EESTI STANDARD " EVS-EN 50341-1:2013

Elektriohuliinid vahelduvpingega tile 1 kV. Osa 1:
Uldnouded. Uhised eeskirjad

Overhead electrical lines exceeding AC 1 kV - Part 1:
General requirements - Common specifications

EESTI STANDARDIKESKUSEW&

ESTONIAN CENTRE FOR STANDARDISATION




EESTI STANDARDI EESSONA

See Eesti standard EVS-EN 50341-1:2013 sisaldab
Euroopa standardi EN 50341-1:2012 ingliskeelset
teksti.

Standard on jéustunud sellekohase teate

avaldamisega EVS Teatajas.

Euroopa standardimisorganisatsioonid on teinud
Euroopa standardi rahvuslikele liikmetele
kattesaadavaks 21.12.2012.

Standard on kattesaadav Eesti Standardikeskusest.

NATIONAL FOREWORD

This Estonian standard EVS-EN 50341-1:2013
consists of the English text of the European standard
EN 50341-1:2012.

This standard has been endorsed with a notification
published in the official bulletin of the Estonian Centre
for Standardisation.

Date of Availability of the European standard is
21.12.2012.

The standard is available from the Estonian Centre for
Standardisation.

Tagasisidet standardi sisu kohta on vdimalik edastada, kasutades EVS-i veebilehel asuvat tagasiside vormi voi
saates e-kirja meiliaadressile standardiosakond@evs.ee.

ICS 29.240.20

Standardite reprodutseerimise ja levitamise digus kuulub Eesti Standardikeskusele

Andmete paljundamine, taastekitamine, kopeerimine, salvestamine elektroonsesse susteemi voi edastamine Ukskoik millises vormis voi

millisel teel ilma Eesti Standardikeskuse kirjaliku loata on keelatud.

Kui Teil on kusimusi standardite autorikaitse kohta, vétke palun thendust Eesti Standardikeskusega:
Aru 10, 10317 Tallinn, Eesti; www.evs.ee; telefon 605 5050; e-post info@evs.ee

The right to reproduce and distribute standards belongs to the Estonian Centre for Standardisation

No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying,
without a written permission from the Estonian Centre for Standardisation.

If you have any questions about copyright, please contact Estonian Centre for Standardisation:
Aru 10, 10317 Tallinn, Estonia; www.evs.ee; phone 605 5050; e-mail info@evs.ee




EUROPEAN STANDARD EN 50341-1

NORME EUROPEENNE
EUROPAISCHE NORM December 2012

ICS 29.240.20 Supersedes EN 50341-1:2001 + A1:2009, EN 50423-1:2005

English version

Overhead electrical lines exceeding AC 1 kV -
Part 1: General requirements -
Common specifications

Lignes électriques aériennes dépassant Freileitungen Uber AC 1 kV -
AC 1 kV - Teil 1: Aligemeine Anforderungen -
Partie 1: Régles générales - Gemeinsame Festlegungen

Spécifications communes

This European Standard was approved by CENELEC on 2012-11-19. CENELEC members are bound to
comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on
application to the CEN-CENELEC Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other
language made by translation under the responsibility of a CENELEC member into its own language and
notified to the CEN-CENELEC Management Centre has the same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia,
Cyprus, the Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, the Netherlands,
Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europaisches Komitee fiir Elektrotechnische Normung

Management Centre: Avenue Marnix 17, B - 1000 Brussels

© 2012 CENELEC -  All rights of exploitation in any form and by any means reserved worldwide for CENELEC members.

Ref. No. EN 50341-1:2012 E



EVS-EN 50341-1:2013 -2-

Contents

0T =TT o 17
L T 11411 o Yo [T 1o o 18
0.1 Detailed structure of the standard ... 18
0.2 Part 1: General requirements - Common specifications.......c.cccccoecccicemernniiiccccseeneeennnnnns 18
0.3 Part 2: National Normative ASPecCtS ... 18

L SR W 1=V = o) o = 18
0.5 Special national coNditionNs (SNC).......ccccciriiiiiiiiccrerrr s amr e e e s s nns 18
0.6 National complements (NCPTS) ....cooccccieimiiriiiicccsecrre e snsssssssssss s s s s ss s ssssss e s s essssssssmsssssesssnsns 18
LR A T Ty ' L Vo = 18

T~ T o Y o1 19
s B 7= T - | 19

1.2  Field of @pplication .......cccccciiiiiii et ss e n e e s nnne e 19

1.3 Structure of the European Standard EN 50341-1..........ccccomiiiiicccimmmrenrsnssccssseee e sesssssssmenns 19

2 Normative references, definitions and symbols ..............coooiiinccii 20
2.1 NOrmative refer@nCes ........ s snsnsnsnsssnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnsnnnnnnnnnnn 20
287220 0 1Y {13 1 4 e 0 = 26
2 TR 3/ 1 11« o -SSR 35

B T = T3 T o o (=] T | S 43
3.1 INtrOAUCTION ... 43
3.2 Requirements of overhead liNeS .........cccccriiriiircccceciiir e smn e e 44

G T2 B = = T3 (o = To [0 1= o 41T o] £ SRS 44

3.2.2 Reliability reqUIr€mMENTS ..........uuuiiiiiiiiiiiii e 45

3.2.3  SeCUrity FEQUIMBIMENTS ...ttt 46

3.2.4  Safety reqUIrEMENTS. .....oiii it e e e e e e e e e e e e s e e e e e e e e e aanes 47

3.2.5  Strength coordination............cooiiiiiiiiii s 47

3.2.6 Additional considerations........... ..o 47

3.2.7  Design WOrKING lfE.......ceiiiiiiiiiiiieeie et e e e e e e e e e e e e 47

3.2.8  DUFADIIIEY ... 47

3.2.9  QUANILY @SSUFANCE .....uveiiiiieeiieciiieeee e e e ee et e e e e e e e et e e e e e e e se bt e e e e e e e e s sasbn e eeaaeeaeanns 47

B JC TR 8 4 ) =3 - | (=N 47

K TRy B €11 4 1= - SR SRR 47

3.3.2  Ultimate limit STateS.......ooii i 47

3.3.3  Serviceability lImit States.........occoiiiiiii 48

B R B . ¥ o7 1 o o 48
3.4.1  Principal classifications ... 48



-3- EVS-EN 50341-1:2013

3.4.3 Classification of actions by their nature and/or the structural response................... 49

3.5 Characteristic values ..........ccccciiiiminininnin s 49
3.5.1 Characteristic value of an action ...........cccueeiiiiiiiii e 49

2R e Ve o oI (o SRRSO 49

3.5.1.2 Permanent action (G) .......ccceiiiiiiiiiiiiie e 49

3.5.1.3 Variable action (Q) ......ueuiiiiiiiiie 49

3.5.1.4  Accidental aCtion (A)........eeiieiiiiiieee e 49

3.5.2 Characteristic value of a material Property.........cccccouvieeiieeiiiicieee e 49

3.6 DeSIgN VAIUES ....ueeiiiiieii s siss s s s s 49
B.8.1  GBNEIAI ..ttt 49

3.6.2 Design value of an action ............oooiiiiiiiiiie 49

3.6.3 Design value of a material Property ..o 50

3.6.4 Combination value of a variable action.............c.ccociiiiiiiiii e 50

3.7 Partial factor method and design formula...........ccovciiiiiniini 50
3.7.1  Partial factor Method..........coooiiiiiii e 50

3.7.2 Basic design fOrmMuUIA ... 51

3.7.3 Total design value of the effect of combined actions .............cccccooiiiiiiiiiiiee 51

B.7.3.1  GENETAL .. e 51

3.7.3.2 Design situations related to permanent and variable actions.......................... 51

3.7.3.3 Design situations related to permanent, variable and accidental actions....... 51

3.7.4  Structural design reSiStanCe .........cooiiiiiiiiiiii 52
ACLIONS ON lINES.....eeiiiiierir iR nr e 53
41 INErOAUCTION ...ceeiieii it 53
4.2 Permanent Ioads .........ccciiiiinimiinisiiisi s 55
L T3 o I T T N 55
4.3.1 Field of application and basic wind VelOCity..........ccccooiiiiiiii i 55

