IEC 60913:2024-04(en)

IEC 60913

Edition 3.0 2024-04

INTERNATIONAL
STANDARD

(5.
N colour
QQ inside

O
&
S

Z

N\

Railway applications — Fixed installations — E\{Qtric traction overhead dontact
lines systems QO



https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

About the IEC

The Interndtional Elecirotechnical Commission (TEC) is the Teading global organization that prepares an
Internationgl Standards for all electrical, electronic and related technologies.

About IEC publications

The techni

| content of IEC publications is kept under constant review by the IEC. Please makersure’that y
latest editiop, a corrigendum or an amendment might have been published.

H publishes

bu have the

IEC publications search - webstore.iec.ch/advsearchform IEC Products & Services Portal\-products.iec.ch

The advancgd search enables to find IEC publications by a Discover our powerful search_éngine and read freely all the
variety of | criteria (reference number, text, technical publications previews, graphical symbols and the glossary.
committee, |..). It also gives information on projects, replaced  With a subscription yodMill always have access fo up to date
and withdrayvn publications. content tailored to your'needs.

IEC Just Published - webstore.iec.ch/justpublished

Electropedia <www.electropedia.org

Stay up to dlate on all new IEC publications. Just Published  The world's(Jeading online dictionary on electrptechnology,

details all new publications released. Available online and once containing_more than 22 500 terminological entrigs in English

a month by ¢mail. and French; with equivalent terms in 25 additiondl languages.
. Also knewn as the International Electrotechnica| Vocabulary

IEC Custonjer Service Centre - webstore.iec.ch/csc (IEV)enline.

If you wish t¢ give us your feedback on this publication or need

further assigtance, please contact the Customer Service

Centre: salgs@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913

Edition 3.0 2024-04

INTERNATIONAL
STANDARD

colour
inside

Railway applications — Fixed installations — Elettric traction overhead dqontact
lines systems

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 45.060.01 ISBN 978-2-8322-8244-1

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-2- IEC 60913:2024 © IEC 2024

CONTENTS

O T T 1 I PP 9
1 RS T oo o 1= Y PP 11
2 NOIMAtiVE FEFEIENCES .. oeieiiei e 11
3 Terms, definitions, symbols and abbreviated terms............. 14
3.1 Terms and definition ... 14
3.1.1 Sy S IMIS e 14
3.1.2 (070 oo 11 o1 (o] = PP 18
3.1.3 RetUIN CirCUIt .. e 19
3.1.4 Etectricat e 20
3.1. Geometrical .....c.ooiuiiiiii e L 21
3.1. SHUCTUIES e O 23
3.1. Foundations.........ooniiii b e 24
3.1. Current collectors ..o e e 24
3.1.9 Current collection ... O 25
3.1.10 TeStiNG v A T e 25
3.1.11 Miscellaneous.........cooviiiiiiii S e 26
3.2 SYMDBOIS ..o e e 26
3.3 Abbreviated termMS ... ... b, 29
4 Fungamental design data ........cooiniiiiiii e A e b 29
4.1 GeNeral. . e b 29
4.2 Line characteriStics . ..o O e b 29
4.3 Electrical power system design ... i . i b 30
4.4 Vehicle characteristiCs ... N e e 30
4.5 Current Collectors ...l e 30
4.6 Environmental conditions ..o 31
4.7 D LYy T T ) (Y o PSPPSRI SUTRRN 31
5  System reqUIrEmMeENts ... b 31
5.1 Design of electrical system .. ..o b 31
5.1. General e b 31
51.2 Temperature rise in CONAUCIOrS .........coiviiiiiiiiiiii e 31
5.1.1 Clearances between live parts of contact lines and earth....................f......... 33

5.1.4 Clearances between adjacent live AC contact lines of differing voltage
P S S b 35
5.2 Design-of-overhead-contactlineforcurrent-collection-systems—rrrrrrrrrrrreemd.......... 36
5.2.1 GBNEIAl e 36
5.2.2 Elasticity and its variation ... 37
5.2.3 Vertical movement of contact point ... 37
5.2.4 Calculated wave propagation VeloCity .........ooeiiiiiiii e 37
5.2.5 Quality of current ColleCtion ..........oiiiiiii 38
5.2.6 Fatigue of contact Wire ... ... 40
5.3 Mechanical design of contact wire [0ads ..........ccooeiiiiiiiiii 40
5.3.1 Permissible tensile stress oy ..o 40
5.3.2 Maximum temperature Kigpmp «.-.oovoovereemeiimieiic 40
5.3.3 AllOWADIE WEAT Kyyy@gr:«++sssrrrrrsrrsmmmmmmmsssiiisissiisisttssssiesseeese et eeaaeeaaeeeees 41
5.3.4 WiNd 10@dS Kypjjpygf «--vveeeerrreeeerrmmmmmmnie e 41

5.3.5 ICE 108AS Kjg@ «vvvrrrnnnreeeeeeiiiiiiiiie e 41


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913:2024 © |IEC 2024 -3-

5.3.6 Efficiency of tensioning devices Kgff.........oooeieiiiiiiiiiiiiiiiiiciiccccc 41
5.3.7 Termination fittings Kgjgmp:-«-«-roeeeemmmim 42
5.3.8 Joints Kjoint ................................................................................................... 42
54 Mechanical design of catenary wire [0ads ............coiiiiiiiiiiii e 42
5.4.1 Permissible tensile loading Fyy........ccoooiriiiiiiiiiii 42
5.4.2 Maximum temperature Kigmp «-«-oooveeeeeeimiii 42
5.4.3 WiNd 10@dS Kypjjpygf «--vveeeerrreeeerrmmmmmmnee et 43
5.4.4 ICE 108AS Kjgg wvvvrrrnnnreeeeeeiiiiiiiie et e 43
5.4.5 Efficiency and accuracy of tensioning device Kgff..........oooeeeeieiiiiiiiieninnn, 44
5.4.6 Termination fittings Kgjgmp:---eoveeeeeee 44
54.0 Additional vertical load Kjggg--------=seeeeeeremmmmmmieeeeeeeeeeeiiiieeeee 0 44
5.5 Mechanical design of other stranded conductors........................ .l b 44
5.6 Mechanical design of solid Wires..........ccoooviiiiiiiiiiiie s D e b 44
5.7 Mechanical design of ropes of non-conducting materials.....\O. .. b 44
5.7. General ... N b 44
5.7.2 Permissible tensile loading Fyy.......ccoooorviin S Nk 44
5.7. Wind 10ads Kyyjng «-eeeeeeeeeeeeermmmmmmmnnnneeeeneeecefens e 45
5.7.4 Ice 10ads Kjgg .wrvrrreeeeeeemerriniiiiiineeeee M 45
5.7.% Termination clamps Kgjgmp --«-«-eeoergadiseeemmse 45
5.7.6 Vertical 10ads Kjggq:«««wrrreerrrrmmmmmnsmd@immmmmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeee b 45
5.7.07 Minimum bending radius Kpgqjylg - ----oooeeeeeeeeessesennnnnnnsnnnnnninssssssf 45
5.8 SUSPENSION SYSTEMS ... AN e 45
5.9 Tensioning device for flexible(overhead contact lines...............coooeviiii e, 46
5.10 | Geometry of overhead equipment ...........coiiiiiiiiiiiieee 46
5.10}1 Lateral deviation oficontact wire ..........cccoooiiiiiniiiiii 46
5.102 L8011 S S PP PTTUUPPTEPPRTUTPR SPPTTPN 47
5.10,.3 Variation in-contact wire height ... b 47
5.10L4 Contact Wir€ height.......cooii e b 48
5.10L5 Tolerances of lateral contact wire position ..., 50
5.10L6 Span length ... 50
5.11 | Contaét line arrangement above turnouts and crossings ..........cccooeevveiven b, 50
5.12 | Qverlap arrangements ..o 51
5.13 LSpesificreguiremen inres-for-troleybus-systems—-.......... 51
5.13.1 LT o= = | P 51
5.13.2 Line charaCteriStiCS........iiuiii e 51
5.13.3 Vehicle characteristiCs . ... 53
5.13.4 Current collector SYSTEM . ... 53
5.13.5 Static CoNtaCt fOrCES ....iiiiiiii 53
5.13.6 Trolleybus in the vicinity of tramways..........c.coiiiiii 53
5.14  Tolerances and lIMitS .........ooouiiiiiii e 54
6  Structures and fouNdations .. ... 55
6.1 Basis Of eSIgN . uuiii i 55
6.1.1 LT o= = | P 55
6.1.2 BasiC reqUIrEmMENtS ... 55
6.1.3 Design with regard to structural limits ..o, 56
6.1.4 Classification of @CtioNS .........oiiiiiiiii 56


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-4 - IEC 60913:2024 © IEC 2024

6.1.5 Reliability 1€VEIS.. ... e 57
6.1.6 Models for structural analysis and resistance.............c.cooviiiiiiiincineen, 57
6.1.7 Design values and verification methods ..o 57
6.1.8 Wall @NCROTIS. .. 59
6.2 Actions on overhead contact INeS ... 59
6.2.1 GBNEIAL ..t 59
6.2.2 Permanent 10ads ..o 60
6.2.3 Variable 10adS. .. ... 60
6.2.4 WINA J0@AS ..o e 60
6.2.5 ICE l0AAS .. e 64
6.2.6 Combined wind and ice 10ads e e 64
6.2. Temperature effects. ... @ W 65
6.2. Construction and maintenance 10ads ...........ccooeivviviiiiincngsd e 65
6.2. Accidental 10ads ........cooviiiii e 65
6.2.10 Special actions ... N 65
6.3 Types of structures and related load cases .........ccoceeeeee e SO e, 66
6.3. Load cases and load combinations ...................o 28 b 66
6.3.2 Type of structures and application of load cases«.. 7. ...coovviiiieinc e, 67
6.3.1 Partial factors for actions ... S 70
6.4 Design of cross-span supports and structures .. .0 i b 71
6.4. Analysis of internal forces and moments..&.....cooooiiiiiiiiiiiii 71
6.4.2 Analysis of resistance ... SO b 71
6.4. Material partial factors.............c.aii b, 72
6.4.4 Verification of resistance .........o.. 0 i 72
6.4.% Verification of serviceability (. ....c.cooviiiiiii 72
6.4.4 Material for Structures....au. oo 72
6.4.7 Corrosion protection and“finishes............oooi i b 73
6.5 FoUuNdations .. ... b 73
6.5. General .o T b 73
6.5.2 Design of foundations .........ooviiiiii e b, 73
6.5.1 Calculation-of actions ..o b 74
6.5.4 Geotechnical design .......cciviuiiiiiii e 74
6.5.% Partial-factors for foundations...........coooiiiiiiiiiii e 77
6.5. Verification of stability ... b 77
6.5. Calculation of displacements ............ccccciiiiiiiiii i b 78
6.5. Materials for foundations ..o ene e 78
6.5.9 Structural details ... 79
6.5.10 Protection against corrosion and weathering............ccocooviiiiiii i 79
6.5.11 Electrical desSign .. . 80
6.5.12 Installation of fouNdationNs ... ..o 80
Assembly and Component requUIremMents .. .. ... 81
7.1 LT a1 = PP 81
7.1.1 DESIgN i@ et 81
7.1.2 Component identification ... 81
7.1.3 COorrosion @and ErOSION .....cuiiiii e 81
7.2 SUPPOrtiNG @SSEMbDIIES .. uuiiii e 81
7.3 1070 01 2= T S P 82
7.4 Other condUCtOrs @nd MOPES .. eiiii i 82

7.5 TeNSIONING AEVICES ..ttt e e et e et e et e e e aenees 82


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913:2024 © |IEC 2024 -5-

7.6 Mechanical MIdPOINTS. ... ..o e 83
7.6.1 LT o= = | P 83
7.6.2 Catenary wire fixed points ... 83
7.6.3 Contact wire fixed POINtS. ..o 83

7.7 [ 0] o 0 Y=Y . 83
7.7.1 Mechanical reqUIr€mMeENntS .. ..o 83
7.7.2 Electrical requirements .. ... 84

7.8 Clamps and line fitlings......co.oii i 84
7.8.1 Mechanical reqUIr€mMeENntS .. ..o 84
7.8.2 Electrical requirements .. ... 84

7.9 Electrical conneciors e ——————————————— s 85

TA0 | INSUIAIOIS e e S 85
7.1011 General reqUIremMENtS ......c.oiviiiiiieee e e b 85
7.10.2 Mechanical requirements..........cccooviiiiiiiiiiiciiieeee S 85
7.10L3 Insulator surface ... SN 86

7.11 | Sectioning deViCesS ....ccoiiviiiiiiiiiiiieieeeeee e O b 86
7111 Definition ... A 86
7.11}2 Mechanical requirements..........coooviiveiiniin . N 86
7.113 Electrical requirements ... S 86

7.12 | Disconnectors and drives ........coooieiiriiieienee o b 86

7.13 | Protection deviCes ... e S e b 87
7.1311 Covers and obstacles ... ..o SO b 87
7.13|2 Surge protection and voltage limiting devices ..........ccooviiiiiiiiiieei e, 87

7.14 | Specific components for trolleybus systems ... 87
7.14{1 General ....coooveeieiiiii 87
7.14]2 TUurnouts and CroSSINGS . rueeiiiiii e eiieee e e e eeeaeeneeneeeeneenennedhneeens 88

7.15 | Automatic earthing and shart-circuiting equipment..............ccoooiii e, 88

7.16 | MONItONNG AeVICES ... T e e e e e e et ee e aheeeaeans 88

8 T eSHING ceiii e T b 89

8.1 Testing of componenhts and assemblies — General .............cooooviiiiiii e, 89

8.2 Support assembHes ... 89
8.2. LI L= =3 PP PP 89
8.2.2 SamPling test. ..o e 98
8.2. ROULINE tEST ... i 100

8.3 L0 0) ok 2= Lo BN Y PSP PP 100

8.4 Other conductors oo 100

8.5 TENSIONING AEVICES ..iuiiiiiieii et e e e e e aeans 100
8.5.1 TeStS FEQUITEA ..o e 100
8.5.2 Type tests for tensioning devices with balance weights................................ 101
8.5.3 Type tests for tensioning device without balance weight ....................c... 102

8.6 Mechanical mMidpoints. .. ... 102

8.7 0] o 0 o 1= S 102
8.7.1 TeStS FEQUITEA ..o e 102
8.7.2 Mechanical fatigue test ..o 102
8.7.3 Mechanical teStS ... i 105

8.8 Clamps, splices and other fittingsS........cooiiiiii i, 105

8.9 EleCtrical CONNECIONS .. .. i e 105
8.9.1 LY o =T = | 105

8.9.2 Mechanical fatigue tests ........oiiiii 106


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-6 - IEC 60913:2024 © IEC 2024

810 INSUIBEOIS e
8.11  SeCHIONING DEVICES ...ttt
8.11.1 T YD S e
8.11.2 Field £t e
8.11.3 SaAMPIING 1ESES et
8.11.4 ROULINE 1SS i e
8.12  Disconnectors and AriVeS .......ieiiei e
8.13 Surge protection and voltage limiting devices...........cccoeiiiiiiiiiiiciie e,
8.14  Specific components for trolleybus systems .........ccccooiiiiiiiiii
8.1 SYS M et e
8.15.1 Demonstration o0f CORfOEMY e ———————————— e+
8.15.2 Acceptance tests ... @ WS
8.15.3 Commissioning teStS.....ciiiiiii i R b
9 Minimum documentation ..o S
9.1 LT a1 - Y U P PRTTUPTUPUN PR
9.2 System specification ...........ccooiiiii O
9.3 BasiC deSign ...ovieiiiiiii e g e e
9.4 Installation design ..o S b
9.5 Installation and maintenance...........coooooiiii o o e
Annex A [informative) Structural details .............ccoooiiiii et b
Annex B [informative) Information on wind load calculation..................c.oooii e
B.1 Peak velocity pressure calculation ...........% b
B.2 Drag factors Cgpr.....oooooeeeeeeiiiiieie s e b
Annex C|(informative) Recommendations for-ultimate limit state (ULS) design..........}.......
C.1 General. ... T e
C.2 Material partial factors for structural calculations .............ccooeeiiin b,
C.3 Design limits for pre-stresses concrete poles ..o b
C4 Partial factors for foundations ...........ccooooiiiiiii b
Annex D [(informative) Geotechnical soil investigation and soil characteristics ..........}.......
Annex E [informative) Overhead contact line for electric vehicles with pantographs on
EleCtrifieql TOAAS ... .. g e dh e
E.1 GeneralQCL properties and road characteristics ..........c.ccoeevieiiiiieneinfns
E.2 Electrical properties of the OCL ..o b,
E.3 Capacity and service life of the OCL system ........ccoooiiiiiiiiii e
E.4 O (@ I o] o] o 11 o £ 1-T- PRSP PR
E.4.1 OCL mechanical properties, horizontal and vertical dimensions...................
E.4.2 Design of begin and end of OCLS ...
E.4.3 Uplift and dynamic properties of the OCL........c.cocoiiiiiiiiiii e
E.5 L0 0 = o A o] o7 == T
E.6 ERS clearance requUir€mMentS. .. ..o
E.6.1 LY o= = |
E.6.2 Contact WIre ClamPs ...
E.6.3 Miscellaneous structure gauges and clearance requirements.......................
E.6.4 Structure gauge width — Lateral clearance requirements..............................
E.6.5 Clearance under bridges or height-limiting structures ...............cc.cooeviiiinni.

Annex F (informative) Information on uniformity of elasticity of OCL within a span
1T 0T 1 o PSP

Annex G (informative) Seismic actions for OCS poles on viaducts ............ocoeeiiiiiiiiininnnns.


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913:2024 © |IEC 2024 -7-

Annex H (normative) Special national conditions............ccooiiiiiiiiiii 130
BB O G AP Y e 133
Figure 1 — Scope of contact [ine SYSteMS ... 11
Figure 2 — Static electrical clearance in air between live parts of an insulator and

Carted EQUIPME Nt o e 35
Figure 3 — Relationship between contact wire heights and pantograph operating

910 =7 11T 1P 49
Figure 4 — Position of return wire in relation to right-of-way............cccooiiii 52
Figure 5 — Wind action on lattice steel structures ... 63
Figure 6 - Definition of drag factors for double channel pole..........c..ccoooiii s 64
Figure 7 - Description of dimensions and minimum conductor lengths .............. A3 b 96
Figure 8 + Potential measuring points..........cocooiviiiiiiii L S 97
Figure 9 - Potential measuring points at a T-type infeed terminal ..........-&0. b, 98
Figure 10 — Example of a tensioning device measurement test ............5W ... b 101
Figure 11 — Examples of a droppertestcycle......ccooiiiiiii i L e 104
Figure 12 — Example of a dropper tension test assembly .........chceiiiiiiiiiiie b 105
Figure 13 — Example of a test cycle for an electrical conneetion..................oooooe b 106
Figure EJ1 — Overlap span (plan view, exemplary design\for anchoring, representation

without eJectrical conNNECtioNS) .......couiiiiiii e A e 122
Figure EJ2 — Defined points along the OCL (side view, idealized)...........cccooivviiiiiici e, 122
Figure EJ3 — Clearance gauge OVEIVIEW ..........e. ™ iuiiiiiiieiieieeee e eae e eeeneeneeneennee b e 124
Figure EJ4 — Clearance gauge detail ...l i b 125
Figure GJ]1 — Simulation method for evaluation for the safety of poles against

(= Lt T [V = | = -SSR SUR 129
Table 1 4 Temperature limits_for material mechanical properties...........ccoocveviviiin e, 32
Table 2 4 Typical electricalClearances..........coooviiiiiiiiii e 34
Table 3 4 Typical clearances between adjacent live AC contact line systems of

differing yoltage phase .. ... 36
Table 4 4 Contactforce lmits .......ooooiiiiii e 39
Table 5 + Fagtor Kigmp for contact wires ... 40
Table 6 4 Factor Kyind for contact Wires...........cccccoceeeiiiiiiiiiiiiiiiiiiiie b, 41
Table 7 — Factor Kjge for contact wires ... 41
Table 8 — Factor Ktemp for stranded conduCtOrs ... ..o 43
Table 9 — Factor Kyyjng for stranded conductors .................... 43
Table 10 — Factor Kjgg for stranded conductors ..., 43
Table 11 — Factor K g4jys for ropes of non-conducting materials ....................................... 45
Table 12 — Recommended maximum contact wire gradients for flexible contact lines............ 47
Table 13 — Important parameters to assist in the definition of tolerances and limits............... 54
Table 14 — Parameters for wind load calculation .............coiiiiiiiiiii e 61
Table 15 — Load cases to be considered for each type of structures ............coccoeiiiiiinn. 69

Table 16 — Partial factors for actions to be considered...........c.ooiuiiiiiiiiii e 71


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-8 - IEC 60913:2024 © IEC 2024

Table 17 — Tightening torques M; for regularly used bolts ..., 90
Table 18 — Examples of bolt cONNECtioNS ..o 91
Table 19 — Assignment of the strength of bolt and nut................ooi 91
Table 20 — Conversion factor for tightening torques ..., 92
Table 21 — Minimum conductor 1engths ... 96
Table A.1 — Recommended dimensions of connections and edge distances of jointing
(o201 4] oo o =Y o} €= 00N 112
Table B.1 — Recommended values for gust response factor Gq ........................................... 113
Table B.2 — Recommended values for terrain factor Gy ..........cccooooooiiiiii, 113
Table B.3 — Recommended values for factor Cgy, for different pole types.................. L. 114
Table C.1 — Recommended values for partial factors y)\, for steel structures .... .\5.7 ... 115
Table C.2 — Recommended values for partial factors y)\, for concrete structures'........|....... 115
Table C.3 — Recommended values for partial factors y)4 for foundationst. )7 ..............f ... 116
Table D.]1 — Geotechnical characteristic parameters of some standard)soils according

to EN 50B41-1:2012, Table M.2 ..o S 118
Table E.{1 — Standard contact wire specifications ....................O 120
Table E.2 — Contact wire vertical position parameters, all ¥alues measured

perpendigular to the idealized top of the road surface ... 5. 121
Table E.3 — Contact wire horizontal position parametens ...........ccoooviiiiiiiiiiin e, 121
Table E.4 — Defined points along the OCL (side ¥i8W)........ccceeviiiiiiiiiiiieieieieeeeee e, 123
Table E.% — Contact forces pantograph — OCL\ ..o, 123
Table E.§ — Clearance gauge overview deseription .........ccooveiiiiiiiiiiiiiiiice e 125
Table E.] — Pantograph clearance definitions ..........c..ccoiiiiiii 126
Table F.1 — Uniformity u of elastiCity oo e, 128

Table H.1 — Typical tolerances of éverhead contact line system.............cocooiiiin s 130



https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913:2024 © |IEC 2024 -9-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -

ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization

comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

is end and
al Reports,
s)”). Their
t dealt with
pns liaising

IEC also participate in this preparation. IEC collaborates closely with the Internatiohal Orgahization for

hizations.

al decisions or agreements of IEC on technical matters express, as nearlysas’possible, an ijternational

consensus of opinion on the relevant subjects since each technical committée has representati
interested IEC National Committees.

n from all

3) IEC Puplications have the form of recommendations for international use and are accepted by IHC National

Committees in that sense. While all reasonable efforts are made to ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for the ‘way in which they are used
misintefpretation by any end user.

ent of IEC
or for any

4) In ordef to promote international uniformity, IEC National Cemmittees undertake to apply IEC Hublications

transpafently to the maximum extent possible in their national and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional“publication shall be clearly indicated i

5) IEC its¢lf does not provide any attestation of conformiity.Independent certification bodies provide
assessinent services and, in some areas, access to, IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification bodies.

6) All userns should ensure that they have the latest'edition of this publication.

Ce between
h the latter.

conformity
ble for any

7) No liabflity shall attach to IEC or its directorsy employees, servants or agents including individual gxperts and

membefs of its technical committees and\|[EC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publi¢ation, use of, or reliance upon, this IEC Publication or any
Publicalions.

damage or
fees) and
other IEC

8) Attentign is drawn to the Normative references cited in this publication. Use of the referenced pulflications is

indispepsable for the correct application of this publication.
9) IEC drgws attention to, the/ possibility that the implementation of this document may involve the

use of (a)

patent($). IEC takes ne.position concerning the evidence, validity or applicability of any claimed patgnt rights in

respect|thereof. As©f-the date of publication of this document, IEC had not received notice of (a) pate

ht(s), which

may be|required to implement this document. However, implementers are cautioned that this may ngt represent

the lategist information, which may be obtained from the patent database available at https://patents,
shall nqt be held responsible for identifying any or all such patent rights.

IEC 6091 — o-tec
for railways. It is an International Standard.

iec.ch. IEC

d systems

This third edition cancels and replaces the second edition published in 2013. This edition

constitutes a technical revision.

The European standard EN 50119 has served as a basis for the elaboration of this document.

This edition includes the following significant technical changes with respect to the
edition:

a) title modified;

b) requirements for urban rail systems are included;

c) requirements for rigid overhead contact line (ROCL) are included;

d) additional definitions for new terms are included (Clause 3);

previous


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-10 - IEC 60913:2024 ©

e) clearances and geometry of overhead contact line are improved (Clause 5);

f) urban

aspects are added, for example wall anchors (Clause 6);

IEC 2024

g) requirements for monitoring devices, automatic earthing and short-circuiting equipment are
included (Clause 7);

h) requirements for overhead contact line for electric vehicles with pantograph on electrified

roads

i) impro

are added (Annex E)
vements on the basis of EN 50119:2020 and the questionnaire 9/2619A/Q

The text of this International Standard is based on the following documents:

Draft Report on voting
9/3031/FDIS 9/3052/RVD

Full information on the voting for its approval can be found in the report on wmotihg indicated in

the above¢ table.

The langliage used for the development of this International Standard is'English.

This dociment was drafted in accordance with ISO/IEC Directives, Part 2, and devgloped in

accordance with ISO/IEC Directives, Part 1 and ISO/IEC Dirgectives, IEC Supplement, [available
IEC are

at Www.ifc.ch/members_experts/refdocs. The main document types developed by

describe

The read
on differi

The coan

stability
specific ¢

in greater detail at www.iec.ch/publications.

ng practices of a less permanent nature(relating to the subject of this docum

ate indicated on the IEC website under webstore.iec.ch in the data relat
ocument. At this date, the doéument will be

e reconffirmed,

br's attention is drawn to the fact that Annex H lists all of the "in-some-country" clauses

ent.

ittee has decided that the contents’of this document will remain unchangedq until the

bd to the

e withdfawn, or
e revised.
IMPORTANT = The "colour inside" logo on the cover page of this document iffdicates

that it c

ontdins colours which are considered to be useful for the correct understanding
of its cTntents. Users should therefore print this document using a colour prinfer.
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

1 Scope

This document specifies the requirements and tests for the design of overhead contact line
systems, requirements for structures and their structural calculations and verifications as well
as the requirements and tests for the design of assemblies and individual parts.

This docyment is applicable to electric traction overhead contact line systems in heavy|railways,
light railways, for trolley bus lines, electric road systems (Annex E) and industrial-rdilways of
public and private operators. This document is applicable to new installations of pverhead
contact line systems and for the complete renewal of existing overhead contact line systems.

This docyiment does not apply to ground level conductor rail systems (see Figure 1).

NOTE Grgund level conductor rail means conductor rails located adjacent to therGnning rail, e.g. the tHird rail or a
conductor fail in the ground.

\Y
3.1.1.3 Overhead contact line system (OCLS) Q w
\

O

$\ G d level condyct

3.1]1.5 Flexible overhead contact line 3.1.1,6(Rigid overhead rounraifssﬁeomn 1
(FOCL) caqitact line (ROCL) (outside IEC 60913 $cope)

=N
L 3.1.1.7 Conductor rail

Figure 1 — Scope of contact line systems

IEC

2 Normative references

The folloyving docuthents are referred to in the text in such a way that some or all of the|r content
constitut}s requirements of this document. For dated references, only the edition cited applies.

For undated( references, the latest edition of the referenced document (inclugling any
amendmentsy applies.

