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European foreword

The text of document 88/696/FDIS, future edition 4 of IEC 61400-1, prepared by IEC/TC 88 "Wind
energy generation systems" was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN IEC 61400-1:2019.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2019-12-15
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2022-03-15
document have to be withdrawn

This document supersedes EN 61400-1:2005.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 61400-1:2019 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards
indicated:

IEC 60146 (series) NOTE Harmonized as EN 60146 (series)

IEC 60269 (series) NOTE Harmonized as EN 60269 (series)

IEC 60898 (series) NOTE Harmonized as EN 60898 (series)

IEC 61000-6-1 NOTE Harmonized as EN IEC 61000-6-1

IEC 61000-6-4 NOTE Harmonized as EN 61000-6-4

IEC 61310-1:2007 NOTE Harmonized as EN 61310-1:2008 (not modified)
IEC 61310-2:2007 NOTE Harmonized as EN 61310-2:2008 (not modified)
IEC 61400-2 NOTE Harmonized as EN 61400-2

IEC 61400-3-1" NOTE Harmonized as EN IEC 61400-3-12

IEC 61400-63 NOTE Harmonized as EN IEC 61400-64

" To be published. Stage at time of publication: IEC CDV 61400-3-1:2017

2 To be published. Stage at time of publication: FprEN IEC 61400-3-1:2018
3 To be published. Stage at time of publication: IEC CDV 61400-6:2017

4 To be published. Stage at time of publication: pr EN IEC 61400-6:2017
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu.

Publication Year Title EN/HD Year
IEC 60034 series  Rotating electrical machines - series
IEC 60038 - IEC standard voltages EN 60038 -
IEC 60071-1 - Insulation’, '‘eo-ordination) -’ /Part,/ 1:EN60071-1 -
Definitions, principles and rules
IEC 60071-2 - Insulation™ “‘co-ordination ““~""+Part 2: EN IEC 60071-2 -
Application guidelines
IEC 60076 series Power transformers EN 60076 series
IEC 60204-1 - Safety of machinery - Electrical equipment EN 60204-1 -
of machines - Part 1: General requirements
IEC 60204-11 2000  Safety of machinery - Electrical equipment EN 60204-11 2000

of machines - Part 11: Requirements for
HV equipment for voltages above 1 000 V
a.c. or 1 500 V d.c. and not exceeding 36

kV
- - + corrigendum2010
Feb.
IEC 60364 series Low-voltage electrical installations HD 60364 series
IEC 60529 - Degrees of protection provided by - -
enclosures (IP Code)
IEC 60664-1 - Insulation coordination for equipment EN 60664-1 -
within low-voltage systems - Part 1:
Principles, requirements and tests
IEC 60664-3 - Insulation coordination for equipment EN 60664-3 -

within low-voltage systems - Part 3: Use of
coating, potting or moulding for protection
against pollution

IEC 60721 series Classification of environmental conditions - EN 60721 series
IEC 61000-6-2 - Electromagnetic compatibility (EMC) - Part EN IEC 61000-6-2 -
6-2: Generic standards - Immunity

standard for industrial environments
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IEC 61400-3

IEC 61400-4

IEC 61400-24

IEC 61439

IEC 61800-4

IEC 61800-5-1

IEC 62271
IEC 62305-3

IEC 62305-4

IEC 62477-1

ISO 76
ISO 281

ISO 2394

ISO 2533
ISO 4354
ISO 6336-2

ISO 6336-3

ISO 12494
ISO 13850

ISO/TS 16281

series

series

2012

2006

2001

EN IEC 61400-1:2019 (E)

Title EN/HD

Wind turbines - Part 3: Design EN 61400-3
requirements for offshore wind turbines

Wind turbines - Part 4: Design EN 61400-4
requirements for wind turbine gearboxes

Wind turbines - Part 24: Lightning EN 61400-24
protection

Low-voltage switchgear and controlgear EN 61439
assemblies

Adjustable speed electrical power drive EN 61800-4
systems - Part 4: General requirements -