4.3.2  Mean WINA VEIOCIY ....ooiueiiiiiiiiii e 55

4.3.3  Mean WINA PrESSUNE .....ccceeiiieieieeee ettt e e e e e et e e e e e e e e e e e e aeaaaeees 56

4.3.4 Turbulence intensity and peak wind pressure ..o 57

4.3.5 Wind forces on any overhead line COMPONENt ...........ccuvviiiieeeiiiiiiiieeee e, 57

4.4 Wind forces on overhead line components ...........cccooiiiiiiiiiiiirin e 58
4.4.1  Wind forces 0N CONAUCTONS .........oiiiiiiiiiiiiie et 58

4411 GENEIAI ...t 58

4.4.1.2  STUCIUFAl fACIOF.......eeiiiiieee e 60

4.4.1.3 Drag faClor ......cooeceiieieeee e e 63



EVS-EN 50341-1:2013 -4 -

4.4.2 Wind forces on iNSUlator SEtS .........ooiiiiiiiiiiii 63

4.4.3 Wind forces on 1atlice tOWEIS..........eiiiuiiiiiii e 64

A4.3.1  GENEIAI ..o e e 64

0 B2 /1= [ o T Ky SR 64

4.4.3.3 MeEhO 2. .. e 67

L VAV o i o] o7 Y= o I Yo ) [ R 68

L o 38 o - Lo N 69
451 GENETAL ...ciiiiiiei e 69

4.5.2 1ce fOrces ON CONAUCTONS. ... ..uiiiiiiiiie ettt 69

4.6 Combined wind and ice 10ads ..........cccvrminiiiini i —————— 70
4.6.1 Combined probabilities ...........oor i 70

4.6.2 Drag factors and ice denSities ........ccooiiiiiiiiiiiii 71

4.6.3 Mean wind pressure and peak Wind presSsure........cccccvvevvvieieieieeeieieeeeeeeeeeeeeeee e 72

4.6.4 Equivalent diameter D of ice covered conductor............cccccoevviiiiiiiii 72

4.6.5 Wind forces on support for ice covered conductors ...........ccccceeecviieeieeeeeccciiieeeenn, 72

4.6.6 Combination of wind velocities and ice 10adS ..........ccooeviiiiiiiinii e 73

4.6.6.1 Extreme ice load I+ combined with a high probability wind velocity Vi.......... 73

4.6.6.2 Nominalice load I3 combined with a low probability wind velocity Vi ............ 73

4.7 Temperature effects..... .. 74
4.8  SeCUNitY 10adS.....cccuiiiiiieiririinrr s 74
481 GENETAI ...ciiiiiiie e 74

4.8.2  TOrsiONal lOAAS .......ooiiiiiiii e 74

4.8.3 Longitudinal 10ads..........ccoeiiiiiiiiieeee e 75

4.8.4 Mechanical conditions of application ... 75

- 35 TS - 1= V0 1o - T SR 75
4.9.1  Construction and maintenance 10ads ..o 75

4.9.2 Loads related to the weight of linesmen ... 75

4.10 Forces due to short-Circuit CUrrents..........ccccovreremnnnm . 76
4.11 Other SPecial fFOrCeS..... i sm e e e e e s s s sanme e e e e e e s s s mnnnennenan 76
4.11.1 Avalanches, Creeping SNOW .........ccceiiiiiiiiiiiieeeeeeeeeee e e et e e e i e e e ieae s 76

4.11.2 BarthQUAaKES.........cco oo 76

T B by o T T I o L= Y 76
4121 GENEIAI ...ttt et 76

4.12.2 Standard 1080 CASES .......ccouiiiiiiiiiiieiiie et 77

4.13 Partial factors for @aCtioNS.........ccciiiieeiiiii i rss s rras e rana e aan s e nnas s ranas 80



-5- EVS-EN 50341-1:2013

5 Electrical reqUIremMeNnts........ .o 81
£t B 1514 o Yo [ T2 4o o 81
L O ¥ ¢ =Y o1 82

B5.2.1  NOIMAI CUITENT ... ..eeiiiiiiiii bbbt et abe e babsbsbsasbsbsbsbsbsbssnsssssnsnsnsnrnres 82

5.2.2  ShOrt-CIrCUIL CUMTENT ... ..uuiiiiiiiiii bbb e e bs e bsbsbsbsbsrsrssessrsrnees 82

5.3 Insulation co-ordination ...........cccoiiiiiiiiiiii e —————————— 83
5.4 Classification of voltages and overvoltages.........cccccciiricccemrrrnnnssccsssseee s csssseee e esssnenn 83
g B 1= o 1= - | OSSP SP PR PPPPPPPPPPPRt 83

5.4.2 Representative power frequency VOIRAgES ..........cccuvviiiiiieiiiciiieeee e 83

5.4.3 Representative temporary overvoltages...........ccueuvueeeiriiiieiiiniiiiiiiiieieieieieinieieeeeeen 84

5.4.4 Representative slow-front overvoltages ............ccccoviiiiiiiiiiiic e 84

5.4.5 Representative fast-front overvoltages.........cccccooveiiiiiiiii e 85

5.5 Minimum air clearance distances to avoid flashover............cccccoooiiininicciiee 85
ST TRt B €11 4 1= = SRR 85

5.5.2 Application of the theoretical method in ANNexX E ..o, 86

5.5.3 Empirical method based on European eXperience. .........cccooooueieiereeeeiiciieeeaeeeeee 89

5.6 Load cases for calculation of clearances..........cccccoeciiiiiiririnncsen s e 90
5.6.1  LOAd CONAILIONS......uuuuiiuiiiiieiiiiieiiiitiiei bbb bebabe b ebebababsbsbssstsbsbsbsbssssssssnsssnsnrnnnnes 90

5.6.2 Maximum conductor temperature ... a0

5.6.3 Wind loads for determination of electric clearances............cccoecveeeiiieiiiiiee e, 90

5.6.3.1 Wind 10ad CaSESs........ccooiiiiiiiiii e, a0

5.6.3.2 Nominal wind loads for determination of internal and external clearances....91

5.6.3.3 Extreme wind loads for determination of internal clearances......................... 91

5.6.4 Ice loads for determination of electric clearances .............cooociiiiiiiiiiiii e 91

5.6.5 Combined wind and iCe l0ads...........c.uuiiiiiiiieiiiiee e 91

5.7 Coordination of conductor positions and electrical stresses..........ccccccvrrririiiiirrinieneennnns 91
5.8 Internal clearances within the span and at the top of support.............coiiiiiiiniiicines 92
5.9 External ClearancCes .........ccocciimmiiiiiiiiiiiiir e 96
oI T B 1= o 1= - | o POPRPRPPPPPRPPPPPRt 96

5.9.2 External clearances to ground in areas remote from buildings, roads, etc. ............ 97

5.9.3 External clearances to residential and other buildings ............cccccccviiiiiiiiiiiniiinnnn. 98

5.9.4 External clearances to crossing traffic routes...........cccccooviiiiiii e, 99

5.9.5 External clearances to adjacent traffic routes............ccccceevveiiiiii i 100

5.9.6 External clearances to other power lines or overhead telecommunication lines...101
5.9.7 External clearances to recreational areas (playgrounds, sports areas, etc.) ........ 102

L0 1000 Y o 5 P T =Y i (= 103



EVS-EN 50341-1:2013 -6-

5.10.1 RAAIO NOISE ...ttt 103
B5.10.1.1  GENEIAI .. 103

5.10.1.2 Design iNfIUEBNCES ......cooiiiiiiiiiiee e 103

5.10.1.3  NOISE lIMItS..cceiiiiiiiiiiie e e 103

5.10.2 AUIDIE NOISE ...ttt 103
5.10.2.1  GENETAI ... 103

5.10.2.2 Design iNfIUBNCES ........uviiiiiieiiicceeee e a e e 104

5.10.2.3  NOISE lIMIt ...eeieeei et 104

5.10.3 COrONA I0SS.....utiiitiieitie ettt ettt ettt ettt nane s 104

5.11 Electric and magnetic fields .......cccccciiciciieiiii e 104
5.11.1 Electric and magnetic fields under alin€...........ccccuvviiiiieiiiciiiieeee e 104

