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Foreword

This European Standard was prepared by the Technical Committee CENELEC TC 11, Overhead
electrical lines exceeding AC 1 kV (DC 1,5 kV).

The text of the draft was submitted to the Unique Acceptance Procedure and was approved by
CENELEC as EN 50341-1 on 2001-01-01.

The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2002-05-01

- latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2004-01-01

Annexes designated "normative" are part of the body of the standard.

Annexes designated "informative" are given for information only.

In this standard, annexes E, G, J & K are normative and annexes A, B, C, D, F, H,L, M, N, P, Q & R are
informative.

As far as the overhead lines towers are concerned, the designer may refer to prEN 1993-7-1, currently
referred to as ENV 1993-3-1, as prepared by TC 250 of CEN, if considered appropriate.



-3 EVS-EN 50341-1:2006+A1:2009

Contents
o Xo 11T oY T 12
£ Yoo o1 =Y 14
Definitions, symbols and references...........cccccevviiiiiieiiieieses e 14
21 =T 011 o) o TP PPPPPPPPPUPPP 14
2.2 LiSt Of SYMDOIS ...ttt e et e e e e e e e e eeeaaeeeaanns 26
2.3 REFEIENCES. .....oiiieiieiiieeeeeeeee ettt e ettt eeaaesssaesessessssssssssssnssnnnnnnnnes 32
Basis Of deSigN.. ... 36
3.1 7= T | 36
3.2 Lo [T (=10 0= o - PR 38
3.2.1  BaSIC r@QUIFEMENTS. ... 38
3.2.2 Reliability of overhead liNES ...............ccccuueeeiieeeiieeeee e 38
3.2.3  Security reQUIMEMENES. .............eeeeeeee e 39
3.2.4  Safety requirements during construction and maintenance .............................. 39
3.2.5 Coordination of Strength ...............ooo oo 39
3.2.6 Additional conSiderations..............ouuuuoii e e e e e 40
3.2.7 Design Working life ... 40
3.2.8  DUIaDIltY ......cccoeeeeeeeeeeeeee 40
3.2.9  Quality @SSUIaNCe.............ccoooiiiiiiiiiiiiii 40
3.3 g L ] = 1 (= PP 40
G 2 B B 7= 1= - | 40
3.3.2  Ultimate limit StAteS ........... oo oo 40
3.3.3  Serviceability limit StAtes..............ccooeiiiiiiiiii 41
3.3.4  Limit State desSign .............ooooiiiiiiiii 41
3.4 340 £ U 42
3.4.1  Principal classifications..................coouiiiiiiiiiii 42
3.4.2  Characteristic values Of @CtiONS .............cceueeeeueieeeeeeieeeeee e 43
3.4.3 Combination values of variable actions.................cccceeuuuveeeeeeeieeiiiiiiaeeeeeeeainnn, 43
3.5 Material ProOPErtIES .......oviiiiiiiiiiiiiiiiiiiiee ettt et teeeeeeneeeee 43
3.6 Modelling for structural analysis and resistance............cccccccoiiiiiiiieeeee 44
B2 R B 7= 1= - | 44
3.6.2 Interactions between support foundations and SOil.................cccccevvueeeeieeenennnnn. 44
3.7 Design values and verification method ... 44
R A B C 1= 1= - 44
3.7.2  DesSign vValUues.............ccooooiiiiiiiii 45
3.7.3  Basic design equation...................coooooiiiiiiiiiiii 45
3.7.4  Combination Of @CHONS ............cceeeeeeeeee et e e e e eetttessaeeaaaeeassnas 46
e 1 o o Eo o 4 T 1 o 47
4.1 T (oo 0T34 o o TP 47
4.2 Actions, General approach ... 47
i B =Y = T = o1 A (o To S 47
Ry B 1/ 1 o (o o £ 47
20 TR (o= (o T To S 56
4.2.4 Combined wind and iCe I0AdS ............cccceeeeeeeuuuiiee et 58
4.2.5 Temperature effectS ........ccccooiiiiiiiiiiii 60
4.2.6 Construction and maintenance 10ads..............ccccceeeeeeeeeuuieeeeeeieeiiiiiiae e, 60
4.2.7  SecUrity 10adS........cccoooeeiiii 61
4.2.8 Forces due to Short CirCUit CUIMTENES............ccevvuueeeeeeiieiiee et 62
4.2.9 Other special fOrces ... 62
4.2.10 LoAd CASES......cccoeeeeeeeeeeeeeeeeeeee 62