Rating specifications for a.c. power drive

systems above 1 000 V a.c. and not

exceeding 35 kV

Adjustable speed electrical power drive EN 61800-5-1

systems - Part 5-1: Safety requirements -
Electrical, thermal and energy

High-voltage switchgear and controlgear  EN 62271

Protection against lightning - Part 3: EN 62305-3
Physical damage to structures and life
hazard

Protection', against, lightning” =» Rart/ 4:{EN 62305-4
Electrical and electronic systems within
structures

Safety requirements for power electronic EN 62477-1
convertersgsystemsiand equipment - Part 1:
General

+ A11
Rolling bearings - Static load ratings -

Rolling bearings - Dynamic load ratings -
and rating life

General
structures

principles on reliability for -

Standard Atmosphere -
Wind actions on structures -

Calculation of load capacity of spur and -
helical gears — Part 2: Calculation of
surface durability (pitting)

Calculation of load capacity of spur and -
helical gears — Part 3: Calculation of tooth
bending strength

Atmospheric icing of structures -

Safety of machinery - Emergency stop EN ISO 13850

function - Principles for design

Rolling bearings -- Methods for calculating -
the modified reference rating life for
universally loaded bearings

series

series

2012

2014



SIST EN IEC 61400-1:2019

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN IEC 61400-1:2019
https/standards.iteh.ai/catalog/standards/sist/35d83d12-b086-4b78-a0e0-
da2733311711/sist-en-iec-61400-1-2019



IEC 61400-1

Edition 4.0 2019-02

INTERNATIONAL
STANDARD

colour
inside

Wind energy generation systemsy—=

Part 1: Design requirements

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 27.180 ISBN 978-2-8322-6253-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2 - IEC 61400-1:2019 © IEC 2019

CONTENTS

FOREW O RDD ... ettt 10
INTRODU CT ION L ettt e e e e e et e et e et e e e e et eaeans 12
1 ST o0 o 13
2 Lo £ - A= =Y 1= (=1 o= 1S 13
3 Terms and defiNitioNS ... 15
4 Symbols and abbreviated termMS ... ... 23
4.1 SYMDBOIS AN UNIES. . ieieii e e e e e aees 23
4.2 A EVIALEd LBIMIS . e i 26
I = T 0 od T o T U= =T 4 =Y o S 27
5.1 LT =Y 1= - Y S 27
5.2 DESIgN MEINOAS ..o e e 27
5.3 S Y ClaS S S it 27
5.4 L@ 10 =11 VA= TS U = U o= 27
5.5 Wind turbing MarkingsS ... c.ouieie e e 27
LI =04 €= = L o'oY o 11410} o =S 28
6.1 L= L= = | PN 28
6.2 WiNd tUrDINE - GlaSS @S e i vt s i mm e « fe« 555 e« 5570 50 Fe e 48 T3 675 e v e e s e e w e eneeeeneennenneens 28
6.3 Wind conditions .. ... . 30
6.3.1 General oo L T A R I 30
6.3.2 Normal Wind CONAItIONS . ...iuuii e e 31
6.3.3 Extreme wind conditions. L L GLADDL 200 0 33
6.4 Other environmental conditions.slnaarasssl o 0o 2 Uoban /aalel 38
6.4.1 General .......... 000 ] T11/sist-en-iec-61400-1-2019 e, 38
6.4.2 Normal other environmental conditionS .........coeiiiiiiiiiii e, 39
6.4.3 Extreme other environmental conditions ............ccoiiiiiiiiii 39
6.5 Electrical power network CONAitiONS ........c.iuiiiiiii e 39
3 1 ¥ o3 10 =Y o 1= o o S 40
7.1 LT =Y o 1= - Y 40
7.2 Design MethOodOlOgY .. c.oieii e 40
7.3 0 T Vo £ P 40
7.3.1 (7Y 1= - | 40
7.3.2 Gravitational and inertial [0ads ...........cooiiiiii 41
7.3.3 ArodyNamiC [0AAS ....uiiiiii e 41
7.3.4 ACTUALION 0O .. vt 41
7.3.5 (0 11 g 1= Lo = T =P 41
7.4 Design situations and [0a0d CASES .....cvuiiuiiiiiiiei e 41
7.4.1 LT =Y 1= - L 41
7.4.2 Power production (DLC 1.1 10 1.5) ciuiuiiuiiiii e e e e e e e e 44