5.11.2 Electric and magnetic field induction ............ccccooeiiiiiiii e 105

5.11.3 Interference with telecommunication CirCuits............ccccciiiiiiiiii 105

6  Earthing SYStEemMS ......ccoiiiiiiiiiiiiiiiii s 106
6.1 INtrodUCHION ... ————————————— 106
G0t O B U [ o T 1T TSP 106

6.1.2 Requirements for dimensioning of earthing systems ............cccccccceeiiiiiiiee e, 106

6.1.3 Earthing measures against lightning effects.........cccocoii 107

6.1.4 Transferred potentialS...........ccuvviiiieiiiiiiee e 107

6.2 Ratings with regard to corrosion and mechanical strength.............cccoooiriiiiiiiiiiicnnnnn. 107
6.2.1  Earth €leCtrodes..........oiiiiiiie e 107

6.2.2 Earthing and bonding CONAUCIOrS..............uuuuuiiiiiiiiiiiiiiieeeeeeeeeeeneeenenees 107

6.3 Dimensioning with regard to thermal strength...........cccccciiiiiiininnic, 107
B.3.1  GNEIAI ... e 107

6.3.2 Currentrating CalCulation.............coooiiiiiiiiiiiiie e 108

6.4 Dimensioning with regard to human safety ...........ccccciiiiniin 108
6.4.1 Permissible values for touch vOtages ...........cccoviiiiiiiiiie i 108

6.4.2 Touch voltage limits at different locations.............ccooiiii 108

6.4.3 Basic design of earthing systems with regard to permissible touch voltage ......... 110

6.4.4 Measures in systems with isolated neutral or resonant earthing .............ccccc........ 112

6.5 Site inspection and documentation of earthing systems..........cccccciiriinnninnncineninn. 112
7R~ 1 oo o =T 113
7.1 Initial design considerations ..........ccccciiiiiii s ———————— 113
4% S B 11 o To (U1 4o o PRSP 113

7.1.2  Structural design resistance of @ Pole ... 113



-7 - EVS-EN 50341-1:2013

7.1.3  BuUCKING RESISTANCE .....ooiiiiiiii e 113
7.2 MaterialS....cccceeiiieriiiinre s e 113
7.2.1 Steel materials, bolts, nuts and washers, welding consumables ......................... 113
7.2.2  Cold fOrmed STEEI........eiiiiiiiiie 113
7.2.3 Requirements for steel grades subject to galvanising..........ccccccceeeiiiiiiiiinee s 113
7.2.4  Holding-dOWN DOIS ......cooiiiiiiieiii e 113
7.2.5 Concrete and reinforcing Steel..........cooouiiiiiiii i 114
A ST oo TP UPOPR 114
T7.2.7  GUY MAEIIAIS ......eeiiiiie e et 114
7.2.8  Other MaterialS .......ooouiiiiiiiee e 114
7.3 Lattice steel tOWErS........cocciiiiniii i —————— 114
7.3 GENEIAL ... 114
7.3.2 BasisS Of ESIGN ... e e e 114
7.3.3  MALEIIAIS ... e 114
7.3:4  DUFADIIIEY .o e 114
7.3.5  StruCtUral @NalYSIS .......ooiiiiiiiiiiii e 114
7.3.6  Ultimate limit States..........ocouiiir i 115
7.3.6.1T  GENETAL ..ot 115
7.3.6.2 Resistance of cross section areas...........occcceeiviieii i 116
7.3.6.3 Tension, bending and compression resistance of members....................... 116
7.3.6.4 Buckling resistance of members in compression ...........ccccceeiiiiiineeeeee 117
7.3.6.5 Buckling resistance of members in bending ...........cccccoiiiiiiiiiiiiiiee 117
7.3.7  Serviceability lImit States.........cocuiiiii 117
7.3.8 Resistance of CONNECONS.........cc.iiiiiiiiiii s 117
7.3.9 Design assisted by teStiNg ..........uuuuuiiiiiiiiii 117
T7.3.40 FAUQUE ... e 117
A R~ ==Y I o T 1= SR 118
A 3 B € 1= 1= - | PRSP 118
7.4.2 Basis of design (EN 1993-1-1:2005 — Chapter 2) ........cccoceeiiiiieiiieeciee e 118
7.4.3 Materials (EN 1993-1-1:2005 — Chapter 3) ......ccccceiiiiiiiiieieeeeree e 118
7.4.4 Durability (EN 1993-1-1:2005 — Chapter 4) ......ccccceieiiieeeeeee e 118
7.4.5 Structural analysis (EN 1993-1-1:2005 — Chapter 5) ........cccccveveeeeiiiiiciieeeee e 118
7.4.6 Ultimate limit states (EN 1993-1-1:2005 — Chapter 6).........ccccoevveiiiiiieeiiniiee e 118

A S Tt B C 1= Y 1= = | T 118



EVS-EN 50341-1:2013 -8-

7.4.6.2 Resistance of cross section areas............cccceiviiiii i 119
7.4.7 Serviceability limit states (EN 1993-1-1:2005 — Chapter 7).......ccccccceevvvvveeeeeeennnns 119
7.4.8 Resistance of CONNECIONS..........uiiiiiiiii e 119

R Tt N = =T SR 119

7.4.8.2 Bolts (other than holding-down bOIS) .........c..uviieiiiiiii e, 119

7.4.8.3  Slip JOINt CONNECLIONS ....ccoiiiiiiiiiiiie e 119

7.4.8.4 Flanged bolted cONNECLONS.........ccooeiiiiiiii e, 120

7.4.8.5 Welded CONNECLIONS .....coiiiiiiiiiiiiie e 120

7.4.8.6 Direct embedding into the concrete...............coooi 120

7.4.8.7 Base plate and holding-down bolts..............ccooooeeii e, 120
7.4.9 Design assisted by teSting ........c.ueiiiiiiiii 121

8 T4 e T Yo I o T 1= 121
4% T B € 1= 1= - | PSPPSR 121
7.5.2  Basis Of dESIGN ....iiiiiiiiii e 121
7.5.3  MALErials ....oooiiiiiie s 121
T7.5.4  DUFDIlIEY ... e 121
7.5.5 Ultimate limit States.........oociiiiiiiii i 121

7551 BASIS .ttt 121

7.5.5.2 Calculation of internal forces and moments ............ccocceeeiiieniiiinic e 121

7.5.5.3 Resistance of wood elements..........ccccocoiiiiiiiiiiiiii e 122

7.5.5.4 Decay CONAILIONS ....cocuuiiiiiiiiie it 122
7.5.6  Serviceability limit StateS..........c.uveiiiiiiei e 123
7.5.7 Resistance of CONNECONS........uuiiiiiiiiii e 123
7.5.8 Design assisted by teStiNg .........uuuuuuiiiiiiiii 123

T 0 4 e =Y = o Yo == 123
T.8.1 GENEIAI ..o e s 123
7.6.2 Basis Of ESIGN ....ueiiiiiiii et a e e e e 123

7.6.2.1  GENEral FUIES ... 123

7.6.2.2 DeSignload.......ccoooiiiiiii 123

7.6.2.3 Lateral reinforcement...........oooi i 124
7.6.3  MALErialS . ..o e 124
7.6.4 Ultimate limit STates.........ooceiiiii e 124
7.6.5 Serviceability lImit states..........ocuiiiiiii 124

7.6.6 Design assisted by teStiNg ..........uuuuiiiiiiiiiii 124



-9- EVS-EN 50341-1:2013

7.7  GuUYEd StrUCLUIES ....occeiiiiieir i s s n e e ann e naan 125
T GENEIA ..t 125

T7.7.2 Basis Of ESIGN ... e e e a e e e e 125

T.7.3  MAEIIAIS ... e 125

7.7.4 Ultimate limit STates........coociiiii e 125

T T A BASIS .t 125

7.7.4.2 Calculation of internal forces and moments ............ccoccveeiiieniiine e 126

7.7.4.3 Second order @nalysis ...........ccoiiiiiiiiiiiee e 126

7.7.4.4 Maximum SIENAEINESSES ......ccoiiuiiiiiiiiie e 127

7.7.5 Serviceability lImit StAteS........cc.vviiiiii i 127

7.7.6 Design details fOr QUYS ......ueiiiiiiiiii et 127

7.8  Other StruCtUreS ......coiciiiiiiir i 128
7.9 Corrosion protection and fiNiShes .........cccccciiiicccccrir e 128
A8 B € 1= 1= - | PSPPSR 128