IEC 60099-4, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 60168, Tests on indoor and outdoor post insulators of ceramic material or glass for systems
with nominal voltages greater than 1 000 V

IEC 60273, Characteristics of indoor and outdoor post insulators for systems with nominal
voltages greater than 1 000 V

IEC 60305, Insulators for overhead lines with a nominal voltage above 1 000 V — Ceramic or
glass insulator units for AC systems — Characteristics of insulator units of the cap and pin type

IEC 60383 (all parts), Insulators for overhead lines with nominal voltage above 1 000 V


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-12 - IEC 60913:2024 © IEC 2024

IEC 60433, Insulators for overhead lines with a nominal voltage above 1 000V — Ceramic
insulators for AC systems — Characteristics of insulator units of the long rod type

IEC 60494-1, Railway applications — Rolling stock — Pantographs — Characteristics and tests —
Part 1: Pantographs for main line vehicles

IEC 60494-2, Railway applications — Rolling stock — Pantographs — Characteristics and tests —
Part 2: Pantographs for metros and light rail vehicles

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60660, Insulators — Tests on indoor post insulators of organic material for systems with
nominal yoltages greater than 1 000 V up to but not including 300 kV

IEC 606712-1, Ceramic and glass insulating materials — Part 1: Definitions and ‘classification
IEC 60672-2, Ceramic and glass insulating materials — Part 2: Methods eftest

IEC 606712-3, Ceramic and glass-insulating materials — Part 3: Specifications for |ndividual
materials

IEC 60890, Railway applications — Supply voltages of tractiof systems
IEC 60947-1, Low-voltage switchgear and controlgear:<Part 1: General rules
IEC 61089, Round wire concentric lay overhead:electrical stranded conductors

IEC TS 6/1245, Artificial pollution tests on high-voltage ceramic and glass insulators tg be used
on d.c. systems

IEC 61325, Insulators for overhead(ines with a nominal voltage above 1 000 V — Ceramic or
glass insllator units for d.c. systems — Definitions, test methods and acceptance critdria

IEC 61284:1997, Overhead-lines — Requirements and tests for fittings
IEC 61773, Overhead lines — Testing of foundations for structures
IEC 61992-1, Railway applications — Fixed installations — DC switchgear — Part 1: Geheral

IEC 61992-4/Railway applications — Fixed installations — DC switchgear — Part 4: Outdoor d.c.
disconnectors, Switch-disconnectors and earthing switches

IEC 62128 (all parts), Railway applications — Fixed installations — Electrical safety, earthing and
the return circuit

IEC 62236-2, Railway applications — Electromagnetic compatibility — Part 2: Emission of the
whole railway system to the outside world

IEC 62313, Railway applications — Power supply and rolling stock — Technical criteria for the
coordination between power supply (substation) and rolling stock

IEC 62486:2017, Railway applications — Current collection systems — Technical criteria for the
interaction between pantograph and overhead contact line (to achieve free access)


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

IEC 60913:2024 © |IEC 2024 -13 -

IEC 62497-1:2010, Railway applications — Insulation coordination — Part 1: Basic requirements
— Clearances and creepage distances for all electrical and electronic equipment
IEC 62497-1:2010/AMD1:2013

IEC 62497-2, Railway applications — Insulation coordination — Part 2: Overvoltages and related
protection

IEC 62498-2:2010, Railway applications — Environmental conditions for equipment — Part 2:
Fixed electrical installations

IEC 62505-2, Railway applications — Fixed installations — Particular requirements for AC
switchgear — Part 2: Disconnectors, earthing switches and switches with nominal voltage above
1kV

IEC 62621, Railway applications — Fixed installations — Electric traction — Specialreqyirements
for compegsite insulators used for overhead contact line systems

IEC 62641: 2022, Conductors for overhead lines — Aluminium and aldminium alloy |wires for
concentric lay stranded conductors

IEC 62724, Railway applications — Fixed installations — Electricitraction — Insulating |synthetic
rope ass¢mblies for support of overhead contact lines

IEC 62846:2016, Railway applications — Current collection systems — Requirements for and
validationn of measurements of the dynamic interaction between pantograph and pverhead
contact line

IEC 62848 (all parts), Railway applications — DC surge arresters and voltage limiting pevices

IEC 62917, Railway applications — Fixedyinstallations — Electric traction — Copper arld copper
alloy gropved contact wires

IEC 63190, Railway applications-= Fixed installations — Electric traction — Copper arld copper
alloy catgnary wires for overhead contact line systems

IEC 63248: 2022, Conductors for overhead lines — Coated or cladded metallic| wire for
concentric lay stranded.conductors

IEC 63438, Railway applications — Fixed installations — Protection principles for AG and DC
electric traction'power supply systems1

IEC 63453, Railway applications — Current collection systems — Validation of simulation of the
dynamic interaction between pantograph and overhead contact line2

ISO 630 (all parts), Structural steels

ISO 898-1:2013, Mechanical properties of fasteners made of carbon steel and alloy steel —
Part 1: Bolts, screws and studs with specified property classes — Coarse thread and fine pitch
thread

1 Under preparation. Stage at the time of publication: IEC/AFDIS 63438:2023.
2 Under preparation. Stage at the time of publication: IEC/CCDV 63453:2023.
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ISO 898-2:2012, Mechanical properties of fasteners made of carbon steel and alloy steel —
Part 2: Nuts with specified property classes — Coarse thread and fine pitch thread

ISO 1461:2022, Hot dip galvanized coatings on fabricated iron and steel articles —
Specifications and test methods

ISO 2394, General principles on reliability for structures
ISO 2859 (all parts), Sampling procedures for inspection by attributes

ISO 4354, Wind actions on structures

ISO 10741 (all parts), Steel structures

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

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definition

For the purposes of this document, the following terms and definitions apply.

ISO and |IEC maintain terminology databases for,.usée in standardization at the |following
addresséds:

e |EC Hlectropedia: available at https://www,.el€ctropedia.org/
e |SO Online browsing platform: available.at https://www.iso.org/obp

3.1.1 Systems

3.1.1.1
contact line system
support system and contact.line supplying electric energy to vehicles through current-¢ollecting
equipment

Note 1 to eptry: The mechanical system can comprise
— the conjact line,
— structures and«feundations,

— supports and-any components supporting or registering the conductors,

- head spans and Cross=spans.

— along-track feeders, negative feeders, reinforcing feeders, and other lines like earth wires and return conductors,
including boosters, as far as they are supported from contact line system structures,

— cross-track feeders,
— overvoltage protection devices,

— conductors connected permanently to the contact line for supply of other electrical equipment such as lights,
signal operation, point control and point heating, and

— any other equipment necessary for operating the contact line.

Note 2 to entry: The electrical limits of the contact line system are the feeding point and the contact point to the
current collector.

[SOURCE: IEC 60050-811:2017, 811-33-59, modified — Note 1 to entry has been modified and
Note 2 to entry has been added.]
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3.1.1.2

contact line

conductor system for supplying traction units with electrical energy via current-collecting
equipment

Note 1 to entry: This includes all current-collecting conductors and conducting rails or bars, including the following:
— electrical connectors

— sectioning devices;

— tensioning devices;

— supports that are not insulated from the conductors;

— insulators connected to live parts;

— contactaires:

— catenary wires;
— auxiliary catenary wires;
— stitch wjres;

— droppets.

Note 2 to eptry: Included are all components that affect the dynamic interaction.

[SOURCIE: IEC 60050-811:2017, 811-33-01, modified — "Electric.;énergy to vehicles|through"
has been replaced with "traction units with electrical energy viaZxIn the Note 1 to entfy "cross-
track feeders; disconnectors; section insulators; overvoltage protection devices" have been
removed|and "electrical connectors, sectioning devices{ tensioning devices, contdct wires,
catenary|wires" have been added. The end of the Note_1\4o entry has been removed. [The Note
2 to entry has been added.]

3.1.1.3
overhead contact line system
contact line system using an overhead contact line to supply current for use by tractiqn units

3.1.1.4
overhead contact line
OCL
contact lipe placed above or heside the upper limit of the vehicle gauge, supplying tracfion units
with elecjrical energy through,roof-mounted current collection equipment

Note 1 to eptry: The overhead contact line can be of a flexible or rigid configuration.

[SOURCE: IEC 60050-811:2017, 811-33-02, modified — "Catenary" has been removed as
synonym|and replaced with the abbeviated term OCLS. In the definition, "electric" has been
replaced |with™electrical". The Note 1 to entry has been added.]

3.1.1.5
flexible overhead contact line

FOCL

overhead contact line using flexible tensioned conductors

Note 1 to entry: The flexible overhead contact line can be an overhead contact line with catenary suspension
(IEC 60050-811:2017, 811-33-05) or a single tramway equipment (IEC 60050-811:2017, 811-33-03).

3.1.1.6

rigid overhead contact line

ROCL

overhead contact line using almost rigid not tensioned profiles

Note 1 to entry: In this document, rigid overhead contact line is used to define conductor rail (3.1.1.7) mounted in
an overhead position.
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3.1.1.7

conductor rail

rigid metallic conductor mounted on insulators intended to interface with a vehicle mounted
current collector

Note 1 to entry: The conductor rail can be of composite construction.

[SOURCE: IEC 60050-811:2017, 811-34-01, modified — Note 1 to entry has been removed.]

3.1.1.8

inclined overhead contact line
<system> overhead contact line in which one or more contact wires are suspended from the
catenary wire by inclined droppers so the catenary wire and contact wire are not in a vertical
plane in absence of a wind load

[SOURCE: IEC 60050-811:2017, 811-33-13, modified — In the term, the word ["catenary” has
been replaced with "overhead contact line" and the synonyms have been remaoved. The specific
use has peen added. The words "that the contact wire or wires follow_arpath corressponding
approximfately to the centre line of the track™ have been replaced with.'the catenary|wire and
contact wire are not in a vertical plane in absence of a wind load.]

3.1.1.9
supporting assembly
assembly of components attached to the main support structure that supports and regjsters the
overhead contact line

3.1.1.10
kinematic reference profile
line spec|fic to each gauge, representing the cross-section shape and used as a common basis
to work olut the sizing rules of the infrastructure and of the rolling stock

3.1.1.11
static reference profile
kinemati¢ reference profile without the dynamic uplift of the suspension and the¢ vertical
oscillatiops of the vehicles during operation

Note 1 to eptry: See EN 15273-1and EN 15273-3.

3.1.1.12
vertical $uperelevation
margin aglded to.the reference profile to take into consideration the interconnection of two track
gradient py vertical curves of radius

Note 1 to e Ttry—See EN-+5273-3-

3.1.1.13
tensioning device
device to maintain the tension of conductors within the system design parameters

[SOURCE: IEC 60050-811:2017, 811-33-45, modified — The preferred term "tensioner" has
been removed.]

3.1.1.14

urban rail system

light rail (for example tramway, subways or suburban trains) and trolleybus system, operating
in urban areas, excluding heavy rail systems
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sectioning device
device used to divide the contact line into different sections or circuits

Note 1 to entry: Sectioning devices includes section insulators and neutral sections.

3.1.1.16
section i

nsulator

sectioning point formed by insulators inserted in a continuous run of a contact line, with skids

or similar

devices to maintain continuous electrical contact with the current collector

[SOURCE: IEC 60050-811:2017, 811-36-15]

3.1.1.17
neutral §
section ¢
electrical

[SOURC
better un

3.1.1.18

disconnéctor

ection
f a contact line provided with a sectioning point at each end to prevent sy

Eierstanding.]

ccessive

sections differing in voltage, phase or frequency from being connected together by
the passage of current collectors

: IEC 60050-811:2017, 811-36-16, modified — The word, {from" has been added for

switching device which provides, in the open position, a visible isolating distance in acpordance
with spedified requirements

Note 1 to eptry: A disconnector can be a load or non-load breaking device.

Note 2 to eptry: Switch-disconnectors and earthing switches are forms of disconnectors.

[SOURCE: IEC 60050-441:1984, 441-14-05, modified — Words "a mechanical" have been
removed] "visible" has been added. Thehote 1 to entry has been modified. The notes P to entry
has been added.]

3.1.1.19

span length

horizontgl distance between the attachment points of the conductor on two consecutive
supports

[SOURCE: IEC 60050-466:1990, 466-03-02]

3.1.1.20

midpoin

point in a tension length of the overhead contact line where the conductors are fixed in position
to control the along track movement

3.1.1.21

system height
vertical distance between the main catenary wire and the contact wire measured at a support

point

[SOURCE: IEC 60050-811:2017, 811-33-52]
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3.1.2 Conductors

3.1.21

along-track feeder

overhead conductor mounted on the same structure as the overhead contact line to supply
successive feeding points

Note 1 to entry: Along-track feeder is a generic term for all feeders mounted to OCL structures.

[SOURCE: IEC 60050-811:2017, 811-36-24, modified — Note 1 to entry has been added.]

3.1.2.2

catenary wire

messenier wire

longitudinal conductor supporting the contact wire or wires either directly or indirectly

Note 1 to eptry: The term "messenger wire" is used in some countries instead of "catenary wire'.

[SOURCE: IEC 60050-811:2017, 811-33-06, modified — "Cable" has~been replaced by
"conducter". — The Note 1 to entry has been added.]

3.1.2.3
contact wire
electric donductor of an overhead contact line with which thé current collector makep contact
and is chiracterized by two clamping grooves

[SOURCIE: IEC 60050-811:2017, 811-33-15, modified~ The second term "trolley wire" has been
deleted @nd the words "and is characterized by two clamping grooves" have been added.]

3.1.2.4
reinforcing feeder
overhead conductor mounted adjacent.fo the overhead contact line, and directly conpected to
it at freqyent intervals

Note 1 to eptry: The reinforcing feedervincreases the effective cross-sectional area of the overhead corjtact line.

[SOURCE: IEC 60050-811:2017, 811-33-60]

3.1.2.5
line feeder
overhead conductor mounted parallel to, or in parallel with, the contact line either {o supply
successiye feeding points or to increase the useful cross-sectional area

Note 1to e 1h-y~ Lino-feederis-Rot-connected Hirn/\”y to-the-OCL - H-can-be-a parallal fnaﬂing lne-from-thd substation

or a bypass line to transfer energy over locations where OCL of a single-track line or of a station has to be switched
off regularly to supply electric trains behind this location.

[SOURCE: IEC 60050-811:2017, 811-36-09, modified — Note 1 to entry has been added.]

3.1.2.6

negative feeder

overhead conductor mounted parallel to the contact line which has opposite (180° different)
phase voltage to the contact line phase used in autotransformer system
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short length of conductor(s) not under mechanical tension, making an electrical connection
between two or more conductors or other electrical equipment

[SOURCE: IEC 60050-466:1990, 466-10-26, modified — "Conductor" has been replaced by
"conductor(s)", "separate sections of an overhead line" has been replaced with "or more

conducto

rs or other electrical equipment".]

3.1.3 Return circuit

3.1.3.1
extende

return circuit

part of th
vehicles

Note 1 to e

Note 2 to e
— running
— return g
— return g
— return g

— booster

3.1.3.2

return ci
subset o
operation

Note 1toe
circuit.

[SOURC

e traction power supply circuit which leads the current back from the loads
br other equipment, to the source

htry: If contact is made between a live part and the return circuit, the circuit breaker should

htry: The conductors can be
rails,

onductor rails,

onductors,

ables, or

transformer return conductor.

cuit
the extended return circuit where the direct contact is permissible du
al and fault conditions

htry: The earthed phase of a three-phase AC traction power supply system can be considered

E: I[EC 60050-811:2017,.844-35-01, modified - Definition and Note 1 to entry

been completely changed.]

3.1.3.3
track ret

urn system

system in which the running rails of the track form a part of the return circuit for th

current
[SOURC

3.1.3.4

E: IEC.60050-811:2017, 811-35-02]

such as

=

ip.

ing both

as areturn

have

b traction

return conductor
conductor paralleling the track return system and connected to the running rails at periodic

intervals

[SOURCE: IEC 60050-811:2017, 811-35-13]

3.1.3.5

return conductor rail

conducto

r rail used instead of the running rails for the traction return currents

[SOURCE: IEC 60050-811:2017, 811-34-10]
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booster transformer return conductor
set of return conductors insulated from earth and necessary for the functionality of a booster
transformer system

3.1.3.7

return cable
conductor connecting the running rails or other parts of the return circuit to the substation

[SOURCE: IEC 60050-811:2017, 811-35-04, modified — "return current rail" has been replaced
with "other parts of the return circuit".]

3.1.3.8

traction
sum of t
vehicles

Note 1 to €
heating, au

3.1.4

3.1.4.1

nominal
<of an el
the elect

Note 1 to €
tolerances

[SOURC

3.1.4.2

return current

ntry: The traction return current can also include load fed from the traction(systems, for exg
iliary supplies.

Flectrical

voltage
ectrical installation> value of the voltage by which+the electrical installation
ical installation is designated and identified

ntry: The voltage of the contact line may differ fram the nominal voltage by a quantity withi
piven in IEC 60850.

feeding $ection

electrical
supplied

[SOURC
have beeg

section of the route fed,by individual track feeder circuit breakers within
by the substation

F: IEC 60050-811:2017, 811-36-25, modified — The words "one or more sul
n replaced with™"the substation".]

3.1.4.3

equipote

tid) bonding for operational reasons other than safety

ne currents returning to the supply source, the substation or regenérativg¢ braking

mple point

pr part of

h permitted

F: I[EC 60050-826:2022, 826-11-01modified — Note 1 to entry has been added.]

the area

stations"

functionFI-equipotential-bonding

[SOURCE: IEC 60050-195:2021, 195-01-16, modified — The word "operational" has been
added, and the word "electrical" deleted.]

3.1.4.4

short-circuit
accidental or intentional conductive path between two or more conductive parts forcing the
electric potential differences between these conductive parts to be equal to or close to zero

[SOURCE: IEC 60050-151:2001, 151-12-04]

3.1.4.5

rated current-carrying capacity
permanent maximum value of electric current which can be carried continuously by the
overhead contact line within the system operating parameters
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feeding point
point at which the feeding system is connected to the contact line

[SOURCE: IEC 60050-811:2017, 811-36-26]

3.1.4.7
electrica

| clearance

<of a contact line> minimum distance in air permitted between fixed structures and parts
energized at contact line voltage

Note 1 to entry: The distance in air is used to provide functional insulation or basic insulation.

[SOURC
been rep

3.1.4.8
electrific
contour W
for static

[SOURC

3.1.4.9
pantogra
contour b
pantogra
and for p

[SOURC

3.1.5
3.1.5.1

tension length

length of
[SOURC

3.1.5.2
gradient
<of the d

F: [EC 60050-811:2017, 811-09-05, modified — In the specific use, "a contaet
aced with "an electrical installation".]

ation clearance gauge

electrical clearances, and from which all other fixed object§ must be kept clg

E: IEC 60050-811:2017, 811-09-04]

ph clearance gauge

eyond which must be placed any fixed strugture above vehicle roof level, to
bh in use to pass safely, making allowancg, for lateral displacement of the p3g
Bssing electrical clearances

E: IEC 60050-811:2017, 811-09-08]

Geometrical

overhead contact-line between two terminating points

E: IEC 60050-811:2017, 811-33-61]

vérhead contact line> ratio of the difference in height of the overhead co

line" has

hich contains the various live parts of an overhead contact ling;yallowance bejing made

ar

bllow any
ntograph

htact line

above to
at two su

3.1.5.3

froil (op o A Hefa faor rwarb-aad niaat lia vatara—for teall o b S
PpoT  Tam (U Toau- SuTTatCTOUT OV eTTTC AU CUTIIAC T IMTC— Sy STCTTIT TUT trUTTTy OO S~ Ay

ccessive supports to the length of the span

contact wire height
distance from the top of the rail level or road surface for trolleybus to the lower face of the
contact wire

Note 1 to e

ntry: The contact wire height is measured perpendicular to the track or road surface.

[SOURCE: IEC 60050-811:2017, 811-33-62]

ications)
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3.1.54

minimum contact wire height

minimum possible contact wire height in the span in order to avoid flashover or contact between
one or more contact wires and the vehicles in all conditions

[SOURCE: IEC 60050-811:2017, 811-33-64, modified — The definition has been completely
modified in order to provide greater clarity about functional aspects.]

3.1.5.5

minimum design contact wire height

theoretical contact wire height including tolerances, designed to ensure that the minimum
contact wire height is always respected

3.1.5.6
nominal jcontact wire height
nominal yalue of the contact wire height above rail (or road surface for overhead coptact line
system fgr trolleybus applications) at a support in the normal conditions

Note 1 to gntry: The nominal contact wire height is used preferentially when there is{no constraint on fhe contact
wire height| and is the height to which it returns after being adjusted to accommodate a constraint (e.g. lejel crossing
or overbridge, etc).

Note 2 to eptry: For normal conditions, refer to 6.2.7.

[SOURCE: IEC 60050-811:2017, 811-33-63, modified — The words "above rail level" have been
replaced|with "above rail (or road surface for overhead contact line system for frolleybus
applicatigns)". Notes 1 and 2 to entry have been added:]

3.1.5.7
maximurm contact wire height
maximumn possible contact wire height abe¥é rail (or road surface for overhead coptact line
system fgr trolleybus applications) which.the pantograph is required to reach, in all cgnditions

[SOURCIE: IEC 60050-811:2017, .8414-33-65, modified — The definition has been completely
modified [in order to provide greater clarity about functional aspects.]

3.1.5.8
maximum designh contact-wire height
theoretic@l contact wire.height taking account of tolerances, movements, etc., degigned to
ensure the maximum_eontact wire height is not exceeded

3.1.5.9

contact wire uplift

vertical UWM&MAA&&MMM&WMMM ntograph
3.1.5.10

stagger

lateral displacement of the contact wire to opposite sides of the track centre at successive
supports

Note 1 to entry: Stagger avoids localized wear of the pantograph contact strips.

[SOURCE: IEC 60050-811:2017, 811-33-21]
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3.1.5.11
dewirement
movement of the contact wire laterally beyond the ends of the pantograph head

Note 1 to entry: There are different causes of dewirement, including vandalism and wind-blown objects on the
overhead equipment. Moreover, dewirement is not the only cause of pantograph head and overhead contact line
incidents. Other phenomena can lead to incidents, without exceeding dewirement limits.

Note 2 to entry: Under worst conditions, contact inside the limits of dewirement can occur without damages with
catastrophic consequences. In these cases, the contact point can be located outside the working range of pantograph
head with arcing and current interruption without causing dewirement.

3.1.5.12
point of incipient dewirement
point on thepantograpttreadwhere,dueto up:ift force—and pantograph—stape—=a—dewirement

is inevitaple if the contact wire reaches this point

Note 1 to gntry: The point of dewirement is determined by the point where the gradient of the pfofile ¢xceeds for
example 44° in CEN/CENELEC countries. Until this point and with this gradient, experience indicates that|the contact
wire is ablg to return successfully into the working zone.

3.1.6 Structures

3.1.6.1
drag factor
aerodynEmic drag factor

force coefficient
factor usled to consider the shape of an object exposéed to wind, the wind pressure being
multiplied by this factor to determine the wind action

3.1.6.2
partial fgctor
factor to |multiply characteristic loads to caleulate design loads on the load side (load partial
factor) of the equation for verifying adequate strength of components, or to djvide the
characteyistic strength on the material side (material partial factor)

Note 1 to eptry: The partial factors should replace the safety factors applied in design approaches used before.

Note 2 to ¢ntry: The partial factor\for an action is a factor, taking into account the possibility of ¢infavorable
deviations from the characteristic'value of actions, inaccurate modeling and uncertainties in the assessment of the
effects of actions.

Note 3 to ¢ntry: The partial factor for a material property is a factor covering unfavorable deviatior]s from the
characteristic value of\fmaterial properties, inaccuracies in applied conversion factors and uncertairfties in the
geometric propertiesiand the resistance model.

3.1.6.3
lattice sfructure
structure formed from a regular arrangement of connected joints and has a solidity ratio of 0,6
or less

Note 1 to entry: The solidity ratio is the ratio of total area of all individual members to envelope area.

3.1.6.4
superstructure
upward extension of an existing structure above ground level

Note 1 to entry: The term "superstructure" is applied to various kinds of physical structures, such as OCL poles,
retaining walls and bridges.

3.1.6.5

midpoint anchor structure

structure at the midpoint of tension length of the overhead contact line fulfilling the function of
a midpoint anchor
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3.1.7 Foundations

3.1.71

gravity foundation
form of spread foundation formed by rectangular, square, or sometimes circular concrete "pads"
that support localized single-point loads such as overhead contact line structures

Note 1 to e

3.1.7.2

ntry: Gravity foundations are usually shallow foundations installed by excavation and backfil

pile foundation

long slen

der foundation installed without excavation

Note 1 to {
hammering

Note 2 to e
subjected t

[SOURC
added.]

3.1.7.3

side bea
foundatiqg
contact li

Note 1toe
applied by

3.1.8

3.1.8.1
current ¢

htry: The foundation is flexible enough to show both rotation and deformations in thee|pile el
b horizontal loading or overturning moments.

ring foundation
n normally consisting of a single block of concrete,into which the pole of an
he system structure or anchor bolts are embedded

he overhead contact line system.

Current collectors

ollector

equipment fitted to a vehicle and inténded to collect current from a contact wire or g

rail
[SOURC
3.1.8.2
pantogra

apparatu
designed

[SOURC

E: IEC 60050-811:2047, 811-32-01]

ph
5 for collecting current from one or more contact wires, formed of a hingg
to allow-vertical movement of the pantograph head

EJEC 60050-811:2017, 811-32-02]

ling.

ntry: The cross-section can be circular or non-circular and It I1s installed by boring, wbréting and/or

ement itself

F: I[EC 60050-466:1990, 466-09-16, modified — Notes 1 and (2o entry have been

pverhead

htry: The surface area of the foundation provides the'resistive force to counteract the overtujn moments

onductor

d device

3.1.8.3

pantograph gauge
reference profile with its associated rules allowing verification that the pantograph head in a
raised position remains within the allotted space

[SOURCE: EN 15273-1:2017, 3.23.1]
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3.1.9 Current collection

3.1.9.1

static contact force

vertical force exerted upward by the collector head on the overhead contact line system at
standstill

[SOURCE: IEC 62486:2017, 3.19, modified — “pantograph head” has been replaced with
“collector head”. “, caused by the pantograph-raising device, whilst the pantograph is raised
and the vehicle is stationary” has been replaced with “system at standstill”.]

3.1.9.2
contact loss
condition|where the contact force is zero

Note 1 to entry: Contact loss surely induces arcing except in the case of coasting. However, if tyo or more
pantographs are connected electrically each other, arc can disappear and then the condition withshift to current loss.

[SOURCE: IEC 62486:2017, 3.22, modified — In Note 1 to entry, "will immediately" was|replaced
by "can".

3.1.9.3
current loss
condition|where current flowing through a pantograph is zere'under the condition of coptact loss

Note 1 to gntry: When a train is equipped with two or more pahtegraphs electrically connected by a|bus cable,
necessary fraction power can be supplied by other pantographs/through the bus cable in case of cgntact loss.
Therefore, furrent loss condition will generally not affect driving of the train.

[SOURCE: IEC 62486:2017, 3.23]

3.1.9.4
arcing
flow of clrrent through an air gap between a contact strip and a contact wire or ip case of
contact fprce close to zero, usually~indicated by the emission of intense light

[SOURCIE: IEC 62486:201753:1, modified — “or in case of contact force close to zero| added.]

