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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

FOREWORD

1) Thednternational Electrotechnical Commission (IF(") is—a worldwide nrcnni7niinn for standardization com prising
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote intérrjational
co-pperation on all questions concerning standardization in the electrical and electronic fields. To_this“end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rleports,
Puljlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”)] Their
preparation is entrusted to technical committees; any IEC National Committee interested in the\subject deplt with
may participate in this preparatory work. International, governmental and non-governmentalerganizations fiaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Stapdardization (ISO) in accordance with conditions determined by agreement between.the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters express, as nearlyjas possible, an interrjational
conisensus of opinion on the relevant subjects since each technical committee,-has representation ffom all
intdrested IEC National Committees.

3) IEQ Publications have the form of recommendations for international usevand are accepted by IEC National
Compmittees in that sense. While all reasonable efforts are made to ensufe that the technical content|of IEC
Puljlications is accurate, IEC cannot be held responsible for the Wway in which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National Cémmittees undertake to apply IEC Publications
trarjsparently to the maximum extent possible in their nationalkand regional publications. Any divergence between
any| IEC Publication and the corresponding national or regignal’publication shall be clearly indicated in th¢ latter.

5) IEQ itself does not provide any attestation of conformity”Independent certification bodies provide corfformity
assessment services and, in some areas, access to(l/EC marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) All psers should ensure that they have the latestiedition of this publication.

7) No [liability shall attach to IEC or its directorsy employees, servants or agents including individual expefts and
members of its technical committees and-EC National Committees for any personal injury, property danjage or
other damage of any nature whatsoever; whether direct or indirect, or for costs (including legal feqs) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Puljlications.

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correctiapplication of this publication.

9) IEQ draws attention to(the* possibility that the implementation of this document may involve the usq of (a)
patent(s). IEC takes o position concerning the evidence, validity or applicability of any claimed patent r|ghts in
respect thereof. Asf the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required-fe;implement this document. However, implementers are cautioned that this may not represent
thellatest information, which may be obtained from the patent database available at https://patents.iec.¢h. IEC
shall not be.held responsible for identifying any or all such patent rights.

This |commented version (CMV) of the official standard IEC 60913:2024 edition 3.0
allowp \ the user to identify the changes made to the prZL/ious
IEC 60913:2013 edition 2.0. Furthermore, comments from IEC TC 9 experts are
provided to explain the reasons of the most relevant changes, or to clarify any part of
the content.

A vertical bar appears in the margin wherever a change has been made. Additions are
in green text, deletions are in strikethrough red text. Experts’' comments are identified
by a blue-background number. Mouse over a number to display a pop-up note
with the comment.

This publication contains the CMV and the official standard. The full list of comments
is available at the end of the CMV.
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IEC 60913 has been prepared by IEC technical committee 9: Electrical equipment and systems
for railways. It is an International Standard.

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 previous

edition:
a) title modified;
b) refuirements for urban rail systems are included;
c) refjuirements for rigid overhead contact line (ROCL) are included;
d) additional definitions for new terms are included (Clause 3);
e) clg¢arances and geometry of overhead contact line are improved (Clause '5);
f) urpan aspects are added, for example wall anchors (Clause 6);
g) refuirements for monitoring devices, automatic earthing and shiart-circuiting equipmepnt are
in¢luded (Clause 7);
h) refuirements for overhead contact line for electric vehigles*with pantograph on eledtrified
ropds are added (Annex E)
i) inlprovements on the basis of EN 50119:2020 and the*questionnaire 9/2619A/Q
The tgxt 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 voting indicated in
the ahove table.
The lgnguage used for the development of this International Standard is English.
This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accorflance with ISQ/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at wwWw.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descr|bed in greater detail at www.iec.ch/publications.
The rgader's attention is drawn to the fact that Annex H lists all of the "in-some-country” clauses
on dingring practices of a less permanent nature relating to the subject of this document


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

of its contents. Users should therefore print this document using a colour printer
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RAILWAY APPLICATIONS - FIXED INSTALLATIONS -
ELECTRIC TRACTION OVERHEAD CONTACT LINE SYSTEMS

This tLocument specifies the requirements and tests for the design of ove d conta¢t line
systefns, requirements for structures and their structural calculations and | ications ajs well
as thg requirements and tests for the design of assemblies and individu&ﬂparts.
Thic dtandard doecec not nrovide raatireamante for conduector rail oy e whara tha condfliiector
Fhis—gtandard-does-hot-providerequirements—for-conductorrail-sygtpms-where-the-condluctor
This document is applicable to electric traction overhead cor(%ct line systems in heavy railways,
light rpilways, for trolley bus lines, electric road systems4{& (Annex E) and industrial railwhys of
publid and private operators. This document is ap ble to new installations of overhead
contagt line systems and for the complete renewal& xisting overhead contact line syst¢ms.
This qocument does not apply to ground level g¢anductor rail systems (see Figure 1).
S
NOTE | Ground level conductor rail means condu%@%ails located adjacent to the running rail, e.g. the third ffail or a
conductor rail in the ground. N\
O
3.1.1.3 Overhead conakuine system (OCLS)

(

Ground level conductor
rail system
(outside IEC 60913 scop

3.1.1.6 Rigid overhead
contact line (ROCL)

D
~

3.1.1.7 Conductor rail
X 9

\Q/ Figure 1 — Scope of contact line systems [2

IEC

2 N

ormative references

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



Overhead contact lines for electric vehicles with pantographs on roads were added in the scope and by Annex E to enable efficient, sustainable and international electrified transportation on roads using approved railway technologies.

Figure 1 was added for easier understanding of the scope. A distinction was drawn between flexible and rigid overhead contact lines (OCL) by their new definitions and in all following chapters in case of different requirements to make it clear for which of the two OCL types the requirement applies.
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IEC 60099-4, Surge arresters — Part 4. Metal-oxide surge arresters without gaps for a.c.

systems

IEC 6p168, Testsonindoorandoutdoor post insulators of ceramic material or glnee for Sy tems
with nominal voltages greater than 1 000 V

IEC 6p273, Characteristics of indoor and outdoor post insulators for systems with nqminal
voltages greater than 1 000 V

IEC 6D305, Insulators for overhead lines with a nominal voltage above 1000 V — Ceramic or
glasslinsulator units for AC systems — Characteristics of insulator units)of the cap and pih type
IEC 6p383 (all parts), Insulators for overhead lines with nominal (voltage above 1 000 V

IEC 6p433, Insulators for overhead lines with a nominal yoltage above 1 000V — Cgramic
insuldtors for AC systems — Characteristics of insulator units of the long rod type

1EC 6D4904 (31l narts) ailwav annlicatiopns ollina-stock DPantoaranhs Charactaristias and
= Uy dipdintoy, rdiivwdy dppirodirviTo TYUTTTTYRNOt VUit THrnuyrdpiTre whdiduteliotiyo it
tests

IEC 6D494-1, Railway applications — Rolling*stock — Pantographs — Characteristics and tpsts —
Part 1: Pantographs for main line vehicles

IEC 6p494-2, Railway applications —(Rolling stock — Pantographs — Characteristics and tests —
Part 4: Pantographs for metros and.light rail vehicles

IEC 6D529, Degrees of protection provided by enclosures (IP Code)

IEC 6D660, Insulators'—)Tests on indoor post insulators of organic material for systemgs with
nominal voltages greater than 1 000 V up to but not including 300 kV

IEC 6p672-1,(Ceramic and glass insulating materials — Part 1: Definitions and classificatjon

IEC 6

D672-2, Ceramic and glass insulating materials — Part 2: Methods of test

IEC 60672-3, Ceramic and glass-insulating materials — Part 3: Specifications for individual
materials

IEC 60850, Railway applications — Supply voltages of traction systems

IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 6

1089, Round wire concentric lay overhead electrical stranded conductors
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IECAR TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to be
used on d.c. systems

IEC 61325, Insulators for overhead lines with a nominal voltage above 1 000 V — Ceramic or

glass insulator units for d.c. systems — Definitions, test methods and acceptance criteria

IEC 6[1284:1997, Overhead lines — Requirements and tests for fittings

IEC 6[1773, Overhead lines — Testing of foundations for structures

IEC 6{1952, Insulators for overhead lines — Composite line post-insulators-for-a.c. systemls with
a-nonfinal-voltage-greaterthan1-000-V/—Definitions,test-methods-and-acceptance-criteljia
IEC 611992 (al _Rail nti - . Ut D8 swi

IEC 6[1992-1, Railway applications — Fixed installations — D& switchgear — Part 1: Generpl
IEC 6[1992-4, Railway applications — Fixed installations'+ DC switchgear — Part 4: Outdo¢r d.c.
discopnectors, switch-disconnectors and earthing switches

IEC 81Q02_§ ailwavy annlinatinne Eivand jAStallatinne NC cwitchaaar Dart 5:- IQyurna
[EC-611992-5.Railway—applications——Fixed—installations —DC—switchgeal Part-5—Surge

IEC 6R128 (all parts), Railway applications — Fixed installations — Electrical safety, earthing and
the refturn circuit
[EC 6p128-1:2003, Railway applications — Fixed installations — Part 1. Protective provjsions

P236-2:2008, Railway applications — Electromagnetic compatibility — Part 2: Emis§
hole railway system to the outside world

ion of

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

intera

ction between pantograph and overhead contact line (to achieve free access)

IEC 82497 (all _Rai o , L
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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 6
switch
nomir

IEC 6
for co

IEC 6
conce

IEC 6

rope @assemblies for support of overhead contact lines

IEC 6
valida
conta

IEC 6

IEC 6
alloy

IEC 6
alloy

IEC ¢
conce

IEC 6

P505-2, Railway applications — Fixed installations — Particular requirements f
gear — Part 2:—Single-phase Disconnectors, earthing switches and switches w
al voltage above 1 kV

D621, Railway applications — Fixed installations — Electric traction.~Special require
mposite insulators used for overhead contact line systems

P641: 2022, Conductors for overhead lines — Aluminiurd ,aAad aluminium alloy wir
ntric lay stranded conductors

D724, Railway applications — Fixed installations £ Electric traction — Insulating syn

P846:2016, Railway applications — Currentscollection systems — Requirements fd
tion of measurements of the dynamig(Ciiteraction between pantograph and ove
Ct line

D848 (all parts), Railway applications — DC surge arresters and voltage limiting dey

P17, Railway applications s Fixed installations — Electric traction — Copper and g
jrooved contact wires

B190, Railway applications — Fixed installations — Electric traction — Copper and g
Catenary wires for-0verhead contact line systems

3248: 2022; Conductors for overhead lines — Coated or cladded metallic wi
ntric laystranded conductors

B438, Railway applications — Fixed installations — Protection principles for AC ar

ments

es for

thetic

r and
rhead

ices

opper

opper

re for

d DC

electr

£ dioa oo L tapmaad
CUaCtIUIT PUWTUTT SUPPTY Sy SUtCTITST

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

ISO 6

30 (all parts), Structural steels

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 898-1:2013, Mechanical properties of fasteners made of carbon steel and alloy steel —

ISO 898-2:2012, 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
Part 2: Nuts with specified property classes — Coarse thread and fine pitch thread

thread

iron and steel articles

Hot dip galvanized coatings on fabricated

Specifications and test methods

ISO 1461:2022

TGk

G

timate limit state lunder
grtHiate—+Ht—Statejthaet

Matarial and dasiagn
wvrateHar—ania—aestghn

TTOOIT 1T IIOoO A uairtiiaiit ot gGtur Co

A CTrtrcatorTarntu—Grasornicaua i O oUft

Idantification-and classification oflsoil

Geotechnical investination and testing
—seotecrHHCarHhvestHgationanatesting

Idantification-and -classification-oflsoil

R88-2 GCeontechnical investiaation-and -tésting
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ISO 2394, General principles on reliability for structures
ISO 2B59 (all parts), Sampling procedures for inspection by attributes

ISO/TAR - 110689:-1005 Alyminium-structures

ISO 14713 (all parts), Zinc goatings — Guidelines and recommendations for the protpction

againgt corrosion of iron and‘steel in structures
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3 Terms, definitions, symbols and abbreviated terms

Terms and definition |3

3.1

For the purposes of this document, the following terms and definitions-giver-intEC-606050-81414

and-the-following apply.


Existing definitions, symbols and abbreviations were improved and completed for easier understanding of requirements and formulas.
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ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.11 Systems

3.1.11
contact line system

suppdrt system and contact line supplying electric energy to vehicles through currént-collgcting
equipment

Note 1[to entry: The mechanical system-may can comprise

— thelcontact line,

— stryctures and foundations,

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

— alopg-track feeders, negative feeders, reinforcing feeders, and othet lines like earth wires and return conductors,
inclpding boosters, as far as they are supported from contact lihe system structures,

— cross-track feeders,
— ovefvoltage protection devices,

— conductors connected permanently to the contact Jineffor supply of other electrical equipment such ag lights,
sigpal operation, point control and point heating, aihd

— anylother equipment necessary for operating thecontact line.

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

[SOURCE: IEC 60050-811:204N4,-811-33-59, modified — Note 1 to entry has been modifigd and
Note P to entry has been added.]

3.11.
contact line
condyctor system.\for supplying traction units with electrical energy via current-colipetion
colledting equipment

Note 1 to enfry;> 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;

— contact wires;

— catenary wires;

— auxiliary catenary wires;



https://www.electropedia.org/
https://www.iso.org/obp
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— stitch wires;

— droppers.

——along-track feeders;

e e R

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

[SOURCE: IEC 60050-811:2017, 811-33-01, modified — "Electric energy to vehicles through"
has been replaced with "traction units with electrical energy via". In the Note 1 to entry "cross-
track feeders; disconnectors; section insulators; overvoltage protection devices" have been
remoVJed and Telectrical connectors, sectioning devices, tensioning devices, confact jwires,
catenpry wires" have been added. The end of the Note 1 to entry has been removed.«[fi¢ Note
2 to eptry has been added.]

3.11.8
overHead contact line system
contatt line system using an overhead contact line to supply current for,use by traction Units

3.11.4
overhead contact line
OCL
conta¢t line placed above or beside the upper limit of the vehigle gauge, supplying traction units
with electrical energy through roof-mounted current collection equipment

Note 1Jto entry: The overhead contact line can be of a flexible ofirigid configuration.

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

3.1.1.p
flexible overhead contact line
FOCL
overhgpad contact line using fleXible tensioned conductors

Note 1|to entry: The flexible.@«werhead contact line can be an overhead contact line with catenary susgension
(IEC 6Q050-811:2017, 811-83405) or a single tramway equipment (IEC 60050-811:2017, 811-33-03).

3.1.1.6
rigid pverhead/contact line
ROCL
overhpad centact line using almost rigid not tensioned profiles

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

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.]
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3.1.1.8

incli

caten

plane(in absence of a wind load

[SOU
been

use h

appro
conta

Feplaced with "overhead contact line" and the synonyms have bee

Ximately to the centre line of the track"” have been replaced
Ct wire are not in a vertical plane in absence of a wind load,
3.1.19 ‘\\<</
supperting assembly

assembly of components attached to the main support
overhgad contact line

hry wire by inclined droppers so the catenary wire and contact wire are not

rlj_h_e overhead contact line
<syst¢m> overhead contact line in which one or more contact wires are suspen‘dcaﬁﬁko

RCE: IEC 60050-811:2017, 811-33-13, modified — In the term, the v@%

As been added. The words "that the contact wire or wires foIIQ%

v
q/b‘
"catenary

r}\dféjnoved. The sf

path correspd
"the catenary wir

m the
brtical

" has
ecific
nding
e and

@ cture that supports and registers the

3.1.1.10

kinematic reference profile

line specific to each gauge, representing the cross-section shape and used as a common basis

to work out the sizing rules of the infrastructure and of the rolling stock

3.1.1.11
static reference profile

kinematic reference profile without the dynamic uplift of the suspension and the vertical

oscillations of the vehicles during operation

Note 1 to entry: See EN 15273-1 and EN 15273-3.
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3.1.1.12

vertical superelevation

margin added to the reference profile to take into consideration the interconnection of two track
gradient by vertical curves of radius

Note 1 to entry: See EN 15273-3.

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

[SOURCEEC 841+ i orefs fores" has
been femoved.]

3.1.1.14 ™
urbarn-mass-transportation rail system q/
light nail,-trelleybus—and-tramway-system (for example tramway, subways ﬁ&uburban frains)

and trpolleybus system, operating in urban areas, excluding heavy rail sya’% S

3.1.1115 (OQO)

sectiIning device

devic¢ used to divide the contact line into different sections or\' its
L

Note 1[to entry: Sectioning devices includes section insulators and Qu@l sections.