7.9.2  GalIVANISING ..ottt e 128

A TG T 1V 1= = = o = 1Y/ T USRS 129

7.9.4 Paint over galvanising in plant (Duplex system)..........cccoieiiiiiiei e 129

7.9.5 Decorative fiNISNES .......coouiiiiiiii s 129

7.9.6 Use of weather-resistant Steels ... 129

7.9.7 Protection of WOOd POIES ........uuiiiiiiieiiiieeeee e 129

7.10 Maintenance facilities .........cccoviiimiinii s —————— 130
% O T B O 1 1o o OSSO RUPSPP 130

7.10.2 MaintaiN@bility .......ooueeiiieie e e 130

7.10.3 Safety reqUIrEMENES. .....cooouiiiiii e e 130

%0 B B 0o - T T T 1 L= 130
7.12 Assembly and erecCtioN.........ccccccccceumnnnmnnnnnennnnnnnnnnsnnnnnsnsn s snsnsnsnsnsnnnsannsasnnnnnnnnnnnnnnnnnnnnnnnnnnn 130
FouNdations ... 131
8.1 INtrodUCHION ... ———————————— 131
8.2 Basis of geotechnical design (EN 1997-1:2004 — Section 2) .........cccccvviumrrnnsinennnnsnennnns 131
8.2.1  BBNEIAI ...t 131

8.2.2 Geotechnical design by calculation ............ccceeeeiiiiiiiie e 131

8.2.3 Design by prescriptive MEASUIES .........ccoiiiiiiiiiiiei e 133

8.2.4 Load tests and tests on experimental models .............cccccviiiiiiiiiiiiiiiiiiis 133

8.3 Soil investigation and geotechnical data (EN 1997-1:2004 — Section 3) .........ccceccueeenne 133

8.4 Supervision of construction, monitoring and maintenance (EN 1997-1:2004 — Section



EVS-EN 50341-1:2013 -10-

10

8.5 Fill, dewatering, ground improvement and reinforcement (EN 1997-1:2004 —

SECHION 5) .t ————————————— 133
8.6 Interactions between support foundations and soil ..., 133
Conductors and earth-wires............cccuiiiiininn e ——— 135
9.1 INtrOdUCHION ...t 135
9.2 Aluminium based CONAUCEOIS .........ccccriirnmimiiinrer s 135
9.2.1  Characteristics and diMENSIONS..........cociiiiiiiiiiieieree s 135

9.2.2 Electrical reQUIrEMENTS .........uuuuuueiiiiiiiiiiiiiiiiiiiieieeteee e eeeeeeeeeeeaeeersrnrnrnrnrnrnres 135

9.2.3 Conductor service temperatures and grease characteristics .............cccccovcieeennnn 136

9.2.4 Mechanical reqUIrEMENES...........oiiiiiiiiie et e e 136

9.2.5 Corrosion ProteCHION ........ccii i a e e 136

9.2.6 TSt reqUIrEMENES .. ..o it e e e e e e e e e e e 136

9.3 Steel based CONAUCLONS........ccciriiiiiininr 137
9.3.1 Characteristics and diMENSIONS...........eiiiiiiiiiiiii e 137

9.3.2 Electrical reqQUIr€mMENTS ...t a e e 137

9.3.3 Conductor service temperatures and grease characteristics .............cccccvvveeeennns 137

9.3.4 Mechanical reqUIrEMENES............ooiiiiiii e a e 137

9.3.5  CorroSion ProteCHION ........ccoi ittt e e 137

9.3.6 TeStreqUIrEMENES ... ..ot e e e e e e e 137

9.4 Copper based CONAUCLOrS.........ciiiiiiiiirii s mnn e 137
9.5 Conductors and ground wires containing optical fibre telecommunication circuits ..138
9.5.1 Characteristics and diMENSIONS............iiiiiiiiiiii e 138

9.5.2 Electrical reqUIremMENts ............ueiiiiieiii e 138

9.5.3 Conductor service temMpPEratures ...........cccuueeiieeieeiiiieiieee et a e 138

9.5.4 Mechanical reqUIrEMENES...........oiiiiiiiii e a e 138

9.5.5 CorroSion ProteCHION .........coi i a e e 138

9.5.6 TesStreqUIrEMENES ... ..o e e e 138

9.6 General reqUIreMENLES ... s sme e s e s smnn e e s e e e mmnn e e e e 138
9.6.1  Avoidance of damage ..........cooiiuiiiiiiii e 138

9.6.2 Partial factor for CONAUCTOrS..........cooiiiiiiii e 138

9.6.3  MiNIMUM CroSS-SECHONS .......cciiiiiiiiiiiiie et 139

9.6.4 Sag - tension CalCulationS.............ooiiiiiiiii 139

9.7 Test reports and certificates........ccoooorn i —— 139
9.8 Selection, delivery and installation of conductors............ccccccrririiiiccccceeerr e, 139
INSUIALOIS .....eeeriiiie iR 140

10 0 T 1 Y T 1o 4 'Y 140



11

-11- EVS-EN 50341-1:2013

10.2 Standard electrical reqUIremMents...........oooo i 140
10.3 RIV requirements and corona extinction voltage ..........c..cccceinniininiinnieeene 140
10.4 Pollution performance reqUIremMents ...........ccccccerririicissmrrees s s ssssssee e s sssee s eesssssssnmnnes 141
10.5 POWEr arc reqUIr€mMEeNts ........ccovviiiiiiininininissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssnsns 141
10.6 Audible noise requiremMents...........iicii e —————— 141
10.7 Mechanical reqUIremMeNts....... ..o s s mmnnes 141
10.8 Durability reqUIiremMents.........cccciiiiiiiiniiin s 142
10.8.1 General requirements for durability of insulators............ccocceeiiiiiii 142

10.8.2 Protection against vandaliSm.............oooiiiiiiiiiiii e 142

10.8.3 Protection of ferrous materialS............ooueiiiiiiiiiiiiie e 142

10.8.4 Additional corrosion proteCtion .............cooooi i 142

10.9 Material selection and specification ...........ccccccimiiiicccssr e 142
10.10Characteristics and dimensions of insulators..........cccccvrrieiririicnncccc e 142
10.11Type test requUIiremMents. ........ccccce e 143
10.11.1Standard typPe tESTS ... 143
10.11.20ptioNal tYPe tESIS ..o 143
10.12Sample test reqUIremMENnts ... e 143
10.13Routine test requIireMents. ... 144
10.14Summary of test reqUIreMENtS .........ccccviiiiicciieeirirri e ser e sse e e s s nmnnes 144
10.15Test reports and certificates ........cccccciiiiiiiicciiiii e s nmnnes 144
10.16Selection, delivery and installation of insulators ... 144
L P 10 T - 145

R T T e Yo 1T T 4T 145
11.2 Electrical reqUIrements ..........oooo it smn s nmn e 145
11.2.1 Requirements applicable to all fitings ... 145

11.2.2 Requirements applicable to current carrying fittings ... 145

11.3 RIV requirements and corona extinction voltage ...........cccceviiiiiniiiininsnssssssssssssss s 145
11.4 Magnetic characteristiCs ........ccccciiiiiiiiiii 145
11.5 Short circuit current and power arc requirements ..........ccccco e 145
11.6 Mechanical reqUIremMeNts....... ... mn e s e 146
11.7 Durability reqUIiremMents..........cccciiiiiiiiniiin s s s s s 146
11.8 Material selection and specification ...........cccccciiiiiccccc e 146
11.9 Characteristics and dimensions of fittings .........ccccoviiirinrisni 146
11.10Type test reqUIremMENts...... ..o e 146
11.10.1Standard type eSS ... 146
11.10.20ptional tyPe teSES .o e 147
11.11Sample test reqUIrEMENtS ........cccccceiiiiiiiccccerrr e e e mnn e e e e e s s s nnmnnes 147
11.12Routine test requUIremMents..........cccce i ———— 147
11.13Test reports and certificates ........ccccccciriiiicccccciri s s nmenes 147

11.14Selection, delivery and installation of fittings ..........ccccccniiinriniiics 147



EVS-EN 50341-1:2013 -12-

12 Quality assurance, checks and taking-over..........cccccvvmiiniinr 148
12.1 QUAlitY @SSUIANCE ...cociieeiiiiir e 148
12.2 Checks and taKing-OVer..........cccociiiiiinninir e 148