3.1.10 [resting

3.1.10.1
sampling test
test on a|sample

[SOURCE: IEC 60050-151:2001, 151-16-20]

3.1.10.2
type test
conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-151:2001, 151-16-16]

3.1.10.3
routine test
conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-151:2001, 151-16-17]
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3.1.11 Miscellaneous

3.1.11.1
regulation

document providing binding legislative rules, which is adopted by an authority

[SOURCE: IEC 60050-901:2013, 901-02-10]

3.2 Symbols

local orography coefficient/altitude
projected area of an insulator

characteristic value of accidental actions
effective area of the elements of a lattice structure
projected area of a structure

length of conductor between specimen and centre of potentialpoint; a =
amplitude

length of specimen
length of comparison conductor between centres of-potential points; a, =

length of potential points; » < 2d
compression amplitude for dropper test
drag factor of a conductor

force coefficient

drag factor for insulators

drag factor for lattice structures
drag factor of a structure

diameter of conductor
lateral deviation, of contact wire position by vertical uplift at tracks with ca

tolerance of‘installation of lateral deviation of contact wire
tolerance-of installation of vertical deviation of contact

tolerance of measurement, measuring errors refer to horizontal position ¢
wire

154

30d + a

f contact

dtens

ECq

ECq

FBmin

T ol e £ n n H s H 1 1 £ 1 (| n
IACTar Ucviallulh UT LUTTaLl WITT PJUSTUHUTT ToSUTU UTTH LTalTyc Ul PUITC UTTICUL

additional load due to wind speed for serviceability in nominal contact wi

on under
re height

dsypp lateral deviation of contact wire position issued on movement of cantilever for

change wire temperature

lateral deviation of contact wire position issued on reduced tension force of wires

considering efficiency and tolerances of tension equipment, friction in cantilevers
and resetting forces (cantilever drag) due to movement of cantilever for change wire

temperature
elasticity of the overhead contact line
total design value of actions

static electrical clearance between live parts and earth
dynamic electrical clearance between live parts and earth

minimum breaking load of stranded conductors and ropes
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max

-

nom

perm.op.

design value of an action

characteristic value of an action

internal force for dropper test

maximum or failure force for test specimens

nominal force

permissible operating force

permissible tensile loading of stranded conductors and ropes

structural response factor for conductors

ice
K.

icewind

Kjoint

Kload
K

radius
KRP
K,

wear

K,

wind

structural resonance factor for insulator sets
characteristic value of permanent actions
structural resonance factor for lattice structures
gust response factor

structural resonance factor for a structure

terrain factor

specific characteristic ice loads

factor for termination fitting

factor to the efficiency and accuracy of the'tensioning device
ice load factor

ice and wind load factor

load factor for the effects of joints

factor for vertical loads acting on the catenary wire
minimum bending radius factor

kinematic reference profile height

allowable wear-factor
wind load:factor
constant factors used to determine permissible tensile stress

minimum length between specimen and clamping piece and between speg

per Table 20

minimum length of comparison conductor as per Table 20
lengths of two adjacent spans
design bending moments

safety factor for calculating the permissible loading in wires

number of catenary wires

number of contact wires

catenary wire tension, characteristic
contact wire tension, characteristic

externally applied heat

imens as

conductor tensile forces depending on the temperatures and climate related loads
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Ok characteristic ice load

Ok characteristic value of variable actions

Opk characteristic value of construction and maintenance loads
Ow wind load

Owc wind load on conductors

Owt wind load on lattice structures

Owstr wind load on structures

Owins wind load on insulators

qp(z) peak velocity pressure

R4yy» Razp design bending resistances

Ry characteristic value of the foundation ultimate resistance
Ry 0,2 mij 0.2 % yield point

SRP static reference profile height

u degree of non-uniformity/variation in elasticity
Un nominal voltage

Uni rated impulse voltage

Vs wave propagation velocity of the contact wire
VR reference wind velocity

Vw wind speed

Xy design value of a material property

Xk characteristic value of a.material property

a heat transmission coefficient

angle of incidence of the critical wind direction

YA partial factor foryaccidental loads

e partial factor. for conductor tensile forces

7cG partial-factor for permanent conductor tensile forces
YoV partial factor for variable conductor tensile forces
YE partial factor for actions

7G partial factor for permanent actions

7 partial factor for ice loads

Y partial factor for a material property

7P partial factor for construction and maintenance loads
W partial factor for wind loads

Hiot coefficient of friction for bolt connections

P density of air

P unit weight force of ice

Ormin minimum failing tensile stress of the contact wire

Ow maximum permissible working tensile stress of a contact wire
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sum of working tensile loads of contact wire(s)
sum of linear masses of the contact wire(s)

total of all tolerance of the overhead contact line (IEC 62486)

vertical superelevation

3.3 Abbreviated terms

AC
AACSR
ACSR
ADD
DC
EMC
EMI
ETA
FOCL
OCL
OCLS
ov
RAMS
RMS
ROCL
RTS

alternating current
aluminium alloy conductor steel reinforced
aluminium conductor steel reinforced

automatic dropping device

direct current

electromagnetic compatibility
electromagnetic interference
European technical assessment
flexible overhead contact line
overhead contact line

overhead contact line system
overvoltage

reliability, availability, maintainability and safety
root mean square

rigid overhead contact line

rated tensile strength

4 Fundamental design data

4.1 Gdneral

The fund

installations, like substations to the vehicle, but also from vehicles back to substa

auxiliary
features
out in ClI
correspo
and the t

The req

consumers using regenerative braking. In order to fulfil this function, the
bf the contact\line system shall be designed in accordance with the requirer
lause 4. la particular, the integration of the overhead contact line design
nding features of other interconnected systems, for example the power supp
raction system, shall ensure compatibility with the interconnected systems.

tion of an overhead\ contact line system is not only to transmit energy flom fixed

ions and
principal
nents set
with the
y system

irements faor overhead contact lines shall alsag annlv to noles that are o
Py g

ected in

connection with the overhead contact line system and used for line feeders.

The current collection system is a combination of overhead contact line and pantograph
equipment, and the quality of the current collection system depends on the characteristics of
both. Both sets of equipment shall be designed to appropriately fulfil their tasks. The design
shall take cognisance of the compatibility between each other.

The data

listed in 4.2 to 4.7 are normally specified by the purchaser.

4.2 Line characteristics

The train service characteristics and operational requirements to be considered in the design
shall include:

— the speed and performance capability of the train or traction units powered from the contact

line,
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— the future performance capability to be anticipated and allowed for in the design, including
any allowances for over speeding and increasing of mechanical and electrical load,

— the type and frequency of electrically hauled trains,

— the line speed for all tracks,

— the track gradient profile and location of the route, including turnouts and transitions,
— the type of turnouts, and

— the track gauge.

4.3 Electrical power system design

The overhead contact line system design shall be compatible with the electrical characteristics

of the powersuppty systenrdesigm, inmciodinmgthe fottowmmg————————————————— ]

— voltage range and frequency range and their limit values, in accordance withMEIC 60850,
corresponding to the nominal system voltage;

— mean|useful voltage at the pantograph for the zone and train in accordance with IEC 62313;
— short{circuit current details, in accordance with IEC 62313;

— short|circuit duration, in accordance with the protection design documented in acfordance
with IEC 63438; where the protection system employs backup‘protection, for exgmple, as
the method of protection reliability, the protection operatingAime shall be that of thie backup
protegtion;

— requined current rating and the corresponding parameters (continuous, fault and shprt circuit
condifion);

— requined impedance limit values (AC) or resistance limit values (DC), for reasong such as
respecting voltage limitations and profile sat¥pantographs, ensuring correct [electrical
prote¢tion system performance, and respecting the effective touch voltage limit jalues to
comply with safety limits;

— proposed feeding system;
— proposed return system,;

— earthing and stray current pretection in accordance with IEC 62128-1 and IEC 62128-2;
— requilements to mitigate EMI| and facilitate EMC in accordance with IEC 62236-2;
— whenjrelevant, requirements for overvoltage protection, in accordance with IEC 62497-2;
— insulgtion coordination’ in accordance with the IEC 62497 series.

For urban rail systéms, the short-circuit current details are not required.

4.4 Vehicle characteristics

The OVer IUad U\Jllta\.lt :;IIU OyOtUIII dUO;BII Oha” PIUV;dU U:UOIGII\JUO fUI a:: Vch;\.’:c types to be

used on the line. In particular, the following shall be determined:

a) static and kinematic reference profile as well as any national or international requirements
for structural clearances;

b) number of pantographs in service, their spacing, and whether they are electrically linked or
independent.

4.5 Current collectors

The characteristics of the current collectors to be used on the line shall be determined. These
characteristics include:

a) current collector head width, length and profile as defined in IEC 60494-1 and IEC 60494-2;
b) number of contact strips, the type of material and the spacing;

c) static contact force of current collector, depending on its working height;
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d) details of the lateral movement of the current collector head;

e) maximum load current of the collector head when the vehicle is at standstill;
f) mean contact force at maximum line speed;

g) working width of the current collector head;

h) working range and housed height;

i) controlled height positions for current collectors with height limiting device;
j) mathematical model of dynamic characteristics;

k) inclination of current collector head;

[) number, position on the train and separation of current collectors that may be used
simultaneously;

m) ADD,|whether fitted, and its type (damaged carbons or overheight, or both).

For intergperable lines, the characteristics set out in IEC 62486 shall be used.

4.6 Environmental conditions

The overhead contact line system shall be designed according to the envirpnmental
charactelistics selected from the conditions and classes set out in{EC 62498-2.

4.7 De¢sign life

The purchaser may state the required design life of the system. Consumable compontnts such
as conta¢t wire are not included in the design life of the system. Specific requiremenis for the
design life of these components may also be specified by the purchaser.

5 System requirements

5.1 De€sign of electrical system
5.1.1 General

The overhead contact line system shall be designed based on the characteristics defied in 4.2
and 4.3. [The design shalltake into account the return circuit system, feeder connecjions and
short-cirquit.

Overhead contact lines should normally be electrically separated into sections and subfsections
by use oflinsulators, sectioning devices, insulated overlaps, neutral sections, etc. This|provides
operatior]al flexibility for maintenance, emergency repair, planned directional operation, railway
tunnel salfety and neutral section.

The electrical characteristics and ratings relating to insulation coordination for the overhead
contact line system, its products, assemblies, components, and its interfaces with other systems
should be determined in accordance with the requirements set out in IEC 62497-1:2010,
8.4.1.3. In accordance with 5.1, 5.1.3 provides clearance dimensions for values of impulse
voltages (Uy;) of 95 kV and above.

Functional-equipotential-bonding shall be provided across mechanical bearings within the
overhead contact line system where the efficiency of mechanical bearings would otherwise be
adversely affected by the flow of load current or fault current.

5.1.2 Temperature rise in conductors

The overhead contact line system, including return circuit and feeder connections, shall be
designed based on the electrical load defined by the system design under environmental
operating conditions for the relevant classes defined in IEC 62498-2.
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The overhead contact line shall be designed for the full temperature range taking in account
the specified minimum environmental temperature and the maximum temperature rise in the
conductors. For this temperature range, the proper work of tensioning devices and hinged
cantilever is required. Furthermore, the minimum electrical clearances and all functional
requirements have to be respected in any case.

The maximum temperature rise in the conductors, due to load or short-circuit currents, should
not lead to conductor temperatures above the values given in Table 1. See also 7.3 and 7.4.

The temperature rise affects the mechanical and dimensional allowances to be made for the
maximum expansion of the conductor system, and geometrical allowances for electrical
clearance and contact wire height.

The design shall accommodate the maximum load current of the current collector‘when the
vehicle i at standstill.

The temperatures above which the mechanical properties might be impaired are|given in
Table 1 fpr material compositions of tensile stressed conductors used in_contact line $ystems.

Table 1 — Temperature limits for material mechanical’properties

Temperature
°C
Material
Upto1s Up to 30 min Permlanent
short-circuit (e.g. pantograph (e.g. gaaerating

current standstill) 2 condition)
Normal af d high strength copper with high 170 120 do
conductiv|ty
Silver cogper alloy 200 150 1P0
Tin copper alloys (0,1 to 0,4) 200 150 1p0
Magnesium copper alloys (0,1 to 0,7) 200 150 1p0
Aluminium alloys 130 - g0
ACSR/AACSR 160 - g0

a8 These| values are applicable for exceptional operational cases and should not happen too often in|the same
positign.

NOTE 1 Hor novel\products it can be necessary to reduce the limits until sufficient operational experiende has been
gained.

For temperatures higher than those in Table 1, the possible reduction in conductor strength
according to the duration of the raised temperature should be checked and, if necessary, the
dimensions of the conductor shall be increased and/or the working load shall be reduced.

NOTE 2 There have been long satisfactory experiences in Japan that the highest permanent temperature of pure
copper, aluminium and ACSR wires for catenary wires and feeder wires is 100 °C.

When calculating the temperature rise in a conductor, the following contributions should be
considered:
— heating caused by the current and its duration;

— heating caused by the environmental conditions, for example ambient temperature and solar
radiation;

— radiant heat emitted from the conductor;

— heat lost from the conductor by convection depending on the wind speed and direction.

NOTE 3 A wind speed of 1 m/s is often used for this calculation as per IEC 62498-2:2010, category SW 2.
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The values of the environmental parameters (ambient temperature, wind speed and
temperature rise caused by solar gain) shall be given in the purchaser specification.

The temperature of the contact wire at the interface with the contact strips shall not exceed the
appropriate value given in Table 1. Nominally, the "up to 30 min" value should be used for when
assessing pantographs at standstill; however, in some cases, it may be appropriate to use the
"permanent" value.

For longer than 30 min pantograph standstill and also for pantograph standstill repeatedly at
the same place, the temperature limits for permanent operational conditions shall be used.

The rated current-carrying capacity of the overhead contact line based on the permanent rated
current-c i i i rstribotion nductors
calculated and provided by the power supply system design for the adjustmpnt in the
h relays.

protectio

51.3 Clearances between live parts of contact lines and earth

The air cfearances between the live parts of the overhead contact line)system or pgntograph
head and earthed parts of the fixed installations, and those of vehi¢les, shall be defined to
achieve fcceptable availability of service and to limit damage“to“these assets. The safety
clearancgs identified in IEC 62128-1 shall apply for protective prevision against direct contact.

NOTE Fof the purpose of 5.1.3, "earth" in the context of DC includes\equipment connected to the trag¢tion return
system as ell as parts in contact with earth.

For technical and economic reasons, typical air clearances between earth and the live parts of
the overHead contact line system are stated in Table 2. These values are based on ogerational
experien¢e and have provided a proven acceptable level of performance and reliability.

The cleafance values given in Table 2 may be reduced or increased depending on various
parametdrs, for example highest permanent voltage, transient voltage conditions, swit¢hing and
thundersform conditions, overvoltage-protection, absolute humidity, the ambient temperature
range, aif pressure, pollution, relative air density, measures to avoid short circuits with birds,
shape ampd material for both energised and earthed structures (refer to IEC 62498-2 and
IEC 62497-1). Each case, however, shall be considered individually.

In areas| where overyoltage can occur very often due to lightning or where redquced air
clearances occur, surge arrestors, supplementary insulation or other means may b¢ used in
accordance with IEC 62497-1, if the electrical clearances to earthed structures| are not
sufficient

The folloying/provides an example of reduced clearances by the application of surge errresters:

— for overhead contact line systems with nominal voltage U, = 25 kV (overvoltage category
OV4, impulse voltage U,; =200kV from IEC 62497-1:2010 and I|EC 62497-1:2010/
AMD1:2013, Table A.2) according to Table 2, the static clearance is given as ECg = 270 mm
and dynamic clearance as ECy = 150 mm;

— in the same case, the prospective overvoltage at a bridge or structure can be reduced by
fitment of a surge arrester with a lower impulse value than the Uy; 200 kV rating for OV4.

Fitment of a surge arrester with a U, 5 rating of < 90 kV allows the effective clearance to

be aligned with that applicable to 15 kV systems, namely a static clearance of 150 mm and
a dynamic clearance of 100 mm (OV4 impulse voltage Uy; = 125 kV).

The clearance values given in Table 2 should also be applied for clearances between adjacent
live parts of contact line systems for different electrical sections of the same voltage and phase.
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Table 2 — Typical electrical clearances

The valug for the static case is a value to be applied to the electrification clearance g4

minimum
value for

pantograph clearance gauge or the live parts of anjoverhead contact line during
pantographs or the designed wind speed flow.

Different

determingtions taking in account duration. Fer example, it is improbable that an ov

surge wil
this "dyn

clearancg, is justified. A usual train stop at a railway line, for example in a statior]
considered as a temporary case dué.to the limited duration. It is almost improbable th

stops wi
clearanc
case, the
also.

Electrica
The mea

clearances, thésapproach set out in IEC 62128-1 shall apply.

Typical clearances
Nominal voltage mm
Static (EC,) Dynamic (EC,)

DC 600 V (720 V) 2 100 50

DC 750 V (900 V) 100 50

DC 1,5 kV (1,8 kV) 100 50

DC 3,0 kV (3,6 kV) 150 50

AC 15 kV (17,25 kV) 150 100

AC 20 kV (24 kV) 250 150

AC 25 kV (27,5 kV) 270 150

AC 25 kV (30 kV) 300 150
Values in brackets are the highest permanent voltages in accordance to IEG, 60850.
a8  Only for existing systems.

air clearance between the live parts of an overhead contact line to fixed obj

EC 2024

uge as a
Bcts. The

the dynamic case is a value to be applied to)a’temporary case, for exagmple the

clearances for "static" and "dynamic" cases are justifiable by prd

uplift by

babilistic
ervoltage

occur at the same moment when\a“pantograph passes a narrow part of a tunnel. For
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live eqyipment

o)

value of static clearance (EC) given in Table 2

b 10 mm

Figure 2 — Static electrical clearance inair’between live parts
of an insulator and earthed equipment

For sectipn insulators, it is allowed to reduce the @tatic values of typical clearance in Table 2
for dynanpic performance of the pantograph and dverhead contact line system, where necessary
and whele the intended operation and maintenance regime is compatible. The redug¢ed static
values for section insulators shall not be less’than the dynamic clearances in Table 2

Higher minimum values for section_ insulators may be specified by national rples and
regulations.

rail systems, static\values for section insulators shall not be less than

for 750 V, and
for 1,5 k\s

The primpry function of section insulators is to provide operational sectioning of the pverhead
contact [ine/system. To meet this functionality, the required electrical performance
charactefistic,is to maintain integrity during switching and shall provide a minimpm rated
impulse itchi i electrical

performance characteristics of section insulators for other functions can be subject to
compliance with national rules and regulations.

5.1.4 Clearances between adjacent live AC contact lines of differing voltage phases

For an overhead contact line system, there may be a phase difference between different parts
of the system, resulting in a phase-to-phase voltage higher than the nominal voltage. For 15 kV
and 25 kV autotransformer systems, there is a phase difference of 180° between all live parts
connected to the line feeder and all live parts connected to the overhead contact line.

For single phase AC systems, the phase difference between 90° and 180° at neutral section
locations results in a similar effect.

Table 3 provides recommendations for the air clearance which should be achieved between live
parts of an AC contact line system of differing phases.
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Table 3 — Typical clearances between adjacent live AC contact line systems

of differing voltage phase

Hi Recommended minimum clearance
Nominal voltage Phase difference ighest permanent RMS
voltage between phases Static (EC,) Dynamic (EC,)
kV degrees kV mm mm
15 (17,25) 120 26 260 175
15 (17,25) 180 30 300 200
20 (24) 90 28,2 300 200
20 (24) 120 34,6 300 200
25 (3%5) +26 4373 466 280
25 (47,5) 180 50 540 3po
25 (B0) 90 35,3 500 350
25 (B0) 120 43,3 500 350
Values in|brackets are highest permanent voltage in accordance with IEC 60850.

When a gantograph passes the overlap of a phase separation se¢tion, a phase to phas voltage
acts betWween both contact lines for a short period. Therefore; the clearances between both
contact Ilnes shall be selected in accordance with the dynamic clearances set out in Table 3.

These cl

5.2 Design of overhead contact line for current collection systems

5.2.1 General

arances shall be maintained at all times.

The design of both the overhead contactlline system and used pantographs shall jtake into
account fhe required line speed.

The perfoprmance of the overhead\contact line, when interacting with a pantograph] shall be
assesse( in static and dynamic conditions. For new types of OCL or new types of panfographs,
dynamic [behaviour shall be ‘prédicted in the design phase by computer simulations. These
simulatiohs shall later on\be verified on the installed overhead contact line system with
measurements. For existing OCL and pantograph designs which have already been used in
operatior], at least measurements shall be performed to confirm design and installation quality.
For overhead contaet lines with line speeds of up to 100 km/h, computer simulafions and
measurements at.line speed need not to be performed.

The assessment of the overhead contact line shall take into account trains with multiple
pantographs, and the performance of each pantograph both separately and with the
pantographs used collectively shall be assessed.

Technical criteria for the interaction between pantograph and overhead contact line to achieve
free access to rail infrastructure are given in IEC 62486:2017, Clause 7.
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5.2.2 Elasticity and its variation

The overhead contact line should be designed in such a way that there is a small variation, u,
of the elasticity, e. The elasticity e, expressed in millimetres by Newton (mm/N), is the uplift
divided by the force measured at the contact wire. In every span, there is a maximum and a
minimum elasticity. The elasticity values are static values. These values describe the
variation u:

u = “max —Cmin_, 400 [%)] 1)

€max 1 €min

NOTE 1 1|he value u is also named "degree of non-uniformity".

NOTE 2 Uow values of elasticity do not always give a small variation.

The elasficity and its variation depend upon the configuration of the overhead contac{ line. For
the overtead contact system, the following main factors shall be taken-into account:

— for FQCL: number, mass and tension of contact and catenary wires, system height, use of
stitch|wires, type, number and position of droppers;

— for ROCL: mass, profile and type of their fixation;

— for bgth: span length, type of support (e.g. cantilever type) and registration;

Elasticityland variation may be specified by the purchaser.

The elasficity should normally be calculated and:measured with a value of force equal to either
the mean contact force at maximum speed or_double the static contact force. Informatjon about
reasonablle values is given in the informativé& Annex F.

5.2.3 Vertical movement of contact point

The contact point is the point of thesmechanical contact between a collector head's contact strip
and a contact wire.

The overhead contact line'shall be designed in such a way that the vertical height of thE contact
point abgve the trackwis-as uniform as possible along the span length; this is essgntial for
high-quality current-cellection.

The maximum-permissible difference between the highest and the lowest dynamic contact point
height wijthin\-one span shall be in accordance with the limit set out in the gurchaser
specificafion-

This shall be verified by measurements or simulations. The verification shall include the
maximum line speed allowed by the overhead contact line, considering the mean contact force.

This does not need to be verified for overlap spans or for spans over turnouts and crossings.

5.2.4 Calculated wave propagation velocity

Waves caused by pantograph forces on the tensioned contact wire(s) have a propagation
velocity. The flexible overhead contact line can be designed to limit the maximum operational
speed to less than 70 % of the wave propagation velocity, V', of the contact wire.
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5.2.5.1

Overhead contact lines and pantographs shall be designed and installedt{o ensure a

current ¢

The life dycle of the contact strips and contact wires essentiallycdépends on the folloy
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— spee( of the train, the number of pantographs’in operation and the distances betwsg

— envirgnmental conditions;

— geom
— elasti

— conta
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he wave propagation velocity of the contact wire, expressed in m/s;

he sum of the working tensile loads of contact wire(s), expressed in N;

he sum of the linear mass of the contact wire(s) exnressed in ka/m
7 g )

(2)

Quality of current collection

General

bllection performance at all operating speeds and whilst at standstill.

nt flow across the interface between contact strips’and contact wire;
ct areas and the number of contact strips;

etry of the contact line;
City and their uniformity;
ct wire tensile load;

Contact forces

ceptable

ng:

en them;

head contact line system shall be designed to withstand the maximum p
rces between the pantograph and the overhead contact line. The aerodyna
cur atthe maximum permissible speed of the vehicle shall be taken into accg

rmissible
ic effects
unt.

head contact line QyQtpm shall he dingnpd to minimize contact loss bhet

een the

ph and the overhead contact line.

NOTE 1 Contact loss can occur during testing and operation caused by the statistical behaviour of the interaction
and external factors, for example track quality, vehicle suspension, etc.

In the case of using multiple pantographs connected by bus line, it is allowed to have the short-
term contact loss. Assessment of conformity shall be decided between purchaser and supplier.

Contact force values vary with different combinations of pantographs and overhead contact line
systems. The simulated or measured instantaneous values of contact forces are usually below
the value of the mean force (F,,) plus three standard deviations (3¢). Higher values may occur

at particular locations; however, they shall not exceed the maximum contact force limit value
given in Table 4.

NOTE 2 F,_ + 3 orepresents 99,73 % of values for a normal distribution of force.
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Where force values are not a normal distribution, i.e. ROCL, then at least 99,73 % of the
resulting values shall be within the range defined in Table 4.

The minimum contact force values in Table 4 are limits that shall be applied in the statistical
analysis of both simulations in accordance with IEC 63453 and testing in accordance with
IEC 62846. The evaluation of the results shall be undertaken using a representative section of
the overhead contact line, including overlap.

During simulations and testing, it may be accepted that instantaneous contact loss occurs, but
this contact loss should be random. See 5.2.5.3 for details of measurement of contact loss.

Where contact forces are used to define the current collection quality, the mean value and
standard [deviatiomoftontact force strattbethemmaimassessment Triteria Whemnmassegssing the
dynamic |behaviour and current collection quality, the limits for mean contact force‘|(F,,) and

maximun) standard deviation (o,,,4) that shall be applied are defined in IEC 62486.

Table 4 — Contact force limits

Contact force limits
$ystem Speed
Maximum Minimum (statistical)
km/h N N
AC <200 300° >0
AC 200 < V' = 320 350 >0
AC > 320 400 >0
DC <200 3002 >0
DC > 200 400 >0

a8 350 Nlfor short single rigid components, such_'as section insulators, or transition between FOCL gnd ROCL
systems in overhead contact line systems up~to 200 km/h.

For urban rail systems, the static)contact force is recommended to be at least 60 N[ If lower
values are used, it should betdemonstrated, that the dynamic behaviour of current collection is
acceptable and the temperature limits for the contact wire according to Table 1 are [followed.
For trolleybus systems, the-static force values are specified in 5.13.5.

Additiongl requirements for contact forces for interoperable lines are given in IEC 62486.

5.2.5.3 Contact loss

A high qualifyefcurrentcollestionisachievedthroughcontinuousmeshanicalcontact between
the contact wire and contact strip. Contact loss leads to arcs that may cause many negative
effects such as shortening of the lives of contact strips or contact wires by increasing wear,
faults due to melting of components and inadmissible acoustic and electrical noises.

Where contact loss is used to define the current collection quality, the frequency and duration
of arcing shall be the criteria for the current collection quality. Where these criteria are used,
parameters and conditions of tests shall be selected in accordance with IEC 62846. This is
applicable in case of using multiple pantographs connected by bus line also.

Additional requirements for interoperable lines are given in IEC 62486.
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5.2.6 Fatigue of contact wire

When pantograph slides on contact wire, bending stress grows in the wire. As train speed
becomes higher and more pantographs passing by, bending stress would be larger, and life of
the wire by fatigue in special cases can become shorter than the life of wear. In flexible
overhead contact line design, consideration can be given to the bending stress of contact wire.

NOTE Test procedures are described in IEC 62846:2016, Annex B.
5.3 Mechanical design of contact wire loads

5.3.1 Permissible tensile stress g,

parametdrs defined in 5.3.2 to 5.3.8. All of these parameters shall be weighted withran‘individual
factor. T :

product ¢f these factors and a safety factor » not greater than 0,65 to get"the maximum
permissibble working tensile stress.

The valugs in Table 5 may be interpolated.

The maximum permissible working tensile stress to be applied t6, unworn contact wirg shall be
determined using Formula (3):

K

0 w

w=‘7minx”thempr

wear * ind X Kice X Keff * Kclamp X Kjoint [N/m2] (3)

Formula [3) gives the minimum requirementsswhich can be increased by national regdlations.

5.3.2  Maximum temperature Ko,

The tensjle strength and creep behaviour of contact wires depend on the maximun} working
temperathre. The factor Kiemp €Xpresses the relationship between the permissible tengile stress

and the maximum working temperature of a contact wire and shall be selected from the values
given in Table 5.

Table 5 - Factor Ky, for contact wires

Ktemp
Coptact.wire material
For max. temperature < 80 °C For max. temperature § 100 °C
Cu 1,0 0,8
Cu-Ag 0,1 1,0 1,0
Cu-Sn (0,1 to 0,4) 1,0 1,0
Cu-Mg (0,1 to 0,7) 1,0 1,0

For new products, it should be considered to use lower values until sufficient operational
experiences has been gained.

For maximum working temperatures above 100 °C, the reduction of conductor strength over the
lifetime of the wire shall be determined by type tests. The factor K, shall be adjusted

according to the residual strength of the wire shown in Table 5.
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In addition to the requirements of the permitted tensile stress, consideration should also be
given to the properties of the contact wire material with respect to resistance to creep. To
achieve this resistance to creep, a lower permissible tensile stress and/or working temperature
should be adopted.