4.2.11 Partial factors fOr @CHONS ...........c.coueveeeiieeeiiee e 66



EVS-EN 50341-1:2006+A1:2009 _4-

4.3 Actions, Empirical approach ....... ... 67
4.3.1  Permanent I0adS ...............ooi oo 67
G B 1 1 o [ (o = o £ 67
/G TG T (o= (0 - Lo 68
4.3.4 Combined wind and ice loads................cccccovveiiiiiiiiiiiiii 68
4.3.5 Temperature effeCtS .........ccccouvveeeiieiieee 68
4.3.6  Construction and maintenance loads.....................cccccvvviiiiiiiiiiiiiiii 68
4.3.7  SECUILY IOAUS. ... 68
4.3.8 Forces due to Short CirCUit CUMTENES..........cceeeeeeiee e 69
4.3.9  Other SPECIal fOrCES ... 69
G B L oY To o 1= 69
4.3.11 Partial factors fOr @CtiONS ............ooeuueeiie e 70
5. Electrical reqUIremMeNts ... e e s s s e e e nnma e e e 71
5.1 Voltage classification............oooo 71
5.2 L =T o (=S 72
85.2.1  NOIMAI CUITENL ...ttt e e e e aaeeees 72
5.2.2  SROM-CIirCUIt CUITENT ...t a e e 72
53 Insulation CO-OrdiNatioNn ..........oooiiiiii e 73
Lo Ay B € 1T 1= 73

5.3.2  Origin and classification of voltage stresses on overhead lines
and evaluation of the representative overvoltages.............ccccceeeeeeeeeecececeeeaannnn. 73
5.3.3 Determination of the co-ordination withstand voltage ....................................... 74
5.3.4 Determination of the required withstand voltage....................ccccccccc. 76
5.3.5  Electrical clearance distances to avoid flashover ...........cccccoeeeeiveeieeeiiiciaaenannn, 76
54 Internal and external ClearanCeS. ..........coviieiiiiie e 81
Loy B 110 To (7 (o7 1 (o o 81
5.4.2 General considerations and 10ad CaSES ............oouuueeeeeeeiieeiiieieee e, 81
5.4.3 Clearances within the span and at the tower..................cccccceiiiiiii 84

5.4.4 Clearances to ground in areas remote from buildings, roads,

railways and navigable wWaterways...............cccccceiiiiiiiiiii 85
5.4.5 Clearances to buildings, traffic routes, other lines and recreational areas......... 86
55 O] (o] T= T =1 i =T o A 92
Lo B 20 To [ (o g o £ - S 92
LN A0 (o] o) =Y o Lo K= T 93
Lo ¢ B 00T = N (o XS 93
5.6 Electric and magnetic fields.........oovviiiiiiiiiiiiiiiie e 94
5.6.1 Electric and magnetic fields underaline................cccccciviiiiiiiiiiinnin 94
5.6.2 Electric and magnetic field induction .....................cccccoviiiiiiiiiiii 94
5.6.3 Interference with telecommunication CirCUItS ..................cceuuuveeeeeeeeeiiiiiiaeeaannnn, 95
6. Earthing SYSteMS ... e e e e r e e e e e e e rnn e a e e e e e nnnn 95
6.1 PUPDOSE. . . ettt ettt sttt ettt e tentennnnnnnnnes 95
6.2 Dimensioning of earthing systems at power frequency ..........ccccccvvvvviiiiiiiiiiiiiiiiiieenenee. 95
(oA B € 1-T o - 95
6.2.2 Dimensioning with respect to corrosion and mechanical strength..................... 96
6.2.3 Dimensioning with respect to thermal strength..............ccccceeeeeeeeiiiieiineeiieeaannn. 97
6.2.4 Dimensioning with regard to human safety ...........ccccceeevveeeieeeiriiissiiiieiin 97
6.3 Construction of earthing SystemMS..........uvi i 101
6.3.1 Installation of earth €lectrodes.................uuieeeeieiiiieeeeeeeeeeeeeee s 101
6.3.2  Transferred POENtials.................ccceeeeeeeeueieeee ettt 101
6.4 Earthing measures against lightning effects...........cccoceiiiiiiiiii e, 102
6.5 Measurements for and on earthing systems ............coceoiiiiiiici e, 102
6.6 Site inspection and documentation of earthing systems................cccvvieeiii e, 102



_5. EVS-EN 50341-1:2006+A1:2009

7 SUPPOIES eeiiiiieeeiereeeerrrrrerrrrnrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrararrrrrrnsnsssssssssnnsnsnnnnnnnnnnnnnnsnnnnnnnnnnnnennnnnns 102
71 Initial design conSIderations. ... 102
7.2 = (T = PR 102