3.1.1.16 QQ
section insulator N\

sectigning point formed by insulators inserted in ontinuous run of a contact line, with|skids
or sinjilar devices to maintain continuous electrigal contact with the current collector

X
[SOURCE: IEC 60050-811:2017, 811-36
K\
3.1.1.117 xO

neutrpl section
sectign of a contact line proﬁj&d with a sectioning point at each end to prevent succgssive
electr|cal sections differing ihVoltage, phase or frequency from being connected together by
the pgssage of current c@@ctors

[SOURCE: IEC 600@%)11:2017, 811-36-16, modified — The word "from" has been addgd for
betten understam@t]

3.1.1/18

disconn
switchi evice which provides, in the open position, a visible isolating distance in accorflance
with specifredTequireremnts

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

Note 2 to entry: 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. The note 1 to entry has been modified. The notes 2 to entry
has been added.]

3.1.1.19

span length

horizontal distance between the attachment points of the conductor on two consecutive
supports
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[SOURCE: IEC 60050-466:1990, 466-03-02]

3.1.1.20

midpoint

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]

3.1.2 Conductors

3.1.21
along-track feeder
overhpad conductor mounted on the same structure as the overhead)contact line to gupply
successive feeding points

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

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

3.1.2.2
catenfary wire

messpnger wire

longitpdinal conductor supporting the contactwire or wires either directly or indirectly

Note 1Jto entry: The term "messenger wire" is ugéd in some countries instead of "catenary wire".

[SOURCE: IEC 60050-811:2017, 8011-33-06, modified — "Cable" has been replaced by
"condpctor". — The Note 1 to entrythas been added.]

3.1.28
contdct wire
electr|c conductor of an\overhead contact line with which the current collector makes cpntact
and i characterized(by two clamping grooves

[SOURCE: IEC80050-811:2017, 811-33-15, modified — The second term "trolley wire" hag been
deletqd and\th€ words "and is characterized by two clamping grooves" have been added.]

3.1.2.4
reinforcing feeder
overhead conductor mounted adjacent to the overhead contact line, and directly connected to
it at frequent intervals,-in-order-to-increase the effective cross-sectional-area of the overhead
contact line

Note 1 to entry: The reinforcing feeder increases the effective cross-sectional area of the overhead contact 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 to supply
successive feeding points or to increase the useful cross-sectional area
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Note 1 to entry: Line feeder is not connected directly to the OCL. It can be a parallel feeding line from the 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

3.1.2.7

jumper A

short [length of conductor(s) not under mechanical tension, making an electricaI@Q ction
betwden two or more conductors or other electrical equipment C)

™
[SOURCE: IEC 60050-466:1990, 466-10-26, modified — "Conductor" has @(Lh replacpd by
"condpuctor(s)", "separate sections of an overhead line" has been repgaaed with "or[more
condyctors or other electrical equipment".] N

003
3.1.3 Return circuit Q)

O
3.1.3/ s\\<</

extenlded return circuit

part df the traction power supply circuit which leads theQuQent back from the loads, sych as
vehicles or other equipment, to the source QQ

Note 1|to entry: If contact is made between a live part an @eturn circuit, the circuit breaker should trip.

Note 2[to entry: The conductors can be \(\Q

— runping rails, $\

— retdrn conductor rails, A’\Q)

— retdrn conductors, O
— retdrn cables, or \'

— bodster transformer return cond&s@ﬁ)

3.1.3.p2 °.
circuit

subsgt of the exter‘(ie%g return circuit where the direct contact is permissible durind both
operational and f@ nditions

-

Note 1o entry: ®§ earthed phase of a three-phase AC traction power supply system can be considered as & return
circuit.

'C{EC 60050-811:2017, 811-35-01, modified - Definition and Note 1 to entry haye

P2
A%

[SOU
been eempletelyrehange
3.1.3.3

track return system

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

1
-1

[SOURCE: IEC 60050-811:2017, 811-35-02]

3.1.3.4

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]
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3.1.3.5
return conductor rail
conductor rail used instead of the running rails for the traction return currents

[SOURCE: IEC 60050-811:2017, 811-34-10]

3.1.3.6

booster transformer return conductor

set of return conductors insulated from earth and necessary for the functionality of a booster
transformer system

3.1.3. Q

returnp cable
condyctor connecting the running rails or other parts of the return circuit to the su tion

™
[SOURCE: IEC 60050-811:2017, 811-35-04, modified — "return current rail'}@q/been repglaced
with "pther parts of the return circuit".] .
N>’
3.1.3.8 Qq
tractipn return current CO
sum ¢f the currents returning to the supply source, the subeég()on or regenerative braking

vehicles S\\
@)
Note 1|to entry: The traction return current can also include load from the traction systems, for example point
heating, auxiliary supplies. Q
3.1.4| Electrical s\\\}\
3.1.4/ \QQ)
nominal voltage S

<of an electrical installation> value %e voltage by which the electrical installation or part of
the elpctrical installation is de&gqé‘ed and identified
C)

Note 1 [to entry: The voltage of th€c)>ntact line may differ from the nominal voltage by a quantity within pefrmitted
toleranges given in IEC 60850., °

[SOURCE: IEC 60058) :2022, 826-11-01, modified — Note 1 to entry has been added.

3.1.4.2 @

feeding secti
electr|cal s n of the route fed by individual track feeder circuit breakers within the area
supplied, By the substation
N

[SOURCE: IEC 60050-811:2017, 811-36-25, modified — The words "one or more substations”
have been replaced with "the substation".]

3.1.4.3
functional-equipotential-bonding
equipotential bonding for operational reasons other than safety

[SOURCE: IEC 60050-195:2021, 195-01-16, modified — The word "operational" has been
added, and the word "electrical" deleted.]
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3.1.4.4
short-circuit
accidental or intentional conductlve path between two or more—pemts—m—a—ewemt conductlve

electrlc potentlal dlfferences between these conductlve parts to be equal to or close to zero

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

3.1.45 QO)
rated|current-carrying capacity

permgnent maximum value of electric current which can rr|ed continuously Hy the
overhfpad contact line within the system operating parametersé/

3.1.4_.6 _ {(

feeding point

point pt which the feeding system is connected to K\ ontact line
&

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

N
3.1.4)7 C)\

electfical clearance .
<of a| contact Iine>‘&@um distance in air permitted between fixed structures and| parts

energjzed at contac voltage

Note 1[to entry: T&tance in air is used to provide functional insulation or basic insulation.

[SOURCE; 60050-811:2017, 811-09-05, modified — In the specific use, "a contact ling¢" has
been reé;éd with "an electrical installation".]

AN

3.1.4.8

electrification clearance gauge

contour which contains the various live parts of an overhead contact line, allowance being made
for static electrical clearances, and from which all other fixed objects must be kept clear

[SOURCE: IEC 60050-811:2017, 811-09-04]

3.1.4.9

pantograph clearance gauge

contour beyond which must be placed any fixed structure above vehicle roof level, to allow any
pantograph in use to pass safely, making allowance for lateral displacement of the pantograph
and for passing electrical clearances

[SOURCE: IEC 60050-811:2017, 811-09-03]
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3.1.5 Geometrical

3.1.51
tension length
length of overhead contact line between two terminating points

[SOURCE: IEC 60050-811:2017, 811-33-61]

3.1.5.2

gradient
<of the overhead contact line> ratio of the difference in height of the overhead contact line
abovgtopof raitor road—surface for overheadcontactfime—systemfor trotteybus—=appticgtions)
at twd successive supports to the length of the span

3.1.58
contact wire height

distarjce from the top of the rail level-{ or road surface-for-overhead-contact-line-systgm for

trolleybus-applications) to the lower face of the contact wire.—measured perpendicularfo-the
track

Note 1|to entry: The contact wire height is measured perpendicular to the tragk' or foad surface.

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

3.1.5r.r

mininmmum contact wire height
minimum—value—ef-the possible contact wire height.in the span in order to avoid-the—freing
flashqver 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
modifled in order to provide greater clarity;about functional aspects.]

3.1.5.

minirfum design contact wire height
theorgtical contact wire heightyincluding tolerances, designed to ensure that the mirjimum
contagt wire height is always-achieved respected

3.1.5.6
nominal contact wire’height
nomirlal value ofthe contact wire height above rail (or road surface for overhead conta¢t line
systein for trolleybus applications) at a support in the normal conditions

Note 1|to entry:" The nominal contact wire height is used preferentially when there is no constraint on the fontact
wire hejght{ and is the height to which it returns after being adjusted to accommodate a constraint (e.g. level cfossing
or overbhridge etc)

Note 2 to entry: 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 trolleybus
applications)". Notes 1 and 2 to entry have been added.]

3.1.5.7

maximum contact wire height

maximum possible contact wire height above rail (or road surface for overhead contact line
system for trolleybus applications) which the pantograph is required to reach, in all conditions

[SOURCE: IEC 60050-811:2017, 811-33-65, modified — The definition has been completely
modified in order to provide greater clarity about functional aspects.]
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3.1.5.8

maximum design contact wire height

theoretical contact wire height taking account of tolerances, movements, etc., designed to
ensure the maximum contact wire height is not exceeded

3.1.5.9
contact wire uplift
vertical upward displacement of the contact wire due to the force produced from the pantograph

3.1.5.10
stagger
laterafdiSplacement ol the contact wire 10 Oopposiie sides ol the rack cenire at succegssive
suppqrts

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

[SOURCE: IEC 60050-811:2017, 811-33-21]

3.1.5./11
dewinement
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
overhephd equipment. Moreover, dewirement is not the only cause of, paptograph head and overhead contfct line
incidenfts. Other phenomena can lead to incidents, without exceeding\dewirement limits.

Note 2|to entry: Under worst conditions, contact inside the limit§ of dewirement can occur without damaggs with
catastrpphic consequences. In these cases, the contact point cainbe located outside the working range of panfograph
head wjth arcing and current interruption without causing dewirement.

3.1.5.[12

point|of incipient dewirement
point pn the pantograph head where, due to uplift force and pantograph shape, a dewirgment
is ineyitable if the contact wire reachgsSthis point

Note 1|to entry: The point of dewiremént is determined by the point where the gradient of the profile excefeds for
example 40° in CEN/CENELEC couptries. Until this point and with this gradient, experience indicates that the fontact
wire is pble to return successfully inte/the working zone.

3.1.6 Structures

3.1.6(
drag factor
aerodynamic-drag factor
force|coefficient

Htis fgctorused to consider the shape of an object exposed to wind-, the wind pressure-is|being
multigliedby this factor to determine the wind action

3.1.6.2
partial factor

H-is—a-factor to multiply characteristic loads to calculate design loads on the load side (load
partial factor) of the equation for verifying adequate strength of components, or to divide the

characterlstlc strength on the materlal S|de (materlal partlal factor)ihe#pa#@iaete#ssheuﬁlé

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

Note 2 to entry: The partial factor for an action is a factor, taking into account the possibility of unfavorable
deviations from the characteristic value of actions, inaccurate modeling and uncertainties in the assessment of the
effects of actions.
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Note 3 to entry: The partial factor for a material property is a factor covering unfavorable deviations from the
characteristic value of material properties, inaccuracies in applied conversion factors and uncertainties in the
geometric properties and the resistance model.

3.1.6.3

lattice structure

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
superstusiura
upwald extension of an existing structure above ground level

Note 1|to entry: The term "superstructure" is applied to various kinds of physical structures, s chCé OCl poles,
retainirlg walls and bridges. (-{/b‘

3.1.6.p q/

midp¢int anchor structure 0.)
structpre at the midpoint of tension length of the overhead contact Ii&@%lfilling the funcfion of
a midpoint anchor ©

3.1.7 Foundations \<</C)
S

3.1.74 <<
gravity foundation
hallow f ation i led . | F@é
N\

N
form gf spread foundation formed by rectangular,‘sﬁjare, or sometimes circular concrete '|pads”
that sppport localized single-point loads suc@overhead contact line structures

b

Note 1Jto entry: Gravity foundations are usually @%ow foundations installed by excavation and backfilling
\

foundbtion which is flexible enaah to show both rotation-and-deformations-in the nile elément
TOUTTOUOREA OO T VWi oT T To 1TTOARATOTO U1 wll O OTToOVW  oUUTT T UOUTT arnmou O ToOTmmTmaauTTo 1T arTo Pll\l oTeTTToTTt
itsalf duhicctad to horizontal I6adina or overturnina moments he cross-section mav he circular
HSEH$FUOE e a0 RORZO GGG O OVEeRUMIRGTHOMERS—TRECFOSS-SectonMayve-Circthal

long dlender foundat'e) stalled without excavation

Note 1|to entry: @oss-section can be circular or non-circular and it is installed by boring, vibrating|and/or

hammgring. O

Note 2|to exfﬂﬁThe foundation is flexible enough to show both rotation and deformations in the pile elemeft itself
subjectedQ/ rizontal loading or overturning moments.

[SOURTE
added.]

been

3.1.7.3
side bearing foundation

foundation normally consisting of a single block of concrete, into which the pole of an overhead
contact line system structure or anchor bolts are embedded

Note 1 to entry: The surface area of the foundation provides the resistive force to counteract the overturn moments
applied by the overhead contact line system.
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3.1.8 Current collectors

3.1.8.1

current collector

equipment fitted to a vehicle and intended to collect current from a contact wire or conductor
rail

[SOURCE: IEC 60050-811:2017, 811-32-01]

3.1.8.2
pantograph
appargtusforcoftectimg—correntfronmome—or moTe ToTtatt wites; formed—ofatimgedgevice
desighed to allow vertical movement of the pantograph head §
O

[SOURCE: IEC 60050-811:2017, 811-32-02] W
N4
3.1.88 )

pantdgraph gauge -
refergnce profile with its associated rules allowing verification that pantograph heafl in a
raiseq position remains within the allotted space (b
[SOURCE: EN 15273-1:2017, 3.23.1] \\<</
O
3.1.9 Current collection QQ
3.1.91 \Q
statiq contact force &
verticpl force exerted upward by the collector@%ad on the overhead contact line system at
standstill \\(\

N

[SOURCE: IEC 62486:2017, 3.19, m%c@led — “pantograph head” has been replaced with
“collegtor head”. “, caused by the ggﬂ graph-raising device, whilst the pantograph is faised
and the vehicle is stationary” has replaced with “system at standstill”.]

QS
3.1.9.p o

-

contdct loss .
condifion where the co@a& force is zero

Note 1|to entry: Con S’foss surely induces arcing except in the case of coasting. However, if two or more
pantogfaphs are CCQ‘L ed electrically each other, arc can disappear and then the condition will shift to currept loss.

[SOURCE: @2486:2017, 3.22, modified — In Note 1 to entry, "will immediately" was reglaced

by "c4 n".]C)
N

3.1.9.3

current loss

condition where current flowing through a pantograph is zero under the condition of contact loss

Note 1 to entry: When a train is equipped with two or more pantographs electrically connected by a bus cable,
necessary traction power can be supplied by other pantographs through the bus cable in case of contact loss.
Therefore, current loss condition will generally not affect driving of the train.

[SOURCE: IEC 62486:2017, 3.23]

3.1.9.4

arcing

flow of current through an air gap between a contact strip and a contact wire or in case of
contact force close to zero, usually indicated by the emission of intense light
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[SOURCE: IEC 62486:2017, 3.1, modified — “or in case of contact force close to zero” added.]