7.4.3 Power production plus occurrence of fault or loss of electrical network
€CoONNECHION (DLC 2.1 10 2.5) cuiiniiiiiiiiie e e 45
7.4.4 Start-Up (DLC 3.1 10 3.3) tuuiiiiiiii it e e e et et et et e et e eaaaes 47
7.4.5 Normal shutdown (DLC 4.1 10 4.2) ceuiuiiiiiiiei et ee e 47
7.4.6 Emergency StOP (DLC 5.0 ... 48
7.4.7 Parked (standstill or idling) (DLC 6.1 10 6.4) ....cvviiniiniiiiiee e 48
7.4.8 Parked plus fault conditions (DLC 7.1) ...uiuiiiiiiie e 49

7.4.9 Transport, assembly, maintenance and repair (DLC 8.1 and 8.2) ................... 49



IEC 61400-1:2019 © IEC 2019 -3-

7.5 LOAd CAlCUIALIONS ..oeiiei e 49
7.6 Ultimate limit state analySiS. ... e 50
7.6.1 LY =Y 4 o o P 50
7.6.2 Ultimate strength analySiS. .. ..o 53
7.6.3 Fatigue failure ... 56
7.6.4 SHADIITY e 57
7.6.5 Critical deflection @analySiS ... ... 57
7.6.6 Special partial safety factors......ooo i 58
8 CONIIOl SY S M ittt ean 58
8.1 LT 1o - Y PP 58
8.2 CONrOl FUNCHIONS .. e 58
8.3 Protection fUNCLIONS ....oui e e 59
8.4 Control system failure analysSis .......coovviiiii i 59
8.4.1 (1] 1=T o= | PPN 59
8.4.2 Independence and common-cause failures .........ccocovviiiiiiii i, 60
8.4.3 FaUlt @XCIUSIONS ... e e 60
8.4.4 Failure mode return PeriOaS ... ... e 60
8.4.5 SyStemMaAtiC fallUIES ... 60
8.5 ManUAL OPEIFALION ...t et e e e 60
8.6 Emergency stop button funCtioN ... ..o 60
8.7 Manual, automatic, andiremoterestart..i.. . L VL L 61
8.8 Braking SYSTEM ....ouifoeedesne s Te sme o s re e oo smeBs e oo b e e e eeeneeneetsetsetneaneaneaneennennenns 62
9 MeChaniCal SYSTEIMS ... ettt e et 62
9.1 7= 1o -1 e e B T PP 62
9.2 Errors ofhfistiftgandards. iteh. ailcatalog/standards/sist/35d83d L 2-b086-4b78-a0e0x . cv v vevrvenreenneennnnnn 63
9.3 Hydraulic or pneumatic’systems oo es O L0 L s 63
9.4 MaIN QEAIDOX e 63
9.5 R\ VAT (= 1 o R PPN 63
9.6 o ] Y753 (] o 2 64
9.7 Protection function mechanical brakes ... 64
9.8 ROIIING €1eMENt BEANNGS .. .vu i 64
9.8.1 (1] 1=T - | PPN 64
9.8.2 Main shaft DEANNGS ..o e 64
9.8.3 (€T aT=T o= 1 o] g o= 1 [ Lo 1= 64
9.8.4 Pitch and yaw DearingS. ... 65
O T =T o= L =] = o 65
O Y © =T o= - | PP 65
10.2 General requirements for the electrical system ..........ccooiiiiiiiiiii i, 65
10.3 Internal environmental CONAItIONS ... ... 65
10.4  PrOteCHIVE GEVICES. ..ttt eas 67
10.5 Disconnection from SUPPIY SOUFCES ....euin it 67
10.6 EArth SYStemM. . 67
10.7  Lightning ProteCtiON .oouie i e 67
10.8  EleCtrical CabIES ... e 68
10.9 Self-@XCIALION L.ttt 68
10.10 Protection against lightning electromagnetic impulse ............oooiiiiiiiiinen. 68
L0 O o 1= o [ =11 68
10.12 Electromagnetic compatibility...... ... 69