7.2.1  Steel materials, bolts, nuts and washers, welding consumables..................... 102
7.2.2  COId fOrMEA SEEEI ......ooeeeeeeeeeeeeeeeeeeeeetaaassssssssssssssssnssnsnsnsnnes 103
7.2.3 Requirements for steel grades subject to galvanising...............ccccccccuveeeeencunns 103
7.2.4  HOIAING-AOWN DOIES ... 103
7.2.5 Concrete and reinforcing StEeI...............ccoueeeiiiieiiieeeeeee e 103
7.2.6  TUTIDEI ..ottt ittt sssssssnnnnnnnnnnnnnnnnnnnnnnnnn 103
7.2.7  GUY MALEIIAIS ... 103
7.2.8  ONEI MALEIIAIS. ...........oveeeeeeeeeeeeieeeeeeeeeaattaaaaaasassssssssssssssssssssssssssnsnnnnes 103
7.3 LattiCe StEEI tOWETS. ... .. it 103
400 A R 1= = - 103
7.3.2  BaASIS Of UESIGN ... annasnnnnnnne 104
0 G B - (=Y = 104
7.3.4  Serviceability limit STALES. ..............ooweeiieiiiiiiiiiiieeeeeeeennnane 104
7.3.5  Ultimate limit STQES .........cccoe e 104
80 M S B O 4 T=To1 1 o) o 1 106
7.3.7  Fabrication @and @reCtiON ...............uueeieeeeeeeeeeee e 107
7.3.8 Design assSiSted DY tESHING ...........ouuewmeeieiiieieieeieeeesssasasannnnnnes 107
7.4 SEEEI POIES i 107
F A S B - - - 107
7.4.2  BaASIS Of UESIGN ...t sssssnssnnsnnsnnnne 108
F A G B = (=Y g = U 108
7.4.4  Serviceability limit STALES..............oooewiiiiiiiiiiiiieeee e 108
7.4.5  Ultimate limit STQES ..........ccee oot 108
4 S B O70 Y 4 = To1 1 (o) o 1 U 109
7.4.7  Fabrication @and @reCtiON ...............uueeieeeeeeeeiee et 111
7.4.8 Design asSiSted DY tESHING ...........uuueeeieeeiiieiiieieeassannannnnne 111
7.5 TIMDEr POIES ... 111
45T R C - - - | 111
7.5.2  BaASIS Of UOSIGN .......oeeeeeeeeeeeeeee st ssssssssssnsnnnnnnne 111
F4 ST B 1= (=Y g = U 111
7.5.4  Serviceability limit STALES .............ooeeeeiiiiiiiiiiiiiiiiieieee e 111
7.5.5  Ultimate limit STQES ..........ccceeeeeeeeee ettt e 112
7.5.6  ResiStance Of CONNECLIONS ............uueeeeeeieeeeeeee e eeste e e eeetttssaaeaaaeaeasnaaas 112
7.5.7  Design asSiSted DY tESHING ..........ouuweeeeeeieiieieeeeeeeieassasssasasanannnnes 112
7.6 CONCIELE POIES ... 113
4 R C =T - - | U 113
7.6.2  BaASIS OFf UOSIGN .......coeeeeeeeeeeeee st ssssssnsnnnnnnne 113
TR T ==Y g = 113
7.6.4  Serviceability limit SLALES ............ovuueeeeeieieeeee et 114
7.6.5  Ultimate limit STALES ...........ccoviiiieeiiiee e 114
7.6.6 Design assisted by teStING ............uueeieeeeeeeiiee ettt a e 114
7.7 LYo IS {0 o (0 (= P 115
T.7 T GORNGIAL ...ttt 115
7.7.2  BaSIiS OFf AESIQN ......ccoeveeeeeeeeeeeeee ettt ettt e e e ettt e e e aa e 115
T7.7.3  MAELEIIAIS ...t 115
7.7.4  Serviceability limit StALES..............vuueeeeeeiieeeee et 115
7.7.5  Ultimate lImit SEALES ..........ccooiiiiiiiiiiee e 115
7.7.6  Design detailS fOr QUYS ........cceeeeeeeee ettt eetese e e e e e 116
7.8 Other SITUCTUMES ......eeiieiiiiecee e a e 117