3.1.10 Testing

3.1.10.1
sampling test
test on a sample

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

3.1.10.2
type {est
confofmity 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
confofmity test made on each individual item during or after manufactute

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

3.1.11 Miscellaneous

3.1.11.1
regulation
docurpent providing binding legislative rules, which)is adopted by an authority

[SOURCE: IEC 60050-901:2013, 901-02-1Q]

3.2 [Symbols
local orography coefficiewt/altitude

Ains projected area of an.insulator

Ay characteristic value of accidental actions

A4t effective area of the elements of a lattice structure

Agyr projected area of a structure

a tength of conductor between specimen and centre of potential point; a = 154
Amp amplitude

ap length of specimen

a, length of comparison conductor between centres of potential points; ¢, = 30 d + a
b length of potential points; b < 2d

C compression amplitude for dropper test

Ce drag factor of a conductor

cs force coefficient

Cins drag factor for insulators

Clat drag factor for lattice structures

Cstr drag factor of a structure



https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

cant
instl
instv

mess

pole

-30 - IEC 60913:2024 CMV © IEC 2024

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

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 of contact

wire

lateral deviation of contact wire position issued on change of pole deflection

under

additional load due to wind speed for serviceability in nominal contact wire height

lotaral doviiation of contant \vaieka nacitinn 1coind an mavamant of contilay
oY oo O S o o T W S PO STt o ooy e et ortarte

er for

dtens

permJop.

i
tsupptatera
change wire temperature

lateral deviation of contact wire position issued on reduced tension férge of

considering efficiency and tolerances of tension equipment, frictionpin canti
and resetting forces (cantilever drag) due to movement of cantileves for chang
temperature

elasticity of the overhead contact line
total design value of actions

static electrical clearance between live parts and edrth
dynamic electrical clearance between live partsand earth
minimum breaking load of stranded conductoefs and ropes
design value of an action

characteristic value of an action

internal force for dropper test

maximum or failure force forfest specimens

nominal force

permissible operating force

permissible tensile“loading of stranded conductors and ropes
structural response factor for conductors
structuralresonance factor for insulator sets
chafaeteristic value of permanent actions

structural resonance factor for lattice structures

gust response factor

wires

evers
e wire

K

icewind
Kjoint

Kload

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
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K, adius minimum bending radius factor

KRP kinematic reference profile height

Kyear allowable wear factor

K yind wind load factor

K, constant factors used to determine permissible tensile stress

[ minimum length between specimen and clamping piece and between specimens as
per Table 20

Iy minimum length of comparison conductor as per Table 20

L4l Ly lengths of two adjacent spans

Mgyy, [My,, design bending moments

Nyo—internal-axialforce-of-an-element

# N safety factor for calculating the permissible loading in wires

Hgat number of catenary wires

Agont number of contact wires

Teat catenary wire tension, characteristic

Teont contact wire tension, characteristic

Pporim externally applied heat

Qck conductor tensile forces depending on the temperatures and climate related |oads

Ok characteristic ice load

Ok characteristic value of variable_actions

Opk characteristic value of constriuction and maintenance loads

Ow wind load

Owce wind load on condugtors

Owt wind load on lattice structures

Owstr wind load onystructures

Owins wind load™on insulators

g———¢chatacteristic-dynamic-wind-pressure

qp(z) peak velocity pressure

Ryax— N —axial-resistance-under-tension-or-compression

Rgyy, R4z, design bending resistances

Ry characteristic value of the foundation ultimate resistance
Ry 02 min 0.2 % yield point

SRP static reference profile height

u degree of non-uniformity/variation in elasticity

Up nominal voltage

Ui rated impulse voltage

Ve wave propagation velocity of the contact wire

Vr reference wind velocity
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wind speed
design value of a material property
characteristic value of a material property

heat transmission coefficient

angle of incidence of the critical wind direction
partial factor for accidental loads

partial factor for conductor tensile forces

nartial factor for nermanent conductor tensile forces
Ll Ll

’cGe
’cv
VE
7G
7l
™M
’p
Tw

Htot

P
Omin

Ow

2z
Zm

>Toc|

Ahg,

3.3
AC

AACSR aluminium alloy conductor steel reinforced

ACSR
ADD

partial factor for variable conductor tensile forces
partial factor for actions

partial factor for permanent actions

partial factor for ice loads

partial factor for a material property

partial factor for construction and maintenance loads
partial factor for wind loads

coefficient of friction for bolt connections

density of air
unit weight force of ice

minimum failing tensile stress of the“contact wire
maximum permissible working.tensile stress of a contact wire

sum of working tensile load$ ‘of contact wire(s)
sum of linear masses_of\the contact wire(s)
total of all tolerancenef the overhead contact line (IEC 62486)

vertical supergleyation
Abbreviated terms

alternating current

aluminium conductor steel reinforced

automatic dropping device

DC
EMC
EMI
ETA
FOCL
OCL
OCLS
ov
RAMS
RMS
ROCL

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
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4 Fundamental design data

4.1 General

The function of an overhead contact line system is not only to transmit energy from fixed
installations, like substations to the vehicle, but also from vehicles back to substations and
auxiliary consumers using regenerative braking. In order to fulfil this function, the principal
features of the contact line system shall be designed in accordance with the requirements set
out in Clause 4. In partlcular the mtegratlon of the overhead contact line deS|gn with the

and the tractlon system shall—be—eens+ele+’-ed ensure compat|b|I|ty with the interconrriected
systelns.

The r¢quirements for overhead contact lines shall also apply to-masts poles that-are ereqgted in
conngction with the overhead contact line system and used for line feeders’

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

The dpta listed in 4.2 to 4.7 are normally specified by th€ purchaser.

4.2 Line characteristics

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

— the speed and performance capabilityyof the train/ or traction units-te-be-employed powered
frgm the contact line,

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

— the type and frequency of\electrically hauled trains,

— the line speed for-maintand-station 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-contastline-system-design-shal-be-basedupon-the-consideration-ofscomyatible

with the electrical characteristics of the power supply system design, including the following:

— nominal-voltage range and frequency range and their limit values, in accordance with
IEC 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 [EC 62313;

— short circuit duration, in accordance with the protection design documented in accordance
with I[EC 63438; where the protection system employs backup protection, for example, as
the method of protection reliability, the protection operating time shall be that of the backup
protection; |4

— required current rating and the corresponding parameters (continuous, fault and short circuit
condition);



Electric requirements were added to align the OCLS design with protection principles for AC and DC electrical traction power supply systems given in the new IEC 63438. The short circuit current withstand capability of the OCLS has to be checked or improve by the designer if necessary.
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required impedance limit values (AC) or resistance limit values (DC), for reasons such as
respecting voltage limitations and profile at pantographs, ensuring correct electrical
protection system performance, and respecting the effective touch voltage limit values to

co

mply with safety limits;

proposed feeding system;

proposed return system;

2024

earthing and stray current protection in accordance with IEC 62128-1 and IEC 62128-2;

requirements to mitigate EMI and facilitate EMC in accordance with IEC 62236-2;

— wHen relevant, requirements 1or overvoltage protection, in accoraance with 1EC 6249 -2;

— ingulation coordination in accordance with the IEC 62497 series.

For utban-mass-transpeortation rail systems, the short-circuit current details are hot requifed.

OverHead conta Re raH—pe—Sseparated—+h—elte 3 ecttohs—ana NiNg groups by

mon ar':r\n nmrnar\\ rnair ,nlana Hrafnnln;\nrafin raul\ua\ll-nn’nn cn hl an '\hon

B e R R e e e e = S

Eresldres

4.4 |Vehicle characteristics

The ojerhead contact line system design shall-consider ptovide clearances for all vehicle|types

to be used on the line. In particular, the following shalllbe*determined:

a) static and , matic
reference profile as well as any nat|onal or |nternat|onal requwements for strdctural
clgarances;

a) mlmber of pantographs in service, theirspacing, and whether they are electrically linked or
inglependent.

4.5 |[Current collectors

The characteristics of the current’'collectors to be used on the line shall be determined. These

charagteristics include:

a) ct]rrent collector headiwidth, length and profile as defined in IEC 60494-1 and IEC 60494-2;

b) nymber of contact strips, the type of material and the spacing;

c) mean-static eontact force of current collector, depending on its working height;

d) ddtails of the lateral movement of the current collector head;

e) maximunt 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)—skew 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 interoperable lines-are-given, the characteristics set out in IEC 62486 shall be used.


Maximum load current determination was added to avoid overheating of contact wires during vehicles standstill. Temperature limits given in Table 1 have to be taken in account.
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4.6 Environmental conditions

E . . : IEC 62498-2.

The overhead contact line system shall be designed according to the environmental
characteristics selected from the conditions and classes set out in IEC 62498-2.

4.7 Design life

The purchaser may state the required design life of the system. Consumable components such
as contact wire are not included in the design life of the system. Specific requirements for the

d 10 6-HE £ papice—ra-avwv—ala N Hfiad-bas =y ¥
eSIg He-o+theSse UUIIIPUIIUIILO |||ay arSope cyGulllUu Ty T 'JUIUIICAOUI.

5 Slstem requirements

5.1 |Design of electrical system
5.1.1 General

The gverhead contact line system shall be designed-te—alow for-fhe-—electrical based ¢n the
charafteristics defined in 4.2 and 4.3. The design shall-ireludé take into account the feturn
circui{ system, feeder connections and-shall-censider short-circuit-faults.

OverHead contact lines should normally be electrically sefarated into sections and sub-seftions
by ust of insulators, sectioning devices, insulated overlaps, neutral sections, etc. This prgvides
operational flexibility for maintenance, emergency repair, planned directional operation, railway
tunne| safety and neutral section.

The dlectrical characteristics and ratings relaiing to insulation coordination for the overhead
contaft line system, its products, assembligs, components, and its interfaces with other sygtems
shoulfi be determined in accordance \Wwith the requirements set out in IEC 62497-1]2010,
8.4.1.8. In accordance with 5.1, 5.1.3 provides clearance dimensions for values of injpulse
voltages (Uy;) of 95 kV and above.

Functjonal-equipotential-bondinng shall be provided across mechanical bearings within the
overhgead contact line system where the efficiency of mechanical bearings would otherwise be
adverpely affected by thesflow of load current or fault current. |6

5.1.2 Temperature rise in conductors

The gverhead c¢ontact line system, including return circuit and feeder connections, shfall be
designed-te=aftowfor based on the electrical load defined by the system design—-includingfeturn
cireuit-and-feeder-connections; under-all environmental operating conditions for the re|evant
classg¢s défined in IEC 62498-2.

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 crrcurt currents should
not lead to conductor temperatures above the values given in Table 1. See also 7.3 and 7.4.

The temperature rise

temeerature—and—setar—gam—rn—deterrmmng affects the mechanrcal and dlmen3|onal aIIowances



Some important requirements for sectioning and electrical characteristics were added in this clause to improve the OCLS’s availability. The compliance with these requirements has to be checked by the designer for new installations and complete renewal of existing OCLS.
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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-pantegraph-—eurrent maximum load current of the current
collector when the vehicle is at standstill.

The temperatures above which the mechanical properties might be impaired are given in
Table 1 for material compositions of tensile stressed conductors used in contact line systems.

Table 1 — Temperature limits for material mechanical properties 7

Temperature
°C
Material Upto1ls Up to 30 min Permanent
short-circuit (e.g. pantograph (eYg. operat|ng
current standstill) 2 condition)
N_orm bl and high strength copper with 170 120 80
high qonductivity
Silver| copper alloy 200 150 100
Tin cdpper alloys (0,1 to 0,4) 476 200 436 150 100
ﬁﬂe&%@epper—a”e&bmnze 170 Y30 100
ﬁfa&ium—eeppe#%@fs—/—bﬁen&e 200 150 100
Magnpsium copper alloys (0,1 to 0,7) 200 150 100
Alumipium alloys 130 - 80
ACSR/AACSR 160 - 80
a TH e_st_e values are applicable for exceptional gperational cases and should not happen too often in the|same
pdsition.

NOTE
gained

For novel products_ffiean be necessary to reduce the limits until sufficient operational experience hgs been

For tgmperatures.higher than those in Table 1, the possible reduction in conductor stiength
accorfling to thé duration of the raised temperature-shat should be checked and, if necegsary,
the dimensions of the conductor shall be increased and/or the working load shall be redyced.

NOTE p . <Fhere have been long satisfactory experiences in Japan that the highest permanent temperature pf pure
copperlaluminium and ACSR wires for catenary wires and feeder wires is-90 100 °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.

The values of the environmental parameters (ambient temperature, wind speed and
temperature rise caused by solar gain) shall be given in the purchaser specification.


Temperatures and copper alloys were specified more precisely and aligned with IEC 62917 and IEC 63190 to allow their implementation especially for low alloy copper. The footnote "a" was added to avoid contact wire degradation by the pantograph standstill too often at the same place. For higher temperatures the possible reduction of conductor strength should be checked as written below the table. That is also the case if higher than permanent temperatures are used for pantograph stillstand often at the same place.
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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

"perm

anent" 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-carrying capacity of their conductors and the current distribution in these conductors
should be calculated and provided by the power supply system design for the adjustment in the

prote

5.1.3

The 4djir clearances between the live parts of the overhead contact line syst r panto

head
achie
cleard

NOTE
system

For tg
and th
based

and re¢liability.

The d
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In arg¢as where overvoltageC}an occur very often due to lightning or where reducd

cleardnces occur, surge arrestors, supplementary insulation or other means may be uj
accorflance with IEC 7-1, if the electrical clearances to earthed structures ar
sufficlent. C)
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tion rerays. Q

Clearances between live parts of contact lines and earth Q®

and earthed parts of the fixed installations, and those of vehicles, Il be defin
e acceptable availability of service and to limit damage to thes@yassets. The
nces identified in IEC 62128-1 shall apply for protective provis@gainst direct co

For the purpose of 5.1.3, "earth" in the context of DC includes equip@t connected to the tractior
as well as parts in contact with earth. Q/

chnical and economic reasons,-Fhe-recommended t@cal air clearances between
s
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ed to
safety
ntact.

return

earth

e live parts of the overhead contact line system a@ ated in Table 2. These valugs are

on operational experience and have provided @)ven acceptable level of perforn
S

learance values given in Table 2 may bg, reduced or increased depending on v

erstorm conditions, overvoltage pro@:tion, absolute humidity, the ambient tempe
L air pressure, pollution, reIative&ensity, measures to avoid short circuits with

and material for both ene@e and earthed structures (refer to IEC 62498-
PA97-1). Each case, however, shall be considered individually.
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llowing p@es an example of reduced clearances by the application of surge arrg

0V%l$3d contact line systems with nominal voltage U, = 25 kV (overvoltage cat
Hnp

ulse voltage U, =200kV from IEC 62497-1:2010 and I|EC 62497-1
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2010/

and dynamic clearance as ECy = 150 mm;

0mm

— 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, a 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 v
minim
value
panto
panto

Differ

Recommended-minimum Typical clearances
Nominal voltage mm
Static (EC) Dynamic (EC)
DC 600V (720 V) 2 100 50
DC 750 V (900 V) 100 50
DC 1,5 kV (1,8 kV) 100 50
DU S, UKV (5,0 KV) ou QU
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'NeC 60850.
a8  Only for existing systems.
b__ The value is-300-mm-in-Japan-

blue for the static case is a value to be applied taithe electrification clearance gaug
um air clearance between the live parts of an.overhead contact line to fixed object
for the dynamic case is a value to be applied to a temporary case, for examp
graph clearance gauge or the live parts, of an overhead contact line during up
hraphs or the designed wind speed flowCy8

deter

a nar

bnt clearances for ‘"static" andZ'dynamic" cases are justifiable by probal

b as a
5. The
e the
ift by

bilistic

inations—{probability-ertimeforexample} taking in account duration. For examplg, it is

impropable that an overvoltage surge-will occur at the same moment when a pantograph p

w part of a tunnel. For this-"dynamic" or temporary case, the use of a dynamic clea

also dalled "passing" clearanceyis justified. A usual train stop at a railway line, for exan

a sta
impro
with t
For t
cleard
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ion, can be considered~as a temporary case due to the limited duration. It is 4
bable that a train stops with the pantograph at the closed point to a fixed earthed str
he dynamic clear@nce between and at the same moment an overvoltage surge will

his temporary (case, the pantograph clearance gauge with the dynamical (pa
nces may be\applied also.

cal clgarances in air for insulators may be designed and measured according to Fig
heasusement approach in Figure 2 shall not be used for safety clearances. For
n8€s, the approach set out in IEC 62128-1 shall apply.

asses
ance,
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Imost
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DCcur.
5sing)

ure 2.
safety



The electrical clearances for OCLS are very important for technical and economical reason. Their values in Table 2 were not changed but designated by the word "typical" as they can be reduced or increased under special conditions. More explanations for such conditions and an example for electrical clearance reducing e.g. under low bridges and in narrow tunnels by use of surge arresters were added. This gives the standard users much more possibilities to find out the best technical and economical solution for difficult applications.
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1 earthed equipment ‘(1/
insyllator sheds Q)\(b
live]equipment @Q

valje of static clearance (EC) given in Table 2
10 mm K\Q/

Figure 2 — Static electrical clearance m%rQ)etween live parts
of an insulator and earthez' ipment [9

For section insulators, it is allowed to reduc static values of-recommended fypical
cleargnce in Table 2-to-ensure—acceptable fo g%/namlc performance of the pantograph and
overhpad contact line system, where ne ary and where the intended operatiop and
maintgnance regime is compatible. The rediiced static values for section insulators shall pot be
less than the dynamic clearances in TaK@

o) w N

o

>

Higher minimum gjes for section insulators may be specified by national ruleg and

regulations.
X

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

— 25 mm for 750 V, and
— 35 mm for 1,5 kV.



Figure 2 was added to show how electrical clearances between live parts and earthed equipment can be reduced and checked along an insulator. This is useful for applications under low bridges and in narrow tunnels.
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The primary function of section insulators is to provide operational sectioning of the overhead
contact line system. To meet this functionality, the required electrical performance
characteristic is to maintain integrity during switching and shall provide a minimum rated
impulse voltage at least equal to the switching impulse voltage (Ugg). The electrical

performance characteristics of section insulators for other functions can be subject to
compliance with national rules and regulations. 10

514 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
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conngcted 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
locatipns results in a similar effect.