10.13 Power electronic converter systems and equUIpMeNt ........coooviiiiiiiiiiiiiiiieeeen 69



-4 - IEC 61400-1:2019 © IEC 2019

L0 0 I =3 o o (o Yo 69
O T o 1o N 1o o 1= ST 69
10.16 Vertical power transmission conductors and COmMpPoONeNtS..........coeeieeiiniiniiiniineennnn. 70
10.17 MOtOr drives AN CONVEITEIS . ...ttt ettt et e e e e aaneees 70
10.18 Electrical MaChineS .. ... e 71
10.19 P OWET traNS OIS ..ttt 71
10.20 Low voltage switchgear and CONtrolgear..... ..o i 71
10.21 High voltage SWItCRQEAr .......veic e 71
10,22 HUDBS oo e 72
11 Assessment of a wind turbine for site-specific conditions...........c..coooiiiiii 72
I O =T o =T - | PP 72
11.2 Assessment of the topographical complexity of the site and its effect on
BUFDUIENCE ..o e 72
11.2.1 Assessment of the topographical complexity.......cccooiviiiiiiiiiiici e, 72
11.2.2 Assessment of turbulence structure at the Site.........ccoooiiiiiiiiii, 75
11.3  Wind conditions required for @SSESSMENT .......cuiiuiiii e 76
11.3.1 (1] 1=T o= | PPN 76
11.3.2 Wind condition Parameters .. ... 76
11.3.3 Y L= RO = 0 0= 0 A=Y= A o 77
11.3.4 Data eValUation ... 78
11.4 Assessment of wake effects from neighbouring-winditurbines,..............ccovvveennnn. 78
11.5 Assessment of other environmental coNditions......o...ooeiiiiiiiiiii, 78
11.6  Assessment of earthquake conditions .. A 79
11.7 Assessment of electrical network conditions ..........c.ccovviiiiiiiiiiniii e, 80
11.8  AssessSmMeNnt Of SO CONAITIONS ... .. .u et enammmermen smpme e prye -5 ers e omesgessessesesnesneensennenns 80
11.9 Assessment of structural-integrity;by.reference towind data .............cc.ceevvviennnnn. 80
11.9.1 (1] 1=T o= | PP 80
11.9.2 Assessment of the fatigue load suitability by reference to wind data............... 80
11.9.3 Assessment of the ultimate load suitability by reference to wind data ............ 82
11.10 Assessment of structural integrity by load calculations with reference to site-
SPECITIC CONAILIONS ..o e 82
12 Assembly, installation and ereCtion.........c.ce i 83
N € 1=T o= - | TP 83
12,2 PlaNNING ceiiiii i 84
12.3  Installation CONAItIONS ... e e 84
O Y1 = - U o= PPN 84
12.5 Environmental CONAItIONS .. ...iuiiii e 84
2 T B T Tod U 1= 01 = 14 [0 Yo B PP 84
12.7 Receiving, handling and StOrage .......c.viuiiiiiiiii e 85
12.8  Foundation/anChor SYSTEMS ... e 85
12.9  Assembly of Wind tUIDINE ..o 85
12.10 Erection of Wind tUIDINe ... 85
12.11 Fasteners and attaChments .. ... 85
12.12 Cranes, hoists and lifting equUIPMeENt ... 85
13 Commissioning, operation and MaiNtENANCE ........c.iiuiiiiiiii e 86
T N € 1=T o = - | PP 86
13.2 Design requirements for safe operation, inspection and maintenance ................... 86
13.3 Instructions concerning COMMISSIONING ...cuuiuuiiii e e eens 87