EVS-EN 50341-1:2006+A1:2009 -6-

7.9 Corrosion protection and fiNISNES ............uuuuuuiiiiii s

A B B € 1T 1Y - T PPN

7.9.2  GaAIVANISING ..o a e

7.9.3  Metal SPrayiNg.........coueeeeeeeeeeiiiiiieeeeeeeee et nanannnnnnnne

7.9.4  Paint over galvanising in plant (Duplex SyStem) ............ccccccoviiievivieeeeee e,

7.9.5  DeCOrative fiNiSNES .............ouuueeeeeeeieeiieieeiieeeeeeaaaaeaasaaaaassssssssssssssssssssssnssnnnes

7.9.6 Use of weather-resistant StEEIS...............cccoueeeiiiiiiiieeiieae e

7.9.7  Protection oOf timber POIES...............uuueeeeeeeeeeiiiiieeeiieeeeeeeeeeeeeeeeeessesssssssssnsnssnnnns

7.10  Maintenance facilities.............cce oo

T2 L0 B O 111 oY o RS

7.10.2 MaINt@iN@DIlity.............oooeeeeeeiiiiiiiiiieeeeeeee s anasnnnnnnne

7.10.3  Safety reQUIrEIMENES ...........oooeeiiiiiiiiiiiieeeeeeeessasnassnnne

T AT Loading 1SS ..o

712 Assembly and erection ...

8 Lo U3 ' =1 o T

8.1 1o T T34 o o TSP

8.2 GeNeral rEQUITBMIENTS. ... .uuuiiiiiiiiiiee s

8.3 SOIl INVESHGAION ...t

8.4 Loads acting on the foundations .............ooiiiiiiiiiiiiiiiiiiiieee e

8.5 GEeOoteChNICAl AESIGN ...ttt

Lo B € 1T 1=

8.5.2  Geotechnical design by calculation .....................cccccciiiiiiiiiiiii

8.56.3 Geotechnical design by prescriptive measures .............ccceeeeueeeeeeeeeeeeieann..

8.6 (oY= T[] To R (ST £ PSP PRPPPPPPPPPPPN

8.7 SEUCTUrAl AESIGN ...ttt

8.8 Construction and installation..............oouuiiii i

9 Conductors and overhead earthwires (ground wires) with or without

telecommunication CIrCUILS .........cooviemeiiiiiiirrcc s

9.1 (o T T34 o o TSP

9.2 Aluminium based CONAUCIONS. .........uuiiii i e e e e e e e e eeeeees

9.2.1  Characteristics and dimensions ..............ccccceeeeiiiii

9.2.2 Electrical reQUIremMents .............ccooooiiiiiiii e

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

9.2.4  Mechanical reqQUIreMENtS.............cccoouiiiiiiiiiiiie e

9.2.5  COrroSion ProteCtion ..............ccouuuiiiiiiiii e

9.2.6  TeStreqQUIrEMENLS ...

9.3 Steel based CONAUCTONS ......uuuuiiiiiiiiiiiiii s

9.3.1  Characteristics and dimensions .............cccccceeeiiiiiieii

9.3.2  Electrical reQUIremMeENtS ............cccoueeieiiiiiiie e

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

9.3.4  Mechanical reqQUIreMeNtS..............cccooviiiiiiiiiiee

9.3.5  COrroSion ProteCtion ...

9.3.6  TeStreqQUIrEMENLS .......ccceeeee e

9.4 Copper based CONAUCTOIS.......uuuuiiiiiiiiiiiiiiiiei s
9.5 Conductors (OPCON's) and ground wires (OPGW's) containing optical

fibre elecommunication CIFCUILS .........oiiiiiiiiiiie e e

9.5.1  Characteristics and dimensSionNS ...

9.5.2  Electrical reQUIremMeENtS ............cccoueeiiiiiii e

9.5.3 Conductor service temperature. ..............cccccceeeeeiiieieieeeeee

9.5.4  Mechanical reqQUIrEMENLES..............cccueeeeeeeee ettt e e e

9.5.5  COIrOSION PrOtECLION ..ottt e e et

9.5.6 TS IEQUIFEIMENLS ...ttt e e et ete e e e e e etasaa e



10

11

12

_7- EVS-EN 50341-1:2006+A1:2009

9.6 GENErAl FEQUITEMIENTS. .. . uiiiiiiiiiiiiiiiiie s 129

9.6.1  Avoidance Of damage............ccouue i i 129

9.6.2  Partial factor for CONAUCEOrS..............eeeeeeeeeee e 129
9.7 Test reports and certificates ..........ooiiii i 130
9.8 Selection, delivery and installation of conductors .............cccoooiiiiiiiiiiiiie e 130
INSUlAtors ... ————————— 130
L0 I 1= o= - USSR 130
10.2  Standard electrical reqUIrEMENES ..........ooviiiiiiiiiiiiiiiiiieieeeeeeeee ettt eeeeeeeeeeees 130
10.3  RIV requirements and corona extinction voltage.............cccccovviiiiiiiiiiiiiiiiiiiiiiiiiieeeee, 131
10.4  Pollution performance reqQUIrEMENTS............oiviiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeaee 131
10.5 POWEr arc reqQUIrEMENTS ......iiiiiiieiiiii et e e e e e e e e e e e e e eeeena e e e aeeaees 132
10.6  Audible NOISe reqUIreMENES .......oooiiiii e 132
10.7  Mechanical reqQUIrEMENES .......cooiiiiiiiiii et e e e e e e e e e e eeeees 132
10.8  Durability reQUIrEMENES .......oiiiiiiiiiiiiiiiiiiiiiiee ettt eeeeeeeeees 132

10.8.1 General requirements for durability of inSUIAtOrs ................cccoveeeeeeeiieiecee 132

10.8.2 Protection against vandaliSm ..............ccccccciiiii 132

10.8.3 Protection of ferrous MaterialS.................eeuueeeiieeeeiiiiee e 133

10.8.4 Additional corrosion protection................cccccccoeiiiiiiiiii 133
10.9  Material selection and specification ... 133
10.10 Characteristics and dimensions of iNSUlators ............ccccccvviiiiiiiieeeee 133
1011 Type test reqUIrEMENES......ooiiiiiiiiiiiiiiiiiiii ettt eeeeeeeeees 134

