHI KoediuieHT HampyxkeHHs R (R =
0,8) abo KpuBY TNOCTIHHOTO pPO3POCTAHHS

Tpimuuu K

(3) MHomxwuua TpimmHu 'a’ iHTErpyeThCS
Ha II0 OCHOBY JIO JIOCSITHEHHSI MaKCUMaJILHOTO
po3Mipy TpILUMHM &, Ta MiApaxyBaHH

YHCJIOBHUX 3HAYCHb.

B.6 Ouinka MakcUMaJbLHOTO PO3Mipy
TpilMHA 3,

(1)  Ls BennumHa 3a3BUYail BH3HAYAETHCS
Ha OCHOBI TUIACTHYHOTO PO3PUBY POOOYOTO
nepepizy MiJ MaKCUMaJbHUM MPUKIAICHUM
PO3TATYIOYMM HABAHTAXCHHSIM 3 BIATIOBITHUM
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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.

(@) 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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4acTKOBUM Koedirientom, aus. EN 1999-1-1.
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b) Kimax = 10 Nmm?m®?
Pucynoxk B.3- Tumoe  po3pocTaHHs BTOMHOI  TpIIIMHU AITIOMIHIEBOTO CILJIaBy

EN AW-6005A T6 LT
Figure B.3 - Typical fatigue crack growth curves for aluminium alloy EN AW-6005A T6 LT
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Ta6imus B.1(a) - 3HaueHHs piBHS pO3pocCTaHHs BTOMHOT TPIMIUHA JUTS
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
IHTEeHCUBHICTD IHTEeHCUBHICTD
KoeirieHT HaHpZ)EeHHH KoeiIieHT HaHpZ)EeHHH
HAaNpyXEHHS [HMM'2M0’5] m A HANpPYKEHHS [HMM'2M0’5] m A
R —$atio Stress intensity R -IrQatio Stress intensity
AK 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 4,87 | 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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Ta6omuus B.1(b) - 3nauenns piBHS PO3POCTaHHS BTOMHOT TPIIIUHA JUTS
EN AW-6005A-T6 LT, K, = 10 Humm’° = constant
Table B.1(b) - Fatigue crack growth rate data for EN AW-6005A-T6 LT,
K, = 10 Nmm™®m°®® = constant
[HTEeHCUBHICTE [HTEeHCUBHICTE
KoeirieHT HaHpZ)EeHHH KoeiIieHT HaHpZ)EeHHH
HAaNpyXEHHS [HMM'2M0’5] m A HAIpPYXEHHS [HMM'2M0’5] m A
R Eatio Stress intensity R Eatio Stress intensity
AK 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
6,70 552 | 1,41317E-12 4,95 4,76 | 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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Pucynoxk B.4- KpuBi THUIOBOrO piBHS pO3POCTaHHS BTOMHOI TPIIIMHM JUJIsI  PI3HHUX
ne(hOopMOBaHUX CIUIABIB
Figure B.4 - Typical fatigue crack growth rate curves for various wrought alloys

INpumitka. Crmasn 2024 TL R, ta 7075 LT R, He NOTE: The alloys 2024 TL R, and 7075 LT R, are
PEKOMEHIYIOTBCS JUTs OyaiBedab Ta POOIT MUBITBHOTO not recommended for buildings and civil engineering
MPOEKTYBaHHs. BOHM HaaaHi IS TOPiBHSHHS. works. They are givEN here for comparative reasons.
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Pucynoxk B.5- KpuBi THNOBOro po3poCTaHHS BTOMHOI TPIIMHM s PI3HUX JIMBApHUX

CILJIaBIB
Figure B.5- Typical fatigue crack growth curves for various cast alloys

Mpumirka. Crutan AC-21100 ta AC-211000 He NOTE: The alloys AC-21100 and AC-211000 are not
PEKOMEHIYIOTBCS Tt OyaiBedab Ta POOIT MUBIITHLHOTO recommended for buildings and civil engineering
NpoeKTyBaHHs. BoHM HalaHi 1J1s TOPiBHSIHHS. works. They are givEN here for comparative reasons.
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Pucynok B.6- Kpusi TUIIOBOTO po3pOCTaHHA BTOMHOI TPILIUHM Ui Pi3HUX JePOpPMOBAHHUX
CIUIaBiB
Figure B.6 - Typical fatigue crack growth curves for various wrought alloys
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Taoaunsn B.2 - 3HaueHHs pPIBHIO PO3POCTaHHS BTOMHOI TPIIMHM IS J1e(OPMOBAHUX CILIaBIB
R =K, /K, = constant

Table B.2 - Fatigue crack growth rate data for wrought alloys, R=K_ . /K, = constant
. [HTEeHCHBHICTD
KoedirieHT
HAaIpYXEHHs Hanpy>1<e_12{Hg[ 5
R AK [HMM M m A
R -ratio Stress mte_rlsnoy5 AK
[Nmm~“m™7]
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

Hpumitka. L[i 3Ha4eHHS € BEpPXHIMH TPaHUISIMHA
MOBEPXHi, IO OTPUMaHi 3 KPUBHUX Ha pucyHkax B.4(a)

NOTE: These values are upper bound envelopes
derived from curves in Figure B.4(a) and (b).

Ta (b).
Taoiuua B.3- Pisenn pO3pOCTaHHSA BTOMHO1  TPIIIUHH TUIA JIMBApHUX CIUIABIB,
R=K,;, /K., = constant
Table B.3 - Fatigue crack growth rate cast alloys, R=K_; /K., = constant
koedittient IHTEeHCUBHICTE
HanpyxeHHs AK
HaprF)aKeHHSI [HMM-ZMO'S] m A
: Stress Intensity AK
R -ratio [Nmm.zmovs]
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

NOTE: Values are upper bound envelopes derived
from curves in Figure B.5(a) and (b).

Mpumirka. 1li 3HaueHHS € BEPXHIMH TPAHUISIMHU
MOBEPXHi, MO OTPUMaHi 3 KpHBUX Ha pUcyHKax B.5(a)

Ta (b).
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Taoauusn B.4 - PiBeHp po3pocTaHHss BTOMHOI TpiMHM Ui J1e(OPMOBAHHMX  CILIaBiB
K, =10 Nmm?m®® = constant

Table B.4 - Fatigue crack growth rate data for wrought alloys, K __ =10 Nmm?m°® =
constant
. IaTeHCHBHICTB
KoedirieHT
HaIPY>KEHHS Hanpy)Ke_gHgsAK
R [HvM M 7] m A
. Stress Intensity AK
R -ratio [NmmZm®?]
0,100 0,76 9,13 1,21148E-10
1,26 2,77 5,26618E-10
19,50 5,95 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
Mpumirka. 1li 3HaueHHS € BEPXHIMHU TPAHUISIMU NOTE: Values are upper bound envelopes derived
MOBEpPXHi, 10 OTPHMaHi 3 KPUBHUX Ha prcyHkax B.6(a) from curves in Figure B.6(a) and (b).

ta (b).
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JTOJATOK C
(IOBIIKOBUN)
BUNIPOBYBAHHS JIJISI PO3PAXYHKY

HA BTOMY

C.1 3arajbHi H0J0KEHHH

Q) S0 HeMae [IOCTaTHBOI KUIBKOCTI
JAHUX JJIs1 IOBHOT MEPeBIpKU KOHCTPYKII 3a
JIOTIOMOTOI0 PO3paxyHKIB y BIAMOBIAHOCTI 3
221 Ta 2.2.2, noBuHHI OyTH HaBeICHI
JIOAATKOBI ~ MIATBEP/DKEHHS, OTpUMaHi 3a
JIOTIOMOT OO creriagbHO1 Iporpamu
BUNIpOOyBaHb. Y 1[bOMY BHUIAJKy JaHl
BUNPOOYBaHb MOXYTh OyTH MOTpPiOHI 3 OJHIET
3 HACTYITHUX MMPUYHH:

a) Hemae icropii abo CIIEKTPY
MMPUKIIAACHOTO HaBaHTaXCHHS JJIA
OJUHUYHOI'O abo 0araTopa3oBoro

HABAaHTAXXCHHS, 1 HEMOXIIMBO BH3HAYUTH
iX 3a JIOMOMOIOI0 TMPAaKTUYHUX METOIIB
a00 KOHCTPYKIIMHUX pO3paxyHKiB (IHB.
2.3.1 Ta 2.3.2). OcobmuBO IIc MOXE
CTOCYBaTUCS PYXOMHUX KOHCTPYKIIiH, IO
3a3HAIOTh TiIpaBIiYHOTO abo
acpOJIMHAMIYHOTO  HABAHTAXCHHS, B
SIKUX MOYTh BUHUKHYTH AUHAMI4HI a00
pe30HaHCHI eeKTH;

b) reomerpuuni XapaKTePUCTUKU
KOHCTPYKI[Ii HAacTUIbKM CKJAJHI, IO
HEMOXIIMBO OLIHUTH CHJIM B €JIEMEHTI
a0 30HM MICHEBUX HANpYyXKEeHb 3a
JOTIOMOTOI0 TIPaKTHYHUX METOMIB abo
po3paxyHkiB (auB. 5.2 Ta 5.4);

C) Marepiaii, TPOCTOPOBI jAeTami abo
METOJIU BUPOOHUIITBA eJIEMEHTIB
3’€IHaHb BIIPI3HAIOTHCS Bif HAJAHUX B
TaONMHIIAX JETATI30BaHUX KaTeropii;

d) mami 1mI0OAO  pPO3POCTaHHSA  TPINUHH
HEOOXIIHI JIJISl IEPEBIPKU MPOEKTYBAHHS
3 ypaxyBaHHSM JOMYCTUMHX PyHHYBaHb

(2)  BumpoOyBaHHS MOXYTh MPOBOIMTHUCS
Ha LUIMX TNPOTOTUIAX, HA KOHCTPYKIISX,
€KBIBAJIGHTHUX KOHCTPYKLISM, II0 MaroTh
Oyru moOymoBani, ab0 Ha iX 4YacTHUHAaX.
Indopmanis, mo oTpumaHa 3 BUIIPOOYBaHb,
MOBUHHA BpPAaxOBYBAaTH CTYIiHb, JO SKOTO
HABaHTAXXCHHSA, MaTepiaii, KOHCTPYKIIHHI
neraii Ta METOIU BUPOOHUIITBA
BUIIPOOOBYBAHOT KOHCTPYKI[ii a00 €JIEeMEHTIB
BIJIMOBIJAIOTh KOHCTPYKLIi, 10 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
2.3.1 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.



noOymoBaHa.

(3) Hami BUNIPOOYBaHb MOXYTb
BUKOPUCTOBYBATHCS  3aMICTh  CTaHJIAPTHUX
JaHUX JIHIIe TOHi, KOJXHM BOHHM OTpPUMaHI Ta
3aCTOCOBaHI1 y BiIMOBIAHOCTI 3 KOHTPOJIbHUMU
METOIMKAMH.

C.2  Orpumanus 3HAYEeHb I CHUX
HABAHTaXKeHb
C.2.1 3agpikcosani KOHCMPYKUT, wo

3A3HAIOMb MEXAHIUHO20 6njiuey

(1)  Croau BigHOCSATHCS TakKi KOHCTPYKIIii,
AK MOCTH, MIJIKpaHOB1 OajJku Ta oOmopu
MaIlIMHHOTO o0JasiHaHHS. [Toni6H1
KOHCTPYKIii, 1103a3HAIOTh TaKUX CaMHUX
HaBaHTAXEHb, MOXYTb BHUKOPHCTOBYBATHCS
JUIs OTPUMaHHS aMIUTITYaH, a3 Ta 4acTOTH
NPUKJIAICHUX HABAHTAXKCHb.

2 TeH30MeTpUYHI  aT4YUKH, JaTYUKU
neopmarniiii Ta MPUCKOPEHHs, 3aKpiljieHi 10
00paHUX KOMIIOHEHTIB, sIKi Oynu KaniOpoBaHi
IpU TPHUKIAICHUX HABAHTAKEHHAX, MOXYTb
3amMcyBaTH LUISIX 3yCWJUIA 3a THUIOBUU
pob6oumit nepios KOHCTPYKIIii,
BUKOPHUCTOBYIOUH aHAJIOroBe abo 1mdpose
oOamHanHs 300py AaHuX. EneMeHTn moBuHHI
Oyru o0OpaHi TakMM YHHOM, W00 OCHOBHI
KOMIIOHCHTH HaBaHTa)XEHHS MOTJH OyTH
BUBEACHI HE3aJEKHO BIJ BHKOPHUCTaHHI
KOCQIlieHTIB  BIUIUBY, OTpUMaHUX 3
HaBaHTAXXCHb KaTiOpyBaHHS.

(3) AnbpTepHATUBHI JATYUKH
HaBaHTAXXEHHS MOXYTh Oynu BOyHOBaHI Yy
KOHTAaKTHY TOBEPXHIO MDK TNPUKIAJACHUM
HABAaHTAKEHHSM  Ta  KOHCTPYKII€lO,  a
HETIePEePBHUI 3amuc, MOKe OyTH OTpUMaHUi
3a JONMOMOTOI0 BHKOPHUCTAaHHS TaKOTO K
caMoro o0JaHaHHS.

(4)  Maca, kOpcTKICTh Ta JorapuMidHU
JNIEKPEMEHT  BUIPOOOBYBAaHOT  KOHCTPYKITii
nmoBuHHI ckiaazatd 10 30% mUX DOKa3HUKIB
KIHIIEBOTO PpO3paxyHKy, a BJIaCHa YacToTa
pPeXKUMIB pOOOTH, SIKA CIPUUMHSIE HAWUOLIBIII
nedopmalliiiHi KOJIMBaHHS, TIOBUHHA CKJIaJIaTH
no 10%. VY iHmoMy BHIAAKY peakilisi Ha
HABAaHTAQ)XCHHS TIOBHHHA OYTH TIOCIiJOBHO
nepeBipeHa Ha  KOHCTPYKIIi, CTBOpEHii
BiJIMIOBITHO J0 KiHI[EBOTO PO3PAXYHKY.

(5)  Yacrorna CKJIaJI0Ba CHEKTPY

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.

€)) 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
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HaBaHTAXEHHA, OTpUMaHa 3  poOoUoro
nepiojsly, MOBHHHAa OYTM TIOMHOXKEHa Ha
CIIBBIIHOWICHHS  TEepMiHy  cioyxOu  Ta
poboyoro mepiogy Ais OTPUMAHHS CHEKTPY
KIHIIEBOTO pO3paxyHKy. Takox mpu mnotpedi
HEOOXITHO POOUTH JOMYIIEHHS 30UIbLICHHS
1IHTEHCUBHOCTI abo YacTOTH, abo
CTaTHCTHUYHOI EKCTPAamnoJsmii 3 BHUMIPSHOTO
Mepioly 10 TEPMiHY CITYKOH.

C.2.2 3aghikcosani KOHCMPYKUT, wo

3a3HaAlOmMb  GNAUGY  YMOE  308HIUIHBOZO
cepedosuuia
(2)  Pexomenayetbcs MOCITiIOBHA

nepeBipka HABAaHTAXKCHHS HA KOHCTPYKIIII 110
KIHIIEBOTO PO3paxyHKY, SIKIIO MOYAaTKOBI JaHi
HABAaHTAXXCHHS OTPUMaHI 3 KOHCTPYKIIHA 3
BJIACHOIO 4acTOTOIO abo pI3HUIIEIO
amopru3anii Oinpmre, HDK 10%, abo sKiIo
dopma  momepeyHOro mepepizy He €
1IEHTUYHOIO.

(3) CrekTp KiHIEBOTO PO3PaxyHKY MOXKe
OyTM OTpPHMaHHi B TOKAa3HUKAX HAIMPAMKY,
IHTEHCHUBHOCTI Ta 4YaCTOTH HaBaHTaKEHHH,
MIPU MOXKJIUBOCTI MOAU(IKAIII 32 JTOTTOMOTOIO
MOPIBHSHHS JaHUX HABAaHTAKCHHs 3a TEpioJ
300py JIaHUX 3 METCOPOJIOTIYHUMH 3aITCAMH,

OTpUMaHUMU BIIPOJIOBIXK TUIIOBOTO
PO3paxyHKOBOIO TEPMIHY CItyx0u
KOHCTPYKIII.

C.2.3 Pyxomi koncmpyKkuii

@ Crom BXOASTh TakKi KOHCTPYKIIi, SIK
MOCTOBI KpaHM Ta IHIII KOHCTPYKIII Ha
KoJiecaX, TPAHCIOPTHI 3aco0u Ta IJIaByroOui
KOHCTpYKIIi. B Takux TtHmax KOHCTpYKLIH
reOMETPUYHI  XapaKTePUCTHUKU  TOBEPXHI
PYXOMOI1 YaCTHHHM IOBUHHI OyTH aJeKBaTHO
BH3HA4Y€HI B TOKa3HUKAaX ()OPMU Ta aMILTITYAH
HEpIBHOCTEN MOBEPXHI Ta YacTOTH, TaK SK L€
Ma€  3HaYHUM  BIUIMB Ha  JUHAMIYHE
HaBaHTAXEHHs KOHCTPYKLLII.

(2) Inmi BrUIMBM HaBaHTaKEHb, TaKi SK
3aBAaHTQKCHHS Ta PO3BAHTAXKCHHS, MOXYTh
BUMIPIOBATUCSA 3a JIOMIOMOTOI0 TPHUHITUIIIB,
BkazaHux y C.2.1.

(3) TloBepxHi pyXOMOi YaCTHHH, TaKi sK
BUTOTOBJIEHI TUTS 0COOJIMBUX uIeH
BUTIPOOYBaJIbH1 IIUTSXH, MOXKYTh
BUKOPHUCTOBYBATUCS JJISi OTPUMAaHHS iCTOPIi
HaBaHTAXKEHb U PO3PAaXyHKIB MPOTOTHIIIB.
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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 wused with
caution, as small differences, particularly in



Jlani HaBaHTa)XEHHs, MO0 OTPUMaHi 3
MOTePeHIX KOHCTPYKIIIH, IIOBUHHI
3aCTOCOBYBAaTHCA 3 OOEPEXKHICTIO, TaK SK
HEBEIWUKI  BIIMIHHOCTI, HaIpUKIIa/, B
IIPOEKTYBaHHI Bi3Ka, MOXKYTbh 3HAYHO 3MIHUTH
JTUHAMIYHY XapaKTepUCTUKY. PeKOMeHTyeThCs
nepeBipka HAaBaHTAKEHHS Y  KIHIEBOMY
PO3paxyHKy, SIKIIO HE MNPUHMAEThCS TOBHA
1IKaaa BUIpoOyBans Ha BTomy (auB. C.3).