13.3.1 GENETAL e 87



IEC 61400-1:2019 © IEC 2019 -5-

13.3.2 BN ErgIZatioN ..o 87
13.3.3 COMMISSIONING LSS ..ttt ea e e 87
13.3.4 Yol o] o [P 87
13.3.5 PosSt cOmMmISSIONING ACLIVITIES ...uivniiiiiii e 87
13.4  Operator’'s iNStruCtion MAanUAL ........coiiiii e 87
13.4.1 GBNEIAL i 87
13.4.2 Instructions for operations and maintenance records ...........cccceeeiiiiiiniineennnn. 88
13.4.3 Instructions for unscheduled automatic shutdown .............coooiviiiiiniinineennn, 88
13.4.4 Instructions for diminished reliability ............cccooiiiiiii e, 88
13.4.5 WOrk ProCedures Plan .. ... e 88
13.4.6 Emergency procedures Plan .........ooviiiiiiii e 89
13.5  MaintenanCe ManUAl ... e e 89
I 0o o o 1T o - (= PPN 90
S R € 7= o = = | 90
14.2 Low temperature and icing Climate ........ccovviiii i 90
14.3 External conditions for cold climate ... 90
14.3.1 GBNEIAL L. 90
14.3.2 Wind turbine class for cold climate..........cooooiiiiiiiii 90
144  STrUCTUIAL dESION e e e et e e e 91
14.5 Design situations and [0a0 CASES ...cuuiuuiieiiiiiie et e e e 91
14.5.1 Generdl LCIL Y LAV INEIAANINAY K INEU Y AL NY. 91
14.5.2 (o F-Yo [ of=1 o101 F-NATo] o [= SO U R S0 S, S PP 91
14.5.3 Selection of suitable materials ... 91
L14.6  CONIIOI SYSTEIMS ouuiiiiiiei vt prmserraes g e rr/ae ooy frr e s e s s e e s e e e e e e e en e et ae b s et e et e e e e e enaeneens 92
14.7  MeChaniCal SYStEMIS.. ik ke s srlerobasarrctnsrbs ke ats s 10 ek Derlof b2 g0y 73w e B w e e veennenaeneennennesns 92
14.8 Electrical systems....da27333.L1 71 1/sist=en-iec-01400: 122019 . ceeeeiiiii e 92
Annex A (normative) Design parameters for external conditions.............ccocceviiiiiiniinen e, 93
Al Design parameters for describing wind turbine class S.........coooiiiiiiii 93
Al1 GBNEIAL it 93
A.1.2 MaACNINE PAFAMELEIS ..t 93
A.1.3 WiINA CONAITIONS ..uiite e e ees 93
A.l1.4 Electrical network conditions ..o 93
A.1.5 Other environmental conditions (where taken into account) ...............cccceeenee. 94

A.2 Additional design parameters for describing cold climate wind turbine class
ST (O O PP 94

Annex B (informative) Design load cases for special class S wind turbine design or

Site SUItADIlItY @SSESSIMENT ... o e 96
B.1 GBIl .t 96
B.2 Power production (DLC 1.1 10 1.9) couiuiuiiiiiiieii e e e 96
Annex C (informative) Turbulence MOdelS........coouiiiiiiiii e 100
C.1 LT =T = 1 PP 100
Cc.2 Mann [3] uniform shear turbulence model ..........cccoooiiiiiiiiiii i 100
C.3 Kaimal [1] spectrum and exponential coherence model .............ccooiiiiiiiiinininen. 103
c4 ReferenCe dOCUMENES ..oiuuii e 105
Annex D (informative) Assessment of earthquake loading...........ccooooiiiiiiii 106
D.1 LT 1o -1 PP 106
D.2 DeSigN reSPONSE SPECIIUIM ....uui e ettt et e e e e eaees 106
D.3 SEIUCTUIE MOAEI .. et et et eea s 107