10.11.1 Standard type teStS ........coooeiieeeie 134

10.11.2 Optional type teSES.........ccooeeiiiiii 134
10.12 Sample test reqUIreMENTS........ooiiiiiiiiiiiiiiiiiiiie ettt eeees 134
10.13 Routine test reqUIrEMENTS ........ooiiiiiiiiiiiiiiiiiieee e 135
10.14  Summary of test reqUIreMENES ..........ooiiiiiiiiiiiiiiiiiieeee e 135
10.15 Test reports and certificates .........oovviiiiiiiiiiiiiiiii e 135
10.16 Selection, delivery and installation of insulators.............ccccccviiiiiiiee 135
Line equipment — Overhead line fittings................ccceee, 135
P B € 1= o T= = | PRSPPSO PPPPPPPPPPPPNE 135
11.2  Electrical reqUIreMENES........ooiiiiiiiiiiiiiiiiiiiiiiiie ettt eeeeeees 136

11.2.1 Requirements applicable to all fittings...............cccccc 136

11.2.2 Requirements applicable to current carrying fittings ..............ccccccccc 136
11.3  RIV requirements and corona extinction voltage............ccccccovviiiiiiiiiiiiiiiiiiiiiiieeeeeee 136
11.4  Magnetic CharaCteriStiCs........ouiiiiiiiiiiiiiiiiiii e eeeeees 136
11.5  Short circuit current and power arc requIremMents...........cccccvvvviiiiiiiiiiiiieeeeeeeee 136
11.6  Mechanical reqUIrEMENES ........ooiiiiiiiiiiiiiiiiiiiiiiiie ettt eeeeeeeeenees 137
11.7  Durability reQUIrEMENES ......oooiiiiiiiiiiiiiiiiiiiie ettt eeeeeees 137
11.8  Material selection and specification ... 137
11.9  Characteristics and dimensions of fittings..........cccccciie 137
11.10 Type test reqUIrEMENES......oooiiiiiiiiiiiiiiiiii ettt eeeeeeeeenees 138

11.10.1 Standard type teStS ......ccooeeeeiei 138

11.10.2 Optional type teSES.........ccooviiiii 138
1111 Sample test reqQUIreMENTS........ooiiiiiiiiiiiiiiiiii ettt eeeeeees 138
11.12 Routine test reqUIrEMENTS ........ooiiiiiiiiiiiiiiii ettt eeeeeees 138
11.13 Test reports and certificates .........oooviiiiiiiiiiiiiiii e 138
11.14 Selection, delivery and installation of fittings ............ccccooiiii 138
Quality assurance, checks and taking-OVer..............couiiiiiiiiiiiiiiississs e 139
121 QUALILY @SSUFANCE. .....eiiiiiiiiiiiiiiiiieeeeee ettt ettt ettt et seetesssssessnnennnnnnne 139
12.2  Checks and taKiNg-OVer...........ooiiiiiiiiiiiiiiiiiiiiiiiiee ettt eeeeeeeeeeneeees 139