Annex A (informative) Strength coordination ...........ccccciiiiiicccrin e 149
A1 Recommended design Criteria..........cuiiiiinriiirninnnnnsrrsssssss s s 149
A.2 Proposed strength coordination ... ——————— 149

Annex B (informative) Conversion of wind velocities and ice loads ...........ccccvviiiiiiniiriniciennna, 151
B.1 Definition of symbols used in this annex B.........cccccviiirinni e 151
B.2 Evaluation of extreme wind velocity data............cocceiiiiniinii 151
B.3 Evaluation of extreme ice load data ... 152
B.4 Statistical iCe PArameters .......ccccv e nnnnes 153

S N I = = T (o Tt (o = o R PR 153
B.4.2 Yearly maximum iCe 10ad, Iy «eeveveiiiiiiiiiiiiiiiiieeee ettt 153
B.4.3 Maximum ice load over several Years, Inax .. ceerreeirimeiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeaees 153
B.4.4 Mean value, |, of yearly maximum ice 10ads ...........ccccoiiiiiiniiiiiin e, 153
B.4.5 Coefficient of variation, v, for yearly maximum ice loads..........ccccccoeecvrieeeeeeeiecnnnee, 153
B.5 Extreme ice load evaluation based on various data sources .........cccccceicciiiicnnnniincccinnes 153
B.5.1 Data sources for statistical evaluation............cccccciiiiiii 153
B.5.2 Yearly maxima ice loads, |, during periods of at least 10 years are available ........ 154
B.5.3 Maximum ice load, |ax is known only for a limited number of years........................ 154
B.5.4 Yearly maximum ice load, |, based on meteorological analyses.........ccccccccvvveeenn... 154
Annex C (informative) Application examples of wind loads - Special forces.......ccccccevriiccinnnens 155
C.1 Application examples of the calculation of wind loads as defined in 4.3 and 4.4 .......... 155
C.1.1 Example 1 : Typical 24 kV wood pole tangent support ...........cccociiiiiiiiiiiiieeeeee 155
C.1.2 Example 2 : Typical 225 kV suspension lattice tower .............ccccceeeeeiiiiciieieee e, 157
C.2 SPECIAI FOICES ..cooiiiiiieeiiri e creerrr e ss s s e e e s s s s s s smn e e e s e e s s s ans s e e e e e e aa s mnne e e e e ean s snmnnnnnnsnan 159
C.2.1 Definition of symbols used in this annNex C.2 ..........cccoveevieiiiiiiiiiiee e 159
C.2.2 Forces due to short-Circuit CUIMeNtS.........cooiieiiiiiiie e 159
C.2.3 Avalanches, CreepiNg SNOW..........u i iiiiiiiieia e e e e e e e e e e e et eeeea e e e s e areeeeeeaeeaeanns 160
C.2.4 EQrthQUAKES ....ceeeeeeeeee ettt e e e et e e e e e e e e e e e e e e aanas 160

Annex D (informative) Statistical data for the Gumbel distribution of extremes..........c.cc.cc.u. 161
D.1 Definition of symbols used in this aNNeX..........ccccccciiiiiicccccrrrr e 161
D.2 The Gumbel distribution ... 161
D.3 Example of uSing Cq @nd C......coriiiiiiicieciiniiissscssssre s s s s sssssssssss s s s s s sssssssmsss e s sssssssssnmesssssesnnsnnn 164
(D 0% 1 Lod W] F- 1 o] a T ey S O T4 e I O S 165

Annex E (normative) Theoretical method for calculating minimum air clearances................... 169

E.1 Definition of symbols used in this anneX..........cccccccmiiiiicccccmrircc s 169



-13- EVS-EN 50341-1:2013

E.2 Insulation co-ordination...........cccceiiiiiiiiiir i ———————— 170
E.2.1 Development of theoretical formulae for calculating electrical distances................. 170

E.2.2 Representative voltages and overvoltages Urp...........cccooiiiiiiiiiiiiiiiniiees 171

E.2.3 Co-ordination withstand voltage Uy ....--.eeeeeeeeiiiiei e 173

E.2.4 Required withstand voltage of the air gap, Uny..cccvveeeeeeiiiiiieee e 173

E.2.5 Relationship with the clearance distance of the airgap ........cccccoeiiiiiii 174

E.2.5.1 Statistical approach ...........ccoeiiiiiiiiiiie et 174

E.2.5.2 Deviation faClOrS........ccuiiiiiiiieiee e 174

TG B G- T oI = Lo (o] TS 175

E.2.5.4 Insulation response to overvoltages .........coooovveeeiiee e, 176

E.3 Calculation formulae for the minimum air clearances...........cccccoviviriinisi . 177

E.4 Examples of calculation of D, D, and Ds 4, for different Us voltages (informative)....179

E.4.1 Range I: 90 kV system equipped with insulator strings composed of 6 units .......... 179

E.4.2 Range I: 90 kV system equipped with insulator strings composed of 9 units .......... 180

E.4.3 Range Il : 400 KV SYSIEM ..cccoiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee ettt 181

Annex F (informative) Empirical method for calculating mid span clearances...........ccccucvueeene. 183
F.1 Empirical method for the determination of clearances within the span ..........c.ccc......cc. 183

F.2 Approximate method for conductors with different cross-sections, materials or sags 184

F.3 Contribution of the insulator set to the determination of clearances at supports ......... 184
Annex G (normative) Calculation methods for earthing systems.........ccccccciinriinnninninniennn, 186
G.1 Definition of symbols used in this anNeX ........ccccconriiiiniic e ————— 186
G.2 Minimum dimensions of earth electrodes .............ccccoiiiicini 187
G.3 Current rating calCulation..........ccccccieiiiiicciiirrr e s r e s s mnn s 187
G.4 Touch voltage and body CUITeNt.............ccccciiriiiiiiccrseerrr s rssrr e s sssme e e e s s mnn e e e e e eas 190
G.4.1 Equivalence between touch voltage and body current .............ccccoeeeiiiiiiiiineeeees 190

G.4.2 Calculation taking into account additional resistances ............ccccccccoevviciiieeeeceecs 192

Annex H (informative) Installation and measurements of earthing systems.......cccccccerrriicccnnees 194
H.1 Definition of symbols used in this anNNeX..........ccccceiiicciiiiir s e 194
H.2 Basis for the verification.............o e 194
H.2.1 SOOIl FESISHIVILY ... e e e e e e e e e e e e e nrnneees 194

H.2.2 Resistance 10 @arth ... 195

H.3 Installation of earth electrodes and earthing conductors ...........ccccvviierinnieninsnnnisneeen 197
H.3.1 Installation of earth electrodes .............coooiiiiiiiii e 197

H.3.1.1 Earth €leCtrOdes ... ... 197

H.3.1.2 Horizontal earth electrodes .............ooooi e 197

H.3.1.3 Vertical or inclined driven rods ... 197

H.3.1.4 Jointing the earth electrodes ... 197



EVS-EN 50341-1:2013 -14 -

H.3.2 Installation of earthing condUCTOrS............ccuuiiiiiiiiii e 198

H.3.2.1 GENETAL.....citiiiiiie ettt 198

H.3.2.2 Installing the earthing conductors ... 198

H.3.2.3 Jointing the earthing conduCtors ............cooiiiiiii 198

H.4 Measurements for and on earthing systems .........cccci e 198
H.4.1 Measurement of SOl reSiStiVItIes ..........cooiiiiiiiiii 198

H.4.2 Measuring toUCh VOItAgES ........covvviiiiiiiiiiieeeeeeee et 198

H.4.3 Measurement of resistances to earth and impedances to earth....................c..... 199

H.4.4 Determination of the earth potential riSe ... 200

H.4.5 Reduction factor related to earth wires of overhead lines...........ccccccevvviiiiiiiiince 200

H.4.5.1 GENETAL. ...t 200

H.4.5.2 Values of reduction factor of overhead lines............ccoccevriiiiiiiiiciiiccce 201