D.4 SeiSMIC [0Ad EVAIUALION ...t et e e 108



-6 - IEC 61400-1:2019 © IEC 2019

D.5 AdAItIONAL TOA ...cenee e 109
D.6 ReferenCe dOCUMEBNTS ....ouii e 110
Annex E (informative) Wake and wind farm turbulence ... 111
E.1 Added wake turbulence method ... 111
E.2 Dynamic wake meandering model.........oovuiiiii i 113
E.2.1 (1] o 1=T - | PP 113
E.2.2 WaKE EFICIT. e e 114
E.2.3 Y/ == U a T =T T o S 115
E.2.4 Wake induced tUrbUIENCe. ... ..o 116
E.2.5 WaKe SUPEIPOSITION L.ouitiiii e e e e e e e e e e e e eaeeeas 116
E.2.6 MOAE] SYNTNESIS ... et 117
E.3 ReferenCe dOCUMEBNTS ... i e 117
Annex F (informative) Prediction of wind distribution for wind turbine sites by
measure-correlate-predict (MCP) MethodS .. ..o 118
F.1 LT 1o -1 PP 118
F.2 Measure-correlate-predict (MCP) ... e 118
F.3 Application to annual mean wind speed and distribution................ccoocoiiiiiin. 118
F.4 Application to extreme Wind SPEEU ... ...oiuiiiiii i 118
F.5 ReferenCe dOCUMEBNES ... e e 119
Annex G (informative) Statistical extrapolation of loads for ultimate strength analysis........ 120
G.1 General.... . LACM O L LM NAZLAAINLY L AN Y ALY 120
G.2 Data extraction for extrapolation. . e co.mede ca o e smes heeeneeneeneenmrnnenirerrneneeneearee 120
G.3 Load extrapolation Methods ..o e 121
G.3.1 (CT=T 01T Y T T P P PPPTPTPN 121
G.3.2 Globalsextremesiteh: ailcatalog/standards/sist/35d83d-1 2-H086-4B78-a0E0- -+ ++rneenremrenrenrees 121
G.3.3 Local extremes .dal./J30.L 1110sistemniee-01400: 1-2009. 123
G.3.4 Long-term empirical diStribUtiONS ......c.oiviiiii e 123
G.4 62e] 0NV T fo =T ool o £ (=T 4 - PP 124
G.4.1 GBNEIAL L. 124
G.4.2 Load fractile eStimate ... 124
G.4.3 ConfidenCe DOUNAS ... 125
G.4.4 Confidence intervals based on bootstrapping......cc.coovevvieieiiiiiiieineeeeen, 125
G.4.5 Confidence intervals based on the binomial distribution............................... 125
G.5 Inverse first-order reliability method (IFORM).......c.oiiiiiiiiii e 126
G.6 ReferenCe dOCUMEBNTS ... i e 128
Annex H (informative) Fatigue analysis using Miner’s rule with load extrapolation.............. 130
H.1 FatigUe @nalySiS . ... e 130
H.2 ReferenCe dOCUMENES ..iuu i e 133
Annex | (informative) Contemporaneous [0adS ..... ..o 135
.1 LT 1o -1 PP 135
1.2 S CAIING e e 136
1.3 Y= - Yo g Lo 136
Annex J (informative) Prediction of the extreme wind speed of tropical cyclones by
using Monte Carlo simulation Method ... e 137
J.1 LT 1o -1 PP 137
J.2 Prediction of tropical cyclone induced extreme wind speeds .........cc.cooeviuiiineannnn. 137
J.2.1 GBNEIAL L. 137
J.2.2 Evaluation of tropical cyclone parameters.........coooviiiiiiiiiiiiieeeeeea 137