EVS-EN 50341-1:2006+A1:2009 -8-

Annex A (informative) Strength coordination ............cccoiiiiiiiicii e ——— 141
A1 Recommended design Criteria ... ... ..o e e e 141
A2 Proposed strength coordination .............ooooiiiiiii e 141
Annex B (informative) Extreme wind speeds and ice loads.........c.ccccoiiiiiinmmimnnssnnne s 143
B.1 Definition of symbols used in this @nNeX ..............ooiiiii e 143
B.2 Evaluation of extreme wind speed data ................oooiiii 143
B.3 Definition of extreme iCe 10ad .............oovviiiiiiiiiieeeeeeeeeeeeeeeee e 144
B.4 Statistical ICe PArAMELEIS .......oiiiiiiiiiiiiiiieeeeeeee ettt ee e e eeeeaeaeseesesaseaneannreeees 145
B.4.1 BaSIC ICE I0AU..........oo oo 145
B.4.2  Maximum yearly iCe 10ad Inm..............ccooooiiiiiiiiiiiiiii 145
B.4.3 Maximum ice load over several Years Imay ... ... auueeeeeeeeeaae e 145
B.4.4 Mean value I, of maximum yearly ice loads.................cccccovvvviiiiiiiiiiiiiii 145
B.4.5 Coefficient of variation v, for maximum yearly ice loads..............ccccccoomioviviennieinnnnnns 145
B.5 Extreme ice load evaluation based on various data SOUrces ..............eiveiiiiiiiiiiieiiiciicee e 145
B.5.1 Data sources for statistical evaluation.....................cccccccvviiiiiiiiiii 145
B.5.2 Yearly maxima ice loads during periods of at least 10 years are available................... 146
B.5.3 Maximum ice load Iy is known only for a limited number of years .............cc.....ccc...... 146
B.5.4 Evaluation of annual maximum ice load by means of analyses of meteorogical data... 146
B.6 Combination of wind speeds and iCE 10adS ............ouviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeee e eeeaeeeees 147
B.6.1 Extreme ice load I, combined with a moderate wind speed Vi ........cccooveeiveeiiecineneann. 147
B.6.2 High wind speed V,, combined with a moderate ice Ioad Iy .............cceeveeeeieeeiiiiiaeeeannc. 147
Annex C (informative) Special fOrces .........occmiiiiiiiiiimiii s 148
C.1 Definition of symbols used in thisannex .............cccc 148
C.2 Forces due to short CIrCUIt CUMTENTS ... ... 148
C.3 Avalanches, CreePING SNOW .......coii it e e e e e et e e e e e e e eeean e e e e e eeenennaaaeens 149
C4 EartnQUAKES. . ... e et e e e e e enaa e aaaaaaes 149
Annex D (informative) Statistical data for the Gumbel distribution of extremes ............cccoecciuneees 150
D.1 Definition of symbols used in this @anNNeX ..............ooiiiii e 150
D.2 The GUMDBEl diStHDULION L....uuiiiiiiiiiii e nee 150
D.3 Example of using C1and Co ...oooeeeiiiiieeeee 154
D.4 (0221 (V1 =1 1To) s o] N OFTE=1 2 o 1N 02 S 154
Annex E (normative) Electrical requirements..........cccccceeerrrrirnnnnnnnssssssssssssssssssss s 158
E.1 Definition of symbols used in thisannex ..............ccc 158
E.2 INSUlation CO-OrdINAtION. ... ...t e e e e s 159
E.2.1 Development of theoretical formulae for calculating electrical distances...................... 159
E.2.2 Required withstand voltage of the air Upy...........cccovvveeeeiiiiiiiiiiiii 159
E.2.3 Overvoltages to be taken info @CCOUNL................ccuuueeiiieee e 162
E.2.4 Calculation formulae...............ccccoooeeeoieeeieeeeeee 164
E.2.5 Allitude factor.........ccccooeeeeeeeeeeeeeeeeeeee 164
Annex F (informative) Electrical requirements..........cccooiriiriiiriiiriisinsssssssssssssss s s s s s s s s e ssesseeees 166
F.1 Definition of symbols used in this @nnNeX ..............ooiiii e 166
F.2 Insulation co-ordination. Examples of calculation of De, Dy, and Dsgp;,
for different system VOItAgES...........ooiiiiiiiii e 166
F.2.1 Range I: 90 kV system equipped with insulator strings composed of 6 units ................ 166
F.2.2 Range I: 90 kV system equipped with insulator strings composed of 9 units ............... 168