Annex J (normative) Angles in lattice steel tOWErS .......ccoo e 202
J.1 Definition of symbols used in this aNNeX ......ccccccvvecccceriir s 202
8By = - - N 203
J.3 Tension resistance of angles connected through one leg (see 7.3.6.2)......ccccccvurrrirnenn 204
J.4 Buckling resistance of angles in compression (see 7.3.6.4) ......ccccooiiiiiiinmniiinnicccneeeneens 205
J.4.1 Flexural buckling reSiStanCe..........ccuiviiiiiii e 205

J.4.2 Effective non-dimensional slenderness for flexural buckling ...........ccccocooeeiniienennnn 206

421 GENETAI ...ttt 206

J.4.2.2 SIBNAEINESS, h ...t e e e e e e e e e e e e e eas 207

J.4.2.3 Non-dimensional slenderness, FZI. S\, S 208

J.4.2.4 Effective non-dimensional slenderness, ngf .................................................. 208

J.4.3 Slenderness of MEMDEIS .........ocuiiiiiiiiii e 209

.31 GENEIAI ... e 209

J.4.3.2 Leg members and ChOrds ..........cooiiiiiiiiiiii et 210

J.4.3.3 Primary bracing patterns ...........covvviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 210

J.4.3.4 Compound MEMDEIS ... 212

J.4.4 Secondary (or redundant) bracing Members ............occcviiiiieiiiicciieee e, 214

J.5 Design resistance of bolted connections (see 7.3.8) .....cccccccmririmninninnnenens 214
5.1 GBNEIAL...c i 214

J.5.2 Block tearing resistance of bolted connections............ccccovviveiiiiciiiiieeee e, 215
Annex K (normative) Steel POIES ........coo it ssse s s e e 217
K.1 Definition of symbols used in this annexX..........ccccciiiccciiirr s e 217

K.2 Classification of cross sections (EN 1993-1-1:2005 — 5.5) .........ccccriniimmriniinnninsenennnssnnen 217



-15- EVS-EN 50341-1:2013

K.3 Class 4 cross-sections (EN 1993-1-1:2005 — 6.2.2.5 and EN 1993-1-5:2006 .................... 218
K.4 Resistance of circular cross sections...........cccociiiiiiiiiiiiiin e 219
K.5 Resistance of polygonal cross SecCtions..........cccccciiiiccisemimeriissscsseers s sssses e s s smenes 219
K.5.1 Class 3 cross-sections (EN 1993-1-1:2005 - 6.2.9.2) ..............cceeccrieeeeeeeeeennnne 219

K.5.2 Class 4 cross-sections (EN 1993-1-1:2005 — 6.2.9.3) ..........cccccevvviieeiniiieeeneenn, 220

K.6 Design of holding-down BOItS ..o 220
Annex L (informative) Design requirements for supports and foundations..........ccccccerrriiccinnes 224
L.1 Structural reqUIiremMent .........cccoeiiiicciiiiriri s cccssse e s s s sssne e e e s s s mnne e e e e snn s s nnmnnen 224
L.2 Configuration requirements: types of supports and uUses .........ccccccmiriiiiiciiiicnine e 224
L.3 Phase conductor and earth wire attachment............... s 226
L.4 Foundation SteeIWOrK ..........ccceieiiiiiiiiieiiin i 226
L.5 Erection/maintenance facilities ........ccccccooriniiciricccce s 226
L.6 Mass-length restrictions..........ooo i 226
Annex M (informative) Geotechnical and structural design of foundations..........cc.cccccviinernn. 227
M.1 Typical values of the geotechnical parameters of soils and rocks ............cccceviiienniinnes 227
Y Ot 7Y = - | TSR 227

R 2 I =Y 711 T 1= SR 227

M.1.3 Symbols, definitions and units of some ground parameters.............cccccceviieiinnnenn. 227

M.2 Sample analytical models for uplift resistance calculation............cccccccerriricciierreernnnnns 229
7 B 1= o 1= = R 229

M.2.2 Calculation Of Ryy «eeeeiueeeeeiiiiiee e 230

M.2.3 CalCulation Of R ....coiueiiiiiiiiee st 230

M.2.4 Analytical evaluation Of Ry ......eeeiiiiiiii e 233

M.3 Sample semi-empirical models for resistance estimation...........ccccccviviiiniicciiicccnnncees 234
M.3.1 Geotechnical design by calculation .............cccoiiiiii 234
1 T e 7= o 1= | S 234

M.3.1.2 Monoblock fouNdationS ..........ccoiiiiiiiiiie e 234

M.3.1.3 Slab foundations ...........oiiiiieee e 237

M.3.1.4 Grillage-type slab foundations ............ccoocoiiiiiii e 238

M.3.1.5 Single-pile foundations ..o 238

M.3.1.6 Separate stepped block foundations, pad and chimney foundations.............. 238

M.3.1.7 Auger-bored and excavated foundations.............ccoccvvvieeieeiiiiciiiieee e, 241

M.3.1.8 Separate grillage foundations ............ccoiiiiiiiiiii 242

M.3.1.9 Pile FoUNdAtioNS ........cueiiiiiiiie e 242

M.3.2 Structural design of concrete foundations ... 243
Annex N (informative) Conductors and overhead earth wires .........cccccoiiriiiinninseneenn, 245

N.1 Specification of conductors and earth wires.............cccooii i 245



EVS-EN 50341-1:2013 -16 -

N.1.1 Factors influencing the specification of conductors and earth wires........................ 245

N.1.2 Operational fACOrS .........ccoiiiiiiiiiie e e e e e e e e e anaees 245

N.1.3 Maintenance reqUIreMENtS ..........oooo e a e 245

N.1.4 Environmental parameters ...........oooo i 245

N.2 Selection of conductors and earth Wires ..........cccoocriiiciiincccr e 245
N.3 Packing and delivery of conductors and earth wires ........ccccceccccccriirniniccccneeee e 246
N.4 Precautions during installation of conductors and earth wires ...........cccovcvimriniienininne 246
Annex P (informative) Tests on insulators and insulators sets ..........cccccivviminnnnn, 248
Annex Q (informative) INSUlAtors...........ccciiiriii i 250
Q.1 Specification of INSUIALOrS ... 250
Q.1.1 Factors influencing the specification of insulators...........cccoccociiiii 250

Q.1.2 OperatioNal fACIOIS ........eeiiee et e e e e e e e e e e e e e e e e e e e e e e e ennes 250

Q.1.3 MaintenancCe reqUIrEMENES...........uiiiieeiiiiiiiiieee e e e e e e e e e e ee e e e e e e e s errreeeeaeeeeanns 250

Q.1.4 Environmental parameters ... . ... 250

Q.2 Selection Of INSUIALOIrS ........ccoicceiieiri e rrsrr e s s s s s n e s sne e s n e s mn s mnenas 250
Q.3 Packing and delivery of inSUIAtOrs ..........cccccciiiiiiiccssecrire s cssssr e sssse s e mne e e n s 251
Q.4 Precautions during installation of insulators .........cccccciiriviiincc s 251
Annex R (informative) Hardware..........coccciiiiiciinii s 252
R.1 Specification and selection of fittings..........cccccniiiiinnicni e ——— 252
R.1.1 Factors influencing specification and selection..............cccccoeiieiiiiiiiec e, 252

R.1.2 Operational faCtOrS .........ccoi i e e e e e e e 252

R.1.3 Maintenance reqUIremMeENts ............ooi i e 252

R.1.4 Environmental parameters ..........ooovviiiiiiiiiiiiiiiiieeeeeeieeeeeeeeee e 252

R.2 Packing and delivery of fittings .......cccccoecmiiniminni i 252

R.3 Precautions during installation of fittings ......c.c.cccceniiinnisc 253



-17 - EVS-EN 50341-1:2013

Foreword

This document (EN 50341-1:2012) has been prepared by CLC/TC 11 "Overhead electrical lines
exceeding 1 kV a.c. (1,5 kV d.c.)".

The following dates are fixed:

e latest date by which this document has to be 44
implemented at national level by publication of (dop) 2013-11-19
an identical national standard or by
endorsement

e latest date by which the national standards (dow)  2016-11-19
conflicting with this document have to
be withdrawn

This document supersedes EN 50341-1:2001 + A1:2009 and EN 50423-1:2005.
The most significant technical changes that have been made are:

- EN 50341-1 takes into account distribution and transmission overhead lines by merging
EN 50341-1:2001 + A1:2009 and EN 50423-1;

- EN 50341-1 is consistent with recent editions of Eurocodes;

- one unique method is described concerning the determination of actions on line;

- new design methods and new developments are included.