C.3  OrTpumMaHHS JaHUX HATIPY’KEHHSA

C.3.1 Jani eunpooysans
enemMenmie KOHCmpyKyii

OKpemux

(1)  Sxkmo HasgBHI TPOCTI EIIEMEHTH, a
KOMIIOHEHTH OCHOBHOTO 3yCHJIII MOJKHO
JETKO TifpaxyBaTH ab00  BUMIPSITH, TO
JOLUTBHUM € BUIPOOYBAaHHS E€JIEMEHTIB, IIO
BKJIIOYAIOTh 3’€THAHHA a00 KOHCTPYKIIHHY
JieTajb, U0 HEOOXiIHO pO3paxyBaTH.

(2 BinmoBimHuii 3pa3oKk 3 TaKUMH K
po3MmipaMu,  SIKi  BUKOPUCTOBYIOTHCS B
KIHLIEBOMY PO3pPaxXyHKY, IMOBHHEH
BHMIPIOBATUCS Y BIAMOBITHOCTI 3 CIPOIIEHUM
PO3paxXyHKOM MICIIEBOTO HAIpPY:KCHHS (IHB.
Honarok D), 3 BUKOPHUCTAHHSM ITiIXOISIIIOTO
METOMy, TaKoro sK BHUMIPIOBaHHSA 3a
JIOTIOMOT' OO0 JaTYUKIB nedopmartii
CIICKTPUYHOTO OTIOPY, KapTHHH MYapOBHX
1oJyioc abo TeMIEepaTypHOI MPYXKHOT TEXHIKH.
Kigii emeMeHTa IIOBHHHI  3HAXOJUTHCS
IIOCTaTHBO NAJIEKO BiX MicCIL, SIK€ HEOOXITHO
BUTIpOOyBaTH, mo0 MicreBi edekTn B ToHUIl
MPUKITAaHHS HABAaHTAKEHHS HE BIUIMBAIM HA
po3noain HampykeHHs B Toumi. CkiamoBi
3YCUJUIS Ta TPAJIEHTH HAIIPY>KEHHS B 30Hi , J1€
HeoOXiHe BUIPOOyBaHHSA, IOBUHHI OyTH
IIEHTUYHI 10 THX, UI0 Jil0Thb Yy BCIH
KOHCTPYKITIi.

(3) KoedimienTr BIUIMBY MOXKYTh OyTH
OTPUMAHI 3  CTaTMUYHO  MNPUKIAJAECHUX
HaBaHTAXEHb, K1 JO3BOJISATh BUSHAUUTH IIIJISAX
Hampy>KeHHsT 11 Oyap-sikoi  KomOiHail
CKJIQJIOBUX HaBaHTaXEHHs. SIKIIO MOTPiOHO,
Koe(IiI€EHTH MOXyTh OyTH OTpuUMaHi 31
3pa3KiB 31 3MEHUIEHUMM poO3MipaMu, IHpu
YMOBI, 1110 KOMIIOHEHT y MacuITadi BimoBigae
3pasKy.

C.3.2 /Jlani sunpooysans koHcmpyKuii

Q) B meBHUX TUMax KOHCTPYKIIH, Takux
K O0OOJIOHKOBI ~KOHCTPYKLIi, I[UIICTHICTh
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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

79



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

KOHCTPYKIIHHOTO Marepiany MOXKe
CIPUYUHSATH HEMOKIIUBICTH 1307111
KOMIIOHEHTIB 32  JOMOMOTOK  MPOCTHX

NPUKIAJACHUX 3yCWiIb. Y LbOMY BUIAJKY JAaHI
Hamlpy>XCHHs NOBMHHI ~ OTpPUMYBaTHCS 3
HIPOTOTHUIMIB 200 BUPOOHUYMX KOHCTPYKIIIH

(2) Taki »x cami METOOU BHMIPIOBAHHS
MOXYTb BUKOPHUCTOBYBATHCS TUIs
BUMPOOYBaHHS KOMMOHEHTIB. JIjisi OUThIIOCTI
BUIIA]IKIB 3arajabHOTO BUKOPHCTAHHSA
PEKOMEHAYETbCA ~ NPUKIAAATH  CTaTUYHI
HaBaHTAXEHHS K HE3aJ€XHI CKIaIoBl, Tak,
o0 HampyKEHHS MOIJIM KOMOIHYBaTHCS 3a
JIOTIOMOT010  KOE(ILIE€HTIB  1HAWBIAYalbHOTO
BIUIUBY JJIi TOYKH, Ha SKIH HEOOXigHe
BUNIPOOYBaHHs.  HaBaHTaxeHHS  MOBHUHHE
NPONTH KPi3b IMKII NEPEBIPOK B poOOTI mepen
OTPUMaHHSM 3Hau€Hb KOeQIlli€EHTa BILTUBY.

C.3.3 Ilepesipka icmopii nanpyscennsn

Q) Takuii ’xe MeToH, fK ONHCAHWHA Y
C.3.2, Moxe BHUKOPUCTOBYBATHCS  JUIA
MepeBIpKU ICTOpIi HANPYKEHb HA TOYIIl TIiJ
yac BHUMOpPOOyBaHHS 3pa3ka MiJl TEBHUM
HAaBaHTAXEHHSIM. Y  [bOMY  BUIAJKY
obnmagHaHHS U1 300py NaHWUX, MPO sIKE e
MoBa y C.2.1, moBUHHE BHKOPHUCTOBYBATHUCS
AK I (QIKCyBaHHS  TOBHOi  ICTOpIi
HanpyXeHb, TaK 1 JUIsl omepauii HipaxyHKyY
nuKiIiB. OCTaHHS MOKE 3aCTOCOBYBATHCS IS
nependadyeHHs] TEPMIHY CIIY)KOM y BHIIAJKY,
Koy oOpaHa BinnoBinHa kpuBa Ao — N .

(2) lle omuu BapiaHT, SKHH MOXe OyTH
BUKOPDUCTAaHUW Yy pa3i BIACYTHOCTI YITKHX
icTOpiii  HaBaHTaXEHHs, 1€  yTPUMaHHS
npuiany A MiIpaxyHKy IHKIIB TOCTIHHO
NOPUKPITVIEHUM /10 KOHCTPYKLIi Tmif dac
(bYHKLIOHYBaHHS.

C.4  OrtpumaHHs 3Ha4YeHb I0BrOBiYHOCTI

C.4.1 Bunpooysanns okpemux enemeHmis
KOHCMPYKUYii

1) SIKmo  BimoMi JaHi MO0 CIEKTPY
3ycuinb abo icTopii Hampy)KeHb, MOXHa
BUKOPHCTOBYBATH BUIPOOYBaHHS OKPEMHUX
€JIEMEHTIB  KOHCTPYKULIi Ui  MEepeBIPKH
PO3paxyHKy KpUTHUHUX JeTajeid KOHCTPYKIIII.
EnemMeHT, 1m0 BUNpoOOBY€ThCS, TIOBUHEH OyTH
BUTOTOBJICHUI 3 TaKUMH X po3MipamH Ta 3a
TaKOI0 * METOAMKOIO, SIK KOMITOHEHTH, 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

@ 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



BUKOPHCTOBYIOTBCS B KIHLIEBOMY PO3PaxyHKY.
VYei mi acmekTH TMOBUHHI OyTH MOBHICTIO
3aJJOKYMEHTOBAH1 10 BUTOTOBJICHHS €JIEMEHTY
s BUnpoOyBaHHs. TakoX NOBHHHI OyTH
3aJJOKYMEHTOBaHI yci METOAW HEpYHHIBHHX
BUIIPOOYBaHb Ta KpUTEPii NpUIIMaHHS.

(2)  3pasku abo CIIEMEHTH, 110
BHUMPOOOBYIOTHCS,  TOBHHHI  MiJJaBaTUCS
HABAaHTA)XCHHIO TAKUM YHHOM, SIK 3a3HAYEHO Y
C.2.1. Ten3zomeTpu4Hi TaTYUKH, OCOOJIUBO Yy
BUMAJKY 3 OKPEMHUMH €JeMEHTaMH, MOBHUHHI
BUKOPHCTOBYBATHCS TUTS TIEPEeBIPKH
HAJIOKHOTO CTaHy TEPEMIHHUX HaIpPYKCHb
PosramyBanHs TEH30METPUYHHX JIaTYUKIB
MIOBUHHE OYTH TakuM, 1100 BOHM 3amucyBajld
KOPEKTHI TapaMeTpu HarpyxeHHs. Ko
3alMCYEThCS ~ HOMIHANBHE  HAMPYKEHHS,
JAaTYUK TIOBUHEH OYTH pPO3TAlIOBaHUHN 5K
MiHiMyM B 10 MM Big Oyab-sKOi KpOMKH
3BapHOro IBa. KO HasABHUNM KpYyTHH
IpagieHT HaIpYKCHHS, MOBHHHI
BUKOPHCTOBYBATHCSI ~ TpU  JaT4dKa  JJIs
HaJlaHHS MOYKJIMBOCTI1 IHTEPIOJISALIII.

(3) OtpumanHS pPO3paxyHKOBHUX JaHHUX
3HOCOCTIHKOCTI 3a JOIMOMOTOI BHUIPOOYBaHb
MMOBUHHE TPOBOJAUTHCS Yy BIAMOBIAHOCTI 3
TAMH K  METOJUKAMH  OIHKH, IO
BUKOPUCTOBYIOTBCS JIJIsl BUBHAYCHHSI BTOMHOI
MirfHOCTI y 6.2. 3a3Buuail 11i METOIUKH
BKIIIOYAIOTh ~ CTaTUCTHUYHY  OIIHKY, IO
0a3yeTbcsi Ha BHUMIPIOBAaHHI CepeAHiX Ta
CTaHIAPTHUX  BIAXWIEHb  JIOTAapUPMIYHHX
UKITIB NIepioly eKCIUTyaTalii mpy JAOMyIIeHH1
HOPMAJILHOTO PO3MoUTy (3ajeKHa 3MIHHA)
UISE  3aJaHuX ~ JOrapu(MIYHHX  3HAYCHb
HanpykeHHs (He3anmexxHa 3MiHHa), abo
JiHiitHUA perpecuBHui aHani3 l0g Ac —log N
JUTSL PI3HUX JI1alla30HIB TEPMIHY CITY)KOH, JIUB.
pucyHok 6.1. TakuM YMHOM BCTAHOBIIOETHCS
cepenHs JiHiA perpecii abo XapaKTepuCTHYHA
JiHIA perpecii IS MOXJIHMBOCTI 0COOJUBOL
JOBTrOBIYHOCTI (K  MpaBMIIO, HPUOIU3HO
97,7% abo 2 craHmapTHI BIIXWICHHS BIJ
cepennboi). XapakTepuCTHYHA JIiHIs perpecii,
BH3HA4YCHA TaK, SB BKa3aHO BUIIE, HE TIOBUHHA
IIEPEBUIILYBaTH 80% B1JMIOBIAHOTO
CepenHbOTO 3HAYEHHS HampyxkeHHs. Lle mae
MO>KJIUBICTB JIJIS1 ICHYBAHHSI OLIbIIOT KITBKOCT1
Bapialii B BUPOOHUUTBI, HDK CTaHAapTHE
JOITYIICHHS OTHOTO Ha0Opy BTOMHUX 3Pas3KiB.

4) HeoOximHO mam’siTaTH, IO CIPOIICHA
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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
logAc —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 OTpPUMaHHS MapaMeTpiB perpecii
9acTO 3aCTOCOBYETHCSI HE3BAXKAIOUHU HA T€, 1110
BOHa MOXe OyTW HEHaJIidHOI0 Yy BHIAJKY,
SKIIO 3pa3Ku Majoro po3mipy. Meronuka,
Bkazana y C.4.3, Hagae BKa3iBKH OO
BIJIMOBIHHUX MOMPABOYHUX KOE(DILlI€HTIB.

(5)  Hdna mpoekTyBaHHSA 3 ypaxyBaHHSAM
JIOTTYCTUMHX pyiHYBaHb HEO0OXiTHO
OTPUMYBAaTH 3alMC PO3POCTAHHS BTOMHOI
TPIIIMHY 3 KUTBKICTIO IIUKITIB.

(6) VY sxocTi anbTepHATHBH, SKIIO Bigoma
ICTOPIsI pO3paxXyHKOBUX HATPY)KECHb 1 € TOCTYII
0 oOjaJHaHHA 3MIHHOI aMIUIITYAM, 3pa3oK
MOXHa  BUIIPOOOBYBaTH pu icropii
HaNpyXeHb 0€3 BUKOPUCTAHHS KOe(DiIieHTiB.

C.4.2 Bunpooysanus 6 peanbHux ymosax

(1) BumpoOyBaHHS B peaJbHUX YMOBax
MOXYTh MPOBOJUTHUCS MPHU ICHYIOUHX yMOBax
eKcruryarainii abo Ha BUNPOOOBYBAJILHOMY
oOaiHaHHI 3 HaBAaHTAXEHHSM Ha EJIEMEHTH,
110 NPUKJIATAETHCS 3a JIOTIOMOTO0
ripaBIivHUX a00 IHITUX METO/IIB KOHTPOJTIO.

(2)  Tlpuknaneni HaBAHTAKCHHS HE
MMOBUHHI MepPEBUIIYBATH HOMIHAJIbHI
HaBaHTAXKCHHSL.

(3) VY pas3i, sKmo  eKCIuTyaTtarfiiHi
HABAaHTAXCHHS ~ 3MIHIOIOTBCS  BUIAIKOBUM
YUHOM B TpPAHUIIX, BOHU TIOBHUHHI OyTH
IpeACTaBlIeHI cepisiMu €KBIBAJICHTHUX
HABaHTAXCHb, Y3TOJKCHUMHU MK
MOCTAYATBHIUKOM Ta 3aMOBHHKOM.

4 Vv SKOCTI aJIbTCPHATHBH,
BUNPOOYBaNIbHI ~ HABAaHTAXCHHS  MOXYTh
JIOPIBHIOBATH HABAaHTAXCHHSIM, HE

MIOMHOKEHHM Ha KOe(iI[ieHTH.

(5) [pu npuxnageHHi HAaBaHTAXXCHb Ha
3pa3ky NOTPIOHO MOBHICTIO BIATBOPUTH YMOBHU
NPUKITAZCHHS] HAaBAaHTaXEHb, SKI OYIKYIOTHCS
JUIsE  KOHCTpPYKHii abo  eleMeHTy mpu

eKcITyaTarii.

(6)  BumnpoOyBanHs MMOBHHHI
IPOAOBXKYBaTHCA, IOKM  HE  BUHHUKHE
pyliHyBaHHs, a00 TMOKHM 3pa30K HE BTPATUTH
3MIaTHICTh OTIMpaTHCS MIOBHOMY
BUNPOOYBAJIbHOMY  HABAaHTA)XEHHIO  4epe3

OTpUMaHI MOIITKOKEHHSI.

(7)  Kinbkicts pasiB MIPUKIIAACHHS
BUTIIPOOYBAJILHOTO HAaBaHTAXKCHHS 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 TIOBUHHA Oytu TOYHO
mijpaxoBaHa Ta  3amMcaHa  pa3oM 3l
CIIOCTEPEKCHHSIMU MPOTPECYIOUOTO PO3BUTKY
TPIIIHH.

C.4.3 Ipuimanns

(1) Kpurepii mnpuiiMaHHS 3a1€XaTh Bif
TOrO, YW T[OBHHHA KOHCTPYKINS MaTu
XapaKTEPUCTHUKH, SKI BIIMOBIIalOTh BUMOTaM
MPOCKTYBaHHS, W0 3a0e3nedye Oe3neuHHui
TepMiH cayx0u, auB. nyHkta (2)-(7), abo
XapaKTePUCTUKH, IO BIAMOBIIAIOTH BUMOTaM
MPOCKTYBaHHSA 3 YpaxXyBaHHIM JIOMYCTHMHX

pyiiHyBaHb, TuB. MyHKT (11).

(2) omo npUiMaHHS METOy
MPOEKTYBaHHsS, WI0 3a0e3neuye Oe3nmeuHuit
TEpMiH  CIyXOW, CTpPOK  ciayxOu [0
pyHHYBaHHs, SKMM BU3HAYA€TbCA  4epe3
BUNPOOYBaHHA, 1 3a JIOMOMOIOIO0 SIKOTO
OpUAMaEeTbcss B PO3PAaxyHOK  JIOCTYyITHA
KUIBKICTh pe3yJbTaTiB BUIPOOYBaHb, IOBUHEH

Oyru He MeHIe, HDK pO3paxyHKOBa
JIOBTOBIYHICTb.

TL
Ie.
T, — pO3paxyHKOBUI TepMiH ciryxOu (y
[IUKJIax)
T, — cepeAHI TepMiH ciayxkOu 70
pyWHYBaHHS, AKUM  BU3HAYAETHCS 3a
JIOTIOMOTOI0 BUIPOOYBaHHs (Y IUKIIAX)
F — koe(irieHT BUMTPOOYBaHHS HA BTOMY,

KU 3alIeKUTh BiJ JOCTYMHOI €()eKTUBHOL
KUIBKOCTI ~ pe3yJbTaTiB  BUIPOOYBaHb, SIK
BKazaHo y Tabmn. C.1.

3 [Tpu omiHui 3HayeHb koedimieHty F
3aCTOCOBYIOTBCS HACTYMHI 3arajpHi
CTaTHCTUYHI MPHUHIMIKA Ta  JIOMYIIECHHSI.
XapakTepuCTHYHE CTATHCTUYHE  3HAYCHHS
OTPUMYETHCS 3a JIOIIOMOTOK)  HACTYITHOI'O
BHpasy:
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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

Xe =H— Ko (CZ)

ne K 3ajnexurh Bl pO3MOJUTY BIPOTIAHOCTI
Ta HeoOXiIHOi BIPOTAHOI JOBTOBIYHOCTI
KOHCTPYKIIIi 3 CepeAHiM 4 Ta CTaHIAPTHUM
BIIXWICHHSIM o . Ha mpakTtuii st 3paska
po3Mipy N MOXyTh OyTH MigpaxoBaHi JIMIIE
OLIHKKA  CEpPeHhOTO Ta  CTaHIAPTHOTO

where K depends on the probability
distribution and the required probability of
survival for a statistical distribution with the
mean u 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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BIIXWUJICHHS,  HAIMPUKIAJ, Xm Ta S
BiIMOBITHO. Tak0oX MOBUHHI 3aCTOCOBYBATHUCS
MOTPaBOYHI KOEQIIiEHTH, SKi BHPAXKAIOThH
JIOBIpUi IHTEpBaJM CEPEeIHbOTO Ta 3MIHHOTO
(abo cranmaptHOro BimxwieHHs). [Tonepenne

CHIBBITHOILIEHHS MOX€ OyTHM BHpaxeHe
HACTYITHUM BUPA30M:

X, =
ne:
k=kk, +k,
k, — [l TEOpEeTHYHE 3HAYCHHS PO3MOITY,

0 BIJHOCHTBCS TO KOHKPETHOI BIpOTLAHOT
JOBTOBIYHOCTI;

K, — MOIpaBKa JJIsl JIOBIPUOTO IHTEpBaILY
CTaH/IAPTHOTO BiIXUJICHHS,

K, — MOTIpaBKa JJIsl JOBIPUOTO IHTEpBAIy
CepeHbOTO BIIXUIICHHS,

k, Ta Kk; 3amexaTp BiI CTaHIapTHOTO
BIZIXWJICHHS S, pO3Mipy 3pa3Ky N Ta 3a1aHOTO
piBHS 10BipH.