5.3.3 Allowable wear K,

Provision shall be made for allowable wear by applying a factor appropriate to the permissible
wear.

Kyear=1-x (4)

where
x is thé permissible wear expressed as a proportion of the total cross-sectienal arega.

5.3.4  Wind loads K,q

The effe¢t of wind load on maximum contact wire tensile strength,'depends on the flesign of
overhead contact lines. The factor K,;,4 depends on the wind load\and the type of the pverhead

contact line and provision shall made as set out in Table 6.

Table 6 — Factor K,,;,,4 for contact wires

Type of overhead contact-line K ind
Contact apd catenary wire automatically tensioned 1,00
Contact wire automatically tensioned and catenary.wire fixed termination 0,95
Single coptact wire automatically tensioned 0,95
Contact ahd catenary wire fixed termination 0,80

5.3.5 ce loads K.,

The effe¢t of ice loads (om maximum contact wire tensile strength depends on the flesign of
overhead contact lingsx The factor K., depends on the ice loads and the type of the pverhead

contact llne and provision shall be made as set out in Table 7. In some tropical zone and
temperatg zone-areas where ice does not appear on wires, K., may be 1,0 in any copdition of

Table 7.

Table 7 - Factor K;.. for contact wires

ice

Type of overhead contact line K; .

Contact and catenary wire automatically tensioned 0,95
Contact wire automatically tensioned and catenary wire fixed termination 0,95
Single contact wire automatically tensioned 0,95
Contact and catenary wire fixed termination 0,88

5.3.6 Efficiency of tensioning devices K

The efficiency and accuracy of tensioning devices is considered by the factor K. When the
tensioning device is installed in accordance with the supplier’s instructions, K shall be equal
to the efficiency specified and proven by the supplier.
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Where fixed terminations are used, K shall be equal to 1,0.

5.3.7  Termination fittings K¢jamp

The effect of termination fittings is considered by the factor K5, which shall be equal to 1,00

if the clamping force is equal to or greater than 95 % of the contact wire tensile strength.
Otherwise, K¢jamp shall be equal to the ratio of the clamping force to the tensile strength.

5.3.8  Joints Kjqin¢

The effect of joints is considered by the factor Kjg;;This shall be equal to 1,00 if no joints are
adopted prithe—valres—oftensHe ergth—and-the—percentage—elonrgation—afte agture at a
joint areg are in accordance with the specified values of the wire material. Otherw|se, Ky

shall be ¢qual to the ratio of the tensile strength of joints to the higher calculatedyrated tensile
strength pf contact wire. The minimum tensile strength of the joint shall be in-aecordgance with
IEC 62917.

5.4 Mgchanical design of catenary wire loads

5.4.1 Permissible tensile loading F,,

The max|mum permissible working tensile load of catenary, wire depends on the pgrameters
defined ip 5.4.2 to 5.4.7. All of these parameters shall be _weighted with an individual factor.
The minimum breaking load Fg,;, of the catenary wire“shall be multiplied by the product of

these fagtors and a factor n not greater than 0,65¢t0rget the maximum permissiblg working
tensile lopd.

The maximum permissible working tensile load*shall be determined using Formula (5}):

Fw = FBmin xn X Ktemp x Kwind x Kice X Keff X Kclamp x Kload [N] (5)

Formula [5) gives the minimum requirements which may be increased by national regulations.

5.4.2 Maximum temperature K.,

The factdr Kigmp Shall be selected from the values in Table 8. At higher working temperatures,

the factof shall'\be reduced in accordance with the possible reduction in percent of the tensile
strength.
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Table 8 — Factor Ko, for stranded conductors

Examples of stranded wire material Ktemp
For max. temperature < 80 °C For max. temperature < 100 °C
Cu?d 1,0 0,8
Al-alloy 1,0 0,8
Cu Ag0,1° 1,0 1,0
Cu-Sn (0,110 0,4) ® 1,0 1,0
Cu-Mg (0,1 t0 0,7) ® 1,0 1,0
Steel 1.0 1.0
ACSR/AACSR 1,0 0,8

a8 CO0 acgording IEC 63190.
b C1to[c7 according IEC 63190.

For new |products, it should be considered to use lower values until sufficient ogerational
experieng¢es has been gained.

For maximum working temperatures above 100 °C, the redugtion of conductor strength over the
life of thg wire shall be determined by type tests. The faetor Kiemp shall be adjusted according

to the redidual strength of the wire as shown in Table 8.

5.4.3 Wind loads K,q

Wind loafl is defined by a factor K,,;,4. Thisdfactor shall be selected from Table 9 acdording to
the correpponding wind velocity and type of termination.

Table 9 — Factor K,,;,,q for stranded conductors

King
Type of termination Mean wind velocity < 100 km/h Mean wind velocity > 1p0 km/h
(27,7 m/s) (27,7 m/s)
Automatidally tensioned 1,00 0,95
Fixed termination 0,95 0,90

5.4.4 [Ce Toads K,

The effect of ice loads shall be considered when determining the maximum working load of the
stranded wire. The factor K., depends on the type of termination and shall be selected from
Table 10. In some tropical zone and temperate zone areas where ice does not appear on wires,
K;c.e may be 1,0 in any condition of Table 10.

Table 10 — Factor K;.. for stranded conductors

ice
Type of termination K;..
Automatically tensioned 1,00

Fixed termination 0,95
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5.4.5 Efficiency and accuracy of tensioning device K¢

The efficiency and accuracy of the tensioning device is considered by the factor K¢ When the
tensioning device is installed in accordance with the supplier’s instructions, K is assumed to
be equal to the efficiency specified and proven by the supplier.

Where fixed terminations are used, K shall be equal to 1,0.

5.4.6  Termination fittings K¢jamp

The effect of termination fittings is considered by the factor K5y, which shall be equal to 1,00
If the CI ”p:ng fnrcn 'S aaual to—or—more than 95 or/v of tha calculatad ratad tancila Strength

orocTc— A~ A==y oTtrre—ocarooTorte o Trorte T te T o e

(RTS). Otherwise, K shall be equal to the ratio of the clamping force to RTS.,

clamp

5.4.7 Additional vertical load K| .4

The effeqt of vertical loads acting on catenaries is considered by the factor K,,4 equal to 0,8.
For caterjary wires without loads acting, the factor K4 shall be equal to 1,0.

Dropper |oads are not included in consideration of the factor Ki55y.

5.5 Magchanical design of other stranded conductofrs

For stranded conductors other than catenary wires, thexrequirements of 5.4.1 to 5.4.7 shall only
apply if the working load exceeds 40 % of theggalculated breaking load of the |stranded
conductoy.

For calculation of the working loads, the load cases according 6.3.1 should be considered.

5.6 Mechanical design of solid wires

Solid wirgs in overhead contact line systems other than contact wires shall not be logded over
40 % of the minimum breaking load.

5.7 Mechanical design of ropes of non-conducting materials

5.7.1 General

Ropes formed frém non-conducting materials may be used only up to their calculatedq working
load. Particular attention shall be given to shearing loads, bending radii, tefmination
arrangeqent and elongation. These requirements apply to ropes which are made from|synthetic
fibres and have an external synthetic sheath to protect the fibres. Refer to IEC 62724 for further
details.

5.7.2 Permissible tensile loading F,,

The permissible tensile load of a rope shall be weighted with an individual factor (refer to 5.7.3
to 5.7.7). The minimum breaking load Fg,;, of the combined fibres shall be multiplied by the

product of these factors and a factor n not greater than 0,45 to get the maximum permissible
working tensile load.

The maximum permissible working tensile load shall be determined from Formula (6):

Fw = FBmin xn X Kwind x Kice x K X Kload x Kradius [N] (6)

clamp
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Formula (6) gives the minimum requirements which can be increased by national regulations.

5.7.3  Wind loads K;,q

Wind load is defined by a factor K,,;,4- This factor shall be selected depending on the wind
speed:

®  Kying = 1,00 for wind speed < 100 km/h (27,7 m/s);
* Kying = 0,90 for wind speed > 100 km/h (27,7 m/s).

5.7.4 Ice loads K;,

The effeqts of ice loads shall be taken into consideration: K;;, = 0,95.

5.7.5 Fermination clamps K¢ mp
The effedt of termination fittings shall be considered by the factor K j,ng:

o K

clamp = 1,00 for cone end termination fittings;

e K , = 0,80 for other kinds.

clam
5.7.6 Vertical loads K|,,4

The effeqt of vertical loading shall be considered using the factor K|, ,4:
*  Kioad F 0.7 when vertical loads attached,

* Kioad F 1,0 without loads attached.

NOTE Exg@mples of vertical loads to be considered are direction indicators or feeding cables for traffic |ights or for
the overhedd contact line.

5.7.7  Minimum bending radius K, ,4i,s

The effe¢t of the radius onsthie ropes shall be considered by the factor K, 4;,s accprding to
Table 11

Table 41 - Factor K 4;,s for ropes of non-conducting materials

Bending radius r K adius
m
rz1 1
0,5<sr<1 0,9
0,2=<r<0,5 0,8
0,1<r<0,2 0,7
r<0,1 0,5

5.8 Suspension systems

Automatically tensioned equipment shall be suspended from supports which allow longitudinal
movement. Fixed termination equipment may be supported from fixed supports. Where line
speeds are greater than 120 km/h or where high operational currents demand it, an overhead
contact line with a catenary suspension should be used for flexible overhead contact lines.
When overhead contact rails are used, no catenary suspensions are necessary.


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

— 46 - IEC 60913:2024 © IEC 2024

5.9 Tensioning device for flexible overhead contact lines

The tensions in the contact and catenary wires shall be maintained within the system design
parameters. Automatic tensioning is recommended for all flexible overhead contact lines to
decrease wear and tear.

Tensioning devices

— shall keep the designated tensile force of the wires included the flexible overhead contact
line,

— shall absorb elongation of the wires, and

— should avoid further damage to the contact line system in case of wire breakage.

For speefls above 225 km/h, both catenary and contact wires should be automatically:tensioned
separately.

For automatically tensioned equipment, local tension in the overhead contact.line can yary, due
to the effect of along track movement of registration arms or cantilever frames. The fnaximum
acceptable variation of tension in the overhead contact line shall be cofisidered.

5.10 Gedgometry of overhead equipment
5.10.1 | ateral deviation of contact wire

Under defined environmental conditions and mechanicaltolerances, the lateral deviatlon of the
contact wire and the pantograph shall be such that it is 'sufficiently improbable for the contact
wire to slide off the pantograph head unless specifically designed to do so at contact wire
takeover [points.

should b¢ based on checks against the working range of the pantograph head (serviceability)
and againpst the limit of dewirement (limit-of stability for lateral interaction) taking in acfount the
point of incipient dewirement. The. method of determining is described in IEC 62486 pased on
the intergction between pantograph*and overhead contact line.

The defi%ition of the permissible lateral deviation of the contact wire from track céntre line

The laterpl deviation of confact wire shall not exceed the permissible lateral deviation|between
two neighbouring support.points under predefined environmental conditions. Thergfore, the
stagger gt support points’and the span lengths between two neighbouring support |points of
contact wire are spegcified in accordance with the installation design of overhead conlfct lines.
Stagger $hall besdéfined to minimize wear and heating of contact wire and pantograph strip.
Additiondlly, theistagger shall achieve the required mechanical and electrical clearanges.

The pernjissive limits of the lateral deviation of the contact wire on a line may be deflned as a
static value determined according to working ranges of pantographs on trains passing on the
line and expected lateral deviation of the contact wires on the line.

The calculation for wind forces on conductors is described in 6.2.4.3. The requirements for
determining span lengths are specified in 5.10.6.

For the definition of the permissible lateral deviation, it is necessary to determine the tolerances
of all influencing variables. 5.10.5 provides the tolerances of the overhead contact line.

Mechanical and electrical clearances of conductors to other parts of the railway infrastructure,
when subject to wind, shall similarly be verified through design or site measurement.
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5.10.2 Uplift

The design uplift of the contact wire at the support, under normal operating conditions, shall be
determined or evaluated by calculation, simulation or measurement. The space for free and
unrestricted uplift of the contact wire at the support shall be a minimum of twice the design
uplift. If restrictions to uplift of the contact wire are included in the design, a figure not lower
than 1,5 shall be used.

The vertical upward movement of the contact wire in the span can be larger than the design
uplift at the support and both the upward and downward movement of the contact wire should
be calculated and checked.

5.10.3 \Variation in contact wire height

If, due to|local conditions, for example bridges, a variation in contact wire height.is n¢cessary,
this shall| be achieved with a gradient as small as possible. Design values for-gradlient and
changes jpf gradient shall not exceed the values set out in Table 12 as a fun¢tion of speed. For
construcfion and operation, larger change of gradient than values shown in Taple 12 is
permitteq. See 5.14.

Table 12 - Recommended maximum contact wire gradientsforflexible contacyt lines

Speed up to Maximum gradient Maximum change of gradient
km/h %0 %
10 1/17 60 1/33 3
k0] 1/25 40 1/50 2
30 1/40 25 1/40 25
q0 1/50 20 1/100 1
1p0 1/167 6 1/333 3
1p0 1/250 4 1/500 2
1p0 1/300 3,3 1/600 1,7
2po 1/500 2 1/1 000 1
2p0 1/1.000 1 1/2 000 0,p
> 250 0 0 0 q

NOTE 1 [Que to reasons of the terrain characteristics, it is sometimes difficult to achieve 0 gradient, evgn in design
phase, in ofder to.avoid increasing cost of civil structures such as tunnels.

For consfruetion and operation, different change of gradient than values shown in Table 12 is
permitted—See-5-44-

NOTE 2 The gradient does not include the sag of the contact wire.

Where the values in Table 12 are not achievable, acceptable current collection quality can be
assessed in accordance with IEC 62486. This shall be demonstrated either through testing in
accordance with IEC 62846 or through simulation in accordance with IEC 63453.

For speeds that fall between the values in Table 12, the gradient and change of gradient can
be calculated by linear interpolation.

The gradient and change in gradient for ROCL shall be specified by the manufacturer to meet
the required current collection quality.
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5.10.4 Contact wire height
5.10.4.1 General

Contact wire heights shall be determined in accordance with Figure 3 and 5.10.4.

The application of the tolerances in Figure 3 should be considered so as not to create an
unrealistic case.

5.10.4.2 Minimum contact wire height

The minimum contact wire height shall always be greater than the height of the reference profile
taking into consideration the electrical clearance in air and a vertical superelevation, to avoid
arcing bgtween the contact wire and the earthed parts of vehicles.

The minilmum contact wire height shall also be greater than the minimum working height of the
pantograph.

5.10.4.3 | Minimum design contact wire height

The minimum design contact wire height shall be calculated by.summation of all dqwnwards
movements of the contact wire and the minimum height. Consideration shall be given|to

— verticpl tolerance on the track position,
— downpwards installation tolerance for the contact wire;
— downards dynamic movements of the contact wire, and

— effects of ice load and temperature on the conductors.

The apprppriate combination of tolerances shall' be applied with respect to the static of dynamic
cases

5.10.4.4 | Nominal contact wire height

It is permiissible to set the nominalheight for an overhead contact line in the range between the
minimum|and the maximum design heights of the contact wire.

Specific fequirements far contact wire heights for interoperable lines are given in IEC|(62486.

5.10.4.5| Maximum-design contact wire height

working height of the pantograph the possible upwards movements of the contpct wire.
Consideration-shall he gi\/nn to the fnlln\A/ing'

The max|munr design contact wire height shall be obtained by deducting from the rFaximum

— vertical tolerance of the track;

— uplift of the contact wire by the pantograph;

— upwards dynamic movement of the contact wire;

— upwards installation tolerance;

— uplift of the contact wire due to wear;

— uplift of the contact wire due to any effect of temperature changes in the conductors.
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mgx
A as
dg
ar
ag
HCWd, max
WR HCWhom
HCWAY
ppp————— . i
a2
a3
\J ay
HCWmin
E€ or ECy
| SRP or.SRP
IEC]
Key
LPupp ipper operating position of pantograph or collector{see IEC 60494-1)
LP, ower operating position of pantograph or collector (see IEC 60494-1)
WR orking range of pantograph or collector (see IEC 60494-1)
KRP inematic reference profil height
SRP static reference profile height
Ahg, ertical superelevation
EC electrical clearances
HCW_,,  [ninimum contact wire_feight
HCW,_ .. [aximum contact wire"height
HCW, ., [ninimum design.contact wire height
HCW . [naximumdesign contact wire height
HCW, . nominalcontact wire height
a, Lertical tolerance of the track (if not included in envelope / gauge)
a, downwards installation tolerance for the contact wire
ag downwards dynamic movements of the contact wire
a, effects of ice load and temperature on conductors
ag vertical tolerance of the track
ag uplift of the contact wire by the pantograph and dynamic movement of the contact wire
a; upwards installation tolerance for the contact wire
ag uplift of the contact wire due to wear and any temperature changes in the conductors

Figure 3 — Relationship between contact wire heights
and pantograph operating position

NOTE For example, for the calculation of the swept envelope, refer to EN 15273-1 for CEN/CENELEC countries.
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5.10.5 Tolerances of lateral contact wire position

The total of all tolerances of the overhead contact line, > Toc, shall be considered for
determining the limit of dewirement in accordance with IEC 62486:

- d lateral deviation of contact wire position by vertical uplift at tracks with cant;

cant

- dinsti tolerance of static lateral position of contact wire;

- dinsty tolerance of static vertical position of contact wire;

- dpess tolerance of measurement, measuring errors refer to horizontal position of
contact wire;

- dyole lateral deviation of contact wire position issued on change of pole deflection
under additional load due to wind speed for serviceability at nominal|contact
wire height;

- dgypy lateral deviation of contact wire position issued on movement of [eantilever for
changed wire temperature;

- digns lateral deviation of contact wire position issued on reduced tension force of

wires considering efficiency and tolerances of tension.dévices.

National fequirements and conditions can apply to values of/the’above listed tolerances.

5.10.6 PBpan length

The spar] length influences the interaction between pantograph and overhead contac{ line.

The spap length between consecutive support points is determined by track durvature,
permissilile lateral deviation, wind loads -and system parameters, for example contact line
tension and maximum permissible stagger:

Assessmgent of the wind load oncindividual conductors shall be in accordance |with the
servicealility requirements detailed in Clause 6; national conditions can apply. At higher ice
load claspes, the combined action of wind and ice load shall be taken into account.

For calculation of deflection’ of the contact wire, wind loads shall be applied to the coptact and
catenary|wires. When«designing a fully optimized system, the wind loads of dropper yires and
clamps shall be takeniinto account.

The interpctionibetween contact and catenary wires shall be considered for inclined pverhead
contact lines, particular for the effects of wind.

When designing span lengths, consideration should be given to the maximum allowable
difference in length between two successive spans. This is to avoid excessive forces on the
overhead contact line system and to maintain acceptable dynamic behaviour. This is a particular
issue in areas of reduced encumbrance and for turnouts and crossings.

NOTE In areas that experience issues with resonance in the overhead contact line, normally caused by wind, it is
good practice to limit the number of consecutive span of the same length or install dampers.

5.11 Contact line arrangement above turnouts and crossings

Contact lines above turnouts and track crossings shall be designed such that they can be
traversed in all planned directions at the planned speeds whilst still meeting the requirements
of the permissible range of contact forces (Table 4).
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The design of crossing points and the configuration and geometry of tangential contact lines
shall ensure that no contact line equipment (e.g., contact wire, dropper clamps, steady arm,
etc.) is able to slip below the pantograph contact strips.

The sway and skew of the pantograph shall be considered as well as contact wire uplift and
lateral deflection due to wind. At the point where the incoming contact wire touches the
pantograph head, both contact wires shall be placed on the same side of the pantograph head
related to its central axis except for the case where all pantograph heads, which are used on
the line, are fixed with fittings in order not to roll.

Suitable remedies, for example cross contact bars and cross droppers, shall be employed to
ensure that both contact W|res are I|fted when bemg traversed by a pantograph The
3 3 > actw shallbe considerec en, adopting

5.12 OJerlap arrangements

Overlaps|shall enable the pantograph to pass from one tension length to the next withgut speed
reduction or interruption of the power supply to the traction unit. TheAaumber and Ig¢ngths of
spans ingluding the differences in the length of adjacent spans and(the contact wire gradients
within ovgrlaps shall be designed such that the permissible range’ of contact forces|are met.
The maximum running speeds and track radii shall be taken int&.account.

For overlaps in automatically tensioned equipment, the supports of both contact line equipments
shall engdble the unrestricted movement of the contact{line due to the temperaturg related
longitudinal expansion.

For insulpted overlaps, the minimum dynamic electrical clearance specified in 5.1.3 shall be
maintaingd between the conductors formingsthe overlap under the specified envirpnmental
conditions. Higher minimum values of clearance for insulated overlaps can be spqcified by
national fegulations or purchaser specification. Uninsulated overlaps should be permanently
connected by a jumper. Insulated overlaps should be connected, during operational cgnditions,
by a discpnnector or via a substation;

In rigid ¢verhead contact line systems, alternative components may be used to |serve as
overlaps [to prevent significant*dynamic uplift of the pantograph providing they comply with the
permissible contact forces.in 5.2.5.2.

5.13 Splecific requirements for overhead contact lines for trolleybus systems
5.13.1 General

The typigal<characteristic of an overhead contact line system for trolleybus appligations is
double comtactwirestiratare efectricatty separate:

The function of an overhead contact line for trolleybus applications is to transmit energy from
electric substations to the trolleybus units and return it, all under the necessary protection
conditions. In order to fulfil this function, the electrical system, made of cable and feeding/return
wire, shall be designed in accordance with the requirements set out in 5.13.2 to 5.13.6.

5.13.2 Line characteristics

The trolleybus service characteristics and operational requirements should be taken from
national standards.

Consideration also shall be given to the environmental operating conditions and the urban area
in which the overhead contact line will be installed, with particular attention being given to any
national requirements for structural clearances.
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The trolleybus characteristics and operational requirements include the following:

IEC 2024

— right-of-way types: the types of road or rail alignments (e.g., street, reserved, grade-

separated, etc.) commonly used for each different mode;

— average speed: the average origin-to-destination speed for each mode in revenue service.

This includes time spent at station stops, in traffic and due to other delays;

— maximum speed: the top speed the vehicle is capable of reaching on a straight, level right-

of-way way with no curves, gradients, stops, traffic signals or other delays;

— right-of-way dimensions: the width and height of right-of-way needed to accommodate the

vehicle in dynamic mode according to modern standards of safe operation;

— minimum curves: the tightest curves that may be used for a given transit mode, measured

as the—radius-of the curve to the centre line of the trollevbus:
Y T

— road purface gradients: the steepest gradients that may be used for a givenctran
withot compromising reliability or safety of operations.

The distgnce between the feeding and return contact wires shall be either.3;60 m o
with a m@ximum tolerance of 15 mm.

If one pole of the DC system is earthed or connected to the return-circuit of a tram o
system, fhe contact wire of this pole shall be mounted on the qutside of the right-of-
Figure 4)

Key
1 limit of fhe carriageway
2 overhedd contact line: (—)-return wire; (+) feeding wire

3 axis of [ight-of-way,

Figure 4 — Position of return wire in relation to right-of-way

The assgmblies of an overhead contact line (wires, suspension, switches and cross

sit mode

r 0,70 m,

light rail
way (see

ng) shall

be so positioned as 1o allow:

— aregular vehicle circulation along the route,
— acorrect approach to platform stops, and

— overtaking of another vehicle of the maximum admissible dimensions for road veh

icles.
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5.13.3 Vehicle characteristics

The following characteristics shall be determined and incorporated into the system design:

— nominal voltage of the overhead contact line;

— type of trolleybus and road characteristics;

— maximum and minimum road gradient of the route;

— maximum and permanent current of the vehicle;

— type of traction (by resistance, chopper, inverter, etc.);

— type of braking (by resistance, energy saving, etc.);

— environmental characteristics of the vehicle;

— trolley
5.13.4
In particy

— curre

— const
overh

— static

— range

bus horizontal displacement from overhead contact line.
Current collector system
lar, the following information shall be considered for the current@ollector:

nt collector dimension and type;

fuction characteristics of the current collector and all eqdipment that comp
ead contact line, such as switching and crossing points;

contact force between the current collector and contact wire;
of the contact forces related to the dynamic meyvement of the vehicle and vz

the height of the overhead contact line;

— type ¢

NOTE EN
systems fo

5.13.5

The rang
120 N for

5.13.6

It is typi
supportin
the same

The distd
distance

f contact line.

50502 for CEN/CENELEC countries provides,information regarding safety requirements and
electric equipment in trolley buses in Europe,

Static contact forces

b of static contact force applied to feeding and return wires shall be between
each wire.

Trolleybus in the vicinity of tramways

g system. In-this case, the overhead contact lines for both systems are sup
suspensien:

ncelbetween the contact wires for trolleybus and tramways shall not be lesg

rises the

riation of

connection

70 N and

Cal, especially\for an urban area, that trolleybus and trams run under the same

ported by

than the

petween the feeding and return wires.

In any case, the following shall be determined and incorporated into the system design:

— static

and kinematic load gauge of the trolleybus and tram;

— if the distance between the return wire and the tramways overhead contact line is at least
the distance between the feeder and return contact wires of the trolleybus overhead contact

line.

Overhead contact lines for trolleybuses and tramways are generally supplied by separate

feeding s

ections to facilitate maintenance activities.
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5.14 Tolerances and limits

Parameters which are capable of being influenced by construction shall be limited by tolerances
and limits. Tolerances and limits depend on the type of contact line and shall be defined in
accordance with the requirements on safety, quality of current collection, compatibility to
interfaces and aesthetic aspects. The interdependencies between the individual values shall be
considered as well as the relationship between the tolerances and limits and external effects
like climate, pantograph design and power supply.

For parameters which are capable of changing during operation, and so influence the system
performance, for example due to the shift of track position, operational limits shall be
additionally defined. The relationship between the tolerances and limits for construction and the
limits for operation shall consider the possible changes of parameters over time between
inspection and maintenance periods.

NOTE 1 Tlhe parameters are documented for the purpose addressed in 9.5 and handed over to'mainterfance entity
(e.g. infrasfructure manager).

NOTE 2 LUimits for interoperable lines are defined in the Energy Technical Specifications/for Interoperability (TSI)
for countrigs of the European Union. These limits can be used as a guideline for non-interoperable lines | as defined
by the purchaser and the system designer.

The tolerpnces and limits shall be implemented in the design and-k€pt during constrution and
operatior].

Table 13[shows examples of the parameters for which talerances and limits should bg defined.
The type$ of parameters are divided in four main groups in the order of their importarjce to the
system. |n each main group, examples of parameters for tolerances and limits areg| given in
relation tp construction and/or operation. The specific values shall be defined by the system
designer| Table 13 shows for which parameters ‘tolerances or limits should be dgfined for
construcfion and/or operation.

Normal Hehaviour and change of OCL(parameters during defined maintenance pefiods and
components lifetime shall be taken iniaccount to ensure sufficient degree of freedom.

It is recdmmended to define different values for construction and operation to be|used for
maintenance period through its life cycle

Table|13 — Important parameters to assist in the definition of tolerances and Jimits

Type.of{parameter Tolerances Limits To be defined for:

construction opgration

Type A, qafety related

Dimensio.l'. of-fotndations a3 *

Position of foundations perpendicular to track,
. X X X
rotation angle of masts

Safety clearance, electrical clearances,
. e . . X X X
maximum deviation of contact wire due to wind

Contact wire height (minimum/maximum), X X X X
contact wire stagger

Maximum contact wire wear X X
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Type of parameter Tolerances Limits To be defined for:
construction operation
Type B, related to quality of current collection
System height, distance between droppers X X
Position of foundations along the track X X X
Inclination of droppers along the track,
maximum/minimum contact forces, variation of X X X
elasticity (u)
Inclination of droppers perpendicular to track X X
Contact wire and conductor rail gradient,
. X X X
change of gradients
Type C, dompatibility related
Geometri¢al tolerances of component interfaces X X
Type D, desthetics related
Pole height to align their tops X X
Inclination of poles, inclination of horizontal
) X X
cantileverftubes

NOTE " denotes parameters that do apply.