EN 50341 is divided into the following parts:
e EN 50341-1, Overhead electrical lines exceeding AC 1 kV — Part 1: General requirements —

Common specifications

e EN 50341-2, Overhead electrical lines exceeding AC 1 kV — Part 2: National Normative
Aspects

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

0.1 Detailed structure of the standard
The standard comprises two parts, numbered Part 1 and Part 2.

0.2 Part 1: General requirements - Common specifications

This part, also referred to as the Main Body, includes clauses common to all countries. These clauses
have been prepared by Working Groups and approved by CLC/TC 11.

The Main Body is available in English, French and German.

0.3 Part 2: National Normative Aspects
The index lists the existing National Normative Aspects (NNAs) related to the different countries; a
NNA for a country is normative in that country and informative in other countries.

The National Normative Aspects (NNAs) reflect national practices. They generally include
A-deviations, special national conditions and national complements.

0.4 A-deviations

A-deviations are required by existing national laws or regulations, which cannot be altered at the time
of preparation of the standard.

Reference is made to CENELEC Internal Regulations Part 2, definition 2.17.

0.5 Special national conditions (snc)

Special national conditions are national characteristics or practices that cannot be changed even over
a long period, e.g. those due to climatic conditions, earth resistivity, etc.

Reference is made to CENELEC Internal Regulations, Part 2, definition 2.15.

0.6 National complements (NCPTSs)

National complements reflect national practices, which are neither A-deviations, nor special national
conditions. It has been agreed within CLC/TC 11 that NCPTs should be gradually adapted to the Main
Body, aiming at the usual EN standard structure including only a Main Body, A-deviations and special
national conditions.

0.7 Language

The NNAs are published in English and may be published additionally in the national language(s) of
the respective country.
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1 Scope

1.1 General

This European Standard applies to new overhead electric lines with nominal system voltages
exceeding AC 1 kV and with rated frequencies below 100 Hz.

The extent of the application of this standard by each country in respect of existing overhead lines is
subject to the requirements of the National Normative Aspects (NNA) applicable to that country.

The specific definition as to the meaning and extent of a “new overhead line” is to be identified by
each National Committee (NC) within their own NNA. At the least, it shall mean a totally new line
between two points, A and B.

1.2 Field of application

This European Standard also applies to covered conductor overhead lines and overhead insulated
cable systems with nominal system voltage exceeding AC 1 kV up to and including AC 45 kV and with
rated frequencies below 100 Hz. Additional requirements and simplifications are specified that apply
only for this voltage range.

Design and construction of overhead lines with insulated conductors, where internal and external
clearances can be smaller than specified in the standard, are not included for lines exceeding 45 kV.
Other requirements of the Standard may be applicable, and where necessary NNAs should be
consulted.

This European Standard is applicable for optical Ground Wires (OPGWSs) and optical Conductors
(OPCONSs). However the standard is not applicable to telecommunication systems which are used on
overhead transmission lines either attached to the transmission line conductor/earth wire system (e.g.
wraparound, etc.) or as separate cables supported by the transmission supports for example All
Dielectric Self Supporting (ADSS) or for telecommunication equipment mounted on individual
transmission line structures. When such cases are necessary, requirements can be given in the NNAs.

This European Standard does not apply to:

e overhead electric lines inside closed electrical areas as defined in EN 61936-1;
e catenary systems of electrified railways, unless explicitly required by another standard.
1.3 Structure of the European Standard EN 50341-1
Normative references, definitions and symbols with their significations are listed in Clause 2 below.

In Clause 3, the basis of design according to this standard is given.

The standard specifies in Clauses 4 to 6 the general requirements that shall be met for the structural
and electrical design of overhead lines to ensure that the line is suitable for its purpose with due
consideration given to safety of public, construction, operation, maintenance and environmental
issues.

Clauses 7 to 11 of this standard consider the structural and electrical requirements that shall be met
for the design, installation and testing of overhead line components including supports, foundations,
conductors, insulator strings and hardware as determined by the relevant design parameters of the
line.

Finally, Clause 12 considers the quality assurance requirements during design, manufacturing and
construction.

Flowchart 1.1 summarises the structure of the European Standard EN 50341-1, its Clauses 1 to 12
and its Annexes A to R.
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2 Normative references, definitions and symbols

21 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references, the latest edition of the referenced document (including any amendments) applies.




Eurocodes:
Reference
EN 1990:2002

EN 1991-1-4:2005

EN 1991-1-6:2005

EN 1992-1-1:2004

EN 1993-1-1:2005

EN 1993-1-3:2006

EN 1993-1-5:2006

EN 1993-1-8:2005

EN 1993-1-11:2006

EN 1993-3-1:2006

EN 1995-1-1:2004

EN 1997-1:2004

EN 1997-2:2007

EN 1998-6:2005

Other European Standards:
Reference

EN ISO 1461:2009

EN ISO 2063

EN ISO 9001
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Title
Eurocode — Basis of structural design

Eurocode 1: Actions on structures — Part 1-4: General actions — Wind
actions

Eurocode 1 — Actions on structures Part 1-6: General actions —
Actions during execution

Eurocode 2: Design of concrete structures — Part 1-1: General rules
and rules for buildings

Eurocode 3: Design of steel structures — Part 1-1: General rules and
rules for buildings

Eurocode 3: Design of steel structures — Part 1-3: General rules —
Supplementary rules for cold-formed members and sheeting

Eurocode 3: Design of steel structures — Part 1-5: Plated structural
elements

Eurocode 3: Design of steel structure — Part 1-8: Design of joints

Eurocode 3 — Design of steel structures — Part 1-11: Design of
structures with tension components

Eurocode 3 — Design of steel structures — Part 3-1: Towers, masts
and chimneys — Towers and masts

Eurocode 5: Design of timber structures — Part 1-1: General —
Common rules and rules for buildings

Eurocode 7: Geotechnical design — Part 1: General rules

Eurocode 7: Geotechnical design — Part 2: Ground investigation and
testing

Eurocode 8: Design of structures for earthquake resistance — Part 6:
Towers, masts and chimneys

Title

Hot dip galvanized coatings on fabricated iron and steel articles —
Specifications and test methods (ISO 1461:2009)

Thermal spraying — Metallic and other inorganic coatings — Zinc,
aluminium and their alloys (ISO 2063)

Quality management systems — Requirements (ISO 9001)
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Reference

EN ISO 14713 (all parts)

EN 1090-1

EN 12385 (all parts)

EN 12843

EN 14229

EN 50182:2001

EN 50183

EN 50189

EN 50326

EN 50397-1

EN 50522:2010

EN 55016-1-1

EN 60038

EN 60071-1

EN 60071-2:1997

EN 60305

EN 60372

EN 60383-1
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Title

Zinc coatings — Guidelines and recommendations for the protection
against corrosion of iron and steel in structures (ISO 14713, all parts)

Execution of steel structures and aluminium structures — Part 1:
Requirements for conformity assessment of structural components

Steel wire ropes — Safety
Precast concrete products — Masts and poles
Structural timber — Wood poles for overhead lines

Conductors for overhead lines — Round wire concentric lay stranded
conductors

Conductors for overhead lines — Aluminium-magnesium-silicon alloy
wires

Conductors for overhead lines — Zinc coated steel wires
Conductors for overhead lines — Characteristics of greases

Covered conductors for overhead lines and the related accessories for
rated voltages above 1 kV a.c. and not exceeding 36 kV a.c. —Part 1:
Covered conductors

Earthing of power installations exceeding 1 kV a.c.

Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring
apparatus — Measuring apparatus

CENELEC standard voltages (IEC 60038)

Insulation co-ordination — Part 1: Definitions, principles and rules
(IEC 60071-1)

Insulation co-ordination — Part 2: Application guide (IEC 6007 1-2:1996)

Insulators for overhead lines with a nominal voltage above 1 kV —
Ceramic or glass insulator units for a.c. systems — Characteristics of
insulator units of the cap and pin type (IEC 60305)

Locking devices for ball and socket couplings of string insulator units —
Dimensions and tests (IEC 60372)

Insulators for overhead lines with a nominal voltage above 1 kV —
Part 1: Ceramic or glass insulator units for a.c. systems — Definitions,
test methods and acceptance criteria (IEC 60383-1)



Reference

EN 60383-2

EN 60433

EN 60437

EN 60507

EN 60652

EN 60794-1-1

EN 60794-1-2

EN 60794-4:2003

EN 60794-4-10

EN 60865-1

EN 60889

EN 60909-0

EN 61109

EN 61211

EN 61232

EN 61284

EN 61325
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Title

Insulators for overhead lines with a nominal voltage above 1 kV —
Part 2: Insulator strings and insulator sets for a.c. systems —
Definitions, test methods and acceptance criteria (IEC 60383-2)

Insulators for overhead lines with a nominal voltage above 1 kV —
Ceramic insulators for a.c. systems — Characteristics of insulator units
of the long rod type (IEC 60433)

Radio interference tests on high-voltage insulators (IEC 60437)

Artificial pollution tests on high-voltage insulators to be used on a.c.
systems (IEC 60507)

Loading tests on overhead line structures (IEC 60652)

Optical fibre cables — Part 1-1: Generic specification - General
(IEC 60794-1-1)

Optical fibre cables — Part 1-2: Generic specification — Basic optical
cable test procedures (IEC 60794-1-2)

Optical fibre cables — Part 4: Sectional specification — Aerial optical
cables along electrical power lines (IEC 60794-4)

Optical fibre cables — Part 4-10: Aerial optical cables along electrical
power lines — Family specification for OPGW (Optical Ground Wires)
(IEC 60794-4-10)

Short circuit currents — Calculation of effects — Part 1: Definitions and
calculation methods (IEC 60865-1)

Hard-drawn aluminium wire for overhead line conductors (IEC 60889)

Short circuit currents in three-phase a.c. systems — Part 0: Calculation
of currents (IEC 60909-0)

Insulators for overhead lines — Composite suspension and tension
insulators for a.c. systems with a nominal voltage greater than 1 000V
— Definitions, test methods and acceptance criteria (IEC 61109)

Insulators of ceramic material or glass for overhead lines with a nominal
voltage greater than 1 000V — Impulse puncture testing in air
(IEC 61211)

Aluminium-clad steel wires for electrical purposes (IEC 61232)
Overhead lines — Requirements and tests for fittings (IEC 61284)

Insulators for overhead lines with a nominal voltage above 1 kV —
Ceramic or glass insulator units for d.c. systems — Definitions, test
methods and acceptance criteria (IEC 61325)
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Reference

EN 61395

EN 61466-1

EN 61466-2

EN 61467

EN 61472

EN 61773
EN 61854

EN 61897

EN 61936-1

EN 61952

EN 62004

EN 62219

HD 474 S1

Other publications:

Reference

ICAO Regulations-annex 14

IEC 60050-441

IEC 60050-466

-24 -

Title

Overhead electrical conductors — Creep test procedures for stranded
conductors (IEC 61395)

Composite string insulator units for overhead lines with a nominal
voltage greater than 1 kV — Part 1: Standard strength classes and end
fittings (IEC 61466-1)

Composite string insulator units for overhead lines with a nominal
voltage greater than 1 kV — Part 2: Dimensional and electrical
characteristics (IEC 61466-2)

Insulators for overhead lines — Insulator strings and sets for lines with a
nominal voltage greater than 1 000 V— AC power arc tests
(IEC 61647)

Live working — Minimum approach distances for a.c. systems in the
voltage range 72,5 kV to 800 kV — A method of calculation (IEC 61472)

Overhead lines — Testing of foundations for structures (IEC 61773)
Overhead lines — Requirements and tests for spacers (IEC 61854)

Overhead lines — Requirements and tests for Stockbridge type aeolian
vibration dampers (IEC 61897)

Power installations exceeding 1 kV a.c. — Part 1: Common rules
(IEC 61936-1)

Insulators for overhead lines — Composite line post insulators for A.C.
systems with a nominal voltage greater than 1 000V — Definitions, test
methods and acceptance criteria (IEC 61952)

Thermal-resistant aluminium alloy wire for overhead line conductor
(IEC 62004)

Overhead electrical conductors — Formed wire, concentric lay,
stranded conductors (IEC 62219)

Dimensions of ball and socket couplings of string insulator units
(IEC 60120)

Title

Volume 1 — Aerodrome Design and Operations Chapter 6 — Visual
aids for denoting obstacles

International Electrotechnical Vocabulary. Switchgear, controlgear and
fuses

International Electrotechnical Vocabulary. Chapter 466: Overhead lines



Reference

IEC 60050-471

IEC 60050-601

IEC 60050-604

IEC 60287-3-1

IEC 60471

IEC/TS 60479-1:2005

IEC/TR 60575

IEC 60720

IEC 60724

IEC 60797

IEC/TS 60815-1

IEC/TS 60815-2

IEC/TS 60815-3

IEC 60826

IEC/TR 61597

IEC/TR 61774

ISO 12494

CISPR/TR 18-2
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Title
International Electrotechnical Vocabulary — Part 471: Insulators

International Electrotechnical Vocabulary. Chapter 601: Generation,
transmission and distribution of electricity — General

International Electrotechnical Vocabulary. Chapter 604: Generation,
transmission and distribution of electricity — Operation

Electric cables — Calculation of the current rating — Part 3-1: Sections
on operating conditions — Reference operating conditions and selection
of cable type

Dimensions of clevis and tongue couplings of string insulator units

Effects of current on human beings and livestock — Part 1: General
aspects

Thermal-mechanical performance test and mechanical performance test
on string insulator units

Characteristics of line post insulators

Short-circuit temperature limits of electric cables with rated voltages of
1 kV (Um=1,2kV)and 3 kV (Un = 3,6 kV)

Residual strength of string insulator units of glass or ceramic material
for overhead lines after mechanical damage of the dielectric

Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 1: Definitions, information and general
principles

Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 2: Ceramic and glass insulators for a.c.
systems

Selection and dimensioning of high-voltage insulators intended for use
in polluted conditions — Part 3: Polymer insulators for a.c. systems

Design criteria of overhead transmission lines

Overhead electrical conductors — Calculation methods for stranded
bare conductors

Overhead lines — Meteorological data for assessing climatic loads
Atmospheric icing of structures

Radio interference characteristics of overhead power lines and high-
voltage equipment — Part 2: Methods of measurement and procedure
for determining limits
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Reference Title

CISPR/TR 18-3 Radio interference characteristics of overhead power lines and high
voltage equipment — Part 3: Code of practice for minimizing the
generation of radio noise

2.2 Definitions

For the purposes of this European Standard, the terms and definitions given in the International
Vocabulary (IEC 60050) Chapters 441, 466, 471, 601, 604, in the Eurocodes (EN 1990 to EN 1999)
and the following apply.

221
action
a) force (load) applied to the (mechanical) system (direct action)

Note 1 to entry: An action can be permanent, variable or accidental.

b) imposed or constrained deformation or imposed acceleration caused for example, by temperature
changes, moisture variation, uneven settlement or earthquakes (indirect action)

222

accidental action

action, usually of short duration, which is unlikely to occur with a significant magnitude during the
design working life

Note 1 to entry: An accidental action can be expected in many cases to cause severe consequences unless special
measures are taken.

223

anti-cascading tower

tension or suspension tower specially designed with higher strength to avoid cascade failures and
installed at a nominated frequency of towers to limit damage and permit quick restoration of failed
towers and conductor(s)

224
bonding conductor
conductor providing equipotential bonding

2.2.5
box values

numerical values identified by :l "box values” are given as indication
Note 1 to entry: Other values may be specified by NCs in NNAs.

2.2.6

characteristic resistance

value of mechanical resistance calculated using characteristic values of material properties and which
may be obtained from EN 1992-1-1, EN 1993-1-1 or EN 1995-1-1

227

characteristic value of a material property

value of a material property which has a prescribed probability of not being attained in a hypothetical
unlimited test series and which generally corresponds to a specified fraction of the assumed statistical
distribution of the particular property of the material

Note 1 to entry: A nominal value is used as the characteristic value in some circumstances.

228

characteristic value of an action

principal representative value of an action which, insofar as this characteristic value can be fixed on
statistical bases, is chosen so as to correspond to a prescribed probability of not being exceeded on
the unfavourable side during a "reference period" taking into account the design working life of the
system and the duration of the design situation