J.2.3 Generation of synthetic tropical cyclones.........ccooiiiiiiiiii, 138



IEC 61400-1:2019 © IEC 2019 -7 -

J.2.4 Prediction of wind speeds in the tropical cyclone boundary...............cc........ 138
J.3 Prediction of extreme wind speed in mixed climate regions ...........cc.cooeviiiieennen. 139
J.3.1 (1] T=T - | PP 139
J.3.2 Extreme wind distributions of extratropical cyclones by the MCP method..... 139
J.3.3 Extreme wind distributions of tropical cyclones by the MCS method............. 140
J.3.4 Determination of extreme wind speed in a mixed climate region .................. 140
J.4 ReferenCe dOCUMEBNTS ....ouii e 140
Annex K (informative) Calibration of structural material safety factors and structural
design asSiSted DY 1S ING . .u e 142
K.1 Overview and field of appliCation..... ..o 142
K.2 Target reliability [@VEl..... oo 142
K.3 SaAf LY FOIMIALS .oeiiei i 142
K.4 Reliability-based calibration ... 144
K.5 Calibration using the design value format............ccoocoviiiiiiiii i, 145
K.6 Partial safety factors for fatigue for welded details in steel structures.................. 145
K.7 Types of tests for MaterialS.......c.vvuii i 147
K.8 Planning Of 1ESTS .. u i 147
K.8.1 (1] 1=T - | PP 147
K.8.2 ODbjJECtIVES @NT SCOPE ..ivnieiiii i e e 147
K.8.3 Prediction Of teSt reSUILS .. .. 147
K.8.4 Specification of test specimen‘and sampling .. .4/ W 148
K.8.5 Loading SPeCITICAtIONS .. iureuei it se e ami et et e e e e e et ea et et e e e e eenaenas 148
K.8.6 Testing arrangement ... . . 148
K.8.7 MBASUIEIMENTS ..ottt ettt ettt ettt e e e e et e et et et e e e e eneennennas 149
K.8.8 Evaluation and reporting ThE TEST ... ... cerorrsumr s rrose e smeersessmemssesnseensernseenaeennees 149
K.9 General principles for.statistical eValuationS (i 1. 3G errrnenei e eeenns 149
K.10 Derivation of characteristic ValUesS. ..o 150
K.11 Statistical determination of characteristic value for a single property................... 150
K.12 Statistical determination of characteristic value for resistance models................. 151
K.12.1 (1] T=T - | PP 151
K.12.2 Step 1: Develop a design model ........ovviiiiiiii i 152
K.12.3 Step 2: Compare experimental and theoretical values..............cc.cooiiinn. 152
K.12.4 Step 3: Estimate the mean value correction factor (bias) b...........c..coeeeeenee. 153
K.12.5 Step 4: Estimate the coefficient of variation of the errors ...............cooil. 153
K.12.6 Step 5: Analyse compatibDility .......cccovviiiiiiii 154
K.12.7  Step 6: Determine the coefficients of variation Vy;j of the basic variables.....154
K.12.8  Step 7: Determine the characteristic value ry of the resistance.................... 154
K.13 Reference dOCUMENTS . ... e ea e 156
Annex L (informative) Cold climate: assessment and effects of icing climate...................... 157
L.1 Assessment of icing climate conditionS ....... ..o 157
L.1.1 GBNEIAL L. 157
L.1.2 ICING CHMALE .. e e e 157
L.1.3 0] 1o | T o S 158
L.1.4 Measurement MEthOdS ... ... e 159
L.1.5 Profile coefficients modification for ice ..o 159
L.2 Ice mass effects on wind turbine blades.........coooiiiiiiiii 160
L.3 Cold climate design situations and 10ad CaSE ........ccoviuiiiiiiiiiiiii e, 161
L.3.1 GBNEIAL L. 161
L.3.2 Power production (DLC 1.1 10 1.6) ceuuiuuiuniiiieiiieie e e e 161



		p
u?íöË�èN˝�Êç:riÿöøÂ¤"1)FÆàTƒ\¤I’Ùº;R¦Ök–€�¥#(ëJV�À±¡c¼ñgoï�c�®5�Y¯hÄˇ*¢ÙK¥gê˛Æ ﬂ£}ž²±µcõ
LıÂÚ˘†łõE qì