Refer to Annex H for special national conditions requirements.

6 Structures and foundations

6.1 Badasis of design

6.1.1 eneral

accordanlce with the general principles contained in 6.1.2 to 6.1.8 or refer to the intq
standard$, national standards' or national regulations or as described in EN 1990

CEN/CENELEC countries!

NOTE References made'to EN-Standards are normative for CEN/CENELEC countries. For all other coun

references |are informative. See also Annex H.

6.1.2 asic requirements

during their intended life,

— they will perform their purpose under a defined set of conditions with acceptable levels of

reliability and in an economic manner (this refers to aspects of reliability requirements),

— they will not be liable to progressive collapse if a failure is triggered in a defined component
(this refers to aspects of security requirements), and

— they will not be liable to cause human injuries or loss of life during construction, operation,

and maintenance (this refers to aspects of safety requirements).

An overhead contact line shall also be designed, constructed and maintained in such a way that
due regard is given to safety of the public, durability, robustness, maintainability and

environmental considerations.

igned in
rnational
2002 for

tries, these

ivay that,
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The above requirements shall be met by the choice of suitable materials, by appropriate design
and detailing, and by specifying control procedures for design, production, construction and use
relevant to the particular project.

6.1.3 Design with regard to structural limits

Generally, a distinction is made between ultimate limit state and serviceability limit.

Ultimate limit states are those associated with collapse or with other similar types of structural
failure due to excessive deformation, loss of stability, overturning, rupture, buckling, etc.
Ultimate limit states concern the reliability and security of supports, foundations, conductors
and equipment as well as the safety of people.

Serviceability limit states correspond to certain defined conditions beyond whichx|specified
service f[equirements for an overhead contact line are no longer met. CServiceability
requiremgnts concern the mechanical functioning of supports, foundations,-cendug¢tors and
equipment and the unrestricted transmission of electric energy to the vehicles!

Therefore, serviceability limits require consideration of deformations_and displacemepts which
affect thgl use of the overhead contact line and any damage which is likely to affect the durability
or functidn of the supports and equipment adversely.

Serviceability limits may be given in the purchaser specification.

Design with reference to ultimate limit state and serviceability limit states shall be carried out
by:
— setting up structural and load models for relevant ultimate and serviceability linits to be

consiflered in the various design conditions*and load cases,

— consiflering design values which are generally obtained by using characteristic yalues as
defingd in this document in conjunction with partial factors as defined

e in|this document,
e in|ISO 10721 (all parts),

e in|EN 1990, EN 1992 (all parts), EN 1993 (all parts), EN 1995 (all parts), EN[1997 (all
pdrts), EN 1998 (all parts) and EN 1999 (all parts) for CEN/CENELEC countrigs, and

e in|national standards or purchaser specifications,

Q)

>

— verifyjng that the‘timits are not exceeded when design values for actions, material groperties
and geometrical data are used in the model, and

— referrjng to)Eurocodes in CEN/CENELEC countries, alternative standards or expgrimental
data ilor fmaterials not covered by this document.

6.1.4 Classification of actions

Actions can be classified by their variation in time or by their nature and/or structural response.

NOTE For the definition of an "action", reference can be made to EN 1990:2002, 1.5.3.1, in CEN/CENELEC
countries.

— Permanent actions (G) are self-weight of supports including foundations, fittings and fixed
equipment, self-weight of conductors and the effects of conductor tensile loads at the
reference temperature without ice and/or wind action. The characteristic value of permanent
actions can normally be determined as one value Gy since the variability of G is small.
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— Variable actions (Q) comprise wind loads, ice loads, or other imposed loads. Wind and ice
loads as well as applicable temperatures are climatic conditions which can be assessed by
probabilistic methods or on a deterministic basis or from applicable standards such as
IEC 62498-2. Conductor tensile load effects due to wind and ice and temperature deviations
are variable actions as well. For variable actions, the characteristic value Qx corresponds

to a nominal value used for deterministic based actions or an upper value of an intended

probability not to be exceeded or a lower value with an intended probability not to be lower
during a reference period.

— Accidental actions (4) are loads related to failure containment, etc. The representative value
is generally a characteristic value 4y corresponding to a specified value. The dynamic

actions after the operation of the fall arresting device of an automatic tensioning device or
the failure of a contact or catenary wire may be considered by the use of an equivalent static
Tt 63727

Consfruction and maintenance loads (QOp) take into account working procedurés, temporary
, lifting arrangements, etc. The characteristic values QOpy for copstrugtion and
maintenance loads are deterministic values stipulated to guarantee the safety of qtructures

In principle, overhead contact lines can be designed using certain‘reliability levels with respect
to variable loads which are described by probabilistic laws., The reliability level can pe based
on the refurn period T of a climatic action, for example wind.l6ad, ice load, combinatign of wind

for OCL shall be classified as consequenceéclass 2 structures according to IBO 2394.
This leads to a classification for OCL support structures to importance class Il (EN 1998-1 for
CEN/CENELEC countries) and risk category Il (ASCE 7 for US). Different classificatign can be
given in pational standards or in purchaser specification.

NOTE Damage or loss of class 2 structures a€cording to 1ISO 2394 does not lead to big societal implact or high
number of Lantalities (examples: smaller buildings,”minor bridges and minor tunnels).

6.1.6 odels for structural analysis and resistance

Calculatipns shall be performed using appropriate design models involving relevant yariables.
The mode¢ls shall predict the)structural behaviour and the serviceability and ultimate linit states.
They shjould be based) on an established engineering theory and practice, verified
experimeglntally if necessary.

Concernipg the-intéraction between foundation and soil, special attention should be pfid to the
loads derjived. from the supports, loads resulting from active soil pressure and permangnt weight
of foundgtiofiyrand soil and buoyancy effects of groundwater on soil and foundation. [Together
with the Teactiom forces of the soit—strata;, these effects shatt—be takenimto—account when
calculating the foundations. In addition, the criteria for acceptable settlements of the
foundations, imposed deformations on supports and the contact lines and inclinations of the
supports should be defined and taken into consideration.

6.1.7 Design values and verification methods

In this document, reliability is achieved by the application of partial factors and appropriate
return periods for climatic actions based on statistical approach and partial factors for
deterministic actions and for material properties. The partial factor method verifies that the
effects of design actions do not exceed the design resistance at the failure limit and that design
complies with the performance requirements concerning the serviceability limit.
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The design value Fy of an action is expressed in general terms as:

Fd =% XFK (7)

where

yF is the partial factor for actions;

Fy is the characteristic value of an action.

In general, the partial factor for actions yg takes account of the possibility of unfavourable
deviatiorI of the actions, inaccurate modelling and uncertainties in the assessment of the

effects of actions. For deterministic calculations including accidental loads, the (parfial factor
may be applied to the effect of the characteristic values of action, i.e. on the conductpr tensile
load including the effects of wind, temperature and ice.

The design value Xy of a material property is generally defined as:

_ Xk
™

X4 (8)

The partigal factor y,, for material property covers unfavourable deviations from the characteristic
value Xy [of the material property, inaccuracies in(applied conversion factors, and uncprtainties
in the gepmetric properties and the resistance:model.

In the degign of any component or their connection, it shall be verified that:

Eq <Ry (9)

where

E4 is the total design 'value of effects of action such as internal forces or momentg or their
comlpination;

E4 is a{unction of the actions in a certain design situation:

Eq = (cOx w9k - 71CIk - YPCPpPk - VcPck - V4K ) (10)

where

Gk is the characteristic self-weight of supports, conductors fittings and
conductor tensile forces depending on self-weight considering reference
temperature;

Owk is the characteristic wind load;

O\ is the characteristic ice load;

Opk is the characteristic construction and maintenance load,;

Ock is the characteristic conductor tensile forces depending on the

temperatures and climate related loads;
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Ay are the characteristic actions induced by accidental loads and special
actions;

Ye YW VI Yp» Yoo YA are associated partial factors.

Ry is the corresponding structural design resistance associating all structural properties with
the respective design value X, 4 according to:

Ry = f{ X147 X2q-} (11)

For more| details, refer to EN 50341-1 in CEN/CENELEC countries.

6.1.8 Wall anchors

When depigning a wall anchor on a new superstructure, it shall be confirmed that thg¢ impacts
caused by the overhead contact line system do not impair the serviceability and ultimate limit
states of [the superstructure.

When depigning a wall anchor on an existing superstructure, a‘condition assessment shall be
carried olit. The results of the condition assessment indicate,if remedial work to ensurg that the
superstrycture is not compromised is required. If it is not possible to determine the substrate or
the matefial is not covered by the European Technical ASsessments (ETA) for CEN/QENELEC
countries| or other regional or national regulations, the.wall anchor shall be tested when it has
been insfalled to verify that the forces generated by the overhead contact line system can be
transferred to the superstructure.

Verificatipn and testing shall be in accordance with either the manufacturer’s specification, ETA
for CEN/CENELEC countries, national regulations or the purchaser specification.

It is not |necessary to carry out a ful verification of the overall superstructure if |t can be
determingd that the loads imposed\by the overhead contact line system are within thg capacity
of the superstructure.

Based on experience from calculations and test results, it is recommended to limit the|test load
of wall arjchors to the twice the value of the characteristic load effects. This recommendation is
for the désign of newwall anchors on existing superstructures and the reuse of exigting wall
anchors.

6.2 Adtions on overhead contact lines

6.2.1 Generat

Characteristic values for actions on lines concerning climatic data can be derived from
probabilistic or deterministic approaches based on long periods of successful experience. The
climatic data may be taken from relevant standards such as IEC 62498-2 or ISO 4354 or
national standards or EN 1991-1-4 in CEN/CENELEC countries and may be given in the
purchaser specification. The total of actions constitutes a complete design system especially
taking the established load cases into consideration.

Actions on overhead contact lines shall be considered as quasi-static actions, which do not
require the verification of fatigue strength. The exceptions to this are detailed in 6.2.10.
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6.2.2 Permanent loads

EC 2024

Self-weight of supports and their equipment such as cantilevers, tensioning equipment,
insulators and span wires act as permanent loads. Conductor tensile forces and stagger loads
of automatically tensioned wires and stagger loads may be considered as permanent loads.
The characteristic value is G.

6.2.3 Variable loads

The variation in tension of fixed termination equipment shall be determined according to each

individual

load case such as:

— conductor under the action of ice load,

— condl
— condl

— condy

The charpcteristic values are Ock, Owk> Ok and Opk-

6.2.4
6.2.4.1

Design o
methods,
alternati

design off the supports, the wind velocity having a_réturn period of 50 years shall be ug
for the vgrification of the serviceability the returnrperiod for wind velocity shall be giV

purchas

For servi
standard

If the site
consider

6.2.4.2

Peak vel

ctor at both the design temperature and the minimum temperature,
ctor under the action of maximum wind load, and
ctor under the combined action of wind and ice load.

Wind loads
General

wind load on overhead contact lines shall be undeftaken in accordance with

standard

for example in national standards or in EN 1991-1-4 in CEN/CENELEC codintries or

ely in accordance with methods described~in 6.2.4.2 to 6.2.4.7. For the

r specification.

Ceability, it is recommended to @se a wind return period of 3 to 5 years or usq

3
p .-

concerned is located on-high viaducts or bridges, the wind velocities to be U
the relevant height above ground.

Peak velocity/pressure

pcity pressure (qp(z)) may be calculated according to:

structural
ed whilst
en in the

national

sed shall

(12)

where

1
q, (z)zzx oxvixe (z) [N/m2]

p is the air density, expressed in kg/m3;

Vb is the basic wind velocity, expressed in m/s;

ce(2z) is the exposure factor.

From a physical point of view, each factor depends on some parameters (as shown in Table 14),
which can be calculated according to national/local rules.

Further additional parameters may be added in order to consider some specific local physical
phenomenon (e.g. typhoons).
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Table 14 — Parameters for wind load calculation

Factor Related parameters
Altitude above sea level
Air density p Air temperature

Barometric pressure during windstorm

Wind direction

Return period

Basic wind velocity v,

Height above ground level

Terrain characteristics

Height above ground level
Ground roughness of the terrain
Exposure factor c¢_(z)
Terrain orography
Wind turbulence
Further information can be found in Annex B.
6.2.4.3 Wind forces on conductors
Wind prefssure on conductors causes forces transverse to the direction of the line. From two
adjacent spans, the wind force on a support shall be detérmined by:
+L
QWC:qp(z)xGdexCCxle 2 xcos%d [N] (13)

where
qp(Z) is the peak velocity préssure, expressed in Nm~2;
Ge is the structural response factor for conductors taking into account the regponse of

moveable conductors to wind load. The factor G should be determined acgording to

national experience. A widely accepted value would be G = 0,75;
d is the diameter of the conductor for FOCL and the section depth for ROCL, expressed

in m;
Ce is the'drag factor of the conductor. A value of 1,0 is recommended; other vglues may

be“given in the purchaser specification;
Ly Ly are the lengths of the two adjacent spans, expressed in m;
(0] is the angle of incidence of the critical wind direction in respect to the perpendicular

to the conductor. In general, @ is assumed to be zero, expressed in degrees.

Where twin conductors are run in parallel, a reduction in the wind load may be taken on the
leeward conductor, as 80 % of the windward conductor, if the spacing between the axes is less

than five times the diameter.

In the case where ROCL is used in open air, specific values of G and C shall be calculated

or defined by the purchaser specifications.

6.2.4.4 Wind forces on insulators and other line fittings

The wind force on an insulator acts at the attachment point to the support in wind direction and

shall be determined by:
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Owins = 9p (Z) X Ging X Cing X Ains [N]

is the peak velocity pressure, expressed in Nm~2;

(14)

is the structural resonance factor for insulator sets. A value of 1,05 is recommended;

other values may be given in the purchaser specification;

is the drag factor for insulators. A value of 1,2 is recommended; other value
given in the purchaser specification;

s may be

ins

The wind
drag fact
to that frg

The conslideration of wind force on insulators with a surface area1€ss than 1,1 x 1072

necessarl

6.2.4.5

The wind
shall be ¢
on the i
conducto

6.2.4.6

For lattic
Formula

is the area of the insulator projected horizontally on a vertical plane perpén
the axis of wind action, expressed in mZ2.

force on other components shall be calculated using the equationjand ap
brs. In many cases, wind loads on insulators or line fittings will bevery low in p
m other sources.

y up to a height of 25 m above ground in urban areas;

Wind forces on cross-spans and cantilevers

etermined by summing the wind actions en the individual elements. The win
hdividual elements can be determingd“by the formulae specified in 6.
rs, 6.2.4.4 for insulators and 6.2.4.7 far other structural components.

Wind forces on lattice structures

e structures of rectangular-€ross sections, the wind forces shall be calculg
15):

Owt = qp (2)xGiat (1 +0,2sin 2®)(Qat1 X Agt100S°® + Ciapp X Aiatzsin2®) [N]

is thé peak velocity pressure, expressed in Nm~2;

dicular to

propriate
roportion

m2 is not

forces acting on cross beams, head spans’and cross-spans as well as cantilevers

d actions
2.4.3 for

ted from

(15)

isthestructuratresomance factor; for tattice stroctures;thisshoutdbetaker

as 1,05;

is the drag factor for the lattice structure face 1 in a wind perpendicular to this face;

is the drag factor for the lattice structure face 2 in a wind perpendicular to this face;

is the effective area of the elements of the lattice structure face 1, expressed in m2;

is the effective area of the elements of the lattice structure face 2, expressed in m2;

is the angle between wind direction and the perpendicular to structure face 1 (see

Figure 5), expressed in degrees.
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face 1
face 2

overhed

A w0 N
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Alternatiy
in CEN/G

The dra
EN 1991
lattice stn

6.2.4.7

Wind forq

where

qp(2)

IEC

d contact line

ection

Figure 5 — Wind action on lattice steel structures

ely, the wind force may be calculated in accordance with EN 1991-1-4, EN
ENELEC countries or national standards or purchaser specifications.

y factors C);; depend on the solidityy ratio as described in ISO 4
1-4:2005, 7.11, for CEN/CENELEC countries. An appropriate value is C,
uctures with square or rectangulareross-section made of angle sections.

Wind forces on poles

e on poles shall be calgulated from:

Owstr = 49p (Z)X Gstr X Cstr X Astr  [N]

is the'peak velocity pressure, expressed in Nm~2;

1993-3-1

354 and
= 2,8 for

(16)

is"the structural resonance factor for a structure For self-supporting s

teel and

str

str

str

concrete structures typically used for overhead contact lines, G, shall be 1

values may be used if determined from relevant standards or methods pub
an international, European or national standard body;

,0. Other
lished by

is the drag factor depending on the shape and surface roughness of the structure.

This value should be calculated in CEN/CENELEC countries in accordance with
EN 1991-1-4 referenced as force coefficient (¢;) or national standards; other values

may be given in the purchaser specification; in the absence of further information,

the values in Figure 6 can be applied for double channel poles;

is the projected area of the structure, expressed in m2.
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Ice loads
conducto

and the |
exposure

given in fhe purchaser specification.

If specifigd in the purchaser specification, ice on structures-shall be considered.

6.2.6
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Csr =20
—

ICstr =14

—Figure 6 = Definition ot drag factors for double channet pole

IEC

ce loads

are created by accretion due to hoar frost, precipitation icing.or“wet snq
rs of overhead contact lines. The characteristic ice loads g\ depend on th

bcal conditions, for example the height above ground, the proximity to lake
to wind. Definitions for ice loads are given in IEC 62498-2--The ice loads §

Combined wind and ice loads

Where t

contact Ilne installations and structures, 50 % “of the wind load according to 6.2.4
assumed| as acting on structures and equipment without ice and on conductors
accretion|. The ice loads shall be used according to 6.2.5 taking consideration of DI as
An alternptive value may be given in the purchaser specification. This is a simplified n

the com
factors. 1

aerodyng

An incred
specifica

e combined actions of wind and ice load¢are considered for the design of

on cases of considering.indépendent variable actions by additional cof
[he unit weight force p, ofithe ice may be taken from appropriate standards

mic drag factor as 1,0.

se in the diametér)of the ice accretion should be considered if given in the g
ion. The equijvalent diameter D, in metres of the ice accretion shall be calcula

D|= d2+4xglK [m]
7 py

w at the
e climate

5 and the
hould be

bverhead
may be
with ice
ollowing.
hethod of
hbination
and the

urchaser
ted from:

(17)

where

d is the conductor diameter without ice measured, expressed in m;

2k is the characteristic ice load measured, expressed in Nm~1;

p) is the unit weight force of the ice, expressed in Nm=3.
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6.2.7 Temperature effects

The temperature effects shall be taken in account along with the other existing climatic actions.
The following parameters should be defined by the purchaser specification, based on
IEC 62498-2:

— the minimum temperature to be considered with no other climatic action;
— the ambient reference temperature for the extreme wind load condition;

— the temperature to be assumed with ice loads and combined wind and ice load, where
relevant;

— the reference temperature for the calculation of tensile forces as a permanent action.

NOTE The—fot ; " " — = i . " 4 200N . bi t
PTOTToOWm g tepPeTratureS—arc aSTU— i1 mary Coropeal coutmrresS o emperatare—2 0 , ampien

reference temperature +5 °C; temperature with ice loads (and combined wind and ice load where releMant) -5 °C;
reference temperature for calculation of tensile force as a constant action is +15 °C. The temperatures cian be used
when considering the tensile load of the conductors.

Temperagure effects are considered as variable loads, but for structural calcutations the partial
factors fqr permanent loads may be applied for the permanent and variable part of the tensile
force as lesign is based on a deterministic value.

6.2.8 Construction and maintenance loads

Loads due to construction and maintenance activities shall be considered, taking intg account
working procedures, temporary guying, lifting arrangemehts, etc. Recommended values of at
least 1,0|kN shall be assumed for the horizontal cross-béams of portal structures ang at least
2,0 kN fof other types of structures, acting vertically.. These forces shall act at the ingividually
most unfavourable nodes of the cross-beams or, at the attachment points of supports or
conductors to the structures.

Structural elements need not be designed fo¥ such loads where appropriate working [practices
are adopfed. Details should be given in the'purchaser specification.

The conflguration of the overhead.¢éontact system during the construction stage may| result in
higher loads than the final configuration. The climatic conditions during the intermedigte phase
shall be ¢onsidered as part of the design.

6.2.9 Accidental loads

Accidental loads are) specified to take care of failure containment and emergency situptions. In
general, [at any conductor attachment point to a structure, the relevant residual sfatic load
resulting [from _the release of the tension of a contact wire, catenary wire or line feedef shall be
applied. |t js\sufficient to consider accidental loads for structures at the end of t¢nsioning
sections prfof anchor structures of mid-span anchors in accordance with 6.3.2.7. DetaTIs should
be given in the purchaser specification together with a definition of associated Toad cases,
including, but not limited to, the combination and/or coincidence of failures of different
conductors and components at the same time and location.

6.2.10 Special actions
Depending on the local situation, different special actions may be considered.

— Forces imposed on the overhead contact line system after very high short-circuit currents.
This does not apply to urban rail systems.

— Forces on installations due to earthquakes and/or seismic tremors, when overhead contact
line systems are to be constructed in seismically active regions. Information is given in the
EN 1998 series for CEN/CENELEC countries. See also informative Annex G.

— During construction, the loads due to the wheels running on the tracks should be considered
where required, for example for foundation excavation. EN 1991-2 gives the general
requirements for CEN/CENELEC countries.
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Further requirements on special actions can be given by national regulations.

Dynamic actions due to pantograph/contact line interaction caused by running trains are small

and need

not be considered.

Aerodynamic actions by running trains are small and need not be considered. The exception to
this is in a railway tunnel according to IEC 62498-2.

To avoid damages due to dangerous wind actions (e.g., against galopping OCL), different span
lengths can be used in areas known in advance as relevant for this kind of impact. Furthermore,

dampers in the catenary are useful.

Detailed requirements should be given in purchaser specification.

6.3 Types of structures and related load cases

6.3.1 | oad cases and load combinations

6.3.1.1 General requirements

For the design of conductors, equipment and supports including foundations, ultimate |
shall be gletermined by consideration of the load case giving thesmaximum load effeq
individua| element.

Conductaqr tensile forces shall be determined according to the loads acting on the cq
in the logd case under consideration. The force components of the conductor tensile
the attachment points of the support including the effect of vertical and horizontal an

be taken

into account properly. The loads on the supports shall be selected taking intq

the defin

out sevefal functions, for example a tensioning structure also carrying cantilevers,
unfavourgble combination of the loads that'can occur simultaneously shall apply.

The pur
condition
consider

The stan
are show

The temg

d function of the support in the overhead contact line system. Where a suppg

imit state
t in each

nductors
forces at
jles shall
account
rt carries
the most

aser specification may .give additional requirements, if necessary. Short-term load

occurring during installation and re-construction activities shall be s
d.

jard load cases are defined in 6.3.1.2 to 6.3.1.7. The applications of these Ig
n in Table 15vand 6.3.2.

erature'conditions described in 6.2.7 shall be considered for respective load

There aref relations between environmental conditions like temperature and wind velo

bparately

ad cases

cases.

City.

6.3.1.2

Load case A: Loads at minimum temperature

Permanent loads, conductor tensile forces at the minimum temperature shall be considered.

6.3.1.3

Load case B: Maximum wind loads

Permanent loads, conductor tensile forces increased by the action of wind and wind loads on
each element according to 6.2.4, acting in the most unfavourable direction shall be considered.

6.3.1.4

Load case C: Ice loads

Permanent loads, conductor forces increased by the ice loads according to 6.2.5 and ice loads
on structures shall be considered, if applicable.
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6.3.1.5 Load case D: Combined action of wind and ice loads

Permanent loads, conductor tensile forces increased by the combined effect of ice loads and
wind loads, according to 6.2.6, and wind and ice loads acting on structures shall be considered.
The wind load acts in the most unfavourable direction.

6.3.1.6 Load case E: Construction and maintenance loads

Permanent loads, increased by construction and maintenance loads according to 6.2.8 together
with a reduced wind load and reduced ice load where specified shall be considered.

6.3.1.7 Load case F: Accidental loads

Permanept loads together with the unintentional reduction of one or several conducfor forces
shall be ¢onsidered.

6.3.2 Fype of structures and application of load cases
6.3.2.1 General

The load|cases that shall be considered are summarized in Table A4.

Desription of individual structure types, along with supplementary details where applidable, are
provided|in 6.3.2.2 t0 6.3.2.15.

6.3.2.2 Cantilevers

Cantilevdrs carry the overhead contact line of one’or more tracks. They may be fixpd to the
supports|by hinges allowing the cantilevers to-rotate around a vertical axis, proyiding no
resistance to longitudinal loads from the overhead contact line. Alternatively, cantileyers fixed
rigidly to|the structures offer resistance against longitudinal forces created by the pverhead
contact lipes.

6.3.2.3 Head spans

Head spans carry overheadqcontact lines by means of rope elements and insulatqgrs under
tensile lopd only.

6.3.2.4 Rigid cross-span structures (cross-beams, portals)

Rigid crops-span(structures consist of moment resistant structures which can either b fixed at
all joints pr be-built as a two-hinged frame.

6.3.2.5 L _Suspension structures

A suspension structure carries one or several cantilevers to support the overhead contact line.

6.3.2.6 Curve pull-off structures

Curve pull-off structures carry radial forces from one or several overhead contact lines, and
sometimes vertical loads (e.g., when cants and/or slopes exist).

6.3.2.7 Midpoint anchor structures

A midpoint anchor structure is designed to resist the termination forces of the midpoint anchor
in addition to other functions such as carrying cantilevers. The termination forces depend mostly
on the requirements caused by temporary works on the overhead contact line system in the
form of conductor installation; the governing load combination should be determined by the
designer with the installation contractor.
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Midpoints are not required to prevent consequential damage to the overhead contact line
system in the event of conductor breakage, unless stated in the purchaser specification.

If the midpoint anchor and the midpoint anchor structure are required to withstand the
consequences of wire breakage (FOCL), the following load combinations are recommended:

a) neat X

Teat X va * k;

b) ncont * Teont X YA X £

where

Hgat is the number of catenary wires;

Reont is the number of contact wires:

Teat is the catenary wire tension, characteristic;

Teont | is the contact wire tension, characteristic;

K is 1,5 (in accordance with EN 1993-1-11:2006, 2.3.6);

YA is the partial factor for accidental loads (Table 15).
For the Verification of z-wires, connecting clamps, catenary wire. (between z-wires),|midpoint
anchor apd midpoint anchor structures against wire breakage,the above given loadg shall be
used as accidental loads, not as operating loads.
6.3.2.8 Midpoint structures
A midpoint structure is designed to resist the radialforces from the midpoint anchors in addition
to the other functions such as carrying the cantilevers.
6.3.2.9 Poles for head span or rigid cross-span structures
A pole or|structure for head span or rigid“cross-span structures is designed to resist the forces
resulting |[from any kind of cross-supporting structures such as head spans, cross-bgams and
Cross-spans.
6.3.2.10 | Structures for horizontal catenary wire arrangements
At structdires for horizontal catenary wire arrangements forces act in several directiops and at
different heights simltaneously.
NOTE A horizontal\Catenary wire is an arrangement where the contact wires are supported from wires that are
mainly in a| horizontal position. This arrangement is mainly used within urban areas. The masts or buildings where

the horizon

tal{wires are fixed can be relatively far from the tracks.

6.3.2.11

Tensioning structures

A tensioning structure carries the termination of overhead contact line equipment and other
conductors being automatically tensioned or rigidly fixed and may also have other functions
such as carrying cantilevers or head span elements.

Load case F is applicable if contact lines are terminated in two opposing directions in order to

allow for

the unintentional reduction of tensile loads.

Loads from falling weights when using fall arresting automatic tensioning devices need not be
taken into account in load case F for the calculation of the ultimate limit state of the pole and
foundation.
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6.3.2.12
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Structures with additional conductors

These structures additionally carry the loads from conductors, not part of the overhead contact
line, but part of the overhead contact line system, and perform other functions within the
overhead contact line installation.