Table|3 provides recommendations for the air clearance which should be.achieved betwegn live
parts pf an AC contact line system of differing phases.

Tabl¢ 3 —Clearance between-differingphases Typical clearances between adjacent live

AC contact line systems of differing voltage phase

Frelathee Recommended minimum cleargnce
Nomjnal voltage Phase difference | Highest permanent RMS - -
voltage between plases Static (EC,) Dynamic (£C,)
kV degrees kV mm mm
1p (17,25) 120 26 260 175
1p (17,25) 180 30 300 200
20 (24) 90 28,2 300 200
20 (24) 120 34,6 300 200
35 (27,5) 120 43,3 400 230
35 (27,5) 180 50 540 300
25 (30) 90 35,3 500 350
25 (30) 120 43,3 500 350
Values in brackets are highest permanent voltage in accordance with IEC 60850.

When|a pantograph passes the overlap of a phase separation section, a phase to phase voltage
acts hetween both contact lines for a short period. Therefore, the clearances between both
contagtlines shall be selected in accordance with the dynamic clearances set out in Tgble 3.
These clearances shall be maintained at all times.

5.2 Design of overhead contact line for current collection systems

5.21 General

The design of both the overhead contact line system and used pantographs shall take into
account the required-relevant line speed.



The smaller electrical clearances for section insulators in OCL with nominal voltages less than 3 kV were specified to allow their lighter design and better performance according to the explanations given below.
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The performance of the overhead contact line, when interacting with a pantograph, shall be
assessed in static and dynamic conditions. For new types of OCL or new types of pantographs,
dynamic behaviour shall be predicted in the design phase by computer simulations. These
simulations 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
operation, at least measurements shall be performed to confirm design and installation quality.
For overhead contact lines with line speeds of up to 100 km/h, computer simulations and
measurements at line speed need not to be performed. i1

The pimulation programs shall be validated in accordance with IEC 63453 ¢angl the
measfyirements shall be undertaken in accordance with [EC 62846.

Foraftrain-The assessment of the overhead contact line shall take into agCount traing with
multipgle pantographs, and the performance of each pantograph both separately and with the
pantographs used collectively shall be assessed.
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NOTE -} Technical criteria for the interaction between pantograph”and overhead contact line to
achieye free access to rail infrastructure are given in IEC 62486:2017, Clause 7.

5.2.2 Elasticity and its variation

The ojverhead contact line should be designed insuch a way that there is a small variation, u,
of the elasticity, e. The elasticity e, expressedsin millimetres by Newton (mm/N), is the| uplift
dividgd by the force measured at the contagct.wire. In every span, there is a maximum jand a
minimum elasticity. The elasticity values\ are static values. These values describp the
variatjon u:

u = €max ~ émin %100 [%] (1)

€max T €min

NOTE The value u is also named "degree of non-uniformity".
NOTE 2 Low valués-of elasticity do not always give a small variation.

The e]asticity~and its variation depend upon the configuration of the overhead contact line. For
the oJyerhead contact system, the following main factors shall be taken into account:

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



The requirement was defined more precisely to make clear in which cases simulation and or measurement have to be used.
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H-dynamic-simulations—are-not-undertaken,—Elasticity and variation may be specified by the

purchaser.

The elasticity 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. Information about
reasonable values is given in the informative Annex F.

5.2.3 Vertical movement of contact point

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

The ojerhead contact line shall be designed in such a way that the vertical height of theepntact
point [above the track is as uniform as possible along the span length; this is gssentjal for
high-quality current collection.

The maximum permissible difference between the highest and the lowest dynamic contact point
height within one span shall be—as—specified-by in accordance with thedlimit set out |n the
purchpser specification.

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

and-the-longestspan-length.

This deeds not bhe verified for overla
—HHSHeeaSHhotoe vVeHHea1or—ovVefia

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

5.2.4 Calculated wave propagation yelocity

Wavep caused by pantograph forces on the tensioned contact wire(s) have a propagation
velocri]:y. The flexible overhead contact line-should can be designed to-ensure-that linjit the
maximum operational speed-ofthe-line-is to less than 70 % of the wave propagation velocity,
V', of the contact wire.

where

V

c is the wave propagation velocity of the contact wire, expressed in m/s;

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

>m is the sum of the linear mass of the contact wire(s), expressed in kg/m.
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5.2.5
5.2.5.

Quality of current collection

1 General

Overhead contact lines and pantographs shall be designed and installed to ensure acceptable
current collection performance at all operating speeds and whilst at standstill.

The life cycle of the contact strips and contact wires essentially depends on the following:

— dy
— Cu

namic behaviour of the overhead contact line and the pantograph;
rrent flow across the interface between contact strips and contact wire;

— contact areas and the number of contact strips;

— material of contact strips and contact-wire elements of the overhead contact line;

— speed of the train, the number of pantographs in operation and the distances between
— environmental conditions;

— g¢gometry of the contact line;

— elasticity and their uniformity;

— contact wire tensile load;

- p
5.2.5.
The ¢

maximum permissible contact forces between the pantograph and the overhead contag
line. T

shall

The-npinimum-contactforee overhead contatt line system shall be-positive-to-ensure-that

is—ho]

overhgad contact line.

NOTE Contact loss can occur durind_teésting and operation caused by the statistical behaviour of the intg
and ex{ernal 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
term gontact loss. Assessment of conformity shall be decided between-elient purchase
supplier.

Contdct force yalues vary with different combinations of pantographs and overhead conta

systefns. The-simulated or measured instantaneous values of contact forces—betwed

conta
value

ntograph design and contact force.
] Contact forces 12

verhead contact line—eguipment system shall\be designed to—aceept withstan

he aerodynamic effects which occur at the ‘maximum permissible speed of the v
be taken into account.

Hoss—of contaet designed to minirize contact loss between the pantograph ar

twire-and-contact strip-shall-netexeceed-the-range-given-in-Table-4 are usually beld
of\the mean force (F,,) plus three standard deviations (3¢). Higher values may oc

them;

d the
t-wire
ehicle

d the

raction

short-
r and

ct line
n-the
w the
cur at

partic

dlal 1oCatllons, nowever, they shiall not exceed the Mmaximurmn contact torce nmit value

in Table 4.

NOTE 2 F_ * 3 o represents 99,73 % of values for a normal distribution of force.

given

d|str|but|on i.e. ROCL then at least 99 73 % of the resultmg values shaII be within the range
defined in Table 4.



In this subclause some requirements for statistical analysis were added in accordance with IEC 62486. The absolute values for maximum contact force limits in Table 4 are important to minimize the local mechanical contact wire wear and tear and to avoid contact strip damaging.
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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 deviation of contact force shall be the main assessment criteria. When assessing the
dynamic behaviour and current collection quality, the limits for mean contact force (F,,) and

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

Table 4 — Contact force limits

Contact force limits
System Speed
Maximum Minimum (statistigal)

km/h N N
AC <200 3002 >0
AC >200 < V<320 350 >0
AC > 320 400. >0
DC <200 3002 >0
DC > 200 400 >0

a8 340 N for short single rigid components, such as sectignyinsulators, or transition between FOCL and ROCL
sylstems in overhead contact line systems up to 200 km/h.
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For urban-mass-transpertation-rail systems,

In-thig-case the static contadt force-shall is recommended to be at least 60 N. If lower Jalues
are uped, it should be demonstrated, that the dynamic behaviour of current collectjon is
acceftable and the temperature limits for the contact wire according to Table 1 are follpwed.
For trplleybus systems,.the static force values are specified in 5.13.5.

NoTeEAdditionahrequirements for contact forces for interoperable lines are given in IEC §2486.

5.2.5.3 Contact loss

A high_gquality of current collection is achieved through continuous mechanical contact befween

the contact wire and contact strip.-H-thiscontactisinterrupted,—areing-ocecurs-which-increases
wear-on-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-assessment conditions of tests shall be selected in accordance with—the

purchaser-specification |IEC 62846. This is applicable in case of using multiple pantographs
connected by bus line also.

NoTE—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,

The ’;inaximum permissible working tensile stress ¢,, of a contact wire depends o
para

n the

eters defined in 5.3.2 to 5.3.8. All of these parameters shall be weighted with@n'individual

factorl The minimum tensile failing stress o, of the contact wire shall be multiplied by the

product of these factors and a safety factor » not greater than 0,65 to.get'the maximum
permigsible working tensile stress.
The vplues in Table 5-and-Table7 may be interpolated.
The n’[naximum permissible working tensile stress to be applieddo-unworn contact wire sHall be
determined using Formula (3):
w — min emp wear icewm € clamp Jjoin
Ow = Omin X 1 % Kigmp * Kyear * Kwind X &ice X Keff X Kciamp X Kjoint [N/m?] (3) 13
Formuyla (3) gives the minimum requirements which can be increased by national regulat|ons.
5.3.2| Maximum temperature Ky,
The tensile strength and creep.behaviour of contact wires depend on the maximum weorking
tempgrature. The factor Kio,-€xpresses the relationship between the permissible tensile stress
and the maximum working\temperature of a contact wire and-is shall be selected from the Jalues
givenlin Table 5.
Table 5 — Factor Ko, for contact wires
. . Ktemp
Contact wire material
For max. temperature < 80 °C For max. temperature==<1Q0 °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-eanr should be-necessary considered to use lower values until sufficient

operational experiences-are-collected has been gained.

For maximum working temperatures above 100 °C, the reduction of conductor strength ov

er the

lifetime of the wire shall be determined by type tests. The factor Kiemp shall be adjusted

according to the residual strength of the wire shown in Table 5.



The factor Kicewind was separated in Kwind and Kice to allow a more precise calculation using the values in Tables 6 and 7.
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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.

L (4)

wgedl

wherg

the permissible wear-in—percent/+100 expressed as a proportion 0f\the total ¢ross-
ectional area.

=
» o

5.3.4 Wind-and-ice loads K, . ing Kying

The effect of wind-and-ice-loads load on maximum contact wire ténsile strength depends ¢n the
desigh of overhead contact lines. The factor-&, o ina Kwing deP€nds on the wind-and-icefloads

load gnd the type of the overhead contact line and-is provisipt shall made as set out in Tgble 6.

Table 6 — Factor K&, inq Kyingfor contact wires

Type of overhead contact line Wind and ice Wind K
load load wpnd
Contact and catenary wire automatically tensioned 0,95 1,00 1,00
Contgct wire automatically tensioned and catenary wire fixed L LLe 045
termination )
Singlg contact wire automatically tensioned 0,90 0,95 0,95
Contgct and catenary wire fixed termination 070 0:80 0,80

5.3.5| Ice loads K¢

The dffect of icedl@ads on maximum contact wire tensile strength depends on the desjgn of
overhpad contaGtines. The factor K., depends on the ice loads and the type of the overhead

contaft line\anrd provision shall be made as set out in Table 7. In some tropical zong and
tempgratg zone areas where ice does not appear on wires, K, may be 1,0 in any condifion of

Table| A,

Table 7 — Factor K., for contact wires

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
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5.3.6 Efficiency of tensioning devices K

The efficiency and accuracy of tensioning devices is considered by the factor K 4.—Fer-the

normal-desigh-and-instalation-of-tensioning-devices; K is—assumed-teo 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.

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

5.3.7  Termination fittings K¢ ;;mp

The el‘fect of termination fittings is considered by the factor Keiamp which shall be equaltp 1,00

if the|[clamping force is equal to or greater than 95 % of the contact wire tensile* strength.

Otherise, K¢ am, shall be equal to the ratio of the clamping force to the tensile strength

5.3.8 Joints Kj

oint

The efffect of joints is considered by the factor K;,;,This shall be equal'to 1,00 if no joints are

adopted or if the values of tensile strength and the percentage, elongation after fracturg at a
joint grea are in accordance with the specified values of the wire material. Otherwise,| Kjqint
shall be equal to the ratio of the tensile strength of joints to the higher calculated rated tensile
strength of contact wire. The minimum tensile strength of the joint shall be in accordancg with

EN-541449-inEurope IEC 62917.

5.4 |Mechanical design of catenary wire loads

5.4.1 Permissible tensile loading F,,

The maximum permissible working tensijlesload of catenary wire depends on the parameters
defingd in 5.4.2 to 5.4.7. All of these parameters shall be weighted with an individual ilactor.
The minimum breaking load Fgp,i,.0f) the catenary wire shall be multiplied by the product of

these|factors and a factor » not\greater than 0,65 to get the maximum permissible wprking
tensil¢ load.

The maximum permissible'working tensile load shall be determined using Formula:

| N P2y /4 )/ ‘Kf /4 /4

K
W “ Bmin T temp T T wind ice ~ “reft 7 " Fclamp T 7™ load

Fy = Fpmin X n % Ktemp x K. X Kice X Keff * Kclamp X Kioag [N] (5)

wind

Formita (5) g;vco the—mrnimom |cqui|c|||cnto witch—ean nray be—increased by rrational
regulations.

5.4.2 Maximum temperature K.,

The factor Kigmpi

exeeed shall be selected from the values in—TFable—4 Table 8. At higher working temperatures,
the factor shall be reduced in accordance with the possible reduction in percent of the tensile
strength.
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Table 8 — Factor K, for stranded conductors

Examples of stranded wire-type K
material temp
For max. temperature < 80 °C For max. :%rgegrature; s

Cu?® 1,0 0,8

Al-alloy 1,0 0,8

Cu Ag0,1° 1,0 1,0

Cu-Sn (0,1t00,4)° 1,0 1,0
Cu-M{j-/Steet (0,110 0,7) ® 1,0 1,0

Steel 1,0 1,0
ACSH/AACSR 1,0 0,8

2 C0 according IEC 63190.

b CJ to C7 according IEC 63190.

For new products, it-eanr should be-necessary considered to use lower values until sufficient

opera
Form
life of]
to the

5.4.3

Wind

tional experiences-are-collected has been gained.
aximum working temperatures above 100 °C, the réduction of conductor strength oy
the wire shall be determined by type tests. The-factor Ko, shall be adjusted acc
residual strength of the wire as shown in Table 8.

Wind loads K,;,q4

oad is defined by a factor K,,;,q-which-depends-enthe-wind-speed-as-definedinT4

This factor shall be selected from Table 9 according to the corresponding wind velocit
type qf termination.

Table 9 ~Factor K,,;,4 for stranded conductors

er the
brding

Ible-8.
y and

King
Type of termination Mean wind velocity < | Wind-speed Mean wind velogity >
100 km/h (27,7 m/s) 100 km/h (27,7 m/s)
Autonpatically tensioned 1,00 0,95
Fixed|termination 0,95 0,90
5.4.4 Ice loads 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-as-speeified-in and shall be
selected from Table 10. In some tropical zone and temperate zone areas where ice does not
appear on wires, K;., may be 1,0 in any condition of Table 10.

Ice

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 Automatic-tensioning-accuracy-and-efficieney K 4 Efficiency and accuracy of

tensioning device K

Wmmmwwﬂﬁmwmwm
proven-by-the-suppher

The efficiency and accuracy of the tensioning device is considered by the factor K 4. 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.

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

5.4.6| Termination fittings K¢|3mp

The effect of termination fittings is considered by the factor Ky, Which shall be equal tp 1,00

if the[clamping force is equal to or more than 95 % of the calculated rated tensile stjength
(RTS). Otherwise, K, shall be equal to the ratio of the clamping-fosce to RTS.

clamp

5.4.7| Additional vertical load K|y,q

The efffect of vertical loads acting on catenaries is considered by the factor X;,,4 equal fo 0,8.
For catenary wires without loads acting, the factor K4,y shall be equal to 1,0.

Dropger loads are not included in consideration of\the factor K|, 4.

5.5 [Mechanical design of other stranded conductors

For stranded conductors other than catenary wires, the requirements of 5.4.1 to 5.4.7 shall only
apply|if the working load exceeds(40 % of the calculated breaking load of the stranded
condyctor.

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

5.6 |Mechanical design of solid wires

Solid wires in overhead contact line systems other than contact wires shall not be loaded over
40 % pf the minitntum breaking load.

5.7 |Mechanical design of ropes of non-conducting materials

5.7.1 —Gemnerat

Ropes formed from non-conducting materials may be used only up to their calculated working
load. Particular attention shall be given to shearing loads, bending radii, termination
arrangement 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-EN-50345-in-Europe
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.
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Fyw = Fgmin X 1 % Kying

x Kice x Kclamp x Kload x Kradius [N]

Fo=FRmin K yind > Kica > KolampKload > Kradius

(6)

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

5.7.3

Wind

Wind loads K,,;,q4

the wind speed:

* K{ing = 0,90 for wind speed > 100 km/h (27,7 m/s).