V 3aranbHOMY BUMAJKy

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

n t(l—a/Z,n—l)
k=kK, +Ks =21 42| + n (C.4)
X (ai2,n-1) n

ae: where:
n — PO3Mip 3pa3Ky; n is the sample size;
a —  JOBipuMii  piBeHb  3HAYCHHS o is the confidence level or probability
BiporizHocTi (y BHIAAKy HOPMAIBHOTO value (in case of normal distribution);
po3moaity);

Z(1_q/7)— 3HAYCHHSI BIPOTIJTHOTO HOPMAIBHOIO

3aJaHOI0  BIPOTIAHICTIO
(1-a/2), sBimnosigHe 10

po3nonity 3
JIOBI'OBIYHOCTI
JIBOCTOPOHHKOI BiporimHocTi (1—a);

BIPOTITHHI  po3moALT  3a

X 2(a/2,n—l)
KpUTEpieEM  Xi-KBagpaT s 3a/JaHOTO
noBipyoro iHTepBany «/2 Ta n-1 uyucna
CTYIICHIB CBOOOIH;

U a/2.n1)— 3HAUCHHS -BIPOTIIHOCTI PO3HOLTY
Ql-al2), y

BIJIMOBIIHOCTI JI0 IBOCTOPOHHBOT BIPOTITHOCTI
(1- ) Ta n—1 yucna cTyneHis cBOOOAH;

JUIsL  3a7aHoi  BIPOT1IHOCTI

Jnst nanux npaBuil  poOJSATHCS HACTYIHI
JIOTYILIEHHS:

- 3HAYCHHA CTaHAApPTHOTO Bi,IIXI/IJICHHH
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Z(_42) IS the value of the normal probability

distribution with given probability of survival
Ql-al?2), corresponding to a
two-sided-probability of (1-«);

Zz(alz,n—l) is the value of the chi-square

probability distribution for a given confidence
interval of & /2 and n-1 degrees of freedom;

o qi2ny IS the value of the t-probability

distribution for a given probability (1-a/2),

corresponding to a two sided probability of
(1-«a) 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 TMOMNEPETHBOTO JOCBiNY, TOOTO
0a3yeThCsl HA IOCTATHHO BEIIMKOMY 3Pa3Ky;

- po3Mip, 1€ A03BOJIsIE BCTAHOBUTH K, B
[MOEHAHHI,

- y  JIOCTaTHbOMY 00Cs31  BigoMui
OCHOBHHH pO3MOAil ab0 HeMae 3HAYHHX
BIIXWJICHD BiJl HOPMAJILHOTO PO3IOILTY;

- B TIOMpABII JJIs JIOBIPYOTO IHTEPBATY
CEPEeIHbOT0 BIAXWJIEHHS [-pO3MoaiT MOXe
OyTH 3aMiHEHU Ha HOPMaJILHHUK PO3IOILI.

(4) VY 3arampHOMY BWIAAKY YCi 3pa3ku
BUMPOOOBYIOTHCS 10 PYHHYBaHHS, IIPU BOMY
Bupa3 (C.3) nepeTBOpIOETHCS HA!

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

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

VA
K=k, Ky = 2+l (C.5)

5) VY BuUNajky, KOJIW 3pa3Kd OJIHOYACHO
BUIPOOOBYIOTBCSI /IO PYHHYBaHS MEPIIOTO
3pa3ka I OIHKM K JIOMyCKaeTbCs
HACTyIHE:

- B pe3yJbTaTi JOBrOBIYHICTH MEPLIOrO
3paska, 1o BigHocuThcs 10 T, 3 Bupasy (C.1),
Oyne 3aJexaTd Bil BEPXHBOI TPaHUIIl
BiJIMTOBITHOTO PO3MOALTY.

- HEoOXiHa abo po3paxyHKOBa
JIOBTOBIYHICTh, IO BIJHOCUTBCSI 1O T . 3
Bupasy (C.1), Oyne Ha HAWHWKYUI TpaHUII
pO3MOLLY.

HwxHs rpaHuns otpumyethbes 3 X, —K,S, mpu
npomy K, Bimnosimae Bupasy (C.4). Bepxus
IPaHULS OTPUMYETHCS BIMOBITHO 3 X, +K,S .
BingnoBinne 3HaueHHs K, BH3HaYaeThcA 3

ypaxyBaHHSM TMPUIYIICHHS TOTO, L0 SKIIO
BIpOTiZlHA JTOBTOBIYHICTH OJHOTO 3pa3Ka,
pyHHYBaHHS SIKOT'O BUHHKJIIO npu
BIJIMOBIAHOMY TEpMiHi CIy>k0H, MopiBHIOE P,
TO BIpOTiHA JOBrOBIYHICTH N 3pa3KiB Ha
TakoMy X piBHiI Oyme mopiBHioBatm P". VYV
niUIgX Oe3lmeKW BH3HAYA€ThCS  JIOCTATHHO
Hu3bKHi piBeHb P" =C, a K, Bu3HauaeThes 3

JOIIOMOT' OO 3HA4YCHHA HOpMAaJIbHOI'O

posmoxiny npu  Biporimsocti ¢'" s

BIIIOBITHMX 3HAYEHD N .

KoedimienT K migpaxoByeThCsi TAKUM 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, +k,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 at c*'"

for corresponding values n.

probability

The factor k is then calculated from
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K=k, +K, =215 +2, (C.6)

(6) 3 Bupasy (C.1) oTpumyeMo HaCTymHHI
BUpA3:

(6) From expression (C.1) the following
expression is obtained:

logT, =logT, —logF (C.7)

SIkwii pu nopiBHsAHHI 3 Bupa3oM (C.2) nae:

which by comparison to expression (C.2)
gives

log F =k -s abo (or) (C.8)

ta F 3 tabmumi C.1

@) [ToBuHHa OyTH BHW3HAYCHA BEJIUYHMHA
CTaHJAPTHOTO BIAXWJIEHHS. [Tonepeamniit
JIOCBIT 3 TMOMIOHUMHU  KOHCTPYKTUBHUMU
BUIIAJIKAaMHU MOXe 3a0e3meynTH OUThIN HAiHH1
sHaueHHs. JloctynHa iHpopmanis ([Tocumanus
C.1 ta C.2) Hajae CEKTp PI3HUX CTAHJAPTHUX

BEIIMYMH  BIAXWIICHb S, WA PI3HHX

ATIOMIHIEBUX ~ 3BApHUX  KOHCTPYKIIHHHUX
neraneid. BoHum Moxyrb OyTH 3MiHEHI 3a
JIOTIOMOTOI0  BiITMTOBIIHUX CEpPEHIX HaXWIIIB

miHii perpecii M=4710 3Ha4YCHb S\ AL

Jliara3oHy JTOBTOBIYHOCTI O BTOMHOI TpaHUII
MOCTIMHOT  aMIUTITYAH 5x10° nukiIiB.  Jls
IOCIATHEHHS IOBIOBIYHOCTI MO 108 LUKJIIB
MOXe OyTH  JOUUTBHUM  BUKOPHUCTAHHS
OLIBIIMX [lalla30HIB 3HAYE€HL BIAMNOBIAHO [0
Haxmwty M+ 2. Ilicas mocsrHeHHs Imi€l Mex1
HEOOXITHUN 0COOTUBUN PO3TIISIL.

(8) 3nauenHss F, BuU3HAuUeHI Ha OCHOBI
BHUILIEBKA3aHUX CTATUCTUYHUX CIIIBBIIHOIIEHD,
HanaHi B Ta0muni C.1.

©9) 3nauenHs B Tabmuii C.1 6a3yroThest Ha
BiporiaHiii goBroBivHOCTI 95% Ta AOBipUOMY
pieai 0,95 1 HOpManbHOTO pO3MOALTY Ta

CTaHJApTHOTO 3HAaYEeHHS BIJIXMJICHHS
Sy =0,18. YV Bumapky  pyHHyBaHHA
HepIIoro  3pa3ka  JOYCKa€eTbCsl  pIBEHb

BiporigHoi gosrosiunocti P" =5%.

(10) Kpurepii mis  ¢axTopiB BUMIpSHOT
JOBTOBIYHOCTI Ta IUTA MIpUAMaHHS
BIJIPI3HSIOTBCS B 3QJICKHOCTI BiJl BHUIIAJIKIB
3aCTOCYBaHHS Ta MOBHHHI OyTH TOTOKEHI 3
THKEHEPOM, BIIMOBINATLHUAM 32 IPUHMaHHSI.

(11) T[puitmanHs IPOCKTYBaHHS 3
ypaxyBaHHSIM  JONYCTUMHUX  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 wvarious 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
10® 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

Sign = 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 BII TEpMiHy, 3a SKUH TpilnHA
J0cATae pO3MIpy, IIpH SKOMY BOHA MOXe OyTH
BUSIBJICHA 3a JIOTIOMOTOI0 METOJY IEpeBipKH,
110 MOKe BUKOPUCTOBYBATHUCS npu
excruryaraiii. TakoX BOHO 3aJIeKHUThb BiJ
pPIBHS  pO3pOCTaHHS  TPIIMHHU, (PAKTOPIB
KPUTHYHOI JOBXUHHU TPIIIMHHA, HACTIIKIB IS
Oe3MeKr KOHCTPYKIIIi Ta IIIHK PEMOHTY.

Ta6mmuss C.1 - PiBenb  po3pocTaHHsS
R=K,;, /K., =constant

BTOMHO1
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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.

TPIIMHU IS JIMBapHUX  CIUIABIB,

Table C.1 - Fatigue crack growth rate cast alloys, R=K ;. /K, =constant
Pesynbrar Po3mip 3pasky n
BUIIPOOYBaHHS Sample size n
Test result 1 2 3 4 5 6 8 10 | 15 | 20 | 30 | 100
InenTuyHi 3pa3kw,
KOX€EH 3 SIKMX IIPOMIIOB
BUNIPOOYBAHHA K0 | 399 | 300 | 293 | 2,78 | 2,68 | 2,61 | 2,52 | 2,45 | 2,36 | 2,30 | 2,24 | 2,12
pyiiHyBaHHs
Tldentical samples all
tested to failure.
InenTH4Hi 3pa3ku, 1MI0
OAHOYAaCHO HpOﬁIHJ'IPI
BHIIPOOYBaHHS JI0
py“HyB";g:ngepm"m 391 [271]227(203|1,88|1,77|161|151|136|126|1,15|0,91
Identical samples all
tested simultaneously.
First sample to fail.
C.5 3HaveHHs po3pOCTAHHS TPILIMHHU C.5 Crack growth data
BkasziBkn  mom0  OTpUMaHHS  3HAYeHb Guidance on derivation of crack growth data is
PO3pOCTaHHS TPIIUHU MICTSTBCS y given in Annex B.
Honatky B.

C.6  3BiTyBaHHsn

1) Y BIINOBIAHOCTI 3 JaHUM PO3AUIOM
OpU  3aBEpLICHHI OyIb-SKUX MPOBEACHUX
BUINIPOOYBaHb MOBHUHEH CKJIAJATUCS MPOTOKOJ
BUNIPOOYBaHb, B SIKOMY HEOOXITHO BKa3yBaTH
HACTYMHY iH(opmaIlito:

a) Ha3BYy Ta po3TalnryBaHHs
BUNPOOYBaJIbHOT TabopaTopii;

b) MMOCHUJIAHHS Ha aKpeIUTAIif0
BUITPOOYBAIbHOT YCTaHOBKH (rpm
HEOOXIHOCTI).

C) JaTy BUIPOOYBaHHS;

d) iM'st (iMmeHa) ocoOw, 1110 BiAMOBITaIbHA

3a BUNpOOyBaHHS,

C.6  Reporting

Q) 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) omwc  BHUMPOOYBaHOTO 3pa3ka  3a
HACTYITHUMU KPUTEPISMHU:

1) NOCWIaHHA Ha cepiHuii Homep (mpu
HeoOXxiHOCTI), 00

2) MOCUJIAHHS Ha HOMep(M) KPECICHHS
(pu HeoOXigHOCTI), a00

3) OTIUC 31 CXeMaMH 4H Jiarpamamu, abo
4) dororpadii.

f) OTIHC TIPHUKITAJICHUX CUCTEM
HABAaHTA)XCHHS, BKJIFOYAIOYM TIOCHJIAHHS Ha
1HII1 €BponeiichbKi CTaHAAPTH pu
HEOOXIIHOCTI;

9) 3aIuCH, 110 3a(iKCyBad MPUKIIATaHHS

HaBaHTXCHHA Ta BHUMIpSHI peakmii Ha
HaBaHTAKEHHSI, TaKi sIK POTHH, HAIIPYXEHHS,
JIOBIOBIYHICTD;

h) CYKYMHICTh HaBaHTAXKEHb, edopmariiit
Ta HAINPY)KE€Hb y KPUTUYHUX TOUKAX;

i) 3amuc, 1Mo (IKCye MOBrOBIYHICTH Ta
BUJ] pyHHYBaHHS;
), 3amuc, 1o (QIiKCye po3TalryBaHHS

CIIOCTEPEIKEHB 3a JOTIOMOTOI0 TIOCHIIAHHS Ha
BHUII€3a3HAYCHI TYHKTH €)2) - €)4);

k) TPUMITKH 11 (031 (o} OyIb-SIKHX
BJIACTUBOCTEH, IO CTOCYIOThCS Oe3rneku abo
eKCIUTyaTalllfHOT NpUIATHOCTI 00 €KTy MiA
yac BHUMNpPOOyBaHb, TaKi SK TOXO/DKEHHS Ta
pO3TalIyBaHHS TPIIMHU MPH BUIPOOYBAaHHSIX
Ha BTOMY;,

)] 3a1ucu YMOB HaBKOJIUIIIHBOTO
CepelloBHINA Il dYac BHUNPOOyBaHb (TIpH
HEOOXITHOCTI);

m) MIATBEp/DKEHHS  arecTaiii  ychoro
BUKOPHUCTAHOTO OOJIaJHAHHS, 3aTBEp/HKCHE
YIIOBHOBaXKEHOKO 0C00010;

n) BU3HAYEHHSI i Ta 00’€eKTIB
BHUNPOOYBaHb,

0) 3aTBEP/UKEHHS  BIAMOBIiAHOCTI  abo
HEBIMOBIMHOCTI ~ HEOOXITHUM  KPHUTEPLIM
IIPUMMaHHS ;

9)] 3amWcH  IMEH Ta  mocajg  0coo,
BIIMIOBITATLHUX 32  BUOPOOYBaHHS  Ta
3BITYBaHHS,

q) Ha3BY 3BITYy Ta JaTy HOTO MOIaHHSI.
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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;
), 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
(IOBIIKOBHI)
PO3PAXYHOK HAIIPYKEHHS

D.1 BuxopucTaHHA CKIHYEeHHMX
eJIeMEHTIB VISl PO3PaxXyHKy BTOMH

D.1.1 Tunu enremenmie

D.1.1.1 Parouni enemenmu

(1) bamouni CIIEMCHTH 3a3BHYaAi
BUKOPUCTOBYIOTHCS TSt PO3paxyHKY
HOMIHAJIPHUX HANpyKeHb B pamMax Ta
NOAIOHUX  KOHCTPYKLISIX. CrangapTHuit

OaOYHUN eNeMEeHT s PO3PaxyHKy TpPbOX
MIPOCTOPOBUX paM Ma€e 6 cTymneHiB cBOOOIM Ha
KO)KHOMY KIHIIEBOMY BY3Ji: TPH CTYIEHS
nepeMillleHHs] Ta TPH CTYNeHs OOepTaHHS.
Lleil eneMEeHT MOXKE€ NPaBWIBHO ONKCYBATH
KPYTHJIbHY TIOBEIIHKY TUIBKM Y BHIIaJKaXx,
KOJIM TIONEPEeYHHUH TMepepi3 He CXWIbHHM 10
BUKPHBJICHHS, a00 SKIIO BUKPHUBIICHHS MOXE
BUIPHO BHMHUKaTH. PO3paxyHOK HampyXeHb
BUKPHBJICHHS HEMOXJIMBUH TIPU PO3PaXyHKY
BIIKDUTUX TOHKOCTIHHUX KOHCTPYKIIIH.

(2)  3a3Buuaii GamouHi €IEMEHTH YKOPCTKO
3’€JHaH1 OJIMH 3 OJIHMM Ha y3JIOBHUX TOUYKaX. Y
SKOCTI aJbTEPHATUBU MOXKYThb TaKoX OYyTH
BKa3aHl HIApHIpHI 3’€HaHHA. Y OyAb-IKOMY
pa3si B 0araTbOX KOHCTPYKLISX 3 €IHaHHS
HamiBkopcTki. Ha nomartok, B TpyOuacTmx
3’ € THAaHHSIX KOPCTKICTh po3moineHa
HEPIBHOMIPHO, WIO CHPUYHHSE BUHUKHEHHS
HAUIMIIKOBUX 3THHAJILHUX MoMeHTIB. Taki
BJIACTUBOCTI KOHCTPYKIIII BHMAararoTh OUIbII
JOCKOHAJIOTO MOJIENIOBAaHHS, HDK Ti, B SIKHX
BUKOPUCTOBYIOTBCSL JKOPCTKI ab0 MIapHIpHI
3’ ¢ qHAHHIL.