Intermediate anchor structures for additional conductors which are not part of the overhead
contact line shall be calculated in accordance with EN 50341-1 in CEN/CENELEC countries. In
addition to the loads from the overhead contact line, the unilateral full horizontal tensile force
of one of the additional conductors and two-thirds of the unilateral horizontal tensile force of

the remaining additional conductors shall be taken into account.

6.3.2.13 _Overhead contact line structures carrying additional overhead power lines
Structurels with additional overhead power lines carry the loads from overhead lines|and take
care of other functions within the overhead contact line installation.
6.3.2.14 | Anchor supports
Anchor qupports are structural elements to resist the tensile forces terminating|wires of
overhead contact line system.
6.3.2.15| Structure foundations
Foundatipns shall be considered in accordance with 6.5¢
Table 15 — Load cases to be considered for each type of structures
Typ¢ of structure Load case to be considered
A B C D E F
Minimum Wind? | Ice® " |Wind and | Construction and | Acciflental & 9
temperaturef ice " | maintenance & "
12 | Cantilgvers hinged X X X X X -
10 | Cantilgvers rigid X X X X X X
2 |Head ppans X X X X X X a
3 |Portalp/ Cross-beams X X X X X a
4 | Suspgnsion structunes X X X X X -
5 |[Pull-off structures X X X X X -
6 | Midpojnt anchor X X X X X X
7 | Midpojnt.stfuctures X X X X X -
8 | Structures for flexible and X X X X X X a
rigid cross-supports
9 | Structures for horizontal X X X X - X
catenary wire
arrangements
10 | Tensioning structures X ¢
11 | Structures with additional
conductors
12 | OCLS structures carrying X X X X X X
additional power lines °
13 | Anchor supports X d X d X d X d X d X d
14 | Structure foundations X X X X X
The above is provided as a guide. For some structures, additional load combinations will be necessary.
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Type of structure Load case to be considered
A B Cc D E F
Minimum Wind? | Ice® " | Wind and | Construction and | Accidental & 9
temperaturef ice " | maintenance & "
2 If midpoint.

b The lead cases according to EN 50341-1 in CEN/CENELEC countries should be considered with respect to the
function of the support within the overhead contact line system.

¢ If contact lines are terminated in two opposite directions or auto tensioned devices with weight blocks are used.
Depending on the type of anchor.

¢ If necessary (as specified in the purchaser’s specification).

Minimym temperature to be considered with no other climatic action. See 6.2.7.
9 The ndrmal ambient reference temperature to be assumed for the extreme wind load condition~See .2.7.

h Tempefature to be assumed with ice loads and combined wind and ice load, where relevant. See 6.3.7.

6.3.3 Partial factors for actions
6.3.3.1 General

The use ¢f factors is standard practice according to ISO 10721 (all parts) or national §tandards
and in CEN/CENELEC countries EN 1993 (all parts) for steel structures, EN 1999 (all parts) for
aluminium structures and to EN 1992 (all parts) in for.concrete structures. The partial factors
are sepalfated into partial factors for actions and partialfactors for materials. The relevant partial
factors fgr actions and for materials are specified in this document. For conditions nof covered
in this dogument, partial factors may be taken frontSO 2394 or national standards and|EN 1990
in CEN/CENELEC countries for structural design or may be taken from the pgurchaser
specification. The applicable partial factorscare summarized in Table 16 or can be defined in
national tegulations.

6.3.3.2 Permanent actions

The part|al factor for permanent“actions of self-weight is yg and for permanent dctions of
conductof tensile forces is yga: A value of 1,3 is recommended; alternative values may| be given

in the purchaser specification. Where the self-weight of any element acts favourably, i.e.
reducing [the loading, the-partial factor yg shall be assumed to be 1,0.

6.3.3.3 Variable actions, wind and ice loads

For the gartial-factors y,, for wind loads, y, for ice loads and yc\ for conductor tens|le forces

under the_action of wind or ice loads, a value of 1 3 is recommended. Alternative values may

be given in the purchaser specification.

6.3.3.4 Accidental loads
In case of accidental load cases, the partial factors yg for permanent loads, y. for conductor

tensile forces and y, for accidental loads may be assumed as 1,0.

The dynamic actions after the operation of the fall arresting device of an automatic tensioning
device or the failure of a contact or catenary wire may be considered by the use of an equivalent
static action in accordance with 6.3.2.7.

6.3.3.5 Construction and maintenance loads

The partial factor for construction and maintenance loads yp shall be 1,5. This shall be combined
with the value for partial factors yg and ycg for permanent actions as set out in 6.3.3.2.
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Table 16 — Partial factors for actions to be considered

b

Recon

Type of load Load case

A B Cc D E F
Permanent y; 7.g 1,30 1,3b 1,30 1,30 1,3b 1,0°
Relieving 75, 7ca 1,0/0°2 1,0/0°@ 1,0/0°2 1,0/0°2 1,0/0°@ 1,0/0°@
wind y,, vcy - 1,3b - 1,30 - 1,00
Ice y, yoy - - 1,3b 1,3P - -
Accidental y, - - - - - 1,0
Constructierane-rretrterafeers 45 -
a8 Equipfnent removed.

hmended value.

6.4 Design of cross-span supports and structures

6.4.1

The inten
6.3.2 shs
being std
Additiong

Analysis of internal forces and moments

nal forces and moments within structures and cross-span supports as dedcribed in
Il be determined using the static principles for «igid and flexible structureq whether
tically determinate or statically indeterminatestructures or flexible rope [systems.
| requirements can be found in:

- 1SO 1
EN 1

- EN 14
- EN 13
— EN 1§

0721 (all parts) or national standards'Zand EN 1993 (all parts), EN 1090-1 and
90-2 in CEN/CENELEC countries for steel structures,

1229 (in CEN/CENELEC countries)@r national standards for timber structure]
P843 (in CEN/CENELEC countries) or national standards for concrete poles,

i

D92 (all parts) (in CEN/CENELEC countries) or national standards for |concrete

strucIJres,
— national standards and EN 1999 (all parts) for aluminium structures (in CEN/JQENELEC

count|
— ENS5

— thers

6.4.2  Analysis of resistance

The elen

ries),
341-1 (in CENJCENELEC countries), and

cognized publications of structural analysis or national regulations.

tension,

ents-of cross-span supports of contact line installations are loaded in comrrression,
pending or torsion. The calculation of the resistance of elements shall consider the

type of load as well as buckling, stability if required and the analysis of connections.

Concerning the analysis of resistance of structures, reference shall be made to EN 50341-1
(in CEN/CENELEC countries) or national standards and to:

- 1SO 1

0721 (all parts), 1SO 630 (all parts), national standards and EN 1993-1-1

(in CEN/CENELEC countries) for steel structures,
— EN 14229 (in CEN/CENELEC countries) or national standards for timber structures,

— in CEN/CENELEC countries, to EN 1992-1-1 and EN 12843 or national standards for
reinforced concrete structures.

The resistance of solid wires, stranded conductors of metallic material loaded by tensile forces
follow from the relevant standards, for example EN 50149 or EN 50182 in CEN/CENELEC

countries

. The design resistance shall be obtained by dividing the failing load by a material

partial factor.
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6.4.3 Material partial factors

The partial factors yy, should be taken in CEN/CENELEC countries:

for concrete from EN 1992-1-1;
for steel from EN 1993-1-1;
for timber from EN 1995-1-1;

for aluminium from EN 1999-1-1.

Alternative values can be found in national regulations or in Annex C.

6.4.4

The verification of resistance shall demonstrate that the resistance, taking into ac¢ount the
relevant material and structure behaviour partial factors, is higher than the effects-of agtion with

their releyant partial factors applied.

6.4.5 Verification of serviceability

The defofmation of supports and all other structural components¢shall be kept in permissible
limits to quarantee the serviceability of the overhead contact line. Détailed requiremenits should

be given|in the purchaser specification.

The defofmation can be calculated using the methods of/static analysis as described in 6.4.1.

Types of|tolerances and limits are given in Table 13.

6.4.6 Material for structures

Concernipg suitable materials, reference shall'be made to national standards or to the[following

standards.

Steel|materials shall comply with(the requirements of ISO 10721 (all parts), I1ISQ 630 (all
parts)and EN 1993-1-1 and EN-1993-1-10 in CEN/CENELEC countries as well as EN 10025
(all parts), EN 10210 (all parts), EN 10219 (all parts), EN 10149 (all parts) and EN|10164 in
CEN/CENELEC countries “or national standards. Structural steel grades S235J0/J2,
S275J0/J2, S355J0/J2.and S355J0/J2 according to EN 10025 (all parts) in CEN/QENELEC
countries or equivalent-grades are preferred. Where different steel grades are groposed,
the pg¢rformance at.low temperatures should be considered, for example through the use of
impagt testing or,by long-term experience.

Welding consumables shall comply with the requirements of EN 1993-1-8 in CEN/JQENELEC
countries ornational standards.

Use gf-higher strength steel grades that are outside those specified on the above dtandards
are a ; Ttabit idering all
performance criteria and agreed separately with the purchaser.

When weathering steel is utilized, material properties should be in accordance with
EN 10025-5 and tolerances applied from EN 10025 (all parts), EN 10210 (all parts) and
EN 10219 (all parts) in CEN/CENELEC countries or national standards.

Structural parts made of aluminium or aluminium alloys shall comply with EN 1999 (all parts)
in CEN/CENELEC countries and national standards. EN 755 (all parts) for extruded tubes
and profiles made of aluminium and EN 485 (all parts) for sheets, strips and plates made of
aluminium shall also be considered in CEN/CENELEC countries or national standards.

EN 50182 for stranded conductors made of aluminium, aluminium alloy and composite
conductors in CEN/CENELEC countries or national standards.

IEC 62724 for synthetic ropes or national standards.

Concrete structures for new foundation should comply in CEN/CENELEC countries with
EN 1992-1 or national standards.
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NOTE Steel qualities S235JR/355JR are currently used in some CEN/CENELEC countries.

Timber structures should be specified in conformity with the requirements of EN 14229 in
CEN/CENELEC countries or national standards.

Hollow sections shall comply with EN 10210 (all parts) or EN 10219 (all parts) in
CEN/CENELEC countries or national standards.

Additionally, guidance may be given in a purchaser specification. Guidance on the design of
structural details can also be found in Annex A and in EN 1090 (all parts) for steel and
aluminium for CEN/CENELEC countries or national standards.

6.4.7 Corrosion protection and finishes

Structurels and cross-span supports shall be designed to fulfil their intended warking life. To
ensure tHeir longevity, steel components shall be protected against corrosion.(Coppelr, copper
alloy and aluminium components do not always require protection, duge‘’to their| material
properties. Plastic components do not corrode, but their longevity in seryice will nged to be
assured.

Galvanizing of steel parts is standard practice as described in IS©,1461. In addition, a paint
coating qver galvanizing applied in plant (Duplex system) cancbe recommended, subject to
earthing &nd bonding requirements. The coating material should-be lead-free and in acfordance
to nationpl labour safety regulations. The galvanization specification shall be in acfpordance
with ISO|14713 (all parts). The execution of steel and aluminium structures should gomply to
EN 1090|(all parts) for CEN/CENELEC countries or national standards.

Moreovet, the guidelines established by operatorsishould be applied accordingly.

Generally, it is presupposed that the execution of work is carried out with the necegsary skill
and adequate equipment.

6.5 Folundations
6.5.1 General

Subclausges 6.5.2 to 6.5.12 contain details on the geotechnical and civil engineering fesign of
foundatigns for overhead)contact lines, which are important and sufficient for the gesign of
structures.

NOTE Supclauses\'6/5.2 to 6.5.12 are essentially based on EN 1997-1:2004 and EN 1997-p:2007 for
CEN/CENHLEC countries and refer to these two standards where appropriate.

Alternatijelyy foundations may be designed by referring directly to EN 1997-1:4004 and
EN 1997-2:2007 in CEN/CENELEC countries or national standards. Where these standards are
used, they should be supplemented with additional requirements taken from 6.5.2 to 6.5.12 as
required. Empirical methods are also allowable to the purchaser specification.

Annex D gives information on geotechnical soil investigation and soil characteristics.

6.5.2 Design of foundations

The foundations of supports shall be capable of transferring the structural loads resulting from
the actions on the support into the subsoil.

The following items should be taken into consideration when designing foundations:

— design loads and design formulae;
— configuration of the foundation;
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— limiting values of displacements;

— geotechnical design parameters taking into account groundwater levels;

— design parameters for structural materials;

— support/foundation interconnections;

— found

ation construction and installation;

— special loads;

— electr

ical resistance of the foundation to earth.

6.5.3 Calculation of actions

The loads resulting from the pole and structural design as well as the dead load of the

foundatiag
specified

6.5.4
6.5.4.1

n itself and the dead load of the soil shall be considered with their design
in 6.3, 6.4 and 6.5.2.

Geotechnical design

Basis of design

Subclause 6.5.4.1 gives the general principles, which apply whendesigning foundatid

The geot
parts) in
single po
geotechn
stability.

NOTE Ge

—  for whi
and qu|

— with ng

requirem

echnical category of the foundation shall be defined in’accordance with EN
CEN/CENELEC countries or national standards/wjthin the project specificd
le arrangements, the geotechnical category 1 tmay be applicable. The proc

alues as

ns.

1997 (all
tion. For
bdures of

ical category 1 should only be used if neghigible risk exists with regard fo overall

ptechnical category 1 can be assumed for relatively simple structures

ch it is possible to ensure that the fundamental requirements will be satisfied on the basis of
hlitative geotechnical investigations, and

experience

gligible risk.

The follpwing factors shall be<:considered when determining the geotechnicgl design
ents:
pnditions with respeset to overall stability and ground movements;

— sitec
— natur

b and size of the)structure and its elements, including any special requiremgnts such

as th

design life;

— conditions with-regard to its surroundings;

— ground conditions;

— groundwater conditions;

— regional seismicity;

— influe

nce of environment;

— stabilizing forces of soil.

For each geotechnical design situation, it shall be verified that no relevant limit state, as defined
in EN 1997-1:2004 for CEN/CENELEC countries or national standards, is exceeded.

Limit states can occur either in the ground or in the structure or by combined failure in the

structure

and ground.

Limit states should be verified by one combination of the following:

— use of calculations as described in 6.5.4.2;

— experimental models and load tests, as described in 6.5.4.3;

— adoption of prescriptive measures, as described in 6.5.4.4.
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The following limit states should be considered for foundations for overhead contact lines:

— loss of overall stability;

— bearing resistance failure, punching failure, squeezing;

— failure by sliding;

— combined failure in the ground and in the structure;

— structural failure due to foundation movement;

— excessive settlements;

— excessive heave due to swelling, frost and other causes.

If anchored poles are used to stabilise the structure, limit states for anchors in EN 1997-1:2004,
8.2, in CEN/CENELEC countries or national standards, shall also be consideref. If pile

foundatigns are used, the limit states for piles in EN 1997-1:2004, 7.2, in CEN/JENELEC
countries| or national standards, shall also be considered.

For design and construction, the following should be considered:

— to avaid effects of frost, the provisions in EN 1997-1:2004, 6.4, in-CEN/CENELEC fountries
or nafional standards, should be considered,;

— the type of foundation and method of installation for pole foundations along railways should
be chpsen with respect to the special geometrical conditions of the ground surface and the
layergd ground conditions normally accounted for;

— limiting values for displacements of the top of thexfoundation (due to angular r(itation) in
differg¢nt directions shall be assessed on both ultimate and serviceability limit states taking
accoynt of the stiffness of the pole itself;

— whenjcalculating settlements of the foundation; also the settlement of the embankment itself
shoulfl be considered.

The results of geotechnical design of the foundation should be summarised in a gegtechnical
design rgport, including the type and,dimensions of foundations and special requirements for
installatign and supervision, if any( For more information, refer to EN 1997-1:2004, 2.8, in
CEN/CENELEC countries.

For spedifications on geptechnical design methods and formulae, refer to the rgspective
purchaselr specification.

6.5.4.2 Geotechnical design by calculation

parametdrs/,Annex D gives guidelines for soil investigation and selection of geqgtechnical
parametgrs.

Prior to tgwe deSign, a soil investigation shall be performed to establish the geotechnicfal design

The calculation model shall describe the behaviour of the ground for the limit state in
consideration.

Wherever possible, the calculation model should be correlated with field observations of
previous designs, model tests or more reliable analyses.

The formulae to be used to determine the foundation resistance are those given in the
appropriate code of practice, as given in EN 1997-1 in CEN/CENELEC countries, or in the
respective national annex, or in national standards, or in the relevant literature, or those which
have been used with satisfactory practical experience.

The general design formula has the format of Formula (18):
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E4 is the design value of the structural load;

Ry is the characteristic value of the foundation ultimate resistance;

ym Is the partial factor for the resistance.
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(18)

NOTE Ad
EN 1997-1

If the so(l’l investigations do not yield other values, the soil characteristicsrmay be

according
literature

In case
buoyancy
unfavour

The desi
sidebeari
characte
moments
surround

out based on characteristic values with the application of proven calculation models w

have bee

6.5.4.3

Load test
foundatiag
foundatiag
procedur

General
countries

made considering the site conditions, type of foundation installation procedure and ac

situationg

itional requirements for the selection of characteristic values for geotechnical parameters,g
2004, 2.4.5.2, in CEN/CENELEC countries.

to Annex B (where applicable), an appropriate code of practice, in the
or the respective purchaser specification when designing the foundations.

bf groundwater, the reduction of load carrying capacity 'of the foundatio
shall be considered when analysing the foundation.taking into account
bble groundwater table.

jn resistance of foundations depends on the type“of foundation (e.g. pile fo
ng foundations and gravity foundations), the. type of load as well as on
istics and installation conditions. The stability of a foundation under oV
or axial forces as well as the pressute between the foundation body
ng soil shall be verified. Alternatively, the verification of the foundation may &

n proven by long-term experience,

Load tests and tests on‘experimental models

s or tests on experimental models form a valuable method for justifying the
ns or to test the sstrength of individual foundations whether test or p
ns. Details concerning the preparation of tests, the testing arrangement, tH
e and evaluation are given in IEC 61773.

fules for _design by load tests are given in EN 1997-1:2004, 2.6, for CEN/C
or in national standards. In this case, a special program for the load test g

. Deformations at variable loads should be considered.

re given in

assumed
relevant

h due to
the most

Indation,
the soil
erturning
and the
e carried
here they

Hesign of
roduction
e testing

ENELEC
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tual load

The results of the load test shall be reported and evaluated. For evaluation, refer to IEC 61773
and the literature or national standards. For load testing of piles, refer to EN 1997-1:2004,
Clause 7, in CEN/CENELEC countries.

Design rules evaluated for a specific foundation type and foundation method by load tests or
tests on experimental models can also be given in the purchaser specification.

6.5.4.4

Geotechnical design by prescriptive measures

In situations where calculation models are not available or unnecessary, the design may be
done by the use of prescriptive measures confirmed by experience. These involve conventional
and generally conservative details in design, and attention to specification and control of

materials

, workmanship, and maintenance procedures.
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Prescriptive methods may be used where comparable experience exists and the load situations
and ground conditions are equal or more favourable than those from experiences. For more
information, refer to EN 1997-1:2004, 2.5, in CEN/CENELEC countries.

Reference to such conventional and generally conservative rules may be given in the respective
purchaser specification.

6.5.4.5 Structural design

The structural design of the foundation body should be based on design loads. The design may
also make allowance for additional capacity, depending on the structure design.

1 <l 1 Lot £ £ YN P~ H % -tk H taollat £ 1
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bearing fpundations shall be carried out according to EN 1992-1 (all parts) in CEN/JENELEC
countries| or national standards.

For spedial structural requirements on spread foundations refer to EN.1997-1:2004, 6.8 in
CEN/CENELEC countries or national standards.

The rating of the steel reinforcement shall be carried out in accordance with and EN[1992-1-1
in CEN/GQENELEC countries or national standards. Where applicable, the rules for flesign of
non-reinfprced concrete shown in EN 1992-1-1 in CEN/CENELEC countries or in|[ national
standard$ should also be applied.

The strudtural design of piles depends essentially on the type of pile. Piles are Ioadeﬂ by axial
and shedr forces and by bending. The maximum conmbined loads shall be determined and the
cross-segtions shall be verified by adoption of relevant standards such as EN 19p2-1-1 in
CEN/CENELEC countries for concrete piles and 1SO 10721 (all parts) and EN 19Pp3-1-1 in
CEN/CENELEC countries for steel piles or national standards respectively. The intergal forces
and monients can be calculated using appropriate methods presented in the literatufe and/or
proved by long-term application.

NOTE Adgitional information about structural design of piles is given in EN 1997-1:2004, 7.8, for CENVCENELEC
countries.

If applicaple, the limitation ef\the deformation shall be considered in accordance with|[6.5.7.

6.5.5 Partial factors for foundations

The part?l factors-for the geotechnical design depend on the type of foundation and the type
of loading.

Values of thie“partial factors shall be selected from EN 1997-1 for CEN/CENELEC countries or
national standards, taking into consideration the appropriate geotechnical parameters and
design model.

Partial factors may be given in the purchaser specification depending on the type of foundation,
the approach used for their verification and national conditions.

6.5.6 Verification of stability

In general, the proof of stability shall verify that the resistance with the partial factors included
is higher than the design loads with the partial factors included. The methods for verification of
stability are those given in the appropriate codes of practice, for example as given in
EN 1997-1:2004 for CEN/CENELEC countries, in the respective national annex, in the relevant
literature, or which have been used with satisfactory practical experience.

The design of pole foundations shall be checked at the ultimate limit states indicated in 6.5.4.1
using design actions or action effects and design resistance.
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In case of embankment slope, the overall stability shall be analysed according to provisions in
EN 1997-1:2004, Clause 11, in CEN/CENELEC countries or in national standards.

In cases where a foundation is surrounded by soft soil, the resistance shall be calculated as
the foundation is installed directly in the natural soil, also when it is installed by excavation and
back-filling.

For pile foundations, it shall be checked that the design bending moment capacity of the pile is
not exceeded at the connection between the pole and the pile.

For axisymmetric foundations, the analysis can be performed in the direction of the resulting
actions and overturning moments. For other foundations, the verification should be made in two
directiongTomsidering the overtapping Tesistance zones 1T thegrourd:

Where applicable, for example for rectangular foundations loaded by moments in| different
direction$, stability may be verified using Formula (19).

Moy  Maze 4

19
Rdyy Rdzz ( )

where
Mgyyy, Mgy, are design moments, expressed in kNni;

Ryyy: Ryzy are design moment resistances, expressed in kKNm.

6.5.7 Calculation of displacements

In order {o guarantee the serviceability of the contact line, the displacements shall he limited
according to the requirements of the operator as given in the purchaser specification. [Limits on
overall displacement of support structures shall be in accordance with 6.4.5. Deformatjon of the
foundatign shall be considered as a‘contribution to the overall structure deflection.

A signifidant contribution tosthe displacements may be carried out by using adequate|methods
as descr|bed in the literature, for example based on the subgrade moduli of the soil strata
encountdred.

The methods for ¢alculation of displacements are those given in the appropriate |[codes of
practice, [for example as given in EN 1997-1:2004, 2.4, for CEN/CENELEC countries | or in the
respective national annex, or in the relevant literature, or those which have been ysed with
satisfactqry. practical experience.

The design of pole foundations shall be checked at the serviceability limit state using the
appropriate limit states in 6.5.4.1.

NOTE The serviceability limit state is often the crucial limit state for single pole foundations.
6.5.8 Materials for foundations

The main materials used for foundations are concrete, reinforcement steel and steel section or
tubes.

Concrete for foundations shall conform to EN 206 in CEN/CENELEC countries or national
standards and the quality shall be at least C25/30 (to cater for sufficient frost proofing), and
when frost proofing is not required C16/20 shall be used as a minimum or as defined in national
standards. Higher grades may be required in the purchaser specification.
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Concrete structures shall comply with EN 1992-1-1 in CEN/CENELEC countries or national
standards.

Steel piles produced from structural steel shall be manufactured from materials in accordance
with EN 10025 (all parts), EN 10210 (all parts) or EN 10219 (all parts) in CEN/CENELEC
countries or national standards; preferably the steel qualities mentioned under 6.4.6 should be
used.

Materials for driven piles shall meet the requirements according to EN 12699 in CEN/CENELEC
countries or national standards.

6.5.9 Structural details

Special gttention shall be paid to the interaction between support and foundation,>gspecially
where faligue has an influence. It is standard practice either to arrange anchor, 'bojts in the
foundatign and fix the support to these anchor bolts. For design of anchor bolts, refergnce shall
be made|to EN 50341-1:2012, Table K.2 (Design of holding-down bolts)nin’ CEN/JQENELEC
countries| or national standards.

Supports| may be inserted into the foundation body. The dimensions of the holgs in the
foundatign body shall be large enough to enable adjustment of thé/support. A spacel of 0,1 m
between [the hole and the support is advisable. This space may be filled up with sfand, fine
gravel or[concrete. A layer of concrete shall be placed over(the hole to prevent watef ingress;
a thickneps of at least 0,2 m is advisable. The requirements)of EN 1992-1-1 in CEN/QENELEC
countries| or national standards concerning the concrete €overing should be applied.

To prote¢t the supports against humidity and theraggressiveness of the soil, the tpp of the
foundatign should be arranged above the soil surface; a height of at least 0,3 m is preferable.
The top gf the foundation should be shaped toravoid standing water.

In urban freas that are publicly accessible, a protection should be put around the bgse of the
pole.

6.5.10 Protection against corrasion and weathering

The protection of foundations*against weathering and corrosion shall be achieved by [selection
of approgriate concrete quality and a sufficient compaction. If steel reinforcement is lised, the
requirements given in “EN 1992-1-1 in CEN/CENELEC countries or national dtandards
concerning the concrete covering should be considered. In addition, to limit any |cracks a
structural reinforcement may be applied in the caps of concrete foundations according to the
requirements of-the purchaser specifications.

The supports and foundations of structures for DC railway installation need to be protected
against stray current corrosion. For details refer to IEC 62128-2.

Anchor bolts shall be protected against corrosion. In case of galvanization, an additional
protection should be applied if specified by the purchaser.

Steel piles shall be adequately protected against corrosion. This can be achieved either by
providing a concrete sleeve or by applying a coating made of a thick layer of protective material.
Alternatively to the mentioned protective provisions, the expected corrosion of steel can be
allowed for by providing additional steel thickness.

For steel piles, the cross-section should, for the structural design, be reduced with a measure
corresponding to the expected average corrosion in the ground over the lifetime; see ISO 10721
(all parts) and EN 1993-5 in CEN/CENELEC countries or national standards or the purchaser
specification. Hot dip galvanizing protects the steel from corrosion in drained and lime-rich soils
but will only slow the corrosion rate in saturated soils. Coatings such of epoxy or polythene can
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be used where the foundation is installed by excavation and back-filling. Additionally, the
durability of the coating itself should be considered.

6.5.11 Electrical design

Foundations may be used as earth electrodes, especially in AC systems. The earth electrode
is formed by providing a conductive path enabling current to flow through the foundation and
into the surrounding ground. Earth electrodes shall be connected with the metallic poles with
concrete foundations. The following items should be considered to ensure the resistance to
earth is decreased:

— no insulation included between reinforcement and soil (not including the resistivity of the
concrete);

— the earth resistance will reduce with the increased length and diameter of the foluindation,
wherg the length is more significant.

6.5.12 |nstallation of foundations

Although|general requirements for installation of overhead contact lines @re’not included in this
documen’t, requirements for installation for the foundations are necessary as the fqundation
detail capnot readily be inspected at a later stage to ensure compliance with the design.

Foundatipns made of concrete shall be constructed andCinstalled in accordahce with
EN 199241-1 in CEN/CENELEC countries or national standards. Refer also to EN 1997-1:2004
in CEN/QENELEC countries.

The metHod of installation described in the geotechnical design report shall be transfofmed into
an installation program, with consideration given<to the actual site conditions and|required
design glound parameters.

NOTE Fof the general requirements for cheeking, supervision and monitoring of installationy, refer to
EN 1997-1J2004, Clauses 4, 5 and 7, in CEN/CENELEC countries.

When exfavating for a foundation, ¢he ground beneath the foundation shall not be fisturbed
and shall be protected against disturbing effects, for example frost or groundwater seepage.
Refer to EN 1997-1:2004, 6.9, in CEN/CENELEC countries.