5.7.4 | Ice loads K.,

The effects of ice loads shall be taken into consideration: K;& =0,95.
5.7.5| Termination clamps K¢|3yp

The effect of termination fittings shall be considered by the factor K mp:
* Kdamp = 1,00 for cone end termination fitings;

*  Kdamp = 0,80 for other kinds.

5.7.6 | Vertical loads K|g,q

The effect of vertical loading shall be considered using the factor K ,4:

NOTE

ing = 1,00 for wind speed < 100 km/h (27,7 m/s);

ad = 0,7 when vertical loads attached,

ad = 1,0 withodt Joads attached.

the ovgrhead contact line.

5.7.7

The
Table

Minimum bending radius K, _4;,s

oad is-censidered defined by a factor K,;,4. This factor shall be selected depend

Examples dflvertical loads to be considered are direction indicators or feeding cables for traffic light

ng on

5 or for

11.
Table 11 — Factor K,,4;,s for ropes of non-conducting materials
Bending radius r K., gius
m
rz1 1
05<r<1 0,9
02<r<0,5 0.8
01<r<0,2 0,7
r<0,1 0,5

rect or the Tadius on the ropes shall be consldered DYy the Taclol K 54;,s according to
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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—100 120 km/h or where high operational currents demand it, an
overhead contact line with a catenary-wire-type suspension should be used for flexible overhead
contact lines. When overhead contact rails are used, no catenary suspensions are necessary.

5.9 Tensioning-systems device for flexible overhead contact lines

The tensions in the contact and catenary wires shaII be maintained within the system design
parameters

wiraclkehall ha anitomaticallvy tancioned
WHEe S SHa-oeathtomatCanytenSiohea

whenthesysten%pa#amete#&demand% Automatlc tensioning is recom

overhpad contact lines to decrease wear and tear.

Tensipning devices

- sI‘EII keep the designated tensile force of the wires included the flexible overhead cpntact
line,

— shiall absorb elongation of the wires, and

— shpuld avoid further damage to the contact line system in gasé of wire breakage. 14

For speeds above 225 km/h, both catenary and contact wires-shalt should be automatically
tensigned separately.

For alitomatically tensioned equipment, local tension in the overhead contact line can vary, due
to the| effect of along track movement of(fegistration arms or cantilever frames. The maximum
acceptable variation of tension in the overhead contact line shall be considered.

5.10 |Geometry of overhead equipment
5.10.1 Horizontal-deflectiort Lateral deviation of contact wire

Undef defined environmental conditions and mechanical tolerances, the-hoerizental-deflpetion
latera] deviation of the contact wire and the pantograph shall be such that it is—net-pessible
sufficiently improbable for the contact wire to slide off the pantograph head unless specifically

desig 1ed to do SO at contact W|re takeover points. A minimum stagger value shall be sp4gcified

The definition of the permissible lateral deviation of the contact wire from track centre line
should be based on checks against the working range of the pantograph head (serviceability)
and against the limit of dewirement (limit of stability for lateral interaction) taking in account the



Based on operators experience automatic tensioning is now also recommended for train speed below 100 km/h, this includes urban rail and electric road systems (ERS). Further damages in case of wire breakage can be avoided by stopping functions.
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point of incipient dewirement. The method of determining is described in IEC 62486 based on

the in

teraction between pantograph and overhead contact line.

The lateral deviation of contact wire shall not exceed the permissible lateral deviation between
two neighbouring support points under predefined environmental conditions. Therefore, the
stagger at support points and the span lengths between two neighbouring support points of
contact wire are specified in accordance with the installation design of overhead contact lines.
Stagger shall be defined to minimize wear and heating of contact wire and pantograph strip.
Additionally, the stagger shall achieve the required mechanical and electrical clearances. 15

The permissive limits of the lateral deviation of the contact wire on a line may be defined as a

static
line a

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

For thie definition of the permissible lateral deviation, it is necessary to detefFmine the toler

of all

Mech
when

5.10.2 Uplift

The d
opera
meas

be a minimum of twice the design uplift. If restrictions to uplift of the contact wire are ing

in the

The vlertical upward movement of the contact wire in the span can be larger than the d

uplift
be ca

5.10.3 Variation in contact wire height 17

If, dug to local conditions, for example bridges, a variation in contact wire height is nece

this s

chandes of gradient shall not exceed the values set out in Table 12 as a function of spee

const
permi

value determined accorading 1o Working ranges of pantograpns on rains passing
nd expected lateral deviation of the contact wires on the line.

nfluencing variables. 5.10.5 provides the tolerances of the overhi¢ad contact line.

bnical and electrical clearances of conductors to other parts_of the railway infrastru
subject to wind, shall similarly be verified through design'ef site measurement.

Fsign uplift of the contact wire at the support,s{ferthe-maximum-span-length under n
i

ng conditions, shall be determined ar )evaluated by calculation, simulati
irement. The space for free and unrestricted uplift of the contact wire at the suppor

design, a figure not lower than 1,5 shall be used.

bt the support and both the upward and downward movement of the contact wire {
culated and checked. 16

hall be achieved with a gradient as small as possible. Design values for gradiern

uction and operation, larger change of gradient than values shown in Table
ted. Se€5.14.

n the

ts for

pnces

cture,

ormal
bn  or
t shall
luded

esign
hould

5sary,
t and
d. For
12 is



A new method was developed for IEC 62486 and referenced in IEC 60913 to define the permissible lateral contact wire deviation taking in account the limit of dewirement and the point of incipient dewirement on the pantograph head. It supports more precise calculation and increase of span lengths.

This requirement was added as the OCL clearances have to be checked in tunnels, under bridges and over one-level railway crossings taking in account the vertical contact wire movement during pantograph runs.

Low speed gradients, requirements and recommendations were added in this clause for special cases, better understanding and practice relevance.

https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

IEC 60913:2024 CMV © IEC 2024 - 53 -

Table 12 —- Recommended maximum contact wire gradients for flexible contact lines

Speed up to Maximum gradient Maximum change of gradient

km/h Yoo Yoo
10 117 60 1/33 30
30 1/25 40 1/50 20
50 1/40 25 1/40 25
60 1/50 20 1/100 10
100 1/167 6 1/333 3
120 17250 4 1/500 2
160 1/300 3,3 1/600 1,7
200 1/500 2 1/1 000 1
250 1/1 000 1 1/2 000 0,5

> 250 0 0 0 0

NOTE Due to reasons of the terrain characteristics, it is sometimes difficult to &chieve 0 gradient, even in|design

phase,

For c
permi

NOTE p

Wher¢ the values in Table 12 are not achievabléaacceptable current collection quality g

asses
accor

For speeds that fall between the valuessin Table 12, the gradient and change of gradie

be ca

The g
the re

5.10.4
5.10.4

Conta

in order to avoid increasing cost of civil structures such as tunnels.

bnstruction and operation, different change of gradient.than values shown in Tablg
ted. See 5.14.

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

sed in accordance with IEC 62486. This @hall be demonstrated either through tes
Hance with IEC 62846 or through simulation in accordance with IEC 63453.

culated by linear interpolation.

radient and change in gradient for ROCL shall be specified by the manufacturer to
quired current collection-quality.

Contact wire(height
.1 Genertal

ct wire_hejghts shall be determined in accordance with Figure 3 and 5.10.4.

The 4

unrealisticcase

pplication of the tolerances in Figure 3 should be considered so as not to creg

12 is

an be
ing in

ht can

meet

te an

5.10.4.2 Minimum contact wire height

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

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

panto

graph.
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5.10.4.3 Minimum design contact wire height

The minimum design contact wire height shall be calculated by—adding summation of all
downwards movements of the contact wire-te and the minimum height. Consideration shall be

given

ve

to

rtical tolerance on the track position,

downwards installation tolerance for the contact wire,
downwards dynamic movements of the contact wire, and

effects of ice load and temperature on the conductors.

The a
cases

5.10.4
Itis p

minim

NOTE-
IEC6

5.10.4

The
worki
Consi

— verrtical tolerance of the track;

~ g
~ g
~ g
~ g
~ g

bpropriate combination of tolerances shall be applied with respect to the static or dy

.4 Nominal contact wire height

brmissible to set the nominal height for an overhead contact line in the range betwe
um and the maximum design heights of the contact wire.

L Specific requirements for contact wire heights for interoperable lines are giV
P486.

.5 Maximum design contact wire height

aximum design contact wire height shall be obtained by deducting from the max
g height of the pantograph the possible upwards movements of the contact
deration shall be given to the following:

lift of the contact wire by the pantograph;

wards dynamic movement of the.contact wire;

wards installation tolerance;

lift of the contact wire duge'to wear;

lift of the contact wire, due to any effect of temperature changes in the conductors.

hamic

bn the

en in

imum
wire.
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HCWmax
A a5
dg
ar
ag
HCWd, max
WR HCWhom
I HCWg min__ _
a1
a2
a3
\J ay
HCWmin
EC, or ECy
-________AFR_V_ -
| SRP OL-SRP
IEC
Key
LPupp upper operating position of pantograph or collecter(see IEC 60494-1)
LP, lower operating position of pantograph or collector (see IEC 60494-1)
WR working range of pantograph or collector (see IEC 60494-1)
SE- 1 swept envelope height
KRP kinematic reference profil height
SRP static reference profile height )|‘8
Ahg, vertical superelevation
EC electrical clearancés
HCW minimum contact\wire height
HCW_ | ~ maximum contact wire height
HCWwy 1., minimum<désign contact wire height
HCWy 1., maximum design contact wire height
HCW,_ ) <{nominal contact wire height
DA, desigratowan abeve—HeH—
a, vertical 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
DA,———design-alowaneces-below-HCW,
as 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


KEI and KLG were changed to KRP and SRP, see Definitions 3.1.1.10 and 3.1.1.11 as basis for the contact wire height calculation.
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NOTE For example, for the calculation of the swept envelope, refer to EN 15273-1 for CEN/CENELEC countries.
5.10.5 Tolerances of lateral contact wire position

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

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

- dinstl tolerance of static lateral position of contact wire;

- dipsty tolerance of static vertical position of contact wire;

- dfess Tolerance ol measurement, measuring errors reter o _norizontal posigon of
contact wire;

- dboe lateral deviation of contact wire position issued on change of pol(ﬁe Ction
under additional load due to wind speed for serviceability at n(ci?dnal comtact
wire height; Q

- dpypp lateral deviation of contact wire position issued on movemgrql’of cantilever for
changed wire temperature; N

e lateral deviation of contact wire position issued on@ced tension forqge of
wires considering efficiency and tolerances of tension“devices.

&
Natiopal requirements and conditions can apply to valuer the above listed tolerances.{19

5.10.¢ Span length 20 \\Q

&
The span length influences the interaction betv&se\ pantograph and overhead contact ling.
)
The $pan length between consecutive thport points is determined by track curvjture,
permigsible lateral deviation, wind load§’ and system parameters, for example contagt line
tensidgn and maximum permissible st@%er.
X

Assedsment of the wind loa Q\nk individual conductors shall be in accordance with the
servidgeability requirements iled in Clause 6; national conditions can apply. At highler ice
load dlasses, the combir@‘action of wind and ice load shall be taken into account.

For calculation of de@Qion of the contact wire, wind loads shall be applied to the conta¢t and
catenpry wires. n designing a fully optimized system, the wind loads of dropper wirds and
clamps shall b en into account.

The ingteraction between contact and catenary wires shall be considered for inclined overhead
conta :\' s, 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).



This new subclause was added to give the tolerances to be used for lateral contact wire deviation calculation in accordance with the new method developed for IEC 62486, see also comment for Subclause 5.10.1.

This new clause was added to give requirements for span length calculation important due to technical and economical reasons. To take in account all these requirements can increase or decrease the maximum span lengths in OCL design and new installations.
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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
ensurg that both contact wires are lifited when being traversed by a pantograpn] The
tempgrature-related longitudinal expansions of contact wires shall be considered whentadppting
such femedies.

a)
-

vbi
V

the-ef

To o
o<

5.12 |Overlap arrangements

Overl
reduc
spans
within
permil
to sh{

hps shall enable the pantograph to pass from one tension lefigth to the next without
lion or interruption of the power supply to the traction unit. The number and leng
including the differences in the length of adjacent spans and the contact wire gra
overlaps shall be designed such that the permissible range of contact forces-a+

Esible-differences-in-elastieity are met. The maximutn running speeds and track radi

Il be taken into account.

speed
ths of
dients
1d- the
-need

Foro
shall
longit

ments
blated

erlaps in automatically tensioned equipment; the supports of both contact line equip
enable the unrestricted movement of:the’ contact line due to the temperature r
idinal expansion.

For in
maint

sulated overlaps, the:minimum dynamic electrical clearance specified in 5.1.3 shiall be
hined between thewtonductors forming the overlap under the specified environmental

condi
nation
conng
by a c

In rig

ions. Higher minimum values of clearance for insulated overlaps can be specifi
al regulations ‘er purchaser specification. Uninsulated overlaps should be perma
cted by a jumyper. Insulated overlaps should be connected, during operational cond
isconneetor or via a substation.

d overhead contact line systems, alternative components may be used to ser

ed by
nently
tions,

ve as

th the

overlgpsito prevent significant dynamic uplift of the pantograph providing they comply wi
permissible contact forces in 5.2.5.2.

5.13 Specific requirements for overhead contact lines for trolleybus systems

5.13.1 General

The typical characteristic of an overhead contact line system for trolleybus applications is-twin
double contact wires that are electrically 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.
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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.

The trolleybus characteristics and operational requirements include the following:

yrade-

— average speed: the average origin-to-destination speed for each mode in revenue sqrvice.
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, levellright-
offway way with no curves, gradients, stops, traffic signals or other delays;

dht-of-way dimensions: the width and height of right-of-way needed to accommodate the
ve]hicle in dynamic mode according to modern standards of safe.Qperation;

— minimum curves: the tightest curves that may be used for a given transit mode, measured
ag the radius of the curve to the centre line of the-transit-vghicle trolleybus;

— ropd surface gradients: the steepest gradients that may\be used for a given transit|mode
without compromising reliability or safety of operations.

|
=,
o)

The distance between the feeding and return contact wires shall be either 0,60 m or 0J70 m,
with & maximum tolerance of £15 mm.

If one| pole of the DC system is earthed or connected to the return circuit of a tram or light rail
systefn, the contact wire of this pole shallsbhe mounted on the outside of the right-of-way (see
Figure 4).

L I——_—“—“"—_-—-w5Hwoismpy. 4
= / ———— =
PR U /4 S R

e 3

Key

1 limit of the carriageway
2 overhead contact line: (=) return wire; (+) feeding wire

3 axis of right-of-way

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

The assemblies of an overhead contact line (wires, suspension, switches and crossing) shall
be so positioned as to allow:

— a regular vehicle circulation along the route,
— a correct approach to platform stops, and
— overtaking of another vehicle of the maximum admissible dimensions for road vehicles.
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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.);

— ty

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

— en

— tralleybus horizontal displacement from overhead contact line.
5.13.4 Current collector system
In particular, the following information shall be considered for the currentcollector:

— current collector dimension and type;

— st

- ra
th

— ty

NOTE-{CELE/FS EN 50502 for CEN/CENELEC countries’provides information regarding safety requireme
connection systems for electric equipment in trolley buses in Europe.

5.13.5 Static contact forces

The range of static contact force applied to feeding and return wires shall be between 70
120 N for each wire.

5.13.6 Trolleybus in the vieinity of tramways

It is

suppdrting system. In this case, the overhead contact lines for both systems are suppor
the sgme suspension.

The d

In anyTase; thefoltowimgstrattbedetermimed—amd-incorporatedimto the systermdesigm:

vironmental characteristics of the vehicle;

tic contact force between the current collector and contact wire;

hge of the contact forces related to the dynamic movement of the vehicle and variat
b height of the overhead contact line;

pe of contact line.

ypical, especially~for an urban area, that trolleybus and trams run under the

construction characteristics of the current collector and all equipment that comprisgs the
oVerhead contact line, such as switching and crossing points,

ion of

ts and

N and

same
ed by

istance. . between the contact wires for trolleybus and tramways shall not be less than the
distarjce between the feeding and return wires.

— 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 sections to facilitate maintenance activities.
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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 cl

imate, 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

additi
limits
inspe

NOTE
(e.g. in

NOTE
for cou
by the

'\nall\ll defined. The rnl:\finnehip hetween the tolerances and limits for construction a

for operation shall consider the possible changes of parameters over time.be
ction and maintenance periods.

The parameters are documented for the purpose addressed in 9.5 and handed over tg"mdintenanc
rastructure manager).