F.2.3 Range ll: 400 KV SYSIemM .......ccoooiiiiiiii 169



-9- EVS-EN 50341-1:2006+A1:2009

Annex G (normative) Earthing SyStems........cccciiiiiiiimmiinissrr s 172
GA1 Definition of symbols used in this @nNeX ..............eoiiiii e 172
G.2 Minimum dimensions of earth electrode materials ensuring mechanical strength
aNd COIMTOSION MESISTANCE. ... ...ttt ittt ettt ettt e ettt et et e e e et et seeeeseneeeennenes 173
G.3 Current rating CalCUIAtIoN..........ooiiiiii et e e e e e e e e eee e 174
G4 Touch voltage and DoAY CUIMTENT .........uuuiiiiiiii s 177
G.4.1 Equivalence between touch voltage and body CUITent................cccovoeeeeeeeeaiciieeeaae. 177
G.4.2 Calculation taking into account additional resiStances..............ccccceeeeeeeeeesesessseseeeesannn. 179
G.5 Measuring toUCh VOIAGES ........ooo i 180
G.6 Reduction factor related to earthwires of overhead lines...........c..ooociiiiiiiiiiiii 180
(oI B C -T2 =T - T 180
G.6.2 Values of reduction factors of overhead liNes..............cccceueeeiiiiiooiiiiiaae e 181
Annex H (informative) Earthing SyStems..........ccoi i 182
H.1 Definition of symbols used in this @anNNeX ..............eoiiiii e 182
H.2 Basis for the Verification ............ooi e 182
H.2.1 SOl FESISHIVILY . .. ..o et e e e e e e aaaes 182
H.2.2 Resistance to @arth.........ccccooooiiiiiiiiii 183
H.3 Installation of earth electrodes and earthing conductors..............ccccoo 186
H.3.1 Installation of earth electrodes...............ccccooooiiiiiiiiii 186
H.3.2 Installation of earthing conductors ... 186
H.4 Measurements for and on earthing systems............ 187
H.4.1  Measurement of SOIl reSISHIVItIES ................coooeiiiiiiiiiiii 187
H.4.2 Measurement of resistances to earth and impedances to earth.................................. 187
H.4.3 Determination of the earth potential riSe ................ccccoooiiiiiiiii 189
Annex J (normative) Lattice steel towers ... 190
J.1 Definition of symbols used in thisannex ... 190
J.2 Classification of CrosSS SECHONS .........coviiiiiiiiiiiiiiiiiieeeeeeeeeeeee s 191
Y B = L £ 191
J.2.2 ClASSIfICALION ...ttt 191
J.2.3  Effective cross-section properties for compression NUMDBErS............ccccceeeeeeeeerucesenannnn, 191
J.3 SECLON PrOPEILIES. ... «eeiiiiiiiiiiiiiiiiii ettt ettt ettt ettt et ettt e se s st s e tesesseennnnnnnnnes 192
J.3.T GIOSS CrOSS SECHION. ...ttt tssssssssnssssnsssssnnnsnnnnnns 192
J.3.2 N @IEQA...... oottt ntntnntnnnnnnnnnnnnnnns 192
J.4 Check Of Cross SeCtion reSIStANCE ... ...oviiiiiiiiiiiiiiiiiiii et eeeeeneees 193
JoBoT TONSION ... ettt ittt ittt ittt ttnnnnnnnnnnnnnnnnns 193
JoA.2 COMPIESSION ...ttt ssssssssssnsssssssssnnnnnnnnnnes 194
JA4.3  Bending MOMENE ..........oooooeiiiiiiiiiieieeeeeeeeee sttt ssssssssssssnnsnnnnnnes 194
J.4.4  Bending and axial fOrCES ............oouueiimiiiiiiiiiieiieensannnnnnnnnne 194
J.5 Check of the buckling resistance of Members.............ooiiiiiiiiiiiiiiiiiiieeeeeeeees 195
J.5.1  COMPIeSSiON MEIMDEIS ........oooeeeeeieeiieieieieeeeeeettsassasssssssssssssssssnssssnnnes 195
J.5.2  Lateral torsional buckling Of DEAMS.............ooeeeueieiiiiiiiiiiiiieieeeeeeaaaannannnes 196
J.5.3  Bending and axial tENSION...............oeeueeeeieiiiiiiiieieeeeeee it nannnnnnnne 196
J.5.4 Bending and axial COMPIESSION ...............oouuueeeeeeiiiiiiiiiiieiiiiiieeeeeeteeeeeeaeaasasssssssssnnssnnnnns 196
J.6 Buckling length of members ... 196
Y B =T =T - | BRSSPSR 196
J.6.2 Leg members @nd CROIUS ..............oowweeeeeiiiiiiieeieeesssasssniasssnnnnes 196
J.6.3  BraCing PAIEINS .........ooeeeeeeeeeeeeeeeeee sttt nnnnnnnnnenn 197
J.6.4  COMPOUNA IMEMDEIS ...ttt tsssssssssssssssnsssssssnnnnsnnbes 202
J.7 Additional recommendations on bracing patterns..........ccccoooi 204
J.7.1  Horizontal edge members with horizontal plan bracing.................cccccceeeeeeeeeeeieeeeeeennnn. 204
J.7.2  Horizontal edge members without horizontal plan bracing ...................eeeeeeeeeeeeeeennnn. 205
VA I 07 - T4 (o [ G o - Lo [ 1 Yo PN 206

Y N oo = T = 1= 206



EVS-EN 50341-1:2006+A1:2009 -10 -

J.8 Calculation of effective SIENAEINESS A affveeeeeeiiieeeeeeee et
J.9 Selection of buckling cases for angles ...........cooi i

J9.T SiNGIE @NGIE ...

J.9.2 Compound members / Laced MEMBEIS ...............oueeeeeeeeeeeeeeeeerreireeeenasssssssnnnnnns
J.10  Secondary (redundant) MEMDETS .........coiiiiiiiiiiiiie e eea e
J. 11 [2T0] 1Yo [ eTo] a1 0 T=Tex 1 To] o - U
Annex K (normative) Steel Poles ...
K.1 Definition of symbols used in this @annex ............ccccciiii e
K.2 Classification of Cross SECHONS ..........cviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee et eeeeeeeaeeee
K.3 Effective cross-sections properties of class 4 cross-sections...............cc.coevvveeeeieeenniin,
K.4 Resistance of circular cross sections, without opening,

under preponderant bending MomMent ....... ... e
K.5 Resistance of polygonal cross sections, without opening,

under preponderant bending MoOmMeNnt ... e

K.5.1  Class 3 CroSS-SECLIONS...........ccooeeeeeeeeeeeee e

K.5.2  Class 4 CroSS-SECLIONS............ccceeeeeeeeeeee e
K.6 Design of holding-down DOItS ............uuuiiiiii e
Annex L (informative) Design requirements for supports and foundations........................
L1 Structural FeQUIEMENT ... ....eiiiiiiiiieiiieieee ettt eeeeeaeaesseessseessssssssssssssssssnnnnes
L.2 Configuration requirements : types of supports and USES ............ccccvvvvveviieieiiiieeeeeeeenn.
L.3 Phase conductor and earthwire attachment ...,
L4 Foundation StEEIWOIK..........ooo i
L.5 Erection/maintenance facilities .............cccc
L.6 Mass-length restriCtionS ...

Annex M (informative) Typical values of the geotechnical parameters of soils and rocks

M.1 7= o= = PSR
M.2 DefiNitioNS ...
M.3 L0 PSS
Annex N (informative) Conductors and overhead earthwires .............cccevieiiniiinccineennnn,
N.1 Specification of conductors and earthwires ...
N.1.1  Factors influencing the specification of conductors and earthwires...................