D.1.1.2 Membpanni enemenmu

(1) MewmOpanHi eleMeHTH PU3HAYCH] IS
MOJIENIOBaHHS IJIACTMHYACTHX KOHCTPYKIIH,
Kl MOpauoloTh B IomuHL. BoHu He
BUTPUMYIOTh 000JIOHKOBI 3TUHAJIbHI
HaBaHTaXEHHS. TpPHUKYTHI Ta NPSIMOKYTHI
IJIACTUHYACT]  €JEMEHTH  MIAXOAATh U
CIIpUHMMaHHS TIOJIIB HOMIHAJIBHUX
MEMOpaHHUX  HANpYyKeHb B  BEJIUKHX
YKOPCTKHX MJIACTUHYACTUX KOHCTPYKIIISX.
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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
iIs 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.

89



JCTY-H B EN 1999-1-3:201X
D.1.1.3 Touxocminni 06010HK081 elemenmu

(1) [porpamMm  KIHIEBHX  EJIEMEHTIB
MICTSTh PI3HOMAHITHI THIHM TOHKOCTIHHHX
enemMeHTiB. CIoAM BXOJAATH IJIOCKI €IEMEHTH,
OJIMHApHI €JeMEHTH KPUBU3HHU Ta TMOABIHI
eleMeHTH KpuBH3HU. [ledopmaniiiHi momns
3a3BuYail  QOpMyNIOIOTBCS Yy  JTIHIMHINA
(4-By3noBuii ememeHt) abo mapaboJiuHii
(8-By3moBuii  €IEMEHT)  MOCTaHOBIL. Y
3araJbHOMY BHIAJIKy OOOJIOHKOBI €JIEMEHTH
OIIXOAATh AL CHPUHAMAHHS — IPYXHHX
KOHCTPYKUIHHUX HANpPY>XEHb Y BiIMOBIAHOCTI
Jo Teopli obonoHok. HanpykeHnHs cepeaHboi
IJIOIIVHH JOPIBHIOE MeMOpaHHOMY
HATNPY)KCHHIO, a HAamnpyXeHHS BEpPXHbOI Ta
HIDKHBOI TUIOIIMH — 11€ HaKJIaJeHI MeMOpaHHe
Ta 3rHHAIbHE HANIPY)KEHHS.

(2) 3a JIOTIOMOTOFO TOHKOCTIHHUX
€JIEMEHTIB MO>KHA MOJICTIIOBATH JIUIIIE CepeaHi
MJIOIIMHUA MJIaCTHH. JliicHa  TOBIIMHA
MaTepialy 3a/la€ThCsl SK BIACTHBICThH JIMIIE
JUISL eNeMeHTy. TakoXX € TOHKI CTIHKHA 31

3MIHHOKO TOBIIUHOIO, SIKI JOLUIEHO
BHKOPHCTOBYBATH IUTA MOETIOBaHHA,
HAIIPHUKIIA]L, JUBAPHUX KOHCTPYKITIH.

HaiiBaxuBilmyMM HEOOJIIKOM TOHKOCTIHHHUX
€JIEMEHTIB € Te, IO 3 IX JOIOMOIOKO
HEMOKIIHBO 3MOJIENTIOBATH peabHy
KOPCTKICTh 1 PO3MO/AUT HAIPYXEHb BCEPEIUH1
Ta MOOJM3y 3BapHOi 30HM OOOJOHOK, IO
MEPETUHAIOTHCS.

D.1.1.4 Toscmocminni 06010HKOGI enemernmu

Q) Jlesiki BapiaHTH KIHIIEBUX €JIEMEHTIB
TaKOX BKJIIOYAIOTh TaK 3BaHI TOBCTOCTIHHI
000JIOHKOBI ~ eneMeHTH. Taki  eleMeHTH
JIO3BOJISIFOTh BpaxoByBaTH nomnepeyHi
nedopMartlii po3TAry OOOJIOHKH y HAMPSMKY
TOBIIWHU. TOBCTOCTIHHI €JIEMEHTH IMPAIIOIOTh
Kpare, HDK TOHKOCTIHHI €JIEMEHTH,
HANpUKIaJ, Yy KOHCTPYKIIWHUX JETalsfX, B
SKUX BIJCTaHI MDK TEpPETHHAMHU TPUIICTIINX
000JIOHOK HEBEJIHWKi, IO MPU3BOJIUTH JO
3HAYHUX HAINPYKCHb PO3TATY.

D.1.1.5 ITnockuii deghopmosanuii cman

1) [HOMI  MOMUTBHUM €  JOCIiKEHHS
MICIICBUX HaIlpy’)KeHb HAaBKOJIO BHIMOK 3a
jJoromororo  JokaneHoi  2-D mopgeni.
[Tonepeunuii mepepi3 OAMHUII TOBLIMHU
MoOXe OyTH 3MOJENbOBAHUN SK JBOMIpHA
KOHCTPYKIiS 32  JOMOMOIOI  IUIOCKOTO
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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

Q) 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(hOpMOBAHOTO CTaHYy.

D.1.2 Iooanvwi 6Ka3ieKu w000
3acmocy8antsa CKIHYeHHUX el1eMeHmie

@ TBepHOTii eleMeHTH HEeOoOXimHI s
MOJETIOBAHHS KOHCTPYKIIH 3 TPhOXMIPHUMU
nonsmMu  fgedopMaliii  Ta  HaNpyKEHHS.
3a3Bu4ail HalOUIbIIE MIAXOAATH KPUBOJTIHIHHI
i3onmapamerpuydHi 20-By3/I0B1 eeMeHTH. [HoI1
BOHM TIOTPEOYIOTHCS B 3BAapPHHUX EJIEMEHTax
JUTSE. MOJICITIOBAHHS 30HH IEPETHHY IUIACTHH
91 000JIOHOK.

(2)  He pekoMeHIyeThCSI BAKOPUCTOBYBATH
TBEPIOTUTI €JIEMEHTH 3 JHIAHOIO
MOCTAaHOBKOIO  TEpeMIllleHHs  dYepe3  IX
HEJOCTaTHIO CYMICHICTh 3 CITKOIO Ha sKii
BE/IETHCS TOIIYK BUPIIICHHS.

3 Teepnorimi  enementd 3 10-tm
BY3JIOBUM KBAJIPATUYHUM TETPACIAPOM Iy)KE
JOLIBHO ~ BUKOPUCTOBYBATH Yy  BHIAJIKY
aBTOMAaTHYHOI MOOYIOBHU CITKH, O TOTO K,
TaKi EJEMEHTH MalTh BHCOKI TMOKAa3HHKH
CYMICHOCTI.

D.2 KoepiuieaTn KOHIIeHTpAaii

HATIPY’KEeHHSA

(1) Benuuumau Koedil[ieHTIB KOHIIEHTpAIIil
HaIpy>KEeHHs Ta KOe(DIilliEHTIB BIUTMBY HAAPi3y
TSt 3arajJbHOBHKOPHUCTOBYBAHHUX
TE€OMETPHYHUX XapaKTEPUCTHK MOXKYTh OyTH
OTpHUMaHi 3 MACIOPTHHUX JTAHUX
(muB. nocwianns D.1 ta D.2).

(2)  Twumosi o

3aKpyTICHUX KYTIB HA IJIOCKIM IIUTI HamaHi
Ha pucyHky D.1.

BEJIMUMHHA K TUTSt

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

D.1.2 Further guidance on use of finite
elements

@ 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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BXiTHHX KYTiB, 110 0a3Y€ThCSI HA Pe3yJIbTYIOUOMY
Hampy:keHHi X
1 —noB:kuHa npsiMoi > 2r; 2 — 3MiHHE HANIPY:KeHHS

Pucynox D.1 -
IUTATH

Figure D.1-

D.3 OOmexenHs BTOMHM Hig  ji€wo
0araTropa3oBoi MicleBOi BTpaTH CTilKOCTI
(1)  T'HyukicTb €JEMEHTIB IUTUTH MOBHHHA
OyTH oOMexeHa TUTS 3armo0iraHHs
0araropa3oBUX MICIEBUX BTPAT CTIHKOCTI, SKi
MOXYTh CIPHYMHATH BTOMY B KpaiHIX
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corners based on net stress at X
1 - length of straight > 2r; 2 — stress fluctuation

Tumnosi koeilieHTH KOHIIEHTpAIIIl HAPY)KCHHS Ha 3aKPYIVICHUX KyTax TIOCKOT

Typical stress concentration factors from rounded corners in flat plate

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’enmHaHHAX a00 Ha 3’€HAHHAX, CYMDKHHX 3
HUMH.

2 HaanmumkoBumu 0araTropa3oBUMH
MICIIEBUMU  BTpaTaMH CTIHKOCTi, MO’KHa
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

k,-og

Ie.
cYx,Ed,ser ’ TX,Ed ,ser Hapr)KeHH;I AT
KOMOIHaII# HaBaHTaXKEHD, SIK1 qacTo
3yCTPI4arOThCH ;
k.,k, — xoedimieHTn miHilfHOT NpPYXKHOI

BTPATH CTIHKOCTI MPU JOMYIICHHI MAapHIPHUX
KIHIIIB €JIEMEHTY TUINTH,

2
c. =0,904-E-(t,/b,)
t,,b, — ToBIIMHA Ta rMMOMHA CTIHKY MaHEN.
Hpumitka. TepmiH «IuXaHHI  CTIHKH»  MOXE

3ycTpidaTucs B JIiTEpaTypi y TOMY JXK 3HA4Y€HHi, 5K i
«baraTtopa3oBa MiCIleBa BTpaTa CTIHKOCTi».

2
1’1Tx,Ed,ser <11 (D 1)
k., -og - '
where:
Oueaserr Txeaser 1€ the stresses for the

frequent load combination.

k .k are the linear elastic buckling
coefficients assuming hinged edges of the
plate element.

c. =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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JIOJIATOK E
(IOBIIKOBUN)
AJITE3IMHI 3’ € THAHHSI

Q) PospaxyHok  aare3iiHux  3’€IHaHb
MOBHHEH BPaXxOBYBATH HACTYITHI ITYHKTH:

- HEOOXIIHO 3HU3UTU 0 MIHIMYyMY Aif0
PO3IIapOBYBAHHS,

- Cil  MIHIMI3yBaTH  KOHIIEHTpAILIFO

HaIpY>XEHb;

- nedopmarlii y OCHOBHOMY MaTepia He
MOBUHHI [1EPEBUIILYBAaTH TEKYUICTh,

- XIMIYHa KOHBepcii abo aHOIyBaHHS
[IOBEPXOHb  MOKpPALIyIOTh  aAres3iro y
MOPIBHAHHI 3 00€3)KUPEHHSIM 200 MEXaHIYHOIO
abpa3iero;

- arpecuBHi 30BHIIIHI YMOBH 3a3BUYail
CKOPOYYIOTh TEPMIiH CITY>KOH.

(2) Y Bunmagky 3’eIHaHb BHANyCK Y
3’€AHYIOYIM TUTOIIUHI e(QEeKTUBHE [OTHYHE
HanpyXeHHs AT OBHHHE 0a3yBaTHCs Ha CHIII
Ha OJIMHUINIO NIMPUHU 3’ €JHAHB, MMOAUICHIH Ha
e(eKkTUBHY JOBXKHUHY HamycKy L, , Je:

L4, = moBxuny Hanycky L, ne L <15 mm;

Lagh = 15 MM, e L >15mMm.

3) CranmapTHa BTOMHAa MIIHICTh
aAre3ifHOTO TOJBIMHOTO 3’€JHAHHS BHAITYCK
BU3HAYAETHCS 32 IOTIOMOTOO Takoi popmMyiu:

ATe aan

e

Keagn — BEIMYMHA KoedillieHTa BTOMHO{
MIIHOCTI azaresiiHoro 3’egHaHHA K., ™pu
N. = 2 x10° ruKiB;

f, . — XaPAKTCPUCTHYHA 3CYBHA MILHICTH
are3uBy, sIKA OTPUMYETHCS 31 CTaHAAPTHOTO

CTaTUYHOTO BUIPOOYBAHHS 3CYBY HaIyCKy
(muB. EN 1999-1-1).
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ANNEX E
[INFORMATIVE]
ADHESIVELY BONDED JOINTS

@ 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:

= kC,adh : fv,adh (E-l)

where:
Kean 1S the value of the adhesive joint

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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Taouuua E.1 - Axresiiini 3’ eqHaHHs
Table E.1 - Adhesively bonded joints
dopma mpoayKiii
. Koncr ifiHa meTanb
HeranizoBana | .. PYKIL A PospaxyHok
. I[lJ'ISIHKa BHMHHWKHCHHA ITOIIKOXKCHHA
KaTeropisa Product forms HAITPY>KCHHSA Bumorn J0 BUKOHaHH:A
Detail ; . Stress Execution requirements
category Constructional detail analysis
Initiation site
Hopmansae MammaHa 00poOKa JTuIIe
HaIIPY>XEHHS 3a JI0IIOMOI 00
IIpokatHi, IITaMoBaHi Ta KOBaHi nepeHpOi KPOMKH BHCOKOILIBHIKICHOI
BHPOOH (dpe3epHOI TOTIBKH
[Tix Hanpy>xeHHs Ha
OJ1HO- Ta JIBOKOMIIOHEHTHI ermokcuni |  MEPEHiH Kpomi, Hizroroeka mosepxHi:
3B’ 13yBavi €KCI[EHTPUCHUTET o0e3xupeHHs ado
3’eiHaHHS BHAIIYCK, TOBIIMHA Oinpi | HUDIXY HAlPYXKCHHA | XpOMATHIHA KOHBCPCLA
TOHKOI YacTHHH < 8 MM e y o
cummMmerpuuHomy | ToBiuHa 3'eqHAHHS JHIT
Rolled, extruded and forged products 3‘€ﬂHaHH1' BHAITyCK 3 30IpKH y pamKax
HO,Z[BIfIHPIM O6MG)KCHB, BHU3HAYCHUX
0,11, .y Single and two-component epoxies HOKPHUTTAM JUIs BUTIPOOYBAHE
Lap joint, thickness of thinner part MILHOCT1 IIpH 3CYB1
m =6 <8mm Stress normal
1 to leading edge Machining only by high
m, = speed milling cutter

N

Ha ninii 3'eHaHHS Ha IepeHiH

KPOMIIi
In bondline at leading edge

Stress peak at
leading edge,

eccentricity of
load path in
symmetrical

double

covered lap
joints only

Surface Preparation:
degreasing or chromate
conversion

Assembly: bondline
thickness within
tolerances
specified for shear
strength
test
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Kpusa BromHuoi minHocTi npu 3cysi: 3,85-6
OJHOKOMIIOHEHTHMIi, 110 Tpep/i€ NPH HArpiBaHHi
Moan(ikoBaHN eNOKCHIHMIA 3B sI3yBaY,

f, an = 35 H/mm?

Kpusa BromHuoi MintHocTi npm 3cyBi: 2,75-6
ABOKOMIIOHEHTHMIi, 110 TPepAi€ MPH 0X0M0IKeHH]
Moau¢ikoBaHu enoKcuIHMIi 3B’s13yBaY,

f, aan = 25 H/mm?

Kpusa BromHoi mintHocTi npm 3cysi: 2,20-6
ABOKOMIIOHEHTHA, 110 TPep/i€ NPU 0XO0JI0/KeHH]
Monudikosana akpuiaosa cvona, f, . =20 H/mwm?

Pucynoxk E.1-
Figure E1l-

N

Fatigue shear strength curve: 3,85-6 single-component,
heat cured, modified epoxide, f, ., =35N/mm?2

Fatigue shear strength curve: 2,75-6 two-components,
cold cured, modified epoxide, f, ., =25N/mm?2

Fatigue shear strength curve: 2,20-6 two-components,
cold cured, modified acrylic, f, ., =20 N/mm?2

At —kpuBa N ms agres3idHux 3’ €IHaHb
At,4,— N curve for adhesively bonded joints

Tabauuss  E.2 - Yucnosi snauenns ans Ky, (= Av/ f, ) 11d agresiiinux 3’enannb

Table E.2 - Numerical values for k., (= A7/ f, ,4,) for adhesively bonded joints
JleranizoBana kateropis (N = 2x10°)  1n5 _ 6 — 108
Detail Category (N = 2x10°%) N =10 N =5x10 N, =10
Arc,adh / fv,adh ml AT/ fv,adh A‘L-D/ fv,adh ATL/ fv,adh
0,11 6 0,181 0,094 0,065

4) CriBiIHOIIEHHS PO3PaxyHKy Ha BTOMY
JI0 TEPMIHIB CIy)KOW y Aiama3oHi Bij 10° 1o
5x10° IUKITIB 200 y Jianma3oHi Bij 5x10° 1o 108
IUKTIB BH3HAYAETBCS TaK, SK BKa3aHO Y
nynkrax 6.2.1(2)  6.2.1(4) JaHOTO
JIOKYMEHTY BiAMOBIIHO.

(5) B po3paxyHKOBHX 3HAYEHHSX MIITHOCTI
anre3iiaux 3’€JHaHb O  BHIICBKA3aHUX
3HA4YEeHb MIIJHOCTI TIOBUHEH 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 10°
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



JaCTKOBUH KOEQILIEHT ¥, .

Ipumirka. YactkoBui koedilieHT ¥, A1 NEBHUX

TUIB  KOHCTPYKUIMHMX  JeTtaneil  Moxe  OyTH
BU3HAYCHUI y HanionansHomy JIOJATKY.
PexomeHnnyeTbes 3Ha4eHHH ¥, = 3,0.

(6) Jas MPHKIIAAECHHS
HaBaHTAXKCHHS PEKOMEHIYETHCS
BUTMIPOOYBaHHS TP TUIOBHX T'€OMETPHUYHUX
XapaKTEPUCTHKAX, THUIIOBIM SIKOCTI poOIT Ta
THUIMOBHX 30BHIITHIX yMOBaXx.

KPUTHYHOTI'O

(7)  XapakTepuCTHKH BTOMHOI MIIIHOCTI
I anre3iiHuX 3’€JIHAHb 3aCTOCOBYHOTHCS
JMIIE TIpU TeMIiepatypi B miamaszoHi Bix -20 °C
1o + 60°C.

Mpumitka. Hanmani  temmepaTypHi — OOMEKEHHS
OCHOBaHI Ha JOCTYIIHHMX pe3ylbTaraXx BHIIPOOYBaHb.
[Hmn 3HayeHHS MOXYTh BH3HawaTHcs HarioHansHUM
JIOZATKOM, SIKIIIO BOHH HiATBEP/DKEHI BUIPOOYBaHHSIMHU
y BiamoBigHocTi 3 JJomatkom C.