P Limits for interoperable lines are defined in the Energy Technical Specificatioris<for Interoperabili
htries of the European Union. These limits can be used as a guideline for non-jnferoperable lines, as
burchaser and the system designer.

The tplerances and limits shall be implemented in the design-{s€e-e-g-6-4-5} and kept

const

Table

uction and operation.

13 shows examples of the parameters for which tolerances and limits should be d¢

The types of parameters are divided in four main groups)in the order of their importance
systefn. In each main group, examples of parametefs for tolerances and limits are gi
relatign to construction and/or operation. The specific values shall be defined by the s

desig
const

Norm
comp

ner. Table 13 shows for which parameters: tolerances or limits should be defin
uction and/or operation.

bl behaviour and change of OCL.\parameters during defined maintenance period
bnents lifetime shall be taken in.atcount to ensure sufficient degree of freedom.

It is necommended to define different values for construction and operation to be us

maint

Ta

bnance period through it tife cycle. 21

ble 13 — Important.parameters to assist in the definition of tolerances and lim

nd the
tween

B entity

y (TSI)
fHefined

juring

fined.
to the
en in
ystem
pd for

s and

ed for

Type_of\parameter Tolerances Limits To be defined for:

construction operat

on

Type

A, safety.related

Dime

sign ‘of foundations X X

£.£ ki

......

found
angle

D HH £
rot e atro ST OSTt oot

ations perpendicular to track, rotation X X X

of masts—contact-wire-stagger

Safety clearance, electrical clearances;contact

, maximum X X X
deviation of contact wire due to wind,—maximum
contact-wire-wear
Contact wire height (minimum/maximum), X X X X
contact wire stagger

Maximum contact wire wear X X



These requirements and recommendations were added to ensure the correct use of tolerances during design, installation and maintenance periods. As a consequence, the OCL behaviour during their lifetime should be taken in account by the designer to define different tolerances and limits for construction and operation.

https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

-62 - IEC 60913:2024 CMV © IEC 2024
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 fotjndations along the track 7 X X X
Inclination of droppers along the track,
maximum/minimum contact forces, variation of X X X
elasticity (u)
ee#ﬁaet—w#e—g%adw#ﬁ—ehange—ef—g;%en%s— % ¥
Inclingtion of droppers perpendicular to track
Contdct wire and conductor rail gradient,
X X X X
chande of gradients
Type |C, compatibility related
Geonletrical tolerances of component interfaces X X
Type |D, aesthetics related
mastpeight Pole height to align their tops X X
Inclingtion of poles, inclination of horizontal
! X X
cantilgver tubes
NOTH "X" denotes parameters that do apply.
Refer[to Annex H for special national conditions requifements.
6 Structures and foundations
6.1 |Basis of design
6.1.1 General
The gim of Clause 6 is the proof of structural safety, which can be subject to local lgws or
condifions. For this reason, 22 structures for overhead contact lines may be designed in
accorflance with the general: principles contained in 6.1.2 to 6.1.8 or refer to the interndtional
standards, national standards or national regulations or as described in EN 1990:2002 for
Euroge CEN/CENELEG-Countries.
NOTE | Referenceg hade to EN-Standards are normative for CEN/CENELEC countries. For all other countrieg, these
references are infoxmative. See also Annex H.
6.1.2 Basic requirements
StructuresHer—everhead—<centactHre—shalbedesigredand—constrocted—tn—suech—a—way that

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.


Added for further clarification of scope for Clause 6.
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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 epuipmentaswetrasthesafety of peopte:

Servigeability limit states correspond to certain defined conditions beyond whichvspgcified
servide requirements for an overhead contact line are no longer met.Sérvicepbility
requinements concern the mechanical functioning of supports, foundations,: conductorg and
equipment and the unrestricted transmission of electric energy to the vehicles-

Theregffore, serviceability limits require consideration of deformations.and displacements which
affect|the use of the overhead contact line and any damage which isclikely to affect the durgbility
or funiction of the supports and equipment adversely.

Servigeability limits may be given in the purchaser specification.

Desigh with reference to ultimate limit state and seryiceability limit states shall be carried out
by:

— seftting up structural and load models for relevant ultimate and serviceability limits|to be
considered in the various design conditions-and load cases,

— considering design values which are_generally obtained by using characteristic valdes as
ddfined in this document in conjunction with partial factors as defined

e | in this document,

e | in ISO 10721 (all parts)-ahd1SO-23469:2005),

e | in EN 1990, EN 1992 \(all parts), EN 1993 (all parts), EN 1995 (all parts), EN 1997 (all
parts), EN 1998 (allparts) and EN 1999 (all parts) for-Eurepe CEN/CENELEC countries,
and

¢ | in national standards or purchaser specifications,

— verifying thatthe limits are not exceeded when design values for actions, material properties
and geométrsical data are used in the model, and

— referringo Eurocodes in CEN/CENELEC countries, alternative standards or experimental
ddtalfor materials 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—in—Eurepe, 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 Qg 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
agtion in accordance with 6.3.2.7.

— Cgnstruction and maintenance loads (Opk) take into account working procedures, temiorary
guying, lifting arrangements, etc. The characteristic values QOpy for constructiop and

maintenance loads are deterministic values stipulated to guarantee the safety of strugctures
and people.

6.1.5 Reliability levels

In prifciple, overhead contact lines can be designed using certain reliability levels with rgspect
to varniable loads which are described by probabifistic laws. The reliability level can be pased
on theg return period T of a climatic action, for example wind load, ice load, combination of wind
loads] ice loads and loads caused by temperature change.

Strucfures for OCL shall be classified asieonsequence class 2 structures according to ISO [2394.
This Ipads to a classification for OClysupport structures to importance class Il (EN 199§-1 for
CEN/CENELEC countries) and risk ¢category Il (ASCE 7 for US). Different classification dan be
givenlin national standards or in{purchaser specification. 23

NOTE | Damage or loss of class 2 structures according to ISO 2394 does not lead to big societal impact pr high
numbef of fatalities (example§ssmaller buildings, minor bridges and minor tunnels).

6.1.6 Models for'structural analysis and resistance

CaICl;"ations shall-be performed using appropriate design models involving relevant varigbles.
The nmodels shall-be-appropriate-to predict the structural behaviour and the serviceabilify and
faturg-Hmitsultimate limit states. They should be based on an established engineering fheory
and practice, verified experimentally if necessary.

Concerning the interaction between foundation and soil, special attention should be paid to the
loads derived from the supports, loads resulting from active soil pressure and permanent weight
of foundation and soil and buoyancy effects of groundwater on soil and foundation. Together
with the reaction forces of the soil strata, these effects shall be taken into 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


Classification of structures based on various international standards was added for easier use in combination with the connected local standards for structural calculation.
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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.

The d

esign value F of an action is expressed in general terms as:

Fy =yr x Fg

where
yF it tilc pdlt;di fdbtUl fUl dbtiUllb,
Fy ig the characteristic value of an action.
In geperal, the partial factor for actions yg takes account of the possibility ef*unfavolirable
deviafions of the actions, inaccurate modelling and uncertainties in the assessment pf the
effectp of actions. For deterministic calculations including accidental loadsy the partial ffactor
may Ke applied to the effect of the characteristic values of action, i.e. oh.the conductor tensile
load ipcluding the effects of wind, temperature and ice.
The design value X4 of a material property is generally defined/as:
Xk
Xg=— (8)
™
The pprtial factor y), for material property covers unfavourable deviations from the charactgristic
value|X of the material property, inaccuracies in applied conversion factors, and uncertginties
in the|geometric properties and the resistance model.
In the|design of any component Or*their connection, it shall be verified that:
Egq <Ry (9)
where
E4 i the total'design value of effects of action such as internal forces or moments of their
cpmbination;
E4 idavunction of the actions in a certain design situation:
Eq = f(76Gk :vwOwxk s 71Qx 5 7pOpk s ¥cOck 5 7.4 Ak ) (10)
where
Gy 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;
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Ock is the characteristic conductor tensile forces depending on the
temperatures and climate related loads;

A are the characteristic actions induced by accidental loads and special
actions;

Ye Yws ¥1» ¥ps Yoo Y are associated partial factors.

R4 is the corresponding structural design resistance associating all structural properties with
the respective design value X, 4 according to:

Ky = J 1 X1d” X2d---f (11)

For more details, refer to EN 50341-1 in-Eurepe CEN/CENELEC countries.<Ferurbantmass
! i ) X e

6.1.8 Wall anchors 24

When| designing a wall anchor on a new superstructure, it shall pe confirmed that the injpacts
causgd by the overhead contact line system do not impair the{serviceability and ultimatg limit
stateq of the superstructure.

When| designing a wall anchor on an existing superstrdciure, a condition assessment shall be
carried out. The results of the condition assessment irdicate if remedial work to ensure that the
superptructure is not compromised is required. If itissnot possible to determine the substrfate or
the mpterial is not covered by the European Techwical Assessments (ETA) for CEN/CENELEC
countfies or other regional or national regulatiofs, the wall anchor shall be tested when|it has
been jnstalled to verify that the forces generated by the overhead contact line system dan be
transferred to the superstructure.

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

It is :Iunot necessary to carry out a full verification of the overall superstructure if it can be
determined that the loadslimposed by the overhead contact line system are within the capacity
of the|superstructure,

Based on experienge from calculations and test results, it is recommended to limit the tedt load
of wall anchogsye the twice the value of the characteristic load effects. This recommendation is
for thg desighiof new wall anchors on existing superstructures and the reuse of existing wall
anchdrs,

6.2 Actions on overhead contact lines
6.2.1 General

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-Eurepe 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-are 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.


A new subclause for wall anchors was added to be used mainly for urban rail projects, but not limited to those.
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6.2.2

Self-w

insulators and span wires act as permanent loads. Conductor tensile forges,'and stagger

of aut
The c

6.2.3
The v

indivigual load case such as:

Permanent loads

eight of supports and their equipment such as cantilevers, tensioning equip

bmatically tensioned wires and stagger loads-ean may be considered-as permanent
haracteristic value is G.

Variable loads

ariation in tension of fixed termination equipment shalhbe determined according tg

ment,
loads
oads.

each

— conductor under the action of ice load,

— conductor at both the design temperature and\the minimum temperature,

— conductor under the action of maximum wind load, and

— conductor under the combined action ef'wind and ice load.

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

6.2.4 Wind loads

6.2.4.1 General

v les e es ol O pn cbonis conind e on covnocs conlecl o8 0 e T o solgihes
open (terraindesignhated with terrain category I in 15O 4354, in national standardsfor in
EN1991-1-4-imEurope—For-the-structural-design-of-the—supperts;the-wind-velocity-hayinga
potenpesiecd o o ool be oo cnlle o e s s nliooon o tes oo mden o il ine Eotoes
period-for-wind-velocity-shall-be-given-in-the-purchaser specification- Wind-velocities-havd-been

Design of wind load on overhead contact lines-may shall be undertaken in accordance with
standard methods, for example-irtSO-4354; in national standards or in EN 1991-1-4 in-Eurepe
CEN/CENELEC countries or alternatively in accordance with methods described in 6.2.4.2 to
6.2.4.7. For the structural design of the supports, the wind velocity having a return period of 50
years shall be used whilst for the verification of the serviceability the return period for wind

veloci

ty shall be given in the purchaser specification.

For serviceability, it is recommended to use a wind return period of 3 to 5 years or use national
standards. 26



Moved to Subclause 6.2.10.

Revision of the subclause in order to get a clear approach how to calculate wind loads for structural and serviceability checks.
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If the site concerned is located on high viaducts or bridges, the wind velocities to be used shall

consider the relevant height above ground.

DPynamic-wind-Peak velocity pressure
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Peak velocity pressure (qp(z)) may be calculated according to:

(12)

PXV, XcC, (z) [N/mZ2]

qp(z)zax

where

is the air density, expressed in kg/m3;

p

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

Vb
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ce(2)

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).

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

o ) Return period
Basic wind velocity v,

Height above ground level

Terrain characteristidg

Height above grounhd-evel

Ground roughnes$ of*the terrain

Exposure factor ¢ (z)
Terraifyorography

Wind/turbulence

Further information can be found in Annex B. 2@

6.2.4.

Wind
adjac

3 Wind forces on conductors

pressure on conductors causes, forces transverse to the direction of the line. Fro
bnt spans, the wind force on a‘support shall be determined by:

m two

L, +L, 2
Qe =g < G xdxCsx——2xc0s8* @
wC K C C 2
L
Owe =4, (z)xGdechx%xcosch [N] (13)

where

¢x——is-the-characteristic dynamic-wind-pressure {refer to-6.2.4.2);

q9p(2)
Ge

Ly Ly

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

is the structural response factor for conductors taking into account the response of
moveable conductors to wind load. The factor G should be determined according to
national experience. A widely accepted value would be G = 0,75;

is the diameter of the conductor for FOCL and the section depth for ROCL, expressed
in m;

is the drag factor of the conductor. A value of 1,0 is recommended; other values may
be given in the purchaser specification;

are the lengths of the two adjacent spans, expressed in m;



International consistent calculation approach was added here, in case no project specific and/or regional regulations are available. The former calculation formula is now available in Annex B, where additional tables for necessary parameters can be found.
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(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 directign and
shall be determined by:

ya) — ral ral 4
ZWins — YK 7~ Yins ~ “ins ~ “tins
Owins = %p (Z)XGlnsXCinsXAins [N] (14)
wherg
gx———isthe characteristic dynamic wind pressure (refer to 6.2.4.2);
qp(z) is the peak velocity pressure, expressedin‘™Nm=2;
Gins is the structural resonance factor for insulator sets. A value of 1,05 is recommended,;
other values may be given in the prchaser specification;
Cins is the drag factor for insulators.;A'value of 1,2 is recommended; other values may be
given in the purchaser specification;
Ains is the area of the insulatorprojected horizontally on a vertical plane perpendicular to

the axis of wind action, expressed in m2.
The wind force on other components shall be calculated—frem—formula{15)—with—due
eensjie%a#eﬂ%# using thelequation and appropriate drag factors. In many cases, wind logds on
insulators or line fittings will be very low in proportion to that from other sources.

The cpnsideratien~of wind force on insulators with a surface area less than 1,1 x 1072 mZ2|is not
necegsary upo'a height of 25 m above ground in urban areas.

6.2.4.|5 Wind forces on cross-spans and cantilevers

The wind forces acting on cross beams, head spans and cross-spans as well as cantilevers
shall be determined by summing the wind actions on the individual elements. The wind actions
on the individual elements can be determined by the formulae specified in 6.2.4.3 for
conductors, 6.2.4.4 for insulators and 6.2.4.7 for other structural components.

6.2.4.6 Wind forces on lattice structures

For lattice structures of rectangular cross sections, the wind forces shall be calculated from
Formula (15):

— YK lat ’ lat1 lat1 lat2 lat2


https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

IEC 60913:2024 CMV © IEC 2024 -71 -

Owt = 9p (2)% Gat <1+0,23in22<l>)(c|at1 x 43t1c032® + Ciat % A,atzsinzcb) [N] (15)
where
¢——is-the-dynamic-wind-pressure-{referto-6.2.4.2);
qp(z) is the peak velocity pressure, expressed in Nm~2;
Gat is the structural resonance factor; for lattice structures, this should be taken as 1,05;
Clat1 is the drag factor for the lattice structure face 1 in a wind perpendicular to this|face;
Clat2 is the drag factor for the lattice structure face 2 in a wind perpendicularto:this|face;
Ajatq is the effective area of the elements of the lattice structure face 1, expfessed |n m?;
Ajato is the effective area of the elements of the lattice structure face 2| €xpressed (n m?;
(0] is the angle between wind direction and the perpendicularcto structure face | (see

Figure 5), expressed in degrees.
A 3\
1\\* | 1
: e
@ i
x/ l
4 2
IEC
Key
1 face 1
2 face 2
3 overhead contactline
4 winf direction
Figure 5 — Wind action on lattice steel structures

Alternatively—the—windforce—may-—be—ecalculatedin—-accords o\ o668 gQ1 -1-4,
EN 1993-3-1 in CEN/CENELEC countries or national standards or purchaser specifications.

The drag factors C,, depend on the solidity ratio as described in 1SO 4354 and

EN 1991-1-4:2005, 7.11, for—Eurepe CEN/CENELEC countries. An appropriate value is
Ciat = 2,8 for lattice structures with square or rectangular cross-section made of angle sections.