N.1.2  Operational factors...........cccooooiiiiiiiii

N.1.3  Maintenance reqQuIremMents ...............cooooiiiiiiiiiiiiii

N.1.4  Environmental parameters...........cccccoooooiioiiiiiiiiiii

N.2 Selection of conductors and €arthWires..............ooovviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeees
N.3 Packing and delivery of conductors and earthwires..............cccccccciiiiiiiiiieceee.
N.4 Precautions during installation of conductors and earthwires .............cccccceiiiiiiininnnn.
Annex P (informative) Tests on overhead line insulators and insulator sets in porcelain
and glass insulating materials............cccoooiiiiiiiiiiiinin,

Annex Q (informative) INSUlators. ....... ..o ——————
Q.1 Specification Of INSUIALOIS........oiiiiiiiiiiiii e eeeeeeeeenibee
Q.1.1 Factors influencing the specification of inSUIALOrS.............cccceeeeiiiieieiiiiiienn

Q.1.2  OperatioNal FACIOIS ...........uuuee e

Q.1.3  Maintenance reqQUIrEIMENLS ..............uuuuuuueeeeeee e

Q.1.4  Environmental Parameters............. ... e

Q.2 Selection Of INSUIALOIS ......oiiiiiiiiiiiii ettt eeeneeeaeeee
Q.3 Packing and delivery of insulators ...

Q4 Precautions during installation of insulators ...............eeiiii i



11 - EVS-EN 50341-1:2006+A1:2009

Annex R (informative) Line equipment — Overhead line fittings ...........ccoovicmmincciisies 233
R.1 Specification and selection of fittiNgS.........cooiiiiiiii 233
R.1.1  Factors influencing specification and S€IeCtion................ccoouccoeeeeeeeeiiiiiciiieeae e 233
R.1.2  Operational faCtors.............cooeeeee e 233
R.1.3  Maintenance reQUIFEMENES ...........oo.uu oot e e eeees 233
R.1.4  Environmental Parameters............o... oo e e 233
R.2 Packing and delivery of fittings ........c...ueiiiiiii e 234

R.3 Precautions during installation of fittingS..........c.ueiiiiii e 234



EVS-EN 50341-1:2006+A1:2009 -12-

Introduction

Detailed structure of the standard
The standard comprises three parts:

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.
Part 2: Index of National Normative Aspects

This index gives the list of all the National Normative Aspects (NNAs) - see signification and contents of
NNAs hereafter under “Part 3: National Normative Aspects”.

The index is available in English, French and German.
Part 3: National Normative Aspects

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

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 3.1.9.

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 3.1.7/ 3.1.9.
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National complements (NCPTs):

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.

Rules for the numbering of NNAs:

The NNAs are numbered as follows :

AT  Austria EN 50341-3-1
BE Belgium EN 50341-3-2
CH Switzerland EN 50341-3-3
DE Germany EN 50341-3-4
DK Denmark EN 50341-3-5
ES Spain EN 50341-3-6
Fl Finland EN 50341-3-7
FR  France EN 50341-3-8
GB Great Britain EN 50341-3-9
GR Greece EN 50341-3-10
IE Ireland EN 50341-3-11
IS Iceland EN 50341-3-12
IT Italy EN 50341-3-13
LU  Luxembourg EN 50341-3-14 (non existant)
NL  Netherlands EN 50341-3-15
NO Norway EN 50341-3-16
PT  Portugal EN 50341-3-17
SE  Sweden EN 50341-3-18
CZ Czech Republic EN 50341-3-19
X XXXX EN 50341-3-xx, etc.
Language:

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

This standard applies to overhead electric lines with rated voltages exceeding 45 kV AC and with rated
frequencies below 100 Hz.

This standard specifies the general requirements that shall be met for the design and construction of new
overhead lines to ensure that the line is suitable for its purpose with regard to safety of persons,
maintenance, operation and environmental considerations.

NOTE 1 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.

NOTE 2 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. All other requirements of the standard
may be applied to overhead lines with insulated conductors. When necessary, requirements for clearances can be
given in the NNAs.

NOTE 3 This part of the standard is applicable for optical Ground Wires (OPGWs) 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 (for example
wraparound,...) 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
necessary, requirements can be given in the NNAs.

This standard does not apply to :
- overhead electric lines inside closed electrical areas as defined in HD 637;
- catenary systems of electrified railways.

2 Definitions, symbols and references

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

In order to achieve a better understanding of the definition of certain terms used in this standard, some
words in the definitions are written in italics. The definitions of these words are also given in this
subclause.

211
action
a) force (load) applied to the (mechanical) system (direct action).

NOTE An action can be permanent, variable or accidental.

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

21.2

accidental action

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

NOTE An accidental action can be expected in many cases to cause severe consequences unless special
measures are taken.