(8) He 103BOMAETBCS POOUTH JOMYIIEHHS
Ha BIUIMB CEPEIHBOTO HANpYyKeHHS 0e3
HiITBEP/DKEHHS  BHIIpOOyBaHHsAMH  (JIHB.
Homnatoxk 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 1y, =30 s
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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JNOJATOK F
(IOBIIKOBHM):
JATAITA3OH MAJIOIIMKJIOBOI BTOMHA

F.1  Beryn
(1)  Sxmo Jiarna3oHaMu BHCOKOTO

HaIpy>KeHHs, K1 MPUKIIAIAI0ThCSI MEHIIE, HIXK
10° pasiB, 3aBIAIOTHCS 3HAYHI MOIIKOKEHHS,
To KpuBi Ao — N, Hagani y 6.2 mis nmeBHHX
KOHCTPYKIIHHUX JeTaneil, Ta Koe(ilieHTiB
Hanpy>keHHss R MoXyTh OyTH HEIOpEYHO
KOHCEpBAaTMBHUMHU. BkazaHi HIWX4Ye JaHl
MOXKYTh 3aCTOCOBYBAaTHUCS IS OTPUMAaHHS
TOYHIIIOTO Mepe0aueHHs TEPMIHY CITYKOH.

F.2  Moaudikauii kpuBux Ac — N

1) Jlnst nosrosiunocti Bin 10° o 10°

OUKITIB  KpHUBAa  PO3PaXyHKOBOi ~ BTOMHO{
MIIHOCTI MOK€ BU3HAYATUCH SIK:
Ac
_ C
N [ .
bi (N
N, — mnigpaxoBaHa KUIBKICTb LMKIIB J0O

pYHHYBaHHS Jlana3oHy HanpyXeHHs Aci;

Aoc.— CcTaHgapTHe  3HA4Y€HHA  BTOMHOI

MIIIHOCTI  TIPHU 2x10° B 3anexmnocti BIX
JIeTaTI30BaHO1 KaTeropii;

Ao, — piama3oH HaNpyXeHb U1 TOJIOBHUX

HaNpY)XKeHb Ha JeTaji, MOCTIMHUK IS BCIX
LIYKJIIB;

M, — 3BOPOTHI JOrapuMIUHUI HaXUI
kpuBoi Ao — Ny miamasoni Bix 10° o 10°
UKIIIB, SIKHM 3alIe)KUTh BIJ JETaai30BaHOl
KaTeropii, criaBy Ta 3Ha4eHHs R ;

M, — 3BOPOTHIM JorapuMiuHMA HaxXuiI
kpuBoi Ao —N, SKHid 3aISKUTH  Bif

JIeTATI30BaHOi KaTeropii;
Ve — YACTKOBHMM KOEQILIEHT, SIKMHM oIycKae
HETOYHOCT1 y CIEKTpl HaBaHTaXEHb Ta

po3paxyHoKy peakiii (aus. 2.4);

YaCTKOBUH  KoedimieHT  ais

Y mi -
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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:

Aoy Vg -

_ L om0 (F.1)
MY
where:
N, — is the calculated number of cycles to

failure of a stress range Ac;;

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

Ac — N curve in the range 10° and 10° cycles,
depending on the detail category, alloy and
R -value;

m, — is the inverse logarithmic slope of the

Ac—N curve, depending on the detail
category;
Y — IS the partial factor allowing for

uncertainties in the loading spectrum and
analysis of response (see 2.4);

rw — 1S the partial factor for uncertainties in



HETOYHOCTE B Marepiajax Ta BHUKOHAHHI

(muB. 6.2.1( 2)).
F.3  Pe3syabraTu BUNPOOYBaHb

1) V¥ tabmuui F.1 nokasaHi 3HaYeHHsS M,

Ui BHOpaHUX KOHCTPYKLIMHHMX JeTajei y
MEBHUX MPOJYKTaxX Jjae(GopMOBaHMX CILIaBIB,
OTpHMaHi B pe3yJIbTaTi BUIPOOYBaHb.

Mpumitka 1.][ns koediuieHTIB HampyxeHHs R wMix
R=-1ta R=0 MOXHa BHKOPHCTOBYBaTH JIiHIHHY

IHTEPIIONIAIII0 3BOPOTHHOTO 3HAYEHHS M |

IMpumitka 2.3nayenHs R Moxe Oa3yBaTucs Ha
NPUKIIAZICHUX HANPYXKCHHSX Jiiie Oe3 BpaxyBaHHS
3QJIUIIKOBUX HANPYKEHb.

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

materials and execution (see 6.2.1( 2)).

F.3 Test data

@ 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.

Tabmuus F.1 - 3nauenns m,
Table F.1- Values of m,
Tabmuns Mo
. JIeTalli30BaHOl
Tun gerani
Detail Kareropii Cnnasu PopmH NPOTYKIIiT
Tupe Detail Alloys Product Form R=-1 R20
P Category
Table
Jlucr, mumTa Ta mpocti mpodiri
Jlucr, umTa Ta mpocti npodiri
7020 [ItammoBani mpodismi
11 6000 cep)isll) [TammoBani mpodini 5.0 m,
1.2 (series) . 4,0 m,
13 J.1 2020 Sheet, é)):?rtﬁs?ggssmple 4.0 m
- 1)
14 GQSOe?iZ:%l;I Sheet, plate and simple 4.0 m
extrusions

Shaped extrusions

Shaped extrusions
7.6 3,0 m
9.1 1) 3,0 m,
9.2 3.7 1a (and) 1.9 EN 1999-1-1, Table 3.1a 30 m,

9.3 3,0

9.4 3,0 m
m,
15.1 3,3 m,
152 15 33 m

Y Buknrouenns — mus. 3(1)
Y Exceptions - see 3(1)
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JIOJATOK G
(1OBLIKOBHIA)
BILJIUB KOE®ILICHTY

HAIIPYXEHHS R
G.1 30iabuieHHs BTOMHOI MilfHOCTI

(1) s 3HaYeHb MPHUKIAACHOTO PIBHIO
Hanpy>KeHHs MeHmuX, Hbk R =+0,5, mMoxHa

BHKOPHUCTOBYBAaTH 30UIbIICHE CTaHIApPTHE
3Ha4eHHs BTOMHOI MintHOCTi Ao (R) y mici

AGC HACTYITHUM YHHOM:

AGC(R) =

Ie.

f(R)— 30umbmyrounit koedilieHT, SKHUA
3aJeXKUTh B KoedimieHTa HampyxkeHHs R,
TUITy €JIeMEHTa Ta KOHCTPYKIIMHOT AeTani, siK
BKazaHo HIKue y G.2.

Ipumitka. CymineHOTATHEHI TpyOm Ta (opMoBaHi
npodin (ckmamuacti, THyTI) MOKYTh MaTH 3aJIHIIKOBI
Hanpy>XC€HHsA, AKUMH HE MOXXHA 3HEXTYBATH, TaK IO

30IIBIICHAS MIIHOCTI Y BIANOBIAHOCTI 3 TaHUM
JlonatkoMm He MOXKe OYTH J03BOJICHO.

G.2 Bunaagkm 3iIbIIeHHSA BTOMHOI

MIiIlHOCTI

G.2.1 Bunaoox 1

Q) Ilefi BUMIANOK CTOCYETHCS JIUITHOK
BUHHUKHCHHSI TIONIKO/DKEHh Yy OCHOBHOMY
MaTepiani Ta Jne)OpMOBAHUX KOMITOHEHTIB
KOHCTPYKI[IHHUX €JIEeMEHTIB, BIINAICHUX BiJ
3’€HaHb.

(2)  T[oBuHHI poOUTHCH TOMYCKH Ha OyIIb-
K1 TOTIEpeH] BIUIMBU a00 HECYMICHICTH (Ha
JOJIaTOK JI0 MPUKJIAICHUX HAIPY)KEHB).

(3)  3uauenHs 30iTBIIYyIOYOTO KOedilieHTa
f(R) OTPUMYIOThCS 3@  JIOTIOMOTOFO

HAaCTYIIHOI'O BHUpa3y.

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 Ac.(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.21Case 1

(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)=12-04-R (G.2)

nuB. Takok Taomuiro G.1 ta pucynok G.1.
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Tabamus G.1 - 3pavenns f(R) g Bumanky 1

Table G.1- Valuesof f(R) forcase 1l

R f(R)
S'l 116
>-1
1,2-04R
<+0,5
>+0,5 1,0
Factor f(R)
1,6
1
1|3 — \
—
e ey
—
B B ey el o g e el g g T
-1 -0,5 -0,25 0 +0,5 +1

R=o /o

min” "~ max

1 — niITHKY, NOBHICTIO BUIbHI BiJl HANPY:KeHHs1; 2 — TUISTHKY, YaCTKOBO BUIbHI Bifi HANpPYKeHHs1; 3 —TUISTHKH 3
3aJIMIIKOBUMH HATIPYKEHHAMHU

1 — fully stress free regions; 2 — partially stress free regions; 3 — regions with residual stresses

Pucynoxk G.1-
Figure G.1-

G.2.2 Bunaook 2

(1) Le#t BUMAagoOK CTOCYEThCS IUISIHOK
BUHUKHEHHS TIOIIKOKEHb, 3B S3aHUX 3
3BapHUMH a00 MEXaHIYHO 3aKpiJICHUMHU
3’€MHAHHAMHU B TPOCTUX KOHCTPYKIIHHUX
elIEMEHTaX, B SAKUX BHABJICHI 3aJIUIIKOBI

Halpy)XeHHs O,,, BpaxoByrouu OyIb-sKi

HoTepeiHi BIUIMBU 200 HECYMICHOCTI.

(2)  EdextuBHe 3HaueHHS KoeillieHTY
HanpyxkeHHs R R, moBuHHe BU3HAuYaTHCS

HaCTyIIHUM YHHOM.

Reff

ae.
Ac — niana3oH NPUKIAIEHOTO HANPYKEHHS.
f(R)

(3) 3uauenHs BHU3HAYAIOTHCS

_ 2'Gres_AG
20, +AGC

Koeoiuien 36inbmenns sromuoi Mingocri f(R) mpu 2 x10% nmknax
Strength enhancement factor f(R) at 2 x10% 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:
Ac — is the applied stress range.
(3)  Thevalues of f(R) are given by
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HAaCTYIIHUM YHHOM:

f(R)=09-04-R (G.4)

muB. Takok Tabmuio G.2 ta pucynok G.1

see also Table G.2 and Figure G.1.

Taommua G.2 — 3uauenns f(R) mis Bumaaky 2

Table G.2- Valuesof f(R) for case 2

Reff

<-1

>-1
<-0,25
>-0,25

G.2.3 Bunaook 3

Q) Lle#t BUMATOK CTOCY€ETHCS JUISHOK OIS

3BapHUX 3’€IHAHb Ta CKJIaIHUX
KOHCTPYKIIHHUX 30ipHUX JAerajneil, B SKHUX
HEMOXXJIMBO  KOHTPOJIOBAaTH  3AJIMIIKOBI
HaTPYXCHHSL.

(2) V upomy Bumaaky 3HaueHas f(R)
MOBUHHE MPUIMATHCS 338 OJUHUIIO JUIS BCIiX

KoedimieHTiB HampykeHHs R (amB. Takox
puc. G.1).
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f(R)

1,3

09-04R
1,0

G.2.3 Case 3

@ 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).



JTOJATOK H
(IOBIIKOBUI):
3BIJIBINIEHHS MIIHOCTI 3BAPHHUX

3’€IHAHb

H.1 3arajapHi m0J0KEeHHA

@ VY BuUmagkax, KOJM BTOMHI TPIIIHHU
BUHUKAIOTh HAa KPOMIIl 3BapHOTO IIBA,
MIIHICTh 3BapHUX 3’€IHAHb MOXE OyTH
30UIbIIEHA. Taxi METOU 3a3BUYail
BUKOPHUCTOBYIOTHCS Ha HaNWOUIbII
HANPY)KCHUX 3BapHHUX 3 €IHAHHAX a00 IS
MIOCWIEHHSI 3BapHUX 3’€JHaHb, SIKI MAaloOTh
HU3BKY MIIHICTb.

(2)  PosrasmaroThCs HACTYIHI METOIH:
— ManrmHHa 00po0OKa abo nutiyBaHHs;

— 00TiCyBaHHS  JIyTOBHM  3BapIOBaHHIM
BOJIb()PDAMOBUM  €NIEKTPOJOM B CEpEIOBUILI
1HEepTHOTO raszy abo IIa3MoIo;

— HarapToBka (apobecTpymeHeBa 00OpoOKa,
TOJIKOBA HarapToBKa, IPOKOBYBaHHs
MOJIOTKOM).

(3) VYV Bumazgkax, konu OyId 3aCTOCOBaHi
CHeIiaTbHI TEXHIKA 301IBIICHHS MIIHOCTI , ¥
Jlana3oHl Halpy>KeHb BIPOJOBXK CEPEAHbHOIO
Ta JIOBIOTO TEPMIHY CIyKOM Moxe Oytu
3aiKCOBaHE 3pOCTaHHS  MIIHOCTI OUIbIIIE,
Hbk Ha 30%. HaiisHaunime 30UTbIICHHS
MIITHOCTI ~ JOCATAEThCS 32  JOTIOMOTOIO
KOMOIHAIIT IBOX METOIIB, TAKUX SIK MAaIlWHHA
00po0Oka (abo muriyBaHHs) Ta TPOKOBYBAHHS
MOJIOTKOM, KOJH 3aBISIKH BHUKOPHUCTAHHIO
IHAUBIAyalbHUX  MOJKIIUBOCTEH  KOKHOTO
METOJIy OTPUMYETHCS TOJIBiiHE 30UIbIICHHS
MILIHOCTI.

(4) s BCiX METOMIB  BPaxOBYIOTHCS
HACTYIIHI ACTIEKTH:

a) OBMHHAa OyTH JOCTyIHA ITiIXO/SIIa
MeTOauKa poOoTH,
b) 0  3aCTOCYBaHHS  3aXOJiB  II0JO

30UIBIIEHHS MIIIHOCTI HEOOXI1THO
MEPEKOHATHUCS, 1110 HEMA€E TPILIUH MOBEPXHI Y
KPUTUYIHHX JIOKAITISX;

C) aka TepeBipka  BUKOHYEThCS  3a
JIOTIOMOTOI0  TIpOoHMKato4oi ¢apbu abo 3a
JOTIOMOTOI0  3aCTOCYBaHHSI IHIIUX METO/IIB

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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HEpYWHIBHOTO KOHTPOJIIO;

d) pH KOPOTKOMY TEpPMiHi CITy»OH, KOJIH
MICIIEB1 HAIPYXKEHHSI IEPEBUIIYIOTh TPAHULIIO
TEKy4OCTi, MepioJ BHHUKHEHHS TpILUH €
HE3HaYHUM  (HE3aJIe)KHO  BiI  HAsSBHOCTI
Ha/IPi3iB) i 30LIBIIEHHS MIIHOCTI, BiIIIOBIIHO,
TEX € He3HAauHUM. TOMy B TakOMy BHIQJKY
npu po3paxyHky B 10° muxiiB 36itblueHHS
mirHoCTi He BimOynetbes. (KpuBa Ac—N B
TAKOMY BHITaJIKy 3MIHIOETBCS TPU TMOCTIHUX
3HAYCHHSIX IIPH PO3paxyHKY B 10° quKIIiB);

e) OBUHHI BpaxoBYBaTHCs MOTEHLINHHI
MiCllsi BUHHMKHEHHS BTOMHHUX jaedopmarlii
OKpIM THX, WI0 MUISTalOTh 30UTBIIEHHIO
MIITHOCT], HANPUKIad, KOMU 30OUIbIICHHS
MIITHOCT1 BiI0yBa€ThCA HA KPOMIII 3BApHOTO
IBa, TO TaKi JIOKAIil, K Tepepi3 3BapHOTO
IBa Ta BHYTPIIHI TPiKMHU (YaCTKOBOTO
NPOHUKHEHHS) MOXYTh OYyTH OOMEXYHOUYNM
baxTopom;

f) MAaroTh BpPaxOBYBaTHCA BTOMHA
JIOBTOBIYHICTh T4 MOXKJIUBICTH 3aCTOCYBaHHS
METOMIB 3MIIHEHH,

9) pU YMOBax HEOOMEXEHOCTI KOpo3ii y
BOxl, 3OUIBLIEHHS MIIIHOCTI 4YacTo HeE
BinmOyBaeThcs. MeTonu, SKi  BKIIOYAIOTH
KOMITpeCiiH1 3aJIMIIKOBI HaIpyKeHHS
(HarapToBKa), € MEHII YyTIHBUMH. ToMmy y
TaKUX BHUIQJKaxX I JOCATHEHHS 30UIbIICHHS
MIITHOCT1 HEOOXITHUNI AHTUKOPO3IMHUHN
3aXHCT.

(5)  Po3paxyHKOBI 3HA4YCHHS 3MIHCHUX
3BapHUX IIBiB NMOBUHHI BCTAaHOBIIIOBATHCS 3a
JIOTIOMOT010 BUITPOOYBaHb, nuB. JJonatok C.

H.2 Mammunna 00polka abo
HTipyBaHHS

(1) MammunaHa 00poOKka MOKE
BUKOHYBATHCS 3a JIOTTIOMOT 010
BHUCOKOIIIBUIKICHOTO pOTAIfHOTO

HanwibHUKY. Lleil MeToa Mae Taki mepesard,
SK  OUIbIl  TOYHE 3HAYCHHS  pajiycy,
MapKyBaHHS, TapajelibHe JI0  HANPsAMKY
HaNpY)XCHHS, Ta OTPHUMAHHS JOCTYIy [0
KyTiB. SIKIIO JO3BOJIE JIOCTYH, TO Y SKOCTI
QTBTEPHATHBH  MOXXE€  BHUKOPHCTOBYBATHCS
CTaHOK JUTsl UTIpyBaHHS a0pa3UBHHUM JIUCKOM,
nuB. puc. H.1. B 000x Bumaakax NMOBHHEH
perenbHO  oOupartucs — pagiyc  piKy4oi
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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.



IJIACTUHU 200 KPOMKH.