6.2.4.7 Wind forces on-other-structures poles
Wind force on-ether-structures-is-equal-toe poles shall be calculated from:

QW str qx 6 str g str 7~ 4 4str
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Owstr = 49p (Z)XGstr x Cgtr x Aty [N] (16)
where

gk is the dynamic wind pressure (refer to 6.2.4.2);

qp(z) is the peak velocity pressure, expressed in Nm~2;

Gsir is the structural resonance factor for a structure. For self-supporting steel and
concrete structures typif‘ally used for overhead contact lines G‘b.u shallbe 1 0 Other
values may be used if determined from-approeved relevant standards or-mgthods
published by an international, European or national standard body;

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

a¥a yalue in ahle are ecommen 3-3 othe yalue ma\ a¥a 3'-- 'H the
purchaser-specification 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 spggification; in the abgence
of further information, the values in Figure 6 can be appli€dfor double channel poles;

Agyy is the projected area of the structure, expressed in mi?;

Structure type @5#
bl oo o brebien e i dlednennal creo s cnctiog Lo
B T e e L
Tubulpr steel and concrete structures with square or rectangular cross-section 14
Doubllechannelwith-square-orrectangulareross-section SeeFigyre 4
H-profites 14

Cey=2,0
—
4
Cq=14

IEC
Figure 6 — Definition of drag factors for double channel-struecture pole

6.2.5 Ice loads

Ice loads are created by accretion due to hoar frost, precipitation icing or wet snow at the
conductors of overhead contact lines. The characteristic ice loads g depend on the climate
and the local conditions, for example the height above ground, the proximity to lakes and the
exposure to wind. Definitions for ice loads are given in IEC 62498-2. The ice loads should be
given in the purchaser specification.


This table was moved to informative Annex B, because values from national regulations may be obligatory.
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If specified in the purchaser specification, ice on structures shall be considered.

6.2.6 Combined wind and ice loads

Where the combined actions of wind and ice load are considered for the design of overhead
contact line installations and structures, 50 % of the wind load according to 6.2.4 may be
assumed as acting on structures and equipment without ice and on conductors with ice-diameter
accretion. The ice loads shall be used according to 6.2.5 taking consideration of DI as following.
An alternative value may be given in the purchaser specification. This is a simplified method of
the common cases of considering independent variable actions by additional combination
factors. The unit weight force p, of the ice may be taken from appropriate standards and the

aerodnynamib dIClU factor-as—;6-

An ingrease in the diameter of the ice accretion should be considered if given in the purghaser
specification. The equivalent diameter D, in metres of the ice accretion shall be calculated| from:

n e 4x gy

L/I= U —
\/ TX Py

D= fa? + 228Ky (17)
7 p)

wherg

U
7

i the conductor diameter without ice measured, expressed in m;

7

2k 19 the characteristic ice load measured, expressed in Nm~';

0

p, if the unit weight force of the ice; expressed in Nm~3.

6.2.7 Temperature effects

The tgmperature effects shall be taken in account along with the other existing climatic agtions.
The {ollowing parameterss should be defined by the purchaser specification, basgd on
IEC 6p498-2:

— 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;

£ + + £ 4l 1 [ - T + e
- th: ICICTCTICT ITTTTPTTalulc 10T U1 LAILUlatiorn UT 1eTIS1IT TUTLES d5 d PClTiialriciit aCllult.

NOTE The following temperatures are used in many European countries: minimum temperature —20 °C; ambient
reference temperature +5 °C; temperature with ice loads (and combined wind and ice load where relevant) -5 °C;
reference temperature for calculation of tensile force as a constant action is +15 °C. The temperatures can be used
when considering the tensile load of the conductors.

Temperature effects are considered as variable loads, but for structural calculations the partial
factors for permanent loads may be applied for the permanent and variable part of the tensile
force as design is based on a deterministic value. 29

6.2.8 Construction and maintenance loads

Loads due to construction and maintenance activities shall be considered, taking into account
working procedures, temporary guying, lifting arrangements, etc. Recommended values of at
least 1,0 kN shall be assumed for the horizontal cross-beams of portal structures and at least



Revised to reduce number of load combinations due to different partial factors.
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2,0 kN for other types of structures, acting vertically. These forces shall act at the individually
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 for such loads where appropriate working practices
are adopted. Details should be given in the purchaser specification.

The configuration of the overhead contact system during the construction stage may result in
higher loads than the final configuration. The climatic conditions during the intermediate phase
shall be considered as part of the design. 30

6.2.9 Accidental loads

Accidental loads are specified to take care of failure containment and emergency situatigns. In
generpl, at any conductor attachment point to a structure, the relevant residual stati¢ load
result|ng from the release of the tension of a contact wire, catenary wire or linelfeeder shall be
appligd. It is sufficient to consider accidental loads for structures at the)end of tensjoning
sectigns or for anchor structures of mid-span anchors in accordance with 6¥3:2.7. Details ghould
be giyen in the purchaser specification together with a definition ofrassociated load gases,
including, but not limited to, the combination and/or coincidence)of failures of different
condyctors and components at the same time and location.

.2.1Q Special actions

Depending on the local situation, different special actions may be considered.

— Fqrces imposed on the oyerhead contact line system after very high short-circuit cunrents.
THis does not apply to urban rail systems.

— Fqrces on installatiofistdue to earthquakes and/or seismic tremors, when overhead cpntact
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.

— Ddring constfpuction, 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 g¢neral
refiuirements for CEN/CENELEC countries.

Furthgr\(gquirements 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. 31


Revised to have a clear definition of this respective load scenario.

This subclause now contains the moved parts of Subclause 6.2.1 to 6.2.10 to get a more consistent Chapter 6.2. Also more examples of special actions to be checked if necessary are included.

https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

IEC 60913:2024 CMV © IEC 2024 - 75—

6.3 Types of structures and related load cases
6.3.1 Load cases and load combinations
6.3.1.1 General requirements

For the design of conductors, equipment and supports including foundations, ultimate limit state
shall be determined by consideration of the load case giving the maximum load effect in each
individual element.

Conductor tensile forces shall be determined according to the loads acting on the conductors
in the load case under consideration. The force components of the conductor tensile forces at
the attachment points of the support including the effect of vertical and horizontal angleg shall
be taken into account properly. The loads on the supports shall be selected taking into.agcount
the dgfined function of the support in the overhead contact line system. Where a support garries
out s¢veral functions, for example a tensioning structure also carrying cantilevrers, thel most
unfavpurable combination of the loads that can occur simultaneously shall apply.

The purchaser specification may give additional requirements, if necessary. Short-term load
condifions occurring during installation and re-construction activities shall be sepdrately
considlered.

The sfandard load cases are defined in 6.3.1.2 to 6.3.1.7. The\applications of these load cases
are shown in Table 15 and 6.3.2.

The t¢mperature conditions described in 6.2.7 shall be“eonsidered for respective load capses.
Therel are relations between environmental conditions like temperature and wind velocityj.

6.3.1.2 Load case A: Loads at minimum“temperature

Permanent loads, conductor tensile forces at the minimum-and-design-ambient 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 logds on
each element accarding to 6.2.4, acting in the most unfavourable direction shall be considlered.

6.3.1.4 Load case C: Ice loads

P rmas atloada—ecaonduectaor-faorcac—ineraas d-brth HP=S loada
e e Toat S, CUTTU O CTOT TOTO T S TTToTCaSTU oy o ToCToatsS

on structures shall be considered, if applicable.

tee!loads

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.
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6.3.1.7 Load case F: Accidental loads

Permanent loads together with the unintentional reduction of one or several conductor forces
shall be considered.

6.3.2 Type of structures and application of load cases
6.3.2.1 General 32

The load cases that shall be considered are summarized in Table 14.

Desription of individual structure fypne, nlnng with eupplnmnnfary details where applir\nhl , are

provided in 6.3.2.2 to0 6.3.2.15.

6.3.2.2 Cantilevers

Cantilevers carry the overhead contact line of one or more tracks. They may ‘be fixed fo the
suppdrts by hinges allowing the cantilevers to rotate around a vertical' akis, providipg no
resistnce to longitudinal loads from the overhead contact line. Alternatively, cantileverq fixed
rigidly to the structures offer resistance against longitudinal forcescereated by the ovefrhead
contact lines.

The re¢levantload cases-are:
__AT y y i y i igi
6.3.2.3 Head spans

Head|[spans carry overhead contact lines by, 'means of rope elements and insulators junder
tensilg¢ load only.

Ther¢ B CH —i
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Rigid [cross-span structures consist of moment resistant structures which can either be fixed at
all jOiII]tS of be built as a two-hinged frame.

6.3.2.5 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).


A link to Table 14 in this subclause was added, because in the following subclauses the list of relevant load cases was deleted to reduced doubled information.
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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.

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 thermidpomt—anchor—anmd—themidpomt—anchor—structure—are—required—to—withstand the
consgquences of wire breakage (FOCL), the following load combinations are recommended:

a) nopt X Tear * 7a * ki
b) ncpnt X Toont X 7 * K
where
neht is the number of catenary wires;
nehnt  is the number of contact wires;
Toht is the catenary wire tension, characteristic;
Tchnt  is the contact wire tension, characteristic;
K is 1,5 (in accordance with EN 1993-1-11:2006, 2.3.6);
7 is the partial factor for accidental loads)\Table 15).

For the verification of z-wires, connecting clanips, catenary wire (between z-wires), migipoint
anchdr and midpoint anchor structures against wire breakage, the above given loads sHall be
used ps accidental loads, not as operatingJloads. 33

6.3.2.8 Midpoint structures

A midpoint structure is designed to resist the radial forces from the midpoint anchors in addition
to the|other functions such as carrying the cantilevers.

6.3.2.9 Structures-forflexible-and-rigid-cross-supporting-structures Poles for h¢ad

span or rigid cross-span structures

A poleor structure Tor head span or 11gid cross-span structures 1s designed to resist the torces
resulting from any kind of cross-supporting structures such as head spans, cross-beams and
cross-spans. 34

6.3.2.10 Structures for horizontal catenary wire arrangements

At structures for horizontal catenary wire arrangements forces act in several directions and at
different heights simultaneously.



Additional information to clarify loads at midpoint anchors are given.

The wording has been revised for more clarity and better understanding.
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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 horizontal 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 fase F is applicable if contact lines are terminated in two opposing directions in order to
allow for the unintentional reduction of tensile loads.

Loadq from falling weights when using fall arresting automatic tensioning devices need mpot be
taken|into account in load case F for the calculation of the ultimate limit state, @f the pole and
foundption. 35

6.3.2.12 Structures with-feeder-andparallelreinforcinglines additional conductofs 36
Thesg structures add|t|onally carry the loads from—feede%s—and—pa@@—mn#e;emg—hﬂes—and

conductors, not part of the
overhpad contact line, but part of the overhead contact line system, and perform other funftions
within|the overhead contact line installation.-H-necessarya-distinction-should-be-made bepween
structpres fitted with suspension or tension insulator sets.

Intermpediate anchor structures for additional candictors which are not part of the overhead
contaft line shall be calculated in accordance with* EN 50341-1 in CEN/CENELEC countrfes. In
additipn to the loads from the overhead contdst’line, the unilateral full horizontal tensile| force
of on¢ of the additional conductors and two-thirds of the unilateral horizontal tensile fofce of
the remaining additional conductors shaliPbe taken into account.

6.3.2.13 Overhead contact line structures carrying additional overhead power lings 36

Strucfures with additionalioverhead power lines carry the loads from overhead lines and take
care ¢f other functions\within the overhead contact line installation.

6.3.2.14 Anchor supports

Anchor supports are structural elements to resist the tensile forces-ef-stay—wires—supperting
structures-of contact-lines terminating wires of overhead contact line system.

6.3.2.15 Support-Structure foundations

Foundations shall be considered in accordance with 6.5.-Therelevantload-cases-are-A- B C;


The wording has been revised for more clarity and better understanding.

These subclauses have been revised to get a clear distinction between the different described situations.

These subclauses have been revised to get a clear distinction between the different described situations.
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Table 15 —Summary-of Load cases to be considered for each type of structures

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 & "
12 | Cantilevers hinged X X X X X -
1b | Cantilevers rigid X X X X X X
2 |Head spans X X X X X X a
3 P Il.dibl’ UIUbb'IUUdIIIb N\ N )\ N N A
4 | Syspension structures X X X X X -
5 | Pdll-off structures X X X X X -
6 | M|dpoint anchor X X X X X X
7 | M|dpoint structures X X X X X -
8 | Sfructures for flexible and X X X X X X 8
rigid cross-supports
9 | Sfructures for horizontal X X X X - X
cdtenary wire
arfangements
10 | T¢nsioning structures X X X X X X
11 | Sfructures with-feeder X X X X X X
ar ) )
liqes additional
cdnductors
12 | OESOCLS structures X X X X X X
cdrrying additional power
lifes ®
13 | Afpchor supports X d X d X d X d X d X d
14 | S¢ipportStructure
fopndations
The aljove is provided as a guide. Forssome structures, additional load combinations will be necessary.
2 If midpoint.
b Sepalso EN-50341-1 inp-Egrepe—The lead cases according to EN 50341-1 in CEN/CENELEC countries fhould
be|considered with respect to the function of the support within the overhead contact line system.
¢ If dontact lines are'terminated in two opposite directions or auto tensioned devices with weight blocks ard used.
4 Depending on-thetype of anchor.
¢ If necessaryXas specified in the purchaser’s specification).
f Mihirfunifemperature to be considered with no other climatic action. See 6.2.7.

9 Thenormal ambient reterence temperature to be assumed for the exireme wind [oad condition. See 6.2.7.

Temperature to be assumed with ice loads and combined wind and ice load, where relevant. See 6.2.7.

6.3.3 Partial factors for actions
6.3.3.1 General

The use of factors is standard practice according to ISO 10721 (all parts) or national standards
and in CEN/CENELEC countries EN 1993 (all parts)-in-Europe for steel structures, EN 1999 (all
parts) for aluminium structures and to EN 1992 (all parts) in-Eurepe for concrete structures.
The partial factors are separated into partial factors for actions and partial factors for materials.
The relevant partial factors for actions and for materials are specified in this document. For
conditions not covered in this document, partial factors may be taken from ISO 2394 or national
standards and EN 1990 in-Eurepean-Standards CEN/CENELEC countries for structural design
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or may be taken from the purchaser specification. The applicable partial factors are summarized
in Table 16 or can be defined in national regulations.

6.3.3.2

Permanent actions

The partial factor for permanent actions of self-weight is yg and for permanent actions of
conductor tensile forces is yog. 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.

For th

2 Variahl " ind and ice load

e partial factors y,, for wind loads, y, for ice loads and yq, for conductor tensile

under| the action of wind or ice loads, a value of 1,3 is recommended. Alternative.value
be gien in the purchaser specification.

6.3.3.4 Accidental loads

In cage of accidental load cases, the partial factors yg for permanentoads, y. for con

tensil

e forces and y, for accidental loads-ear may be assumed as 150.

The d

device

static

6.3.3.

Thep
with-a

ynamic actions after the operation of the fall arrésting device of an automatic tens

or the failure of a contact or catenary wire maybe considered by the use of an equi
action in accordance with 6.3.2.7.

5 Construction and maintenance:loads

Artial factor for construction and maintenance loads yp shall be 1,5. This shall be com
the value-ef453 for partial facters'yg and ycg for permanent actions as set out in 6.

Table 16 —Summary-of Partial factors for actions to be considered

orces
5 may

juctor

oning
valent

bined
3.3.2.

Type of load Load case

A B Cc D E F
Permanent y; y.q 1,3b 1,30 1,3b 1,30 1,3b 1)o°
Permgnent-favoufable Relieving 1,0/02 1,0/08@ 1,0/02 1,0/08@ 1,0/02 1,0//0¢@
7 Tz
Wind ., 76y - 1,30 - 1,3° - 1)0 ®
Ice y Ly = = 4.3-b 1.3-b = -
Accidental A - - - - - 1,0
Construction and maintenance yp - - - - 1,5 -

b

@ Equipment removed.

Recommended value.

6.4
6.4.1

Design of cross-span supports and structures

Analysis of internal forces and moments

The internal forces and moments within structures and cross-span supports as described in
6.3.2 shall be determined using the static principles for rigid and flexible structures whether
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being statically determinate or statically indeterminate structures or flexible rope systems.
Additional requirements can be found in:

— IS0 10721 (all parts) or national standards and EN 1993 (all parts), EN 1090-1-(ir-Eurepe)

an

d EN 1090-2 in CEN/CENELEC countries for steel structures,

- ENA2510-(in—Eurepe) EN 14229 (in CEN/CENELEC countries) or national standards for
timber structures,

— EN 12843—{in—Europe} (in CEN/CENELEC countries) or national standards for concrete

po

les,

— EN 1992 (all parts)—{in—Eurepe} (in CEN/CENELEC countries) or national standards for

concrete structures,

— n4gtional standards and EN 1999 (all parts) for aluminium structures (in CEN/CENELEC
countries),

— EN 50341-1-{irEurope} (in CEN/CENELEC countries), and

— the recognized publications of structural analysis or national regulations:

6.4.2 Analysis of resistance

The €lements of cross-span supports of contact line installations/are loaded in comprefsion,

tensign, bending or torsion. The calculation of the resistance.of elements shall considgr the

type qf load as well as buckling, stability if required and theranalysis of connections.