The instdllation methodetogy should include a plan of supervision so that, if ground conditions
vary fron) those envisaged, an alternative foundation may be used or amendments t¢ existing
foundatign dimensions’ made. During excavation, attention shall be paid to the agreement
between | the assumptions made for design and the encountered soil profile. Adequate
supervisipn sheuld always be ensured during foundation construction.

Any bacKfilkshall be compacted to achieve soil characteristics as close as possible td those of
the undisturbed soil.

Pile driving shall be recorded and record of pile driving checked against the specified
requirements to achieve the required stability.

For foundations driven into the ground with or without pre-boring, criteria for assessing the
capacity of foundations shall be assessed in the installation program. General requirements for
supervision of construction are shown in EN 1997-1:2004, 7.9, in CEN/CENELEC countries or
in national standards.

Requirements for execution of bored piles are given in EN 1536, for displacement piles in
EN 12699 and for ground anchors in EN 1537 in CEN/CENELEC countries, or in national
standards respectively.
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The results of supervision, monitoring and maintenance activities should be compiled in a report
as an addendum to the Geotechnical Design Report, confirming that the construction and
installation has been made in accordance with given requirements. If there are divergences that
might affect the behaviour of the foundations, they should be reported and the possible effects
analysed in the addendum.

7 Assembly and Component requirements

7.1 General

711 Design life

Under nw-wmmwm&wmm:em shall
have a dg¢sign life at least equal to the design life of the system, unless stated otherwise by the

supplier ¢r by the purchaser (e.g., contact wire).

EXAMPLE | Contact wires are typical components whose lifetime does not follow the lifetime of the §ystem and
depends or} the interaction with the pantographs.

The OCLPB components should be free of maintenance before and between the schedyled cycle
as specifijed.

It is recommended to design the components in a way that,they require as less as| possible
maintenance and especially periodic treatment, such as lubrication of wires, electrical [contacts,
bearings|and gears, for keeping equipment working properly, for example using dry|bearings
both in tgnsioning devices and in disconnectors drives.and self-lubricating contact suffaces for
disconneftors without need of greasing.

7.1.2 Component identification

the complonent is large enough, all components shall be marked with a supplier’s identification

If there afe no other requirements in the relevant product standards and the size and|shape of
and comiionent identification. The form of marking shall be agreed with the purchasety.

7.1.3 Corrosion and erosion

Surface |protection shall""be provided on components of ferrous material. Tlhe local
environmlental conditions)shall be considered when determining the type and thigkness of
surface grotection. For'components made of corrosion resistant materials, a surface grotection
is not neg¢essary.

Where galvanization is used to protect from the corrosion, it shall be designed in acfordance
with 1ISO [1461:2022, ISO 14713 (all parts).

Additional protection shall be considered for internal strands of ferrous multi-stranded wires
(e.g., greasing).

Clamps, splices and other fittings shall not cause any bimetallic corrosion with the conductors
with which they are in contact. Consideration shall be given to the risk of water retention so as
to reduce the potential for damage during freezing conditions.

Components shall be designed in such a way that the danger of stress corrosion cracking does
not occur.

7.2 Supporting assemblies

Supporting assemblies shall be compatible with the kinematic and static reference profile of the
vehicle and the pantograph clearance gauge by a margin specified by system design.
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Registration assemblies shall be designed such that:

— the stagger of the contact wire and catenary wire or conductor rail are maintained at the
registration point within the defined tolerance in relation to the track centre line (refer to
5.14),

— the longitudinal movement of the contact wire and catenary wire caused by temperature
variation is accommodated,

— the worst case uplift of the contact wire, as per 5.10.2, can be accommodated without
causing mechanical fouling of the pantograph and any other part of the registration
assembly after allowing for maximum wear and tolerance variation of the pantograph, and

— the mass of the moving parts of the registration assembly, including the connections to the
contact wire and registration arm or supporting assembly, shall be kept to a minimum to
achiepe the specified current collection quality.

7.3 Cdntact wire

The contpct wire shall conform to the requirements of IEC 62917. Contact-wires should be
installed without microwaves.

7.4 Other conductors and ropes

Stranded| conductors shall conform to the requirements of~EN 50182 in CEN/CQENELEC
countries| for AL1/STyz and AL3/STyz (ACSR and AACSR) or to other relevant sfandards,
dependinfg on the types of conductors. Synthetic ropes shall econform to IEC 62724. Fof all other
types of|wires or in non-CEN/CENELEC countries,. the relevant international or| national
standard$ should be applied.

The copper and copper alloy catenary wires shallconform to the requirements of IEC|63190.

Other wifes such as zinc-coated steel wires, aluminum wires or ACSR may be| used in
accordanfce with the purchaser specification.

Where grease is used for the strands’ of the conductors, this shall be chosen so as nqt to have
a melting[point under the maximum temperature rise of the conductor (as described in|Table 1).

Design Igads shall be in accordance with the requirements of Clause 5.

7.5 Tepsioning devices

The tengioning “device shall maintain the mechanical tension in the overhead contact line
conductof(s) @sdefined in the purchaser specification. The device shall be designed tp achieve
an efficiency’defined in the purchaser specification over the specified design temperatiire range
of the eqbipment:

Particular attention shall be given to the corrosion protection of any bearing arrangements in
tensioning devices and suitable maintenance instructions made available to maintain the design
efficiency of the tensioning arrangement. Dry bearings or self-lubricating bearings are
recommended to reduce maintenance.

Where weights are used in the tensioning devices, these shall be located away from publicly
accessible areas. Where this cannot be achieved, suitable precautions shall be taken to ensure
public safety is maintained. The safety of public shall be ensured by using a specific device,
such as a protection barrier or a fall arresting device.

The fall arresting device shall function correctly without permanent deformation at a load of
1,33 times the maximum permissible operational load.
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To ensure that the tensioning device does not fail in the case of an incident, the breaking load
of the tensioning device shall be higher than the breaking load of the tensioned conductor.

7.6 Mechanical midpoints
7.6.1 General

Fixed anchor points or other devices shall be used in a tension length of overhead contact line
that is tensioned automatically at both ends, to ensure the conductors do not migrate towards
one end of the tension length with changes in the loading conditions. Fixed points shall also be
used with rigid overhead contact lines to prevent migration of the conductor rail. Mechanical
midpoints should be provided by the installation of an anchoring arrangement at approximately
the midpoint of the tension length or at such a location which balances the along track forces
at the mifipoint.

Fixed po|nts are not required to prevent consequential damage to the overhead coptact line
system in) the event of conductor breakage, unless stated in the purchaser specificatipn.

7.6.2 Catenary wire fixed points

The desi@n of the catenary wire fixed point shall take into account{he“different tension loads of
either thg catenary wire or the contact wire. The highest value shall be applied.

For cantilevers, the fixed point shall be designed to prevént movement of the cantilever. For
head spans, measures shall be taken to ensure the upper cross-span wires can withgtand the
required |ongitudinal load.

For exanple, several adjacent head spans may.,act as the fixed point.

7.6.3 Contact wire fixed points

If a contgct wire fixed point is required;<this can be achieved in several ways. For example, the
contact wire is connected to the catenary wire by a conductor installed close to the|catenary
wire fixeq point. Thus, the contaet'wire is fixed in its position along the track.

The design of the contact wire fixed point shall take into account the difference of the pperating
tensioning forces of the contact wire on both sides of the fixed points.

7.71 echanical requirements
Droppers can be rigid, flexible or sliding. The different types shall withstand the |oads, as
defined i ifrcatt ; ce of the

dropper over the life-cycle of the system.

The factor of safety for the complete dropper shall be a minimum of 2,5 for vertical and 1,5 for
horizontal working loads.

The following service loads shall be considered in the design of droppers:
— vertical loads resulting from contact wire weight, ice loads, wind loads and loads coming
from the contact wire profile;

— horizontal loads in the axis of the contact wire coming from a dropper inclination of up to
30° (for reduced encumbrance overhead contact lines, it may be appropriate to reduce the
angle of inclination);

— dynamic loads coming from vibration, dropper buckling, etc.

In addition to the service loads, the following additional loads shall be considered:
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— loads during construction;
— temporary loads coming from failures (e.g. the failure of an adjacent dropper).

Where these additional loads are greater than 2,5 times the service loads, they shall be used
for the design of the dropper, in place of the service loads. Additional loads less than 2,5 times
the service load may be ignored.

Loads imposed by staff standing on or attaching to the contact wire may be omitted when
considering the loading of droppers, unless stated otherwise by the purchaser.

7.7.2 Electrical requirements

Droppero |||ay bU de;llUd do Uullcllt bally;lly, LILAA N} Uullcllt Ually;lly Ul ;IIOU:Gt;IIH.

Current garrying droppers shall be designed to allow for current to flow between thg contact
and catenary wires without deterioration of the electrical and mechanical properties. Electrical
design shall take into account the current distribution between the droppers.in.at least ¢ne span.
A short-dircuit close to one single dropper could cause a very high short-gircuit currg¢nt in the
dropper. [Under these circumstances, the dropper is not required to be rated for a [full short
circuit cufrent.

Non-current carrying droppers are not designed to carry currént. However, in the eyent of a
potential |difference being present across the dropper, currént can flow. Where current flow is
restricteq by design, insulating droppers are required. Theelectrical requirements for insulating
droppers|are contained in IEC 62724.

7.8 Clamps and line fittings
7.8.1 Mechanical requirements

Anchoring clamps should be capable of securing ropes with a minimum of 2,5 times th¢ working
load or With 85 % of the rated tensile, strength (RTS) of the conductors. The lower value shall
be attainpd in any case. The anchering clamps used shall not incur permanent defgrmations
which impair operation at 1,33 times the working load.

Anchoring clamps should bé&weapable of securing cables and wires with a minimum of P,5 times
the working load or with,85.% of RTS of the conductors

Other clamps and line\fittings shall have a factor of safety of 2,5 times the working load. Clamps
and line flttings sabject to vibration shall be designed to prevent loosening over time. Injaddition,
the masg of in=line fittings should be kept to a minimum, within the functional requitement of
the complonent.

These values give the minimum requirements which can be increased by national regulations.

Clamps or fittings that carry conductors shall be designed in order to avoid any damage during
the repetitive horizontal and vertical movements as a result of wind or temperature variation.
The maximum horizontal and vertical angles for the conductors at the interface of the clamp or
fitting should be specified by the purchaser or system designer. It may be necessary to design
the clamp or fitting with chamfered or rounded edges to avoid damage to the conductor.

7.8.2 Electrical requirements

Clamps and line fittings shall provide a path for the specified normal and short-circuit current
flow without causing failure.
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7.9 Electrical connectors

Electrical connectors (not including current carrying droppers) shall have the following
characteristics:

— to be able to sustain thermal load cycling with no reduction in mechanical and electrical
integrity;

— the temperature rise with the specified short-circuit current shall not cause fusion or
deformation or exceed the maximum allowable temperature of the wire in Table 1 (not
including current carrying droppers);

— the temperature at normal operation of the electrical connector shall not exceed the
maximum allowable temperature of the conductor.

7.10 Insgulators
7.10.1 eneral requirements

The folloyving standards shall apply. They specify requirements for the design.of insulafors used
most in overhead contact line systems.

For cerarmic or glass insulator units:

- |EC 6)2497-1;
— |EC 6[0305;
- IEC 6/0672-1;
- |EC 6/0672-3;
— |EC 6/0433.

For composite insulators:
— |EC 6]2621.

For post |nsulators:

- |EC 60273.

Where other designs are _required, their functional requirements shall be containgd in the
purchaselr specification.

The minilmum creepage distances for insulators shall conform with IEC 62497-1, for fthe rated
insulation voltage of the overhead contact line system (as defined in IEC 62497-1) and for the
applicable pollution degree.

NOTE The use of composite insulators can avoid insulator replacement after lightening strokes.
7.10.2 Mechanical requirements

The mechanical requirements for composite insulators shall be in accordance with IEC 62621.

For other insulators, the minimum tensile strength of the insulator shall be at least 95 % of the
calculated tensile strength of the conductor. The maximum working tensile load on the insulator
shall not exceed 40 % of the minimum tensile strength of the insulator. In either case, the
highest value should be used. The minimum tensile strength of the insulator which is installed
on the conductor having calculated tensile strength of more than 100 kN may be determined by
agreement between purchaser and supplier.

The maximum working, bending or torsion load shall not exceed 40 % of the minimum, bending
or torsion strength of the insulator. Simultaneous tensile and bending and/or torsion load shall


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

- 86 - IEC 60913:2024 © IEC 2024

be taken into account if necessary. The maximum working bending load may additionally be
limited by any deflection criteria defined in the purchaser specification.

The end fittings shall be suitably protected from corrosion and electrochemically compatible
with interface connections. Particular attention shall be given to the protection of the end fittings
against moisture entry, chemical activity or fixing degradation.

7.10.3 Insulator surface

In addition to the electrical and mechanical performance requirements, the design should
address the suitability of the insulator surface in catering for

— cleaning by natural or manual methods,

— localized atmospheric pollution,
— low voltage erosion,
— electro-chemical activity or water absorption, and

— anti-vlandalism;
7.11 Selctioning devices
7.11.1 Pefinition

The term|"sectioning device" refers to section insulators and‘neutral section insulator

o7

7.11.2 Mechanical requirements

The sectipning device shall be designed such thatno permanent or temporary deformation with
detriment to function shall appear up to 1,33 times the working tensile load. When trayersed by
one or more pantographs, the contact forces shall comply with 5.2.5.2. In addjtion, the
sectioning device shall not damage the pantograph collector strip.

The non-fontinuous pantograph head-profile, as specified in IEC 62486, shall be congidered if
they are pperating on the line and.the purchaser shall provide all required pantograph details
as outlingd in 4.5.

For requirements for tension clamps in sectioning devices, refer to 7.8.1.

7.11.3 Electrical requirements

The insulators.in.the sectioning device shall comply with the electrical requirements $et out in
7.10. If the, pantograph runs on the insulating components, the possible carbon [or metal
deposition.from the pantograph shall be taken into account.

A section insulator shall be designed to withstand,
a) in normal operation, the arcing caused by the passing of pantographs drawing a current
corresponding to a single pantograph, and

b) in abnormal conditions, the arcing (due to load and any consequential short-circuit current)
caused by the passing of pantographs drawing a current corresponding to a single
pantograph, where one side of the sectioning device is energized and the other side is de-
energized or earthed.

Any damage to the sectioning device due to arcing shall not reduce its mechanical integrity in
a way which endangers continued operational use.

7.12 Disconnectors and drives

Disconnectors together with their drives and linkages shall comply with the requirements of
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— IEC 61992-4 for DC disconnectors, switch-disconnectors and earthing switches, and

- IEC6

They sha

2505-2 for AC disconnectors earthing switches and switches.

Il be designed for the rated current and rated voltage of the system.

Disconnectors shall be suited to interrupt rated operational currents for a number of switching
cycles if determined in the purchaser specification.

The interruption of current can cause arcs. Disconnectors shall be arranged in such a way that
arcing does not damage other parts of the installation.

When specified as switch-disconnector, respectively switch, interruption of operational currents

is requirg
and the
IEC 6250

Electrica

713 Pr
7.13.1

Covers 1
electrical
be in ad
obstacles

7.13.2

Protectio

overvoltalge conditions and discharge current of the specific traction power system.

out in IE

d. The purchaser shall specify the required load-breaking and load-making
mechanical and electrical endurance. Guidance is provided by IEC 6119
5-2.

or remote control is recommended for disconnectors.
btection devices

Covers and obstacles

insulation suitable for application in the overhead'e¢ontact lines. Insulated co
cordance with IEC 62497-1 and, for safety\ protection against direct cd
, shall be in accordance with IEC 62128-1.

Surge protection and voltage limiting-devices

h devices, such as surge arrestorssand spark gaps, shall be designed for thg

capacity
D2-4 and

hay be required, sufficient to provide mechanieal protection against dgmage or

ers shall
ntact by

voltage,

C 62128-1. The |IEC 62497 series provides guidance on insulation coordin

tion and

The requjrements of the IEC 62128 series shall be followed, for example voltage Iiths as set

related p
be capab

7.14 Specific components for trolleybus systems

7.14.1

The perf

rotection of overvoltages. Where specified as load breaking disconnectors,
le of interrupt breaking the rated current. See requirement of 7.12.

General

brmance parameters for the design of components for trolleybus systems

defined i the system design, in terms of its mechanical and electrical requirements.

hey shall

shall be

In particular, the following shall be taken into account:

— the mass of moving parts, including the connections to the contact wire, shall be kept to a
minimum to achieve a good current collection quality, without interrupting the current flow

to the

trolleybus;

— the mechanical characteristics, including their weight, of assemblies and components shall
enable them to be suspended using insulating or steel rope to supporting structures;

— the electrical parameters shall consider the possible activation of these components by
current impulse or "wireless" systems, such as radio-frequency or infrared.


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

- 88 - IEC 60913:2024 © IEC 2024

7.14.2 Turnouts and crossings
7.14.2.1 Mechanical requirements

Components for turnouts and crossings shall be designed so that no permanent or temporary
deformation appears at 1,5 times the maximum working tensile load.

No damage shall occur to the current collector head during the passage of the trolleybus under
the turnout or crossing at the maximum speed defined between the supplier and the purchaser.

7.14.2.2 Electrical requirements

The level of insulation of trolleybus turnouts shall be as defined in IEC 62497-1.

When th¢ command system of the turnout has a different supply voltage (e.g-,l/AC/DC low
voltage), [the level of insulation required shall be as defined in IEC 60947-1.

7.15 Adtomatic earthing and short-circuiting equipment

Automatgd earthing and short-circuiting equipment may be used for overhead contgct line to
facilitate fast earthing in emergency situation if necessary, for example tunnels, and tolestablish
safe conditions in work areas where it is necessary to routinely éarth the overhead contact line,
for example in depots, train washing facilities, test tracks and barder control points.

If the earthing or short-circuit equipment is used, once _applied, the resultant touch pqtential of
the overhead contact system shall comply with the IE€C\62128 series.

Automatgd earthing and short-circuiting equipment shall verify absence of operating voltage,
carry ouf earthing and short-circuiting and_sprovide protection against adjacent ljve parts
according to EN 50110-1:2013 and EN 50488 (for CEN/CENELEC countries) or| national
standard$. This can be achieved by a combination of stationary voltage detectors, gwitching
devices, pccess limiting demarcation or.signals, which are managed by control and mpnitoring.

The switching devices used for earthing and short-circuiting shall fulfil the requirgments of
IEC 61992-4 or IEC 62505-2. In addition, the switching device position indication used|to permit
access tq the overhead contact line system shall be generated directly on the switching device
and not gnly in the drive.connected by long linkage to the switching device. This avgids false
informatipn due to linkage problems. A reliable provision and transmission of thqg signals,
commands and measurements for voltage detection shall be ensured.

7.16 Mgnitoring devices

Overhead «contact line monitoring devices collect and transfer data with respect to pverhead
contact | on-based

maintenance interventions or system and component validation.

When required, the application and functional parameters of overhead contact line monitoring
devices shall be determined by the purchaser and supplier depending on the RAMS
requirements, as per EN 50562 for CEN/CENELEC countries or national standards, and their
effect on life cycle costs. They may include monitoring of tensile force, temperature, uplift,
lateral and vertical position of the overhead contact line, wear of conductors as well as
insulation state, system oscillation, arcing and contact strip condition. Additional information
about the climatic conditions may be required in combination. The design of overhead contact
line monitoring devices shall consider the condition and failure mode of the monitored assets
and provide data to enable system or component analysis and decision. Normal operational
conditions and emergency cases shall be clearly differentiated.
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Monitoring devices should not impart excessively negative influence on the function and
operational behaviour of the overhead contact line. Electronic equipment shall meet the EMC
requirements according to IEC 62236-2.

8 Test

ing

8.1 Testing of components and assemblies — General

Testing comprises three different types; type tests, random sampling tests and routine tests.

Type tests are intended to validate design characteristics. They are normally only made once
and repeated only when the design or the material of the component is changed. The results of

type testq
of simila
compone
results a

Sampling
monitorin
acceptan
otherwisq

Routine t
specific r
and to el
the teste
latent de
can typic
insulation
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tests serve for monitoring production. If statistical quality ¢ests are perfg

ce. The sampling procedures shall be in accordance with/[SO 2859 (all par
specified in the purchaser specification.

ests shall be carried out on components which hdve'increased probability of
equirements and are made on every item. The intent of the tests is to prove ¢
minate defective items. These tests shall not\damage the item. After a pos
H specimen may be used in an installation~A routine test should be used
fects which could influence the operating-reliability of the component. Rou
ally include load tests, magnetic crack ‘tests, ultrasonic tests, X-rays, resist
tests or other non-destructive test-methods.
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Coverage

bur test specimens’shall be subjected to each type test.
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nents or elamps forming part of a support assembly which are subjected to type testing

— material test;

— dimension and visual test;

— functional test;

— test of mechanical load capacity;

— heat cycling test (where continuous traction current carrying is expected).

All test conditions, test arrangements and test results shall be recorded in a test report.

8.2.1.2

Material verification

Type tests shall include verification of materials to ensure that they are in accordance with the
purchaser specification. This verification may be carried out by inspecting documentation
relating to material purchasing specifications, certificates of conformity or other quality

documen

tation.


https://iecnorm.com/api/?name=c1fec36d7f0822b8230a398bdbb096f3

-90 - IEC 60913:2024 © IEC 2024

8.2.1.3 Verification of dimension and visual examination

Functional dimensions given in the drawing shall be measured on the samples. A visual
examination shall include a check for the general condition and the surface of the sample for
cracks, sink marks, inadmissible burrs or flashes, sharp edges, etc.

The chamfered and rounded edges of clamps shall be checked in relation to all possible position
of conductors in the clamp, as specified in 7.8.1.

8.2.1.4 Functional test

Samples shall be assembled according to the supplier’s instructions, using all necessary
connecting parts. Bolts shall be tightened to 1,1 times the tightening torque stated in Table 17.
The releyant functional dimensions shall be checked. No permanent deformation|shall be
permitted unless it is intended to do so by design.

The tightening torque to be applied corresponds to the lower limit of friction variability of a
certain bolt.

A lower ¢oefficient of friction of u;; = 0,1 or 0,12 may be assumed)for example fof the bolt
connectigns listed in Table 18.

For coefflcients of friction other than x;,; = 0,12, the tightening torques stated in Tabl¢ 17 shall
be converted according to the factors given in Table 20 ©y multiplying the values.

Pairings according to Table 19 are recommended when bolts with hexagonal nuts arg used.

Table 17| Table 18, Table 19 and Table 20+vare applicable to clamps and fitting$ for the
overhead contact line system.

Table 17 — Tightening-torques M; for regularly used bolts

Torques in Newtpn metres

Thread Material of the bolts
dimensi¢ons

Unalloyed.and alloyed steels according to |Rust and acid resistant steels | Copper-nickel

ISO 89871 hot dip galvanized (tZn) steel groups A2 and A4 alloy CU5
Strength class Strength class
4.6 5.6 8.8 70 80

Ry 0,2 min = Ry 0,2 min = Rlo,2 min =

240 N/mm? 300 N/mm? | 640 N/mm?2 | 450 N/mm? 600 N/mm? 54p N/mm?
M8 - - 23 16 22 20
M10 - - 46 32 43 39
M12 25 38 80 56 75 68
M16 60 90 195 135 180 165
M20 120 180 390 280 370 330

NOTE The values in this table were established using the following assumptions:
— the bolt can be stressed up to its guaranteed minimum yield point;

— the tightening torques are based on a coefficient of friction for threads and head support of y, , = 0,12;

— adeviation of 10 % when applying the tightening torque is already taken into account in the table values:

M, Table = 0,9 M, max,
point;

— the tightening torques for bolts made of rust and acid resistant steels of the strength classes 70 and 80 are
based on the 0,2 % yield point.

where M, . is the tightening torque for stressing up to the guaranteed minimum yield
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a2  Above M16: 660 N/mm?2.

Table 18 — Examples of bolt connections

Bolt Nut Head support Lubricant Coeffici.ent of
friction

Htot

Steel

annealing black or St.eel Ste.el Oil 0,12

. bright machined

zinc-phosphate

A2/A4 A2/A4 A2/A4 S 0,12

A2/A4 Al alloy A2/A4 S 0,12

Steel hot Hip galvanized Al alloy A2/A4 K oj12

Steel hot Hip galvanized A2/A4 A2/A4 K o2

Steel hot Hip galvanized Steel hot dip galvanized A2/A4 K o010

CuU5 CUS5 or copper A2/A4 K\S on2

A2/A4: rupt and acid resistant steel

steel groups A2 and A4.
CUS5:  cqdpper-nickel alloy.

S: special lubricant.

K: cdrrosion protection grease.

Table 19 — Assignment of the strength of bolt and nut

Strength class of the bolt

Strength class of the nut

462 5P
562 5P
8.81d gb
A2/A4, strength class 70 A2/A4 - 70
A2/A4; strength class 80 A2/A4 - 80
CU5 CU5

(CuNi 1,5 Si F 59)

(CuNi 1,5 Si F 59)

a

b

According to ISO 898-1.
According to ISO 898-2.
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Table 20 — Conversion factor for tightening torques

Coefficient of friction Conversion factor
Hiot MA
0,08 0,77
0,10 0,89
0,12 1,00
0,14 1,10
0,16 1,18
0,20 1,33
0,25 1,47
0,30 1,57

8.2.1.5 Mechanical load capacity test
8.2.1.5.1 Components

Accessollies which are used to connect the tensile testing machine to the support gssembly
shall enspre the loading is as close as possible to that which occurs in operational uge. These
tensioning parts shall not influence the test result. In the case of components with seyeral load
points, it| shall be ensured that the forces are distribdted accurately in every conpdition to
represent the real load conditions.

The test gpecimens shall be loaded progressivelydp to the maximum force F,,. The rate of

change shall be within the range 5 N/mm2 perisecond to 10 N/mm? per second, relafed to the
conductor cross-section. A force-elongationtor force-time diagram shall be made at the same
time. Thi$ diagram can be derived either by the test machine itself or by measuring tty means
of suitablle instruments at different load.stages. From the force- elongation diagram, i shall be
possible fo determine the force in theltransition from the elastic into the plastic range

For comgonents, the following characteristics shall be determined:

— ability of test specimen 10 withstand 1,33 times the operational force without a pgrmanent
deformation occurring;

— failur¢ load F,, 4 0f the test specimen;

— naturg and loegation of failure on the test specimen.

All valueg shall be recorded in test reports together with the characteristic data for the test
specimensyssuch as material _material condition type of processing, surface condition| etc. The

test data shall be used for determining the nominal force F,,,, or permissible operating force
F The maximum force F,,, of the test specimen shall be equal to or greater than the

perm.op-
required nominal force F or the force specified in the appropriate standards or drawings.

nom

8.2.1.5.2 Clamps

Accessory parts for conductors, anchor cables and wires are assembled with the intended
conductors corresponding to the assembly instructions and inserted in the testing machine
using suitable clamping parts. For bolted clamps, the bolts are tightened with a tightening torque
corresponding to Table 17 or the data provided by the supplier.

The tensile force shall be increased to 1,33 times the permissible operating force F,o;m o and
held for the duration of 1 min. Marks shall be applied at the exit of the conductor from the test
specimen for observing possible slippage. The force shall be increased constantly with a load
change of 5 N/mm?2 per second to 10 N/mm?2 per second, related to the conductor cross-section
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up to the maximum force F,, 4 or up to destruction of the component. For suspension clamps,
the maximum force F,,, in the direction of the force effective in operation (mass of the
conductor and additional loads) shall be determined.

For accessory parts to conductors, the following results shall be determined:

— force when the conductor starts to slip in the clamp;

— maximum force F,,, of slipping through or breaking of the conductor in the area of influence
of the clamp;

— functional defects of the clamp.

For stranded conductors the first wire break shall be considered as a breakage of the
conductoy.

For suspension clamps, the maximum force F,, in the direction of the foree effective in
operatior] (weight of the conductor and additional loads) shall be determined,

8.2.1.6 Heat cycling tests (electrical tests)
8.2.1.6.1 Object of the test

Heat cygling tests are used to determine the long-term electrical behaviour of| current-
conducting connections.