(2) o6 mnepekoHatucss y BHIAJCHHI
9y)KOPIAHUX €JIEMEHTIB 1.T.A., MAaIIUHHA
o0pobka 3a  JONMOMOIOK  pOTaliifHOTO
HAMWIBHUKY MOBUHHA AocsraTu rnubunu 0.5
MM HIDKYE Kparw OyAb-sKOTo Miapi3y LT.1H.,
ajie He MMOBMHHA MepeBUIllyBaTH 2 MM abo 5%
TOBIIMHM IUTMTH, B HE3aJEKHOCTI BiI TOTO,
SK€ 3HA4YEHHS € MEHIIMM, auB. puc. H.2.
He3naune 3MeHINEHHS TOBINMHU IUIHTH 1
BIJIIIOBIJTHE 30UIBLIEHHS HOMIHAIBHOTO
HAINPY)XCHHsI HE € 3HAYHUMHU Tpu ToBIuHI 10
MM a6o Ourbime. Y BHMaAKy 0araToIrapoBOTO
3BapHOTO IIBa MOBHHHI OyTH 0OpoOieHi K
MIHIMYM JIBI KpOMKH mIiBa. Takox mMOTpiOHO
CIIIKYBaTH 32 MIATPHUMAHHSAM HAJIEXKHOTO
po3Mipy mepepi3y mBa.

a) o0podKka poTauiiitHuM Tepmyrom; ,b) murigpyBanus
a6pa3uBHHM JHCKOM

a) burr machining; b) disk grinding

PucynokH.1 — Mertoau mammHHOL
00poOKu/muTihyBaHHS
FigureH.1 — Machining/grinding techniques

H.3  O6ricyBanus AYrOBUM
3BapIOBaHHSAM BOJIbL()PaMOBUM €J1EeKTPOIOM
B cepeIoBHILI iHEPTHOrO ra3zy ado mia3mMom

(1) Tak  sax  gyrose 3BapIOBaHHS
BOJIb()PDAMOBUM  €JIEKTPOJOM B CEpEIOBHILI
IHEpTHOTO Trazy — L€ MeTOA TUIbKU JJIs
IUIACTUH 3 TOBIIMHOK 4 MM a0o MeHlle, BiH
MO’K€ BUKOPHCTOBYBATHCS TOJII, KOJU KpPOMKa
3BAPHOIO IlIBa € KPUTHUYHOW AUIsHKO. [lpn
MepETUIaBIIOBaHHI BXKE 1CHYIOUO1 KPOMKH IIIBa
BKpaIlUIEeHHSI Ta MAPI3M  MOXYTh  OyTH
BUJIAJIEH], a pasilyc KPOMKH — 30UIbILIEHUH, 110
B pe3yiabTaTli 3MEHIIye (akTop MicleBoi
KOHLEHTpallli Halpy>KEeHHS.

(2) Cnim BUKOpUCTOBYBaTH CTaHIApPTHE
oOnajHaHHA Uil JIyrOBOTO  3BaplOBaHHS

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.

0,5-1,0mm 0,5-1,0m _

a)noBHmii npo¢isn; b)kpomka 3BapHoro msa

a) full profile; b) weld toe

PucynoxH.2 —'eomeTpudHi XapakTepUCTHKN
npodimto
FigureH.2 — Profile Geometries

H.3 Dressing by TIG or plasma

(¢D)] 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

105



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

BOJb(PAMOBUM E€JICKTPOJOM B CEpPEIOBHIII
IHEpTHOTO ra3zy 0e3 3acToCyBaHHS OyAb-IKOTO
¢inpTpaniiinoro  martepiany.  OOTicyBaHHS
IyrOBUM  3BapiOBaHHSM  BOJb(PaMOBUM
eJIEKTPOJOM B CEPEJOBHUIIl I1HEPTHOTO Tazy
qyTIiMBe A0 MNpodecioHANbHUX HABUYOK
orepaTopa; HeOOXiHO MIATPUMYBATH YUCTOTY
MOBEPXHi, MO0 YHUKHYTH BHUHUKHEHHS ITOP.
[ToBuaHi  OyTH  WIArOTOBaHI  JeTajlbHI
METOIMKHA BUKOHAHHS.

(3)  30iumblleHHS MIHOCTI MOBHHHE OYTH
MIATBEP/LKEHE BUMPOOYBaHHSIMMU.

H.4  HaraproBka

(1)  Haiikpami  pe3yapraTH  3a3BHYaid
OTPUMYIOTHCS 32 JOMOMOTOI0 METOIIB, B SIKUX
BUKOPUCTOBYIOTBbCS KOMITPECIHI 3aJUIIKOBI
HanpyxeHHd. Haiinmommupenimi meroau — 1e
MIPOKOBKA MOJIOTKOM, TOJIKOBA HarapToBka abo
npobectpymeHeBa o0pobOka. HaraproBka — 1e
IpoIec XOJOJHOI O0OpoOKM, TpU SKOMY
NOBEPXHS  IUIACTHYHO  3MIHIOETBCS  MiA
BILUIMBOM IHCTPYMEHTY. Orouyroumnii
(mpy:kHHMIT) MaTepial CTHUCKae aedhopMOBaHHI
00 eM. DyHKITIOHATBHA Jisl BUCOKOI KOMIIpecii
MOXE  3HH3UTH  pPIBEHb  3aJUIIKOBOTO
HaNpy)XEHHs 1 NMOBHHHA BPaXOBYBAaTHCh IIPH
3aCTOCYBaHHI CIIEKTPiB BUMAIKOBOTO BIUIHBY..

(2 [ToBuHHI OyTH MIATOTOBJICHI METOIUKH
UL BCIX CHOCOOIB  HArapTOBKH.  XOJIH,
nedopmariii KPOMKH 3BapHOTO IIBA Ta BUIMKHU
JUISE TIPOKOBKM MOJIOTKOM Ta HarapTOBKH
apMaTypHUM MY4KOM, IHTCHCHUBHICTB,
MOKPUTTSI Ta TECTOBA IUIACTHHA Jedopmartii
IS IpoOecTpyMeHeBOi 00poOKH.
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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.



JTOJATOK I
(TOBLIKOBHIN)
JIUBAPHI CIIJIABHU
1.1 3arajabHi M0J102KeHHSA
(1) HmwkueBkazana iHdopmaris  MoOKe
3aCTOCOBYBATHCS ISl JINBAPHHUX CIUIABIB MPU
YMOBi, [0  JIOTPUMYIOTBCS  TIpaBHIIa

po3paxynky, BkazaHi y EN 1999-1-1 myHkT
3.2.3.1 Ta itoro Jlomarky C.3.4

(2)  MoxyTh BUKOPHCTOBYBATHCS MPaBUIa
po3paxynky y EN 1999-1-3 nmns nuBapHHX
CILIABIB, SIK1 3a3HaIOTh BTOMHOT'O
HAaBaHTAXXCHHSA, 1 MpaBWia s CIUIABIB Y
EN 1999-1-1, TaOJIHII 3.3, SIKIIIO
BPaxoBYIOThCS BUMOTH |.3.

1.2 3HaYeHHS BTOMHOI MiITHOCTI

1.2.1 [I'naoxi nusapni cnnaeu

1) B 3amexHocTi  BiX
CTymiHKO  sKOCTI  (muB.
3aCTOCOBYBATHCS ~ YHCIIOBI
Tabymmi |.1.

HEOOXITHOTO
1.3)  MoxyTh
3gayeHHs1 Ao

Tadauusa
Table 1.1-

[eranizoBaHa KaTeropis
Detail Category
(N =2x10°
Ao, m, =m,
719
50
40
32
25
Y nus. TIPUMITKY B 1.3

Y'see NOTE in 1.3

1.2.2  3eapnuit mamepian

(1) 3nayeHHs BTOMHOI MIIIHOCTI IS
3BapHUX JIMBApPHUX CIUIABIB HE BXOAATH Yy

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

ANNEX I
[INFORMATIVE]
CASTINGS
1.1 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

@ Depending on the required level of
quality, see 1.3, the numerical values for Ac of
Table 1.1 may be applied.

I.1 - Yucnosi3nauenns Ao (H/mMM?) mist rimakux Martepiaiiis
Numerical values of Ao (N/mm?) for plain material

N =10° Ng =2x10° N, =10°
Ac Ao, 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

(1)  Fatigue strength values for welded
castings are not covered by EN 1999-1-3.
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EN 1999-1-3.

IMpumiTka.3HaueHHs] BTOMHOI MIIHOCTI Ul 3BapHHUX
3’€IHaHb JIMBAPHUX CIUIABIB MOXYTb OyTH BH3HAueHi Yy
HanionansHOMY onatky.

1.2.3 Mexaniuno 3’conani nueapni cnnagu
1.2.3.1 boamosi 3’ eonanns

Uucnosi 3HaueHHs Ao Tabmwumi 1.2 MOXyTh
3aCTOCOBYBATHUCS JUIsl 60aTIB Kareropii A: Tun
migmunauka, 1us. EN 1999-1-1.

Taomuua 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 Ac of Table 1.2
may be applied for bolts of Category A:
Bearing Type, see EN 1999-1-1.

Yucnosi 3nauenuss Ao (H/Mm2) mi1st 60ATOBUX 3’€THAHD
Numerical values of Ao (N/mm?) for bolted joints

JeranizoBaHa KaTeropist 1ss
TJIaIKOTO Matepiany
Detail Category
(N = 2x10°) for plain material

Binnosigua JleranisoBana
kareropisa ( N. = 2x10°)
U1 OOITOBUX 3 €QHAHD

Corresponding Detail Category
(N, =2x10°%
for bolted joints

N =10°| N, =2x10°| N, =10°

Ao, m=m, Ac 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 Ulapnipni 3 eOnanns

(1) 3nayeHHs BTOMHOI MIIIHOCTI  Jyis
HIapHIPHUX  3’€HaHb HE  BXOJAATH Y
EN 1999-1-3.

Hpumitka 1.3HavyeHHS BTOMHOI MIITHOCTI 3 TaOmHII
J.15 IS OOITOBHUX 3’€/IHaHb MOXYTb
BHKOPHUCTOBYBATHUCS, SKIIO B aHai3i pPO3PaxyHKY
aJeKBaTHO Ta HAMIHHO PO3TIATAETHCS  PO3MOILT
HaNpY)KeHHS Ha IMIAPHIpi Ta B €JIeMEHTI, HAlpHKJIas, 32
JIOTIOMOT'OF0 MICIIEBOTO PO3PaXyHKY HAIPY>KEHHSI.

Mpumitka 2.3HayeHHS BTOMHOI  MIIHOCTI ISt
IIapHIpUX 3’€IHAHb JMBAPHHUX CIUIABIB MOXYTb OyTH
BH3Ha4eH1 y HanioHampHOMY TOaTKYy.

1.2.4 Jlueapni cnnaeu 3 aoze3iliHumMu

3’eonannamu

1) AnresiiiHi  3’€JHaHHS B JIMBapHUX
crutaBax He posrisinatoTeest y EN 1999-1-3.

[Mpumitka.3HaYeHHS BTOMHOI MIITHOCTI ISl are3iiHuX
3’€JIHaHb B JIMBAPHUX CIUIaBaX MOXXYTh BU3HAYATUCH Y
HarrionaisHOMY nOIaTKYy.
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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 no sakocti

(@8] [ToBuHHI  po3TisAaTHCs  JOJATKOBI
oOMmexxeHHst 3 Tabmuui 1.3, sfKi 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 MaKCUMAaJLHOTO JlaMeTpy HOp /I JUBAPHUX CIUIABIB, MM
1.3 — Values for maximum pore diameter [mm] for castings

JleramizoBaHa KaTeropis

Detail Category
( Nr — 2X106) 71 50

40 32 25

MakcumalbHUH JiaMeTp
Top 0,2 0,5
maximum pore diameter

2,0 (HopmabHuMit)

0.9 15 (normal)

IpumiTtka. BurotoBneHHs JIMBapHUX CIUIaBiB 3
nmiamerpoM mop MeHme, HibK 0,6 MM, norpebye
CHeIiaThbHUX HAaBUKIB, JOCBINY, TEXHIKH Ta TEXHOJOTIi
uTTs. J10 TOro K BUSIBJICHHS TIOp 3 AiaMETpOM MEHIIE,
Hix 0,6 MM, moTpeOye crmemiadpbHOTO OONATHAHHS,
0co0mmBO Wi 3HaYeHb 10 0,2 MM, KOJIM MOYKJIMBICTH
BHSIBIICHHS JE(EKTIB TAKOTO PO3MIpy 3aJEKUTh TAKOX
BiZl hopmu (TOBIIMHK) JIMBAPHOTO CIUIABY. J{OMMyIICHHS,
3po0IieHi IS MaTepiallbHUX BIIACTHBOCTEH JMBAPHOTO
CIIaBY, SIKMH BUKOPHCTOBYIOTHCS Y KOHCTPYKLIHHOMY
pPO3paxyHKy, TOBHUHHI OyTH 3aBipeHi BHPOOHHKOM
JIMBApHOTO CIUIABY.

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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JIOJIATOK J
(1OBILJKOBHUIA):
TABJIALI JNETAJI30BAHUX

KATEI'OPIN
J.1 3arajbHi M0J0KeHHS

(1)  JHeranizoBani KaTeropii Ta
cniBBiiHOMEHHSS Ao — N, BKazaHi y JaHOMY
Jlomatky, MOXYTh BHKOPHUCTOBYBATHUCS JIUIIIE
MIpU BpaxyBaHHI MOJI0KeHb Po3miny 6.

(2)  3uaveHHs JgeTaNi30BaHMX KaTEropid
JiMCHI Afid  TeMIepaTypu HaBKOJHUIIHBOIO
MOBITPS Ta 30BHIMIHIX YMOB, SKI HeE
noTpeOyIOTh 3aXUCTy MOBEpXHi (AuMB. TaOI.
6.2), Ta B 3BSI3Ky 3 BUMOT'aMH JI0 BUKOHAHHS
EN 1090-3. 1li 3Ha4YeHHS OTPUMYIOTHCS 31
3Ha4YeHb KoedillieHTa HampyKeHHs, sKi He
MeHie, Hix 0,5.
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ANNEX J
[INFORMATIVE]
DETAIL CATEGORY TABLES

J.1 General

(1)  The detail categories and the Ac—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.



Ta6muusn J.1-— JleranizoBaHi KaTeropii Juisi IPOCTUX €IEMEHTIB.
Table J.1- Detail categories for plain members
JeranizoBana
KaTeropis
dopmu mpoaykmii
Ac—m? Y poay
Tun Kouctpykiitaa neranb
nerani OOMexeHHs _ Opienrari
CILTaBY JlinsHka BUHUKHEHHS TIOIIKOKEHHS
Detail HaIPYKEHHS
i Product forms . .
type Detail Stress orientation
category ) )
Constructional detail
Ac-mP Sl
Initiation site
Alloy
restriction
125-7 Jluct, tumta Ta mpoctuit mpecoBanmii  [lapaneHnbHMIt a60
1.1 ) CTEp)KEHb Ta IPYTOK  MAaIIMHHOI HopMaJILHMﬁZ) o
7020 Tinbku 00po0KHu BIJTHOIIICH-HIO JI0
(only)

npokary abo ekcTpy3il

TTATTNaN TN,

Sheet. plate and simple extruded rod

Po3zpaxyHox
Harpy>KeHHS

Stress analysis

OcCHOBHE HOMIHAJIEHE
Harpy>KeH-Hsl Ha
JUIIHKaX BUHUKHEHHS

HOIIKOLKEHHS

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

Bumorn J10 BUKOHAaHHsA

Execution requirements

BincyTHicTh BXiZTHHX KYTIB
y npodiii, BIICYTHICT
KOHTaKTy 3 iHIIUMH
YacTUHAMHU.

IMoBepxHst 6e3
TOCTPHX KYTiB , TUTbKA
SIKILIO HE ITapaebHa
JI0 HATIPSIMKY

ITATTAY A AITITAa  UAXITTx
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1.2 90-7
80-7 Jlucr, mnTa, eKCTpyAoBaHi npodini,
TpyOu, KOBaHi rerai
1.3 7020 Tinbkn
(only) Sheet, plate, extrusions, tubes, forgings

"
%

HepiBHicTh IOBEpXHi

[ 4

Surface irregularity

Buimku, orBopu

Notches, holes

140-7 =

“a
15 7020 TuUIBKH
(only)

/
|

A

4

112

PozpaxyHok
KOHILIEHTpaLil
HaTpy>XeHHS IUB y
D.2

Account for stress
concentration: see
D.2

Pyune numigyBanus He
JO3BOJISIETHCS, TUIBKH
SIKILIO HE B HANPSAMKY,
napajielbHOMY
HanpyXeHH!o. BincyTHicth
MOJPSINH.MOMEPEUHUX
HAaIpsIMKy Harpy>KeHHs.
BizyansHa mepeBipka.

Hand grinding not
permitted unless parallel to
stress direction. No score
marks transverse to stress
direction. Visual
inspection.

[Ipoceepneni Ta
PO3TOPHYTI OTBOPH.
BincyTHicTs monpsinuH
MOJPSIINH.OMEPEUHUX
opieHTaLil HanpyXeHHS.
BizyanbHa nepesipka.

Holes drilled and reamed.

No score marks transverse

to stress orientation. Visual
inspection.
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HepiBHicTh IOBepxHi

1.6 100-7 Surface irregularity

12
pm-=m , TPaHUII BTOMH MOCTIHHOT aMILTITYIM TTPU 2x10° nmknax

2 SIKIO Opi€HTALis HATIPYKEHHS HOPMANBHA IO BiIHOMICHHIO 10 eKCTPY3ii, BUPOGHUK MOBUHEH POKYHCYIBTYBATHCS OO0 AKOCTI Y BUIAIKY, KOTH EKCTPy3is
BUKOHY€ETBCA 32 JJOIIOMOTOI0 BXiTHOTO OTBOPY 200 KOMOIHOBaHOT MaTpHIIi.