Concgrning the analysis of resistance of-steel structurésyreference shall be made to EN 50341-

1-tinfEurepe} (in CEN/CENELEC countries) or natignal standards and to:

— ISP 10721 (all parts), ISO 630 (all parts), national standards and EN 1993-1-1-{in-Egrope)}
(in CEN/CENELEC countries) for steel structures,

- EN12510-(in—Eurepe) EN 14229 (inACEN/CENELEC countries) or national standarfs for
timber structures,

— in{Eurepe CEN/CENELEC countries, to EN 1992-1-1 and EN 12843 or national starjdards
fof reinforced concrete structures.

The rgsistance of solid wires,~stranded conductors of metallic material loaded by tensile forces

follow] from the relevafnt ‘standards, for example EN 50149 or EN 50182 in—FEureope

CEN/CENELEC countries. The design resistance shall be obtained by dividing the failing load

by a rmhaterial partial factor.

6.4.3 Material partial factors 37

The plartial factors y),fer-steel-material-may should be taken-eitherfrom-standard-valugs;for

examblé frnm IQﬂ 10721 (all narts) 1SO 6230 (allpnarte} EN-10023_-1-1 or EN-502341-1 in-Elburopne

CARarT T \ull PUIL\JI, oo ooU (ol pPalrto ), =iy ToJo~ 1T~ 1T U vV ouoS T~ 1T i uropc

orfrot— #rel H H—eable—+6-n—-CENACENELEC—Countres

— 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.

Altern

ative values can be found in national regulations or in Annex C.



To avoid contradiction between this standard and other regulations the values were moved to informative Annex C.
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Fable 16 —Recommended-valuesforpartial factors—, forsteel-material

Structure type F
Resi ‘ ) ot 110
and-bending
Resi ‘ . . 125
bearing
Resislance-olwelded-conneclions 125
Metaljic ropes-under-tensile force 1,50

6.4.4 Verification of resistance

The verification of resistance shall demonstrate that the resistance, taking into account the
relevant material and structure behaviour partial factors, is higher than the effects of action with
their relevant partial factors applied.

6.4.5 Verification of serviceability

The deformation of supports and all other structural components shall be kept in permissible
limits to guarantee the serviceability of the overhead contact line. Detailed requirements should
be given in the purchaser specification.

The deformation 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.
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6.4.6

Material for structures

Concerning suitable materials, reference shall be made to national-regulations standards or to
the following standards. 38

Steel materials-and-welding-eonsumables shall comply with the requirements of ISO 10721

(all

parts), 1SO 630 (all parts) and EN 1993-1-1 and EN 1993-1-10

in—Eureope

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—Europe CEN/CENELEC countries or

tional standards
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ructural s’teel grades S235J0/J2, S275J0/J2, S355J0/J2 and S355J0/J2 accord
| 10025 (all parts) in CEN/CENELEC countries or equivalent grades are preferred. \
ferent steel grades are proposed, the performance at low_femperatures shod

blding consumables shall comply with the requirements of EN)1993-1-8 in CEN/CEN
untries or national standards.

e of higher strength steel grades that are outside those specified on the above stan
b acceptable. The suitability of these steel grades shall be assessed consideri
rformance criteria and agreed separately with #ievpurchaser.

hen weathering steel is utilized, material \properties should be in accordancq
| 10025-5 and tolerances applied from ENNT0O025 (all parts), EN 10210 (all partd
| 10219 (all parts) in CEN/CENELEC ceuitries or national standards.

fuctural parts made of aluminium or aluminium alloys shall comply
O/TR-11069:1995—=and EN 1999 (all parts) in—Eurepe CEN/CENELEC countrie

bes and profiles made of aluminium and-EN-485-1 EN 485 (all parts) for sheets, strif

ates made of aluminium shall"also be considered in-Eurepe CEN/CENELEC countti

tional standards.

nsidered, for example through the use of impact testing or byloAag-term experiencsd.
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tional standards.-FThe-standards EN-755-1-and-EN-755-2 EN 755 (all parts) for exfruded
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ies or

bosite

ntries

Timber structures should be specified in conformity with the requirements of-EN-12465;
EN-12479-EN-12509-EN-12510-and-EN-12541 EN 14229 in-Eurepe CEN/CENELEC countries
or national standards.

Hollow sections shall comply with EN 10210 (all parts) or EN 10219 (all parts)-shall-be-used in
Eurepe CEN/CENELEC countries or national standards-fer-hellow-sections.

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-Eurepe CEN/CENELEC countries or national standards.



The list was updated to latest reference standards and regulations.
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6.4.7 Corrosion protection and finishes

Structures and cross-span supports shall be designed to fulfil their intended working life. To
ensure their longevity, steel components shall be protected against corrosion. Copper, copper
alloy and aluminium components do not always require protection, due to their material
properties. Plastic components do not corrode, but their longevity in service will need to be
assured.

Galvanizing of steel parts is standard practice as described in ISO 1461. In addition, a paint
coating over galvanizing applied in plant (Duplex system) can be recommended, subject to
earthing and bonding-censiderations requirements. The coating material should be lead-free
and in-accordance o national labour safety regulations. The galvanization specification shall
be in jaccordance with ISO 14713 (all parts). The execution of steel and aluminium strugctures
should comply to EN 1090 (all parts) for-Eurepe CEN/CENELEC countries or nationakstanglards.

Moregver, the guidelines established by operators should be applied accordingly.

Generally, it is presupposed that the execution of work is carried out with, the necessary skill
and apequate equipment.

6.5 Foundations
6.5.1 General

Subclpuses 6.5.2 to 6.5.12 contain details on the geotechnical and civil engineering dedign of
foundptions for overhead contact lines, which are impertant and sufficient for the desjgn of
structpures.

NOTE | Subclauses 6.5.2 to 6.5.12 are essentially based on EN 1997-1:2004 and EN 1997-2:2007 for—furepe
CEN/CENELEC countries and refer to these two standards where appropriate.

Alternlatively, foundations may be designed by referring directly to EN 1997-1:2004 and
EN 1997-2:2007 in—Eurepe CEN/CENELEC countries or national standards. Where [these
standfards 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 specificatio

=)

Annex D gives information on geotechnical soil investigation and soil characteristics.

6.5.2 Design of foundations

The foundations-6f'supports shall be capable of transferring the structural loads resulting from
the agtions on-thie support into the subsoil.

The following items should be taken into consideration when designing foundations:

— design Toads and design formulae;

— configuration of the foundation;

— limiting values of displacements;

— geotechnical design parameters taking into account groundwater levels;
— design parameters for structural materials;

— support/foundation interconnections;

— foundation construction and installation;

— special loads;

— electrical resistance of the foundation to earth.
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6.5.3 Calculation of actions

The loads resulting from the pole and structural design as well as the dead load of the
foundation itself and the dead load of the soil shall be considered with their design values as
specified in 6.3, 6.4 and 6.5.2.

6.5.4  Geotechnical design
6.5.4.1 Basis of design

Subclause 6.5.4.1 gives the general principles, which apply when designing foundations.

The gleotechnical category of the foundation shall be defined in accordance with EN 194)7 (all
parts)in-Eurepe CEN/CENELEC countries or national standards within the project specifidation.
For single pole arrangements, the geotechnical category 1 may be applicable. The_procdgdures
of geitechnical category 1 should only be used if negligible risk exists with pegard to dverall
stability.

NOTE | Geotechnical category 1 can be assumed for relatively simple structures

— forlwhich it is possible to ensure that the fundamental requirements will be satj§fied on the basis of expgrience
anfl qualitative geotechnical investigations, and

— with negligible risk.

The following factors shall be considered when determining the geotechnical design
requinements:

— site conditions with respect to overall stability and<ground movements;

— ngture and size of the structure and its elements, including any special requirementg such
ag the design life;

— conditions with regard to its surroundings;
— grpund conditions;
— grpundwater conditions;

— repional seismicity;

— influence of environment;
— stabilizing forces of sail.

For each geotechnical design situation, it shall be verified that no relevant limit state, as defined
in EN|1997-1:2004for"Eurepe CEN/CENELEC countries or national standards, is exceeded.

Limit ptates can ‘occur either in the ground or in the structure or by combined failure jn the
structpre and-ground.

Limit states-showld-be varified - byv aone combination of the followina-
o+t ROtHe—be-eHHea—YyY-oh FR-B-HEaHER-O+HRe—+o-HOWHRG-

— 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.

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;
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— 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-Eurepe CEN/CENELEC countries or national standards, shall also be considered. If pile
foundations are used, the limit states for piles in EN 1997-1:2004, 7.2, in—Europe
CEN/CENELEC countries or national standards, shall also be considered.

For design and construction, the following should be considered:

— to avoid effects of frost, the provisions in EN 1997-1:2004, 6.4, in-Eurepe CEN/CENELEC

— the type of foundation and method of installation for pole foundations along railways should
be chosen with respect to the special geometrical conditions of the ground surface and the

iting values for displacements of the top of the foundation (due to ahgular rotatipn) in
different directions shall be assessed on both ultimate and serviceabijlitylimit states faking
adcount of the stiffness of the pole itself;

— when calculating settlements of the foundation, also the settlement of the embankment itself
shiould be considered.

The results of geotechnical design of the foundation should, bevSsummarised in a geotechnical
desigp report, including the type and dimensions of foundations and special requirements for
installation and supervision, if any. For more information, refer to EN 1997-1:2004, 2.8, in
Euroge CEN/CENELEC countries.

For specifications on geotechnical design methods and formulae, refer to the respgctive
purchpser specification.

6.5.4.R Geotechnical design by calculation

Prior o the design, a soil investigation shall be performed to establish the geotechnical design
paraneters. Annex D gives guidelines for soil investigation and selection of geotechnical
parameters.

The ¢alculation model shall describe the behaviour of the ground for the limit state in
considleration.

Whergver possible,»the calculation model should be correlated with field observatigns of
previqus designs;-model tests or more reliable analyses.

The formulae to be used to determine the foundation resistance are those given |n the

appropridte code of practice, as given in EN 1997-1:2004 in-Eurepe CEN/CENELEC countries,
or in i f ; f i ; i f re, or
those which have been used with satisfactory practical experience.
The general design formula has the format of Formula (18):
R
Eq<—X& (18)
™

where

E4 is the design value of the structural load,
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Ry is the characteristic value of the foundation ultimate resistance;

ym IS the partial factor for the resistance.

NOTE Additional requirements for the selection of characteristic values for geotechnical parameters are given in
EN 1997-1:2004, 2.4.5.2, in-Eurepe CEN/CENELEC countries.

If the soil investigations do not yield other values, the soil characteristics may be assumed
according to Annex B (where applicable), an appropriate code of practice, in the relevant
literature, or the respective purchaser specification when designing the foundations.

In case of groundwater, the reduction of load carrying capacity of the foundation due to
buoygrcy shatt—beTonsidered—whenmamatysing—thefoundationmtakinmg—inmto—accoumnt—thg) most
unfavpurable groundwater table.

The design resistance of foundations depends on the type of foundation (e.g. pile foundation,
sidebgearing foundations and gravity foundations), the type of load as well las on the soil
charapteristics and installation conditions. The stability of a foundationfunder overtyirning
momegnts or axial forces as well as the pressure between the foundation body and the
surroyinding soil shall be verified. Alternatively, the verification of the feundation may be carried
out bgsed on characteristic values with the application of proven caleulation models wherge they
have peen proven by long-term experience.

6.5.4.3 Load tests and tests on experimental models

Load fests or tests on experimental models form a valuable method for justifying the degign of
foundptions or to test the strength of individual doundations whether test or prodpction
foundptions. Details concerning the preparation of\tests, the testing arrangement, the testing
procefdure and evaluation are given in IEC 61773

Genefal rules for design by load tests,are given in EN 1997-1:2004, 2.6, for—Ejurepe
CEN/CENELEC countries or in national sfandards. In this case, a special program for th¢ load
test should be made considering the site conditions, type of foundation installation progedure
and aptual load situations. Deformations at variable loads should be considered.

The results of the load test shall\be reported and evaluated. For evaluation, refer to IEC $1773
and the literature or nationatstandards. For load testing of piles, refer to EN 1997-132004,
Clausg 7, in-Europe CEN/€ENELEC countries.

Design rules evaluated for a specific foundation type and foundation method by load tests or
tests pn experimental models can also be given in the purchaser specification.

6.5.4. Geotechnical design by prescriptive measures

In sityations where calculation models are not available or unnecessary, the design may be
done Tpti i i ; i tional
and generally conservative details in design, and attention to specification and control of
materials, workmanship, and maintenance procedures.

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-Eurepe 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.
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The rating and calculation of forces and bending moments and the installation of concrete side

bearing foundations shall be carried out according to EN 1992-1

CEN/CENELEC countries or national standards.

(all parts) in—Europe

For special structural requirements on spread foundations refer to EN 1997-1:2004, 6.8 in
Eurepe 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—Eurepe CEN/CENELEC countries or national standards. Where applicable, the rules for
design of non-reinforced concrete shown in EN 1992-1-1 in-Eurepe CEN/CENELEC countries
or in national standards should also be applied.

The s
and s
cross

fructural design of piles depends essentially on the type of pile. Piles are loaded. by

sections shall be verified by adoption of relevant standards such as EN 1992-

Eurege CEN/CENELEC countries for concrete piles and 1SO 10721 (all parts).and EN 14
1 in-Burope CEN/CENELEC countries for steel piles or national standards| respectively
internpl forces and moments can be calculated using appropriate methods presented

literature and/or proved by long-term application.

NOTE | Additional information about structural design of piles is given in” EN 1997-1:2004, 7.8, for]
CEN/CENELEC countries.

If applicable, the limitation of the deformation shall be considered in accordance with 6.5.7.
6.5.5 Partial factors for foundations

The plartial factors for the geotechnical design depend on the type of foundation and thg
of loafling.

Valuep of the partial factors-ean shall be selected from EN 1997-1-ir-Eurepe for CEN/CEN

count

fies or national standards, taking into consideration the appropriate geotec

paranpeters and design model.

Partigl factors may be given in:the purchaser specification depending on the type of found
the agproach used for their verification and national conditions.

: ely. : , ol s in Table 18 I .

Fable-18~Recommended-valuesforpartial factors,, for foundations 39

axial

hear forces and by bending. The maximum combined loads shall be determined and the

1-1 in
93-1-
. The
n the

Surope

e type

ELEC
hnical

ation,

Structure-type oy
Spread foundation
Stidi ) 11
Pile f ati



The table with partial factors was removed because national regulations shall be followed for calculation of foundations.
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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-Eurepe 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.

In cas
EN 19

97-1:2004-in-Europe, Clause 11, in CEN/CENELEC countries or in national stapda

In cages 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 lexcavatign and
back-filling.

For pile foundations, it shall be checked that the design bending momeént capacity of the pile is
not eXceeded at the connection between the-pier pole and the pile.

NoTeFor axisymmetric foundations, the analysis can be perfermed in the direction pf the
resultng actions and overturning moments. For other foundations, the verification shodlld be
made|in two directions considering the overlapping resistance zones in the ground.

Wher¢ applicable, for example for rectangular foundations loaded by moments in different
direct|ons, stability may be verified using Formula.(19).

M M
dyy. n dzz 31,0 (19)
Rdyy Rdzz

where
Myyy:Mqz,  are designimoments, expressed in kNm;

Rayyr Rdzz are design moment resistances, expressed in kKNm.

6.5.7 Calculation of displacements

In order to guarantee the serviceability of the contact line, the displacements-reed-te shall be
limited according to the requirements of the operator as given in the purchaser specifigation.
Limitg .on, overall displacement of support structures shall be in accordance with
Deformatich—ofthe—foundation——shallbe—considered—as—a—contributionto—the—-overal—s

deflection.

A significant contribution to the displacements may be carried out by using adequate methods
as described in the literature, for example based on the subgrade moduli of the soil strata
encountered.

The methods for calculation of displacements are those given in the appropriate codes of
practice, for example as given in EN 1997-1:2004, 2.4, for-Eurepe CEN/CENELEC countries,
or in the respective national annex, or in the relevant literature, or those which have been used
with satisfactory 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.
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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.

oundation h onform to \ 06

Concrets osundations shall canfa . 06 in CEN/CEN c—countries—ornational
standprds 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 definedsin™ngtional
standprds. Higher grades may be required in the purchaser specification.

Concirete structures shall comply with EN 1992-1-1 in—Eurepe CEN/CENELEC countrles or
natiorjal standards.

Steel |