8.2.1.6 dpes not apply to:

— terminpals which are inherent parts of an equipment,

— fittings which are used in enclosed units (e.g., motor-operated mechanism),

— installation material and earthing terminals, and

— clamgs which are mainly used for mechanical purposes (e.g. ,dropper clamps).

8.2.1.6.2 Connections
8.2.1.6.2{1 General
The currgnt carrying connections can be divided into two main groups for tensile strepgth:

— conngctions designed to withstand tensile stress;
— conngctions ‘which are not designed to withstand tensile stress.

8.2.1.6.2(2 Temperature rise in conductors

The maximum permissible temperature limits during the heat cycling test shall be defined by:

— temperature with continuous current (refer to Table 1), and
— temperature at short-circuit current in accordance with IEC 61284.

If, in exceptional cases, a connection is designed for higher temperatures than those defined
above, the test temperatures shall be suitably modified.

8.2.1.6.2.3 Subdivision for test purposes

Since all possible applications of connections cannot be clearly identified, two classes of
connections are defined for test purposes.

— Class A: the connections are subjected only to electrical heat cycling tests. Connections
which can withstand tensile stress are typically class A connections.
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— Class B: the connections are subjected to electrical heat cycling tests and short-circuit peak
withstand current test. Connections which cannot withstand tensile stress are typical class B
connections.

NOTE In the case of class A connections, the short-circuit peak withstand current test is not required since the
mechanical design is sufficiently robust so that this test is not necessary.

8.2.1.6.3 Test specimens

Four specimens of each type of connection shall be subjected to the tests. The specimens
supplied for testing shall be identical to the commercially available products.

8.2.1.6.4 Variable diameter connectors

For clamps that are designed for a range of conductor cross sections, the clamp shall pe tested
with the largest conductor cross-section as a minimum. If further tests are carried!out, then it is
advised fhat the smallest conductor cross section is tested. If bolts of differefit-mate¢rials are
used, theg test specimens shall be fitted with bolts having the lowest conductivity.

8.2.1.6.5 Preparation of specimens

The confact surfaces of the fitting and the conductor shall be{prepared according to the
supplier’g instructions. The fittings shall be fitted on the specified type and size of qonductor
according to the supplier’s instructions with which they are to be used without any further
preparatipn.

It is not germitted to subsequently tighten or press theitting during the test.

The following technical details of the test speciméns and the conductors shall be |recorded
before cqrrying out a test.
— Clamps and fittings:
e sypplier, catalogue or referenceiumber;
e class of connection: A or B

e ingtallation procedures:-preparation of contact surfaces, contact grease (if specified),
dgtails of fitting procedures and tools to be used.

— Cond{ctor:
e specification;
e material;

e sire andstranding.

8.2.1.6.6 Test rules

8.2.1.6.6.1 General

Heat cycling tests should be carried out in accordance with IEC 61284.

8.2.1.6.6.2 Test conditions

The test shall be carried out in suitable draught-free conditions at an ambient temperature
between 5 °C and 35 °C.

The test set-up shall ensure there is a sufficient distance between the test connections and
other connections in order to ensure that the mutual thermal influence is negligible. The test
arrangement shall be supported in such a manner that there is free air circulation and cooling
by natural convection.
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If forced cooling is used, it shall be used after switching off the current, and it shall have a
uniform effect on the complete set-up.

The test set-up shall be such that the specimens are not subjected to any noticeable mechanical
stress (bending, tension, pressure, etc.) during the electrical test. For this reason, it is
recommended that the position of the specimens is not changed during the tests.

New conductors shall be used for the tests and for arrangements with tension on the connection.
The tensile force should not exceed 20 % of the nominal tensile strength of the main conductor.

8.2.1.6.6.3 Arrangement of test specimens and the test loop

The arrapgemer of-the-test-specimens during-the-eteetrica-testsisnot-mandatee —However, it
is recomiended that the tests are carried out in the horizontal position.

Typical afrangements of the test loop are shown in Figure 7. Alternative arrangémenis can be
found in |[EC 61284:1997, Annexes B and C.

In the case of T-connections, both the current paths shall be tested separately. |Different
samples ghall be used for the tests.

8.2.1.6.6{4 Free conductor length

The free|conductor length /, (refer to Figure 7) betweeénvthe clamping pieces and the test
specimerns, as well as between the specimens themselves and the length /, of the comparison
conductor should not be less than the values given.inTable 21.
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Key
1 clamping piece
2 test spgcimen
3 potentigl points
4 compar|son conductor
a length ¢f conductor between specimen and centre of potential point; a = 154
a, length ¢f specimen
a, length ¢f comparison conductor between centres of;potential points; a, = 30d + a
b length g@f potential points; b < 24
d diametqr of conductor
/;  minimufn length between specimen and\efamping piece and between specimens as per Table 21
I, minimufn length of comparison conductor as per Table 21
Figure 7 — Description of dimensions and minimum conductor lengths
Table 21 — Minimum conductor lengths
Conductor diameter 4 1 1,
mm m m
=10 o5 276
10<d <15 0,8 2,0
15<d <25 1,2 2,0
25 <d <43 1,5 2,0
43 <d <63 2,0 2,5
63 <d 2,0 3,0
NOTE The conductor diameter for a shaped conductor is the diameter of the circle
which surrounds the conductor.

In the case of stranded conductors, the current shall be uniformly distributed throughout the

complete

cross-section.
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8.2.1.6.6.5 Comparison conductor

For the comparison of temperature and resistance values during the temperature and resistance
measurements, the test set-up shall include one uncut conductor. If a clamp is used to connect
two conductors of different sizes, the smaller of the two shall be used as the comparison
conductor.

8.2.1.6.6.6 Potential measuring points

In the case of stranded conductors, the points for measuring the voltage AU shall be at the
potential points (Figure 7, Figure 8a, Figure 8b and Figure 9). In the case of solid conductors,
the measuring points should be as close as possible to the test specimen without making
contact with the specimen. The voltage is picked up using either measuring probes or fixed
connectigns. The point of voltage pickup shall be clearly marked.

For an ekample of a method of making a practical voltage pickup, refer to IEC’61484:1997,
Annex G

Other commonly used methods may also be used.

= - 1 > 2
In E:—'— e = L 2 hy .
e [T ========== | I, Y ! ___ L YAl g
T e A RN O S T s o P
<| |- e ———— ———— -
2 ] i - \ A Y.
2 _a _a
_a _a <> <>
~< - lIM
AU @ AU
EE T IEC IEC
a) At a connecting clamp b) At a butt joining clamp
Key

1 measurgment distance
2 potentigl points
a length ¢f conducterbetween specimen and centre of potential point; a = 154

d diametqgr of conductor

Figure 8 — Potential measuring points
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Key
1 potentigl points

2 test spgcimen

Figure 9 — Potential measuring points at a T-type_infeed terminal
Heat cycling tests shall be carried out in accordance with IEC 61284.

8.2.2 Sampling test
8.2.2.1 Number of test specimens

Sampling tests shall be performed only if a sufficient quantity of components is made] typically
more thalr 100 of the same components. The*humber of the test specimens for the [sampling

test, p, shall be in accordance with the following formulae.
p=3 for 100 < n <500
p=4+——  for 500 <'#< 20 000

1IOO

,on

p=15+1— for n> 20 000

1000
where

n is the batch-size.

Alternatiyelyy/methods defined in ISO 2859 (all parts), including skip-lot sampling methods, may
be used to adjustthe inspection severity depending on testresults and manufacturer behaviour.

8.2.2.2 Selecting the test specimens and repeat tests

The test specimens are selected arbitrarily from the batch. If the specimens pass the sampling
test, then the batch shall be accepted. If one test specimen does not pass the sampling test,
the test shall be repeated but with twice the number of samples selected from the same batch.
If all the new test specimens pass the tests, then the batch shall be accepted. If any test
specimen fails the sampling test, then the batch shall be rejected. Test specimens subjected to
the sampling test shall not be used for further testing or in service.

8.2.2.3 Material verification

Sampling tests shall include verification of materials to ensure that they are in accordance with
contract documents. This verification shall normally be carried out by inspecting the
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documentation relative to material purchasing specifications, certificates of conformity or other
quality documentation.

8.2.2.4 Verification of dimensions and visual test

To take account of the influence of variations in dimension and strength on the mechanical
characteristics of the components, the dimensions influencing the characteristics according to
8.2.1.3 shall be determined on all inspected specimens. All values shall be recorded in the test
report.

The critical dimensions important for correct function shall agree with the values determined in
the appropriate standards and supplier’s drawings.

Sampling tests shall include visual examination to ascertain conformity of the compdnents, in
all essential respects, with the design drawings.

8.2.2.5 Functional test

The funcfional test may be performed in accordance with 8.2.1.4. Théccomponents qr clamps
shall be pssembled according to the supplier’'s assembly instructions. Existing boltg shall be
tightened to 1,1 times the tightening torques stated in Table 17Z.{Fhe critical dimensions for
correct fynction shall be checked.

No defegts impairing the function of the components op-clamps are acceptable. Dejormation
intended |in the design is acceptable if it does not impair the function.

8.2.2.6 Tensile test

The testipng shall comply with the requirements-set out in 8.2.1.5, but subject to the differences
set out in the paragraph directly below.

The test|specimens are initially loaded with a load increment of 5 N/mm?2 per second to
10 N/mm§p per second, related to the’conductor cross-section, constantly and smoothly up to a
force ampunting to the permissible operating force F,o, o, Multiplied by the determirjed rating
factor, and the remaining shape change shall be determined. This shall be done either on a
force-disfance diagram or/by-checking the connection dimensions after relaxation and removal
of the tedt specimens. Thetest specimen shall be then reloaded with the same load increment

up to the[maximum foree F ,, or up to failure of the component.

8.2.2.7 Evaluation of the test for components

All test Vflues shall be recorded in the test report and statistically evaluated.

In the case of accessory parts for insulators and support assemblies, the following
characteristics shall be determined:

— the component shall not have a permanent deformation which affects its functionality after
applying a load of 1,33 times the operating load;

— the maximum force F,;

— the nature and place of failure of the test specimen, for example rupture, shape change,
etc.

The force at which a deformation impairs the function shall be greater than the permissible
operating force Fpem op required for the component. The maximum force Fp,,, of the test

specimen shall be equal to or greater than the required nominal force F,,, or that specified in
the appropriate standards or drawings.
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8.2.2.8 Evaluation of the test for clamps

The evaluation shall be undertaken according to the requirements set out in 8.2.1.5.2, and the
requirements set out in the paragraph directly below.

The force at which a permanent deformation occurs, which affects the correct function of the
test specimen, shall be greater than 1,33 times the permissible operating force F,¢;m o required

for the corresponding component. The maximum force F,,, of the test specimen shall be equal
to or greater than the required nominal force F,,, or that determined in the appropriate
standards or drawings.

8.2.3 Routine test

Routine tests shall be carried out on components which have an increased probability|of failure
to specific requirements and shall be made on every item. The intent of the tests’is|to prove
conformify and to eliminate defective items.

Routine fests may include a specified level of material verification (including tests) where
required py the contract quality plan.

Load tes{s shall be carried out with forces and conditions représentative of normal dperation.
Initial crgcks or fractures shall not occur on the test specimens once the routine test force is
reached.

8.3 Cdntact wires

Contact wires shall be tested in accordance with thé requirements set out in IEC 62917.

8.4 Other conductors

Wires or| conductors shall be tested.in) accordance with the requirements of the| relevant
Internatignal Standards or, if they are.hot available, with European Standards in CEN/JQENELEC
countries|or national standards in nepr-European countries. The following documents afe usually
applied in Europe and in other countries:
- EN 50182;
- EN 50183;
- EN 50189;
— EN 50326;
- |EC 6R724;
— |EC 6]2641;
- |IEC 61089;
— |EC 63248;
- |EC 63190.

In China, the following document is also applied:
- GB/T 1179-2017.

8.5 Tensioning devices

8.5.1 Tests required

Only type tests are required for tensioning devices.
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8.5.2 Type tests for tensioning devices with balance weights
8.5.2.1 Tensile test

The tension device shall be tested in accordance with the requirements given in 7.5.

8.5.2.2 Dynamic test

Where applicable, the test of the fall arresting device consists of a simulated breaking of the
conductor with the specified tension under laboratory conditions as specified by purchaser. The
laboratory conditions should cover typical conditions of the purchaser’s system to ensure a
reliable operation (e.g., load relieving due to rupture and displacement of pole and tensioning
device).

8.5.2.3 Efficiency test

In accordance with the test shown in Figure 10, the mechanical efficiency~of'the teinsioning
device shall be determined. The test shall be undertaken with the following“eonsiderations:
— wind gnd ice load shall not be taken into account;

— at ledst four tests shall be performed on four wheel working pgsitions evenly disttibuted at
least pver one rotation of one of the wheels or a quarter of the complete range of mpvement,
firstly|in one direction of rotation, then in the opposite direction.

The devigtion of the tension of the conductor(s) shall be~recorded and comply with the values
given by the supplier.

The efficlency can be determined by Formula (20)¢

(20)

where
T is th¢ mechanical tensien'of the conductor (N) (see Figure 10);
W is th¢ load of the balance weight (N) (see Figure 10);

r  is the¢ reducing ratio of the tensioning device.

© -
D

IEC
Figure 10 — Example of a tensioning device measurement test

If a field test is performed in cooperation with the purchaser on a comparable overhead contact
line, the field test results may replace the efficiency test above. The field test shall run
continuously, with a minimum duration of one year. To determine the behaviour within the
overhead contact line system during the field test, it is necessary to install additional equipment
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like tensile force or elongation measurement instruments to measure and record the efficiency
under different conditions and therefore over a wide working range of the tensioning device.

8.5.3 Type tests for tensioning device without balance weight
8.5.3.1 Tensile tests

Refer to 8.5.2.1 for tensile tests and 8.5.2.2 for dynamic tests.

8.5.3.2 Efficiency tests

The mechanical efficiency of the tensioning device shall be determined. In order to perform this
test, the following assumptions shall apply.

— Windland ice load need not be taken into account. If the tensioning device is intenfed to be
used under ice conditions the efficiency test shall be performed under such-condifions.

— The gfficiency shall be measured on four locations evenly distributed, over the complete
rangg of movement, one direction first, and then the other direction.

The deviTtion of the tension of the conductor or wire(s) shall remain-within the range |specified
by the supplier throughout the required range of temperature.

If a field fest is performed in cooperation with the purchaser en‘a comparable overhead contact
line, the|[field test results may replace the efficiency tesis above. The field test ghall run
continuodisly, with a minimum duration of one year. TQ) determine the behaviour within the
overhead contact line system during the field test, it is necessary to install additional equipment
like forcel or elongation measurement instruments to.measure and record the efficierjcy under
different ponditions and therefore over a wide working range of the tensioning device

8.6 Mechanical midpoints
The testing procedures for any clamps, wires, termination fittings and insulators that ¢onstitute

the mechlanical midpoint assembly shall’"comply with the appropriate and specific reqUirements
related tq the component in Clausée. 8.

8.7 Drpppers
8.71 Fests required

Only typg tests arerequired for droppers.

8.7.2 Mechanical fatigue test

This test|consists of an alternate load and compression cycle, as shown in Figurg 11 a) or
Figure 11 b). The droppers shall be tested with their specific clamping devices. The test
parameters shall be defined within the range given below taking into account the operational
conditions and the different types of contact line design.

The dropper lengths of the samples shall be specified between 0,15 m and 2,00 m.

The compression distance C shall be specified, between 20 mm and 200 mm, and the force F|
in the dropper shall be specified, between 100 N to 400 N.

The frequency of the cycles shall be between 0,5 Hz and 10 Hz. The dropper shall not break
before the specified number of cycles is exceeded. The purchaser should specify the minimum
cycles, frequency, loading methods, loading curves according to Figure 11 and the criteria for
breakage.

NOTE 1 A typical value of minimum number of cycles is 2 000 000.
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NOTE 2 Frequencies are selected from within the frequency range depending on the intended application, based
on simulations or measurement.

For special applications, such as low encumbrance and high uplift locations, the total length
and the dimension for compression shall be reconsidered.
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Figure 11 — Examples of a dropper test cycle
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8.7.3 Mechanical tests

The dropper clip shall be installed on the corresponding wire according to the supplier’s
installation instructions.

For contact and catenary wire clips, separate tests shall be performed for each type of contact
wire groove and catenary wire diameter. If the clamp is designed for both types of contact wire
grooves or catenary wire diameters, only the smallest and the largest sizes are required to be
tested.

An example of a dropper tension test assembly is given in Figure 12.

IEC

Key
1 droppel wire
droppel clamp

contact|wire or other substitute with the same contact wire profile

A w0 N

contact|wire adaptor

Figure-12 — Example of a dropper tension test assembly

The clamlp shall\not be pulled off until a force of at least 3 kN is reached.

8.8 CIFmps, splices and other fittings

Clamps, splices and other fittings shall be tested in accordance with the relevant requirements
set out in 8.2.

8.9 Electrical connectors
8.9.1 General

The electrical connection includes conductors and clamps. Only type tests are required for
electrical connections.

The clamps shall be tested mechanically in accordance with the applicable subclauses in
8.2.1.5. The electrical test of the connection shall comply with 8.2.1.6.

In addition, the tests in 8.9.2 shall be performed.
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8.9.2 Mechanical fatigue tests

This test is only necessary for electrical connections used on lines with a speed of 160 km/h
and higher if they are used at the contact wire. At least three complete electrical connections
shall be tested. The test parameters shall be defined within the range given below taking into
account the operational conditions and the different type of contact line design.

The following parameters shall be applied:

the minimum specified length (/) of the connection;
the amplitude (a) of the movement shall be up to 100 mm;

frequency shall be 0,5 Hz to 10 Hz;

minimum number of cycles shall be 2 000 000.

An example of a test cycle is given in Figure 13. The electrical connection shall notbrepk before

the

Key
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8.10 In1ulators
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Ceramic pr glasssinsulator units or strings:

specified number of cycles is exceeded.
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m|nimum specified length

amplitude

Figure 13 — Example of a test cycle for an electrical connection

Il be carried-out in accordance with the following standards.

IEC 6/0383 (all parts);
IEC 60672-2;

IEC TS 61245 (DC);
IEC 61325 (DC).

Composite insulators:

IEC 62621

Post insulators:

IEC 60168;
IEC 60660.

Specialised tests can be agreed between the purchaser and supplier as appropriate.
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8.11 Sectioning devices
8.11.1 Type test
8.11.1.1 General

Type test certification shall be provided for the design of the sectioning devices verifying the
electrical and mechanical parameters; the standards used shall be stated. Testing requirements
and type tests shall verify the suitability of the components. Specifications shall be quoted for
speed, weight, dimension, clearances and creepage distance, nominal voltage, short-circuit
current, permissible working load and breaking load. The specification shall also state the
environmental characteristics for which it is suitable (e.g., temperature, pressure, pollution
degree, etc).

The insuILating body of the sectioning device shall be tested separately in accordaneeith 8.10.
Clamps gnd fittings of the sectioning device shall be tested according to 8.2.

The folloying tests shall be made on the whole sectioning device assembly.

8.11.1.2 | Mechanical tests

Mechanigal tests shall be carried out when assembled to a contact wire length through which
the load will be applied.

The sectloning device shall be fixed in a tensile testing.machine and loaded to the |[specified
operatiorfal tensile load of the contact wire; the device:shall be adjusted so that the rupners are
in their operational condition. The load shall be increased at a rate of approximately | kN/s up
to 1,33 times the operational tensile load of the contact wire and held for 1 min. The lpad shall
then be reduced to the operational tensile load of the contact wire. No permanent deformation
with negdtive influence on function may occur.

The tens|on load shall then be increaséd at a rate of change of approximately 1 kN/s until a
break ocg¢urs. The break shall occur-at.the contact wire.

8.11.1.3 | Electrical tests

If requireld by the purchaser, electrical tests shall be carried out for the sectioning dg¢vice and
the suspénsion arrangement, in laboratory or under operational conditions. The deyice need
not be logaded with the\full mechanical tension.

To establish thesinsulating capability of the sectioning device, a lightning impulse test and power
frequency test jn wet and dry conditions according to IEC 62497-1 shall be undertaken. This
test may|also be used to confirm that the point of flashover for the sectioning devige occurs
where thé-desighrerintended-

In addition, an arcing test shall be performed to ensure that the sectioning device is capable of
withstanding the expected levels of arcing without sustaining damage. The sectioning device
shall be bridged by a wire at the same position where arcs are likely to be formed.

If the longitudinal length of a section insulator is more than 7 m, the test results of a shorter
section insulator with the same material and the cross section may apply. The current shall be,
as a minimum, be in accordance with the requirements set outin 7.11.3 limited to the maximum
operational current of the sectioning device, as defined by the supplier. A voltage shall be
applied to the sectioning device. The flashover shall occur on the intended parts and be
extinguished by the device. The flashover shall not affect the mechanical integrity of the
sectioning device.
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A short-circuit test shall also be performed to ensure that the sectioning device can withstand
the flow of short-circuit current without damage. A short-circuit current, of duration and
magnitude as defined by the supplier, shall be applied. The effects of the short-circuit current
shall not affect the mechanical integrity of the sectioning device.

8.11.2 Field test

The electrical test can be replaced by field tests. These tests shall be carried out as agreed
between the purchaser and the supplier.

Other tests when specified by the purchaser shall be performed, such as a field test in operation.
Should a field test be undertaken, the duration for the test should be one year and the sectioning
device shauld be inspected at regular intervals as defined by the purchaser

8.11.3 PBampling tests

At least 2 % of specimens, or alternatively a number defined in accordance with 1SO|2859 (all
parts), from each batch shall be tested with the following procedures:

— visual| inspection to verify identification marks;

— verifigation of dimensions and weight, as given by the supplier's. drawing.
8.11.4 Routine tests

All sectioning devices shall be subjected to a routine vistal'inspection.

8.12 Disconnectors and drives

Testing gf disconnectors and drives shall be performed according to the requirements of the
applicable standard:

— |EC 6]1992-4 for DC disconnectors, switch-disconnectors and earthing switches;
— |IEC 6]2505-2 for AC disconnectors;-earthing switches and switches.

For routihe testing, the overhead’ contact line disconnector, earthing switches and|switches
shall be [tested together with their drives and linkages on site. The routine testing on-site

includes mechanical operations test and checking of clearances according to installatipn guides
for verifidation of dielectfic-requirements.

Additiongl tests may-be agreed between purchaser and supplier as appropriate.

NOTE It gan be difficult to perform some tests on site, for example dielectric test if other than checking of|clearances
and determlining operation speed of disconnector.

8.13 Surge protection and voltage limiting devices

Surge protection devices and voltage limiting devices shall be tested in accordance with
IEC 62848 (all parts) and IEC 60099-4.

8.14 Specific components for trolleybus systems

Routine tests shall be performed in a laboratory under normal operating conditions.
Alternatively, tests may be performed in service based on agreements between supplier and
purchaser.

All turnouts shall be checked by routine tests, in accordance with IEC 61992-1.

Electrical tests, such as dry or wet power voltage frequency tests, shall be performed in
accordance with IEC 61992-1 and IEC 60529.
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Type tests for turnouts, such as lightning impulse voltage, shall be undertaken in accordance
with IEC 61992-1.

8.15 System test
8.15.1 Demonstration of conformity

For the purposes of providing a demonstration of conformity, an overhead contact line "as built"
and its design shall be considered to conform with the requirements of this document if the
following are fulfilled.

— The current collection system is designed in accordance with the design requirements of
5.2. Verification shall be via simulation and/or full scale line testing.

- FuII-slzaIe line tests form the most adequate means of demonstrating that a newly| installed
overhlead contact line satisfies the quality requirement of this document for a-given running
speed. Full-scale line tests shall be carried out on installed equipment using-instfjumented
vehicles/pantographs. The instrumentation shall have a minimal effeGt -on pgntograph
performance and shall be in accordance with IEC 62846.

— Comguter simulations are suitable for demonstration of the anticipated current ¢ollection
perfofmance, especially in comparison with existing lines onwith other designs. The
computer simulation programme shall be validated against measurements, in acpordance
with IEC 63453. When the current collection system has already been proven by|practical
operdtion on at least one existing line, it shall be deemed+as a conformable system. The
demopstration of conformity to the requirements giventin 5.3 to 5.12 is perfgrmed by
verifigation of design deliverables.

— The slystem components are designed in accordance with the requirements of Clause 7 and
tested (routine and type test) as prescribed by the relevant subclauses of Clause B.

— The s$tructures are designed and calculated in accordance with the requirements of
Clauge 6.

NOTE | For information about methods of testing supports, see IEC 60652.

— The dlectrical and mechanical line parameters fulfil the electrical requirements giyen in 5.1
and bjoth the static (dimensional(validation test) and the dynamic (dynamic validatjon tests)
desigh requirements given in 5.2 within the design tolerances.

In additiojn to the above aspects which are specifically linked to the demonstration of cgnformity,
an overhead contact line\"as built" and its design is also required to comply with|all other
requiremgnts within thist\document, if conformity with this document is to be claimed.

The confprmity assessment of an overhead contact line need only be performed once. The
design of the overhead contact line system assessed in the processes above in | certain
condition| (e: 'g.) line characteristics, climates, designated train speed, and pantograghs) shall
be considered to be demonstrated to conform to the requirements in the document and may be
applied to Tines in the same condition. The purchaser may consider this o be an acceptable
demonstration of conformity.

8.15.2 Acceptance tests

Acceptance of the overhead contact line shall provide assurance that the requirements of the
overhead contact line system in the design are reflected in the final installation. Such
requirements shall include the following:

— verification that the overhead contact line system was built within the given construction
tolerances;

— visual and physical inspection, from the ground and inspection car, for example foundation
and poles, earthing, corrosion protection, insulation, cantilever position in relation to
temperature and contact wire stagger and height and other component position in relation
to the pantograph and pantograph gauge, clamps, droppers and electrical disconnectors;
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— verification by measurement that the mechanical and electrical clearances conform to the
specified design;

— verification by functional random sample tests that the installed components work properly,
for example bolted connections, clamps, steady arms, flexible supports, disconnectors
(manual and remote), tensioning and sectioning devices.

8.15.3 Commissioning tests

The electrical and mechanical integrity of the overhead contact line system shall be established
once all previous requirements have been satisfied. The commissioning tests shall ensure all
configurations with regard to electrical sectioning are in accordance with the design
requirements and shall include the following:

— checlthat the sysiem conforms to IEC 62128 (all paris);

— the npminal voltage is applied to the overhead contact line in accordance-with national
regulations;

— electrical section proving test in accordance with national regulations.

Dynamic|tests shall be specified by the purchaser depending on thé~type and scdle of the
project. Dynamic validation shall be undertaken to ensure compliahce with the performance
criteria a$ defined in 5.2.

The interpction between the pantograph and overhead contdet line shall be checked gccording
to IEC 64486:2017 and IEC 62846:2016. A measurement.vehicle may be used to megsure and
check thg dynamic behavior of the current collection system.

NOTE Sojfne countries also use ground based measurement,systems for checking the dynamic behayiour of the
current collection system.

9 Minimum documentation

9.1 Gdneral

Documerjtation should be provided as described in the following 9.2 to 9.5. Additional
documenitation may be required by the purchaser specification.

9.2 Sylstem specification

The sysfem specification contains the fundamental design and system design |data, as
described in Clausé.4 and Clause 5 respectively. It shall be produced in accordancg with the
purchaser’s specification or, if such specification is not available, as a separate system study.

9.3 Bdsic-design

The basic design is based on the system specification and comprises all the relevant system,
arrangement, assembly and component drawings.

9.4 Installation design

Installation design is the application of the basic design arrangements to the particular
characteristics of the railway line. The result is a set of plans/documents, (e.g., layout plans,
cross-sections, bill of quantities, etc.) which describe and illustrate how the system is
assembled.
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9.5 Installation and maintenance

General installation and maintenance document which outlines routine maintenance checks,
instruction, processes and associated periods, should be provided by the contractor if required
by the purchaser.

When specific installation or maintenance is required, all necessary documentation shall be
provided to the purchaser.
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