9 R . aus. y EN-ISO 4287 ta EN-ISO 4288.
12
LM =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.

9 R, see EN-I1SO 4287 and EN-ISO 4288.
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Pucynok J.1- KpusiBroMHoi MintHOCTI Ao — N J1s IPOCTHX €JIEMEHTIB — KaTeropii Taki ik,
AK y Tabmwumi J.1
Figure J.1- Fatigue strength curves Ao — N for plain members - categories as in Table J.1

Ta6auust J.2 — Yucnosi 3HauenHs 0f AX — N (H/MM?) n1a nmpoctux enemeHTiB — Kareropii
TaKi X, aK y Tabmmi J.1
Table J.2- Numerical values of AX —N (N/mm?) for plain members - detail categories

as in table J.1

Haxun Muxkmu 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 7,0 122,7 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

114




Taoamus J.3 — JleranmizoBani kaTeropii A €JIEMEHTIB 31 3BapHUMH MPUETHAHHSIMU —
IornepeyHa KpoMKa 3BapHOIo mBa
Table J.3 — Detail categories for members with welded attachments — transverse weld

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

toe
Po3paxyHok Hanpy»«eHH Bumoru 10 BUKOHaHHS
Stress Execution
Tleranizoasa Koncrpykuiiina nerans analysis requirements
Tun nerani 1 | kateropis Detail JinsiHKa BUHUKHEHHS Po3mipu (Mm)
) Dimensions Jlo3Bonene
Detail type categor TIOIIKO/DKCHHA , .
yp A dory Constructional detail (mm) Mapamerp HaNpPYKEHHS JUIs PiBeHb sKOCTI®
oM Initiation site HAMPYy>KCHHS St lity level®
1)2) Stress ress Qua_lity leve
arameter already
P allowed for
3.1 32-34 L A\ L<20
t
Ao
25-3,4 u . .
23-3.4 a IIOIEPEeYHIN KpoMIl
20-3,4 3BAPHOTO LIBA B HATIPYKCHOMY Hominanbhe Edekr Hlni¢pyBanus
3.2 t<4 CIIEMEHTI, TOAaI BIA Kpato L>20 Halpy>KeHHHA Ha T ABUIIIEHHS [inpiz
4<t<10 (3BapIOBaHH BUKOHYETHCA Y TUSTHIN JKOPCTKOCTI 3raampKyBaHHS
10 <t S 15 HOBI[OB)KHI:OMy HaHpﬂMKy Ha BHHUKHEHHS HpI/Ie}IHaHHﬂ C
KPAIO MOIKH) MOLIKODKEHHS Grind
At transverse weld toe on 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 L L<20
23-34
t<4
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4<t<10 Ha monepeuniii kpomiii
10<t<15 3BapHOTO IIBa B HATIPYKEHOMY
eJICMEHTI Ha KyTi (3BaprOBaHHs
BUKOHYETBLCS Y TT03J0BKHbOMY
HAIpsIMKy Ha KPAako TTOJIKH)
At transverse weld toe on
stressed member at corner (weld
continued
longitudinally at flange edge)
35 18-3,4 Hemae paniycy
No radius
IToBepxHs eeMeHTa Ha Kpato
Member surface on edge
Paniyc
nutipyBaHHS
napaneinbHun
3.6 36-3,4 r>50 HATIPAMKY
BHyTpinHs KpoMKa 3BapHOTO e
Kpomxa
1IBa HA Kparo
In ground weld toe on edge 3BAPHOTO 1lBa
MOBUHHA OYyTH
r MTOBHICTIO
30BHIIIHS
Grind radius
parallel to
- > stress
3.7 36-3,4 Nir r>50 direction.
BHyTpiliHs KpOMKa 3BapHOTO Weld toe
IIBa Ha Kpalo Ha KiHIIi [I1Ba should be fully
In ground weld toe on edge at ground out
weld end
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Hewmae paniycy

38 23-3,4 No radius
Ha noBepxHi enemeHTa Ha
MONIEPEYHOMY 3BapPHOMY IIBI
On member surface at transverse
weld
Um,=m, +2

2) JI71st IUTOCKHX IEMEHTIB ITi Ti€r0 3THHATBHOr0 HanpyKeHHs quB. 6.2.1(11) Ta /st 36UIbIICHHS Ha JBi AeTA30BaHI KATEropii;.
¥ Binmosimo no EN 1SO 10042:2005

Dm,=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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N¢ Np N
500
400
Ao 300
N/mm?
200
150
100
§\
NN
[
40 N N
NS N
30 N \\"\\‘:\;\\
™ N ‘\\ \\:‘1; M =~~~ — -
NN S Tl
20 \‘\ \\\.‘- H-S.: et ot — f—
NN NSO = F
15 \‘Q ':--..Ll A "1 36-3.4
=il ~ 32-34
T~ 2834
SN 2534
10 = 23-34
N 20-34
18-34
5
104 10° 108 107 108 10°¢

N

Pucynok J.2- KpusiBToMHOI MilTHOCTI Ao — N 1151 €IEMEHTIB 31 3BapHUMH 3’ €THAHHIMH,
MOTNIEPEYHHIM 3BaPHUM IIIBOM — JIETaI130BaHI KaTeropii BiAMOBIAHO 10
Tadmm J.3
Figure J.2- Fatigue strength curves Ac — N for members with welded attachments,
transverse weld toe — detail categories as in Table J.3

Ta6auus J.4 — Yucnosi 3HauenHs Ao — N (H/MM?) nns 3BapHuX 3’€1HaHb, IOIEPEYHOIO
3BapHOTO MIBA — JICTAI30BaHI KaTeropii BiAMOBIAHO /10 Tabmui 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 Muxou N
Slope Cycles N

m | m, | 1IE+05 | 1E+06 | 2E+06 | SE+06 | 1E+O7 1E+08 | 1E+09
34|54 | 869 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 | 555 28,2 23,0 17,6 15,5 10,1 10,1
34 | 54| 483 24,5 20,0 15,3 13,4 8,8 8,8

34154 43,4 22,1 18,0 13,7 121 7,9 7,9
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Taoamua J.5 — JleranmizoBani kareropii /s €JIEMEHTIB 3 MO3J0BXKHIMH 3BapHUMHU

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

HIBAMU
Table J.5 — Detail categories for members with longitudinal welds
Po3paxyHOK HanpyseHHs Bumoru 10 BUKOHaHHS
. Strles§ Execution requirements
. KonctpykuiiiHa neranb analysis
JeranizoBa PiBens sikoCTI
Heran Ha JlinsiHKa BUHUKHEHHS Quality
b TUITY KaTerOpi)’I TTOIIKOKEHHSI Tun 3Bm:§Horo Oﬂoii(;nzH?ﬂ level ¥
1 Ao —-m [Tapamerp HerTpan Xapaxkrepuctu
. . . . Weld HaNpyXeHHS,
Detail Detail Constructional detail type HaNpyKCHHS Stress KU 3BapIOBaHHS Toepxus | AOMATKOBO
type category Stress concentrations Welding Ta additional
—md Initiation site isti Buyrpm
Ao —m! parameter already allowed characteristics d reomerp.
for o Surface
internal
and
geometric
Hopmanbhe ABTOMaTHYHE
5.1 63-4,3 3saphuii Hlj:p}./)KeHH.H 63BapIOBaHH5[
CIUKOBHA LIIOB JUIAHII €3I1epEPBHUM
BUHHUKHCHHSA IBOM
IIOBHOI'O B C
MOLIKO>KEHH
HpOBAPIOBAHH s Continuous
g automatic
5.2 56-4,3 PO3pHB 3BapHOTro 1Ba Eull Nominal welding
At weld discontinuity penetration Inlf;t;ff()snaglte
butt weld C C
. . 2)
45-43 3BapHuii Bynp-siki C D
¥ CTHKOBHH I110B TIKITAKA JIIs
53 HOBHOrO HOLOBKCHUSL
Ao %| - TIpoBapIOBaHH
s Any backing
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At weld discontinuity bars to be
Full continuous
penetration
butt weld
45-4,3 Besnepeprmii B
5.4 KyTOBHH I110B
\ Continuous
AC Ac s fillet
5.5 40-4,3 Po3puB 3BapHOro msa weld ¢
At weld discontinuity
IepepuBuactu
1 KyTOBHIA
2643 2 73 | mosg<25L .
5 6 o Ao Ag Intermittent
: Kpomka abo kpartep 3BapHOro fillet weld
mBa g <25L
Weld toe or crater
OrtBip
BEPXHBOL
YaCTUHH 3 .
HasiHicTh
HEHTPOM Ha OTBOPY Y BEpXHii
28-4,3 Oct 3BAPHOTO yacTuHi C
5.7 mBa < 25 Presence of
Kpomka abo kpatep 3BapHOrO Cope hole cope hole
mIBa centred on
Weld toe or crater weld axis
r<25
Ym,=m, +2

? BecIiepepBHICTb Y HAIPSIMKY IO3/I0BKHBOr0 3BaPHOTO I1IBA TIOBUHHA OyTH He J0BIIe, Hk 1/10 TOBIWHN IIHTH 200 MaTH HAXHI KPyTimmii 3a 1:4.
9 Bimnosinno o 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 €IeMEHTIB 3 MO3I0BKHIMHU 3BAPHUMHU

IIBaMH — KaTeropii BiIMOBIIHO 70 TaOmuIy J.5
Figure J.3-— Fatigue strength curves Ao — N for members with longitudinal welds - detail
categories as in Table J.5

Ta6uauus J.6 — Yncnosi 3HauenHs Ao — N (H/MM?) 3 mo310BKHIMU 3BapHUMU [IBAMH — KAaTEropii
BIAMOBIAHO 10 TaOauIy J.5
Table J.6 - Numerical values of Ac—N (N/mm?) with longitudinal welds - detail categories
as in Table J.5

Haxwun Huknu N
Slope Cycles N

m | m, | 1IE+05 | 1E+06 | 2E+06 | SE+06 | 1E+OQ7 1E+08 | 1E+09
43 |63 | 1264 74,0 63,0 50,9 45,6 31,6 31,6
43 |63 | 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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Tabmuua J.7 [eramizoBaHi kaTeropii ajs eJieMeHTIB 3 M03/10BKHIMH 3BapHUMHU IIBAMH
Table J.7 Detail categories for members with longitudinal welds

Bumoru 1o BukoHaHHS

Execution requirements

Heranizosa Kouctpykiitaa neranb Pozpaxyno Pigern AKocTl
Heran Ha JinsHKa BUHUKHEHHS Tun K Quality
B THIY | yareropis 3 enHyBajIbH level ¥
TIOIIKO/KCHHS 3BapHOTO HarpyXeHH
1 B a JacTHHA o XapaKkTepuCTHKU
Detail Detail Constructional detail Weld JF(,);?: 33382?5;“’1 Tosepxnsi | /IOMATKOB,
type category Initiation site type Stress g Ta Additional
-mY i . reoMeTp.
Ac-m, analysis characteristics Buyrpius. P
Internal
Surface
and
geometric
IloBHe JlucroBuit PoGounit | 3oBHimmHili | [TomoBxkys
[ 56-7 MpoBapIoBa | IMpoOKaT, CyXi nepepis KOpiHb IIBa aNbH1 B B
HHAL,, PECHOBUHU IIJIMTH Ha
T yBaHH Net section Root KIHIISX,
g BEPXY 3 Flats, ground off | BigpizanHs
000x solids Ta
CTOpiH ot yBaHH 6)
. . 1y
712 45-7 3Bapuuii 0B Full Blaiepui HampsMKy C C
Weld penetration bopmn HanpyXeHH
, caps o
sona | S
flush both P Extension
sides plates used
721 50_4,3 3BapIOBaHH JIucroBuit . on ends, B B 4)6)
13 000X HpOKaT, CyXi cut off and
79292 40-3 .4 CTOpIH, PEYOBHUHUI grou n_d B C 6)
AG MOBHE flush in
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poBapoBa Flats, direction of
HHS solids stress
BinkpuTi
Welded dbopmu
from both
7.2.3 36-3.4 sides, full Open c c
penetration shapes
3BaproBanH | JlucroBuit
a3 OHIET | MpoKaT, cyxi
7.3.1 40-4,3 croponu, | pedoBunuFla Cc C
IIOBHE ts,
pOBaproBa solids
HHA 3
CocTiitHuM . .
pesepcysa Biaxpuri
Hb-HSIM (bopmm, ) 6)
HOPOXKHUCTI
KpoMka 3BapHOro msa Welded Tpy6uacTi
7.3.2 32-3,4 Weld toe one side C C
Open
only, fqll shapes
penetration '
: hollow,
with
permanent tubular
backing
7.4.1 45-4.3 3BaproBanH | JlucroBuit B B 5) 6)
a3 OOHIET | MpoKaT, cyxi
CTOpOHH, peYOBHHU
MOBHE C C
7.4.2 40-4,3 MIpOBapIoBa Flats,
HHsI 6€3 solids
peBepcyBa Biakpurti 6)
Kpomka 3BapHOro msa HHA og)(?pMHé i
HOPOXKHUCTI,
743 3934 Weld toe Weld_ed TpyOuacri ¢ ¢
s : oneside | Open shapes,
only, full hollow,
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penetration tubular
without
backing
Herro-
YacTtkoBe nepepis
MpOBaproBa
TOBIIVHU
18-3,4 HHA 3BapHOTO
7.5 . Ba
3BapHuii 0B Partial
Weld penetration Net throat
IToHE PobGounii
MpOBaproBa nepepiz?
7.6 36-3,4 HHS Net section
Full 2
K penetration
pOMKa 3BapHOTO IIIBa
Weld toe

Dm,=m +2
2 BesrnepepBHICTb y HAIPSMKY MTO3I0BXKHBOr0 3BAPHOIO IIBA IOBHHHA OyTH He foBIe, Hik 1/10 TOBIIMHN IUIHTH 260 MaTH HAXHI KpyTimmii 3a 1:4.
¥ Binnosigmo o EN 1SO 10042:2005
Dm,=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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Ne N N
500
400
Ao 300

M/mm 2
200
150
100
§““
[
50 N =, —
I~ N R—
40 N i SRR -
4 RN i :
30 1\\ N - '-:"""'--. 45.7

I~ 50.4,3

T g Ny N 45.43

20 ] s iy iy o 40-3 4

o A 40-4,3

15 Py I 36-3.4

=< — T 32.34

10 .
H"'h..

B-34

)
104 10° 10% 107 108 109

Pucynok J.4- KpusiBToMHOI MiTHOCTI Ao — N I CTUKOBHX 3BapHUX 3 €JHAHb MK
eJIEeMEHTaMH — JIeTali30BaH1 KaTeropii BiMOBIAHO 0 Ta0muI J.7
Figure J.4 - Fatigue strength curves Ac —N for butt welded joints between members —
detail categories as in Table J.7

Ta6auust J.8 — Uncnosi 3HaueHHss Ao — N (H/MM?) 118 cTUKOBMX 3BapHHMX 3 €IHAHb MDK
€JIeMEHTaMU — JIeTaJli30BaHl KaTeropii BIAMOBITHO 10 Tabnuii 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

Haxun Muxkmu N
Slope Cycles N

m | m, | 1IE+05 | 1E+06 | 2E+06 | S5E+06 | 1E+07 1E+08 | 1E+09
7 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 |54 965 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 | 869 44,1 36,0 27,5 24,2 15,8 15,8
34154 77,2 39,2 32,0 24,4 21,5 14,0 14,0
34154 43,4 22,1 18,0 13,7 12,1 7,9 7,9
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Taoauus J.9 — letanizoBaHi kaTeropii [y KyTOBUX 3BapHMX 3 €JIHAHD MK €JIEMEHTaMHU
Table J.9 - Detail categories for fillet-welded joints between members

Po3paxyHOK Hampy>xeHHs

Stress analysis

Bumoru 1o BUkoHaHHS

Execution requirements

Rerarivonaa | T | aver | Komermpain Hese et
Tun KaTeropis 3BApHOrO pamet OHHeHTpal .
. MOLIKOKEHHS p HaIIpY)KECHHS, Quality
acrall niBa Bumoru a0 3)
Detail Harpyxe | 03BOJICHA JUIs level
. . 3BApPIOBAHHA I[O).'LaTKOBO
. cateqor Constructional detail HHSI
Detail type gory Initiation site Type of Stress I1
Ao —m? weld : Welding . OBEPXIATA | additional
Stress concentrations - BuyTpirus. reoMmerp.
requirement
paramete | already allowed
r for internal surface and
geometric
[Tonos:xxyBan
BbHI TUTUTH Ha
KIHIAX,
impi
Edpexr B z[p 3aHHA Ta
ot yBaHHS
IIOCUJICHHA
Y HalpsiIMKy
IIOIIEPEYHOT O
Ac
€JIEMECHTAa
. - iif . Extension
o 294 \ HOH]E’IMHH Podounii | Surrening lates used © ©
‘\ KyTOBUH | Tiepepis effect of Cf)n ends, cut
AGH* <] p i element
1IOB section ground
Kpomxa 3BapHoro msa YaCTKOBO flush in
Weld toe ro direction of
MPOBAPIO Ac
BaHHS,
TpititHa
KPOMKH
ISt
126 a/t>0,6
Double
fillet weld

nartial
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crack for
alt>0,6

9.2

25-3,4

Ao

3BapHUil OB

Weld

ITonBikiHu
i
KyTOBHI1
3BapHUIL
LIIOB
YaCcTKOBO
ro
IIPOBapIO
BaHHS,
TpimuHa
KOpHSI
Ui
a/lt<0,6

Double
fillet
weld

partial

penetratio

n; root

crack for
alt<0,6

Herro-
repepiz
TOBIIUH
nu
3BapHOT
0 1Ba
Net
throat
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9.3

12-3,4

3BapHHUH II0B

Weld

OmnHocrop
OHHIH
KyTOBUI
3BapHUIL
mos ?
ULt
TPIIUHU
KOpHS
IIBa 15
alt<0,6

One sided
fillet weld
2) root
crack for
a/t<0,6

9.4

23-3,4

Ao
Kpomxka 3BapHOro msa

Weld toe

Kyrosuit
3BapHUIL
11(0):]

Fillet
weld

PobGounii
nepepis

Net
section

ITix

HaIpy>KEHHS

Ha KIHIIX

3BapHOrO IIBa

Stress peak at

weld ends

9.5

18-3,4

Ao
Kpomka 3BapHOro msa

Weld toe

KyroBuii
3BapHUN
LI0B

Fillet
weld
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Herto-
nepepis
TOBIIH
Kyrosuii u
3BApHUI | 3BAPHOT
9.6 14-3,4 ILIOB 0 11IBa, C C
Ao Fillet JIB.
3BapHUil 0B weld 5l.\|4.t2
Weld €
throat,
see5.4.2
Um,=m +2

2V BHITa/IKy HAsBHOCTI TPYGUACTOrO MOMEPEHOTO IIepepisy pO3paxyHOK MPOBOXUTHCS 3a THmoM aerai 9.1 a6o 9.2 BixmosimHo..
¥ Binnosizso o EN 1SO 10042:2005

Dm,=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 N N
500
400
Ao 300
M/mm 2
200
150
100
§““
S
50 N =, —
A N —
40 N i SRR -
4 RN i :
30 1\\ N - '-:"""'--. 45.7
b, 50-4,3
T g Ny N 45.43
S R 5t
Undd 5
15 S 0 3634
S — 32-34
10 .
"'u..“.'"
8.34
)
104 10° 10% 107 108 109

Pucynox J.5- KpusiBroMHOi MiHOCTI Ao — N 17151 KyTOBHX 3BapHUX IIBIB MDK €JIEMCHTAMH
- IeTaji30BaHi KaTeropii BiAMOBIAHO 10 Tabmauii J.9
Figure J.5- Fatigue strength curves Ac — N for fillet-welded joints between members —
detail categories as in Table J.9

Ta6auust J.10 — Yucnosi 3HaueHHs Ao —N (H/MM?) s KyroBux 3BapHUX IIBIB MDK
€JIEMEHTaMU - JIeTaJIi30BaHi KaTeropii BiAmoBiaHO 10 Tabmui 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

Haxun Muxkmu N

Slope Cycles N
m | m, | 1IE+05 | 1E+06 | 2E+06 | S5E+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 | 54 434 22,1 18,0 13,7 12,1 79 7,9
34 | 54 33,8 17,2 14,0 10,7 9,4 6,1 6,1
34 |54 29,0 14,7 12,0 9,2 8,1 5,3 53
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Taomuua J.11 — JleranizoBani kaTeropii A MONEPEYHUX 3BAPHUX IIBIB Yy CKIAJEHUX
Oanmkax
Table J.11- Detail categories for crossing welds on built-up beams

Bumoru 10 BUKOHAHHS
Execution requirements
HeranizoBan KOHCprKH_MHa ACTalb Po3paxyHO PiBens skocti”
a KaTeropis Constructional detail Tun N Quality
Tun i 3BAPHOI0 4)
neran Detail JlinsHKa BUHUKHCHHS I_LIBI; )93 | HAIPYHKCH B level
: categor HST HMOTH 10
Detail Ac—m; MOLIKOIKEHHS Type of Stress 3BapIOBaHHS OIATKOBO
type Initiation site weld?? aralveis Welding | MHosepxns Ta I; dI(;i tional
y requirement Bayrpinm. (i reomerp.
nternal) surface and
geometric
ITonoBxyBan
bHaA IIJIMTAa Ha HIOJIO KYTOBUX
KIHIX, 3BapHUX IIBIB
Bif[pi3aHH Ta CHpPSDKEHHS
uutipyBaHHS CTIHKH 3
N HAIPSMKY TIOJIALIEIO IUB.
PobGounii y
. Ao Tabi. J.5, tun 5.4
nepepis 460 5.5
. - i Net . i ’
11.1 40-3,4 HOI[]EII/IHI/I ot Extension 3013.}{1111 B B
- platesused | " For web-to-
¢ 52 ?mﬁ on ends, cut (];fBa flange fillet
3 mIZ)B off and welds, see Table
’ ground flush J.5, type no. 5.4
TTOBHE L Root
in direction or5.5
pOBapIo ground
of Ao
BaHHS, off
3BapHUil MI0B mtipyBan
HSl BEpXY
Weld IiBa 3
JBOX
CTOpiH
131
Double
sided butt

weld, full

R TR T
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ground
flush both
sides

11.2

40-3,4

3BapHUil 0B

Weld

Opmnocrop
OHHIHN
CTUKOBHUI
3BapHUIL
ITIOB,
TIOBHE
MPOBapIo
BaHHS,
i yBaH
HS BEPXY
Ta KOPHIO
33BapHOT
0 mBa

Single
sided
butt weld,
full
penetratio
n,
root and
cap
ground
flush
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IToxnsiiiHu Tymmit
71
CTHUKOBUH >f£°
3BapHUU 3_03Hiu’1
Ao 1I0B, Hii
IIOBHE KOpiHb
MPOBapo 3BapHO
11.3 36-3,4 BaHmA y
ro IIBa
Double ?:ﬁ;g
Kpowmxka 3BapHOTO msa Slc\il\e;gktj)utt >150°
Weld toe full root
_ ground
penetratio off
n
OmHocrop
OHHIN
CTUKOBHH
3BapHUI
1II10B,
IIOBHE
MPOBapIo
11.4 32-3,4 BaHHA c
Single
Kpomka 3BapHOro msa sided
Weld toe butt weld,
full
penetratio
n
Um,=m +2

2 Honepequ CTHKOBC 3‘€,I[H3.HH$I CTIHKH Ta MOJKHU [0 ITOBHOI'O MOHTAXy Oayku 3 HOSI[OB)KHiMI/I 3BaApHHMMMU IBAMU .

%) KonycomoxiGuuit Haxw < 1:4 1ipy 3MiHi IAPHAK 260 TITAOHHH.
¥ Binnosimno o EN 1SO 10042:2005
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Dm,=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.
 According to EN 1SO 10042:2005
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4034
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Pucynok J.6 - KpusiBroMHOI MiltHOCTI Ao — N 1 3BapHHX IIBIB CKJIaA0BOI OaJIKH, 1110
MePETHUHAIOTHCS JIeTali30BaH1 KaTeropii BiAMOBIAHO 10 Tabmauii J.11
Figure J.6— Fatigue strength curves Ao — N for crossing welds on built-up beams — detail
categories as in Table J.11

Ta6aunst J.12 — Yucnosi 3nauenHs Ao — N (H/MM?) g 3BapHuMx MIBiB CKIagoBoi Oajku, L0
NEePETUHAIOThCS JeTaI30BaHl KaTeropii BIAMOBIAHO 10 Tabnumi 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

Haxwun Huxa N

Slope Cycles N
m | m, | 1IE+05 | 1E+06 | 2E+06 S5E+06 | 1E+07 1E+08 | 1E+09
34|54 96,5 49,0 40,0 30,6 26,9 17,5 17,5
34|54 86,9 44,1 36,0 27,5 24,2 15,8 15,8
34 |54 43,4 22,1 18,0 13,7 12,1 7,9 7,9
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Taoamus J.13 — [letanizoBani Kareropii Ais NpueaHAHDb HA CKIAJaHUX Oallkax

Table J.13 - Detail categories for attachments on built-up beams

Po3paxyHOK HanpyxeHHs
Stress analysis

Bumoru 1o BukoHaHHS

i . Execution requirements
€TaJI130B
KoucTpykiiiina b < . .
Tun a”a OHCTPYXIL fiera 5 . PiBenb sikocTi?
fera | Kateropis Constructional detail 52 Homyctumi
_ o _
I Detail _ S E [Tapamerp KOHIIEHTpaLl Quality level 2)
I[UIﬂHKa BUHUKHCHHS % o Halpy>XXCHH HaIIpy>KCHHSA HOHaTKOBO
(6]
Detai Categorx HOI:I_I-KO,_H)KGI-.IHH gh’ % A
Ao —m Initiation site =R = Stress B : HoBepxmst Ta -
I 1 S : HyTp1II reoMeT additional
type = Stress concentrations - p.
parameter already allowed
for . surface and
internal .
geometric
ITonepeune ITocuntorouunii [Iono kyTOBUX
3’€HAHHS, ed ekt 3BapHUX IIBIB
ToBmHA < 20 npueaHaHHs / CIIPSDKCHHS
MM, 3BapHE 3 KOHIICHTpaIIis CTIHKH 3
000x KpaiB HaIpy>XEeHHA y TOIUIIECIO JUB.
131 23-3.4 «TBEPIIH TOYII» C C Tabi. J.5, tim Ne
' ’ Transverse PoGounit 3'eqnanus (y 5.4 a605.5
attachment, nepepi3 MIOPIiBH. 3 PHUC.
KpOMKa 3BapHOro IIBa thickness < 20 | Net section 52) For web-to-
Weld toe mm, welded on flange fillet
one or both Stiffening effect welds, see Table
sides of attachment / J.5, type no. 5.4
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13.2

18-3,4

g

Kpowmxa 3BapHOro msa
Weld toe

[TozoBxkHE
3’€qHaHHS,
JOBKMHA
> 100 mm,
3BapHE 3 000X
KpaiB

Longitudinal
attachment
length
>100 mm,
welded on all
sides

13.3

32-4,3

Kpowmxa 3BapHOro mnsa
Weld toe

XpecToBUAHUI
abo
T-momiOHUH
pod i,
TIOBHE
MPOBaPIOBaHHS

Cruciform or
tee, full
penetration

137



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

13.4 25-4,3

3BapHHUIl OB
Weld

XpecToBUAHUI
abo
T-noniOHui
npodins
JIBOCTOPOHHI
KyTOBI 3BapHi
IIBH; TPIIIIMHA
KOpHSI IIBa
alt<0,6

Cruciform or
tee, double
sided fillet
welds; root

crack for
al/t<0,6

Herro-
nepepis
TOBIIMHH
3BapHOT0
Ba

Net throat

13.5 20-4,3

KpOMKa 3BapH01“0 1IBa
Weld toe

JloB>xruHa
JIUCTA
OOIIMBKH
>100 mm,
3BapIOBaHHA 3
yCiX CTOpiH

Coverplate
length
> 100 mm,
welded on all
sides

Pobouwmii
nepepiz

Net section

Um,=m, +2

2 Bigmosiano o EN 1SO 10042:2005.

Um,=m +2

2 According to EN 1SO 10042:2005.
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Pucynox J.7 - KpusisromHoi MitHOCTI Ao — N 11 mpu€eHaHb HA CKIaAaHUX OanKkax —
JeTaIi30BaH1 KaTeropii BiAMOBIAHO 110 Tabm. J.13
Figure J.7 - Fatigue strength curves Ao — N for attachments on built-up beams — detail
categories as in Table J.13

Tadmuusa J.14 — Yucnosi 3HaueHHss Ao — N (H/MM?) s npuenHaHb Ha CKIQJaHMX Oaikax —
JIeTalli30BaHi KaTeropii BiAMOBiTHO 10 Tabm. J.13
Table J.14 - Numerical values of Ao — N (N/mm?2) for attachments on built-up beams — detail
categories as in Table J.13

Haxwn Muxmu N
Slope Cycles N
m | m, | 1IE+05 | 1E+06 | 2E+06 | 5E+06 | 1E+07 1E+08 | 1E+09
43 16,3 64,2 37,6 32,0 25,9 23,2 16,1 16,1
43 16,3 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 79
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Taoamus J.15 — [etamizoBani kareropii ajist O0JTOBUX 3'€IHAHD
Table J.15 - Detail categories for bolted joints

HeranizoBa P nanpyxenns
Tun Ha KOHCprKu_iI‘/'IHa JieTaib Stressf
erai KaTeropisa Constructional detail analysis Bumoru 10 BUKOHAHHS
Detail [MTapamerp JlonmycTUMi KOHIIGHTpaIIii
Detail Hinsrka BUHHMKHCHHS [IOIIKODKCHHS HANPYKEHHS HNPYKCHHS Execution requirements
type category Initiation site Stress concentrations
Ac-m) Stress parameter already allowed for
3'€IHAHHS BHAIYCK 3 IJIOCKUMU
napanelbHUMU MOBEPXHIMHU
TekcTypa MoBepXHi, Lap joint with flat parallel surfaces.
TeOMETPHYHI
[TonepeHbO HABaHTAKEHUH (THIT HoMiHagsHe XapaKTEpPUCTHKH OTBOPY Manmnna 06pobKka JmIe 3a 10MOMOroro
TepTs), BUCOKOMIITHHIA cTaneBmii 60T HANDY/KEEHS, Ke JIT1s KPIMUICHHS BI/ICOKOHIBI/IIIKICHO'I: (bpesepyBanLHp'i
Preloaded (friction type), high GasyeThes Ha Surface texture, TOJIOBKH; TIPOCBEP.UICHI OTBOPU (; O HIM
strength steel bolt BIACTHEOCTSX fastener hole geometry; posropTyBaHHaM) a6o nepdopalliiini oTBOpH
nepepisy 6pyTTO o . (3 000B’SI3KOBUM PO3TOPTYBAHHSM, SIKIIO
HEPIBHUI PO3ITOILT TOBIIMHA > 6 MM)
15.1 56-4 . HaBaHTAXKEHHS MK
Nominal . . . -
stress psimamu OONTIB Machlnlng_only by_ high s_,peed m|II|_ng cutter;
based on un_qual I_oad holes drilled .(Wlth optional reamlpg) or
- o gross distribution punched (with compulsory reaming if
epez 0TBOpoM (iHOAI Ha Kparo 0TBOpa) i between rows of bolts; thickness > 6 mm).
I_n front of hole rsscelrct)ines s monepeIHbO HANpYKEHUX OOMNTIB AKICTh
(sometimes at edge of hole) Prop CKCLICHTPUCHUTET LIIAXY nosunHa Oyru 8.8 ( f, > 640 H/mm?) abo
HaBaf;;’;‘fs;inime Y sume, . EN 1999-1-1.
. For preloaded bolts the quality should be 8.8
;;;ffﬁﬁﬁff;;??g;; (f, >640 N/mm) or higher see EN 1999-1-1.
eccentricity of load path 3'eTHaHHS BHAMYCK 3 MJIOCKUMHU
Crasesiit GonT 663 MOMEPETHHOrO Hominanbne in Symmetripa_l double napaie bHIMU TOBEPXHAMM
. HANpy>KeHHSI, SKe covered lap joints only Lap joint with flat parallel surfaces.
HaBaHTAXEHHS (THUITY ITiJIINITHAKA)
15.2 56-4 0a3yeThes Ha Mammana 00po0OKa JIHIe 33 JOIOMOI 010

Non-preloaded (bearing type) steel bolt

BJIACTHBOCTSIX
poboyoro nepepizy

BHCOKOIIBUAKICHOT ()pe3epyBaIbHOT
TOJIOBKH; TIPOCBEPJIEHI OTBOPH (3 OMITIAHIM
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Ha xparo orBopa

At edge of hole

Nominal stress based
on net section
properties

po3ropTyBaHHsIM) abo nepdopalliiiHi OTBOPH
(3 000B’SI3KOBUM 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).

Indopmartis mono 6ONTIB MiCTUTBCS Y
EN 1999-1-1.

For bolts see EN 1999-1-1.

Um,=m +2

2 ITinrBepKenHs onopy craiesux oonris: mus. EN 1993-1-9. (Verification of the resistance of steel bolts: see EN 1993-1-9.)
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Pucynox J.8 -

Figure J.8-
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Ao 300

N/mm?
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N

10°

10°

107

Kareropii BiAMOBiIHO 10 Tabmumii J.15

J.15

108

Kpusi Bromnoi mirtHOCTI Ao — N 1 60JITOBUX 3 €IHAHb- JA€Tali30BaHi

Fatigue strength curves Ao — N for bolted joints — detail categories as in Table

Ta6auJ.16 —Yucnosi 3uaueaus Ao —N (H/MM2) gus GontoBuX 3 €mnHaHb- JeTani3oBaHi

s Kateropii BiAmoBigHo 10 Tabmuii J.15
TableJ.16 -Numerical values of Ac — N (N/mm?) for bolted joints — detail categories as in
Table J.15
Haxun Huxkmu 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 44,5 37,4 21,1 21,1
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JOJATOK K (JOBLIKOBMI): METOJ

CTAHJIAPTHOI TETAJI 3
MAKCHMAJIBLHUM MICHEBUM
HATIPYKEHHSIM

1) VY BiamoBigHOCTI 3 maHuM JloJaTKoM
JUISs METOJY BHU3HAYCHHS BTOMHOI MIIIHOCTI
CTaHJIAPTHOI  JeTalli 3  MaKCUMaJIbHHUM
MICIICBUM HaIpy>KESHHSIM MMOBUHHI
BUKOPHUCTOBYBAaTHCS JaHI, BHU3HAYEHI 3a
BUMOT'aMH JJAHOT'O CTaHIaPTYy.

(2) Meromuka po3paxyHKy TOJsSrae B
HACTYITHOMY:

a) HeoOxinHO 00paTy cTaHAapTHY JeTalb
3 BIJOMHM BTOMHUM OINOPOM 3 TaONUIIi
JETaTi30BaHUX KaTeropid, sKa MaKCHMAaJbHO
CXOXKa Ha OLIHIOBaHY JeTajdbh MO SKOCTSIM

3BapIOBaHHS, reOMETPUIHUM
XapaKTepPUCTHKAM Ta napamerpam
HAaBaHTAKCHHS,

b) BU3HAYUTH THI HANpPYXEHHS, MPU

SIKOMY TIPOSIBIIIETHCS BTOMHHH OITip. 3a3BUYai
[Ic HOMiHaJbHEe HampyKeHHs (Take, sKe
BKa3aHe y Ta0JIHIli AeTali30BaHUX KaTeropii);

C) ctBoput moneib MKE cranpaptHoi
IeTaql Ta OIIHIOBAHOI IeTalll 3 OJHAKOBUM
TATIOM 3aKpIMUICHHS Ta e€JIeMEHTaMH, sIKi
BIJINIOBIIAlOTh PEKOMEHAALISIM, HAJaHUM Y
5.1;

d) MPUKJIACTA JI0 CTAaHIAPTHOI JeTaii Ta
OI[IHIOBAHOT JIeTall HANPYy>KEHHS, BU3HAYCHE Y

b);

e) BU3HAUUTH Ialla30HU  HATPYKEHHS
AC s 1o MaKCUMAaJILHOTO MICLIEBOTO

HanpY)KeHHS [UIsl CTaHJapTHOI Jerani Ta
niana3soHu HaATNPY>KEHHS A s assess
MaKCHMAaJbHOTO MICIIEBOIO O HAaMpy)KEHHs
JUTS OLIIHIOBAHOI JIeTaIl;

f) BTOMHA MIIHICTh OI[IHIOBAHOI JeTail
ML 2X  MUIBHOHIB  HUKIIB  AC( e

BH3HAYA€THCS 32 KIIACOM BTOMH CTaHJApPTHOI
merami Ao, 3a IONOMOTOI0 HACTYITHOTO

BUpa3y.

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

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 Aoy .. IS then

calculated from the fatigue class of the
reference detail Ao ., by:
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AcSC ,assess =

)] JMOMYCTHTH JJisl OI[IHIOBAHOI JeTaii
Taki >k Haxwm Slopes m;, m,, sk iy
CTaHJapTHOI JIeTalll.

(3) VY BUMNAJKY, SKIIO JUIS ITITBEPIKESHHS
BHpaxXyBaHUX HANpPyKEHb BUKOPHCTOBYIOTHCS
KOHTPOJIbHI BUMIPIOBAaHHS, HEeOOXiTHO
3a0e3nmeYnTH  KOPEKTHE  TMO3UI[IOHYBaHHS
TEH30METPUYHUX JATYMKIB 1032 30HOI0, SKa
3a3HA€ TEIJIOBOTO BIUIHBY.

IMpumitka. JlomaTtkoBa iHpOpMAaIlis IOAO0 METOIY
cTaHiapTHOI nerani Mmictutbes y bibmiorpadgii D.3.
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S A

HS ,assess

(K.1)

C,ref

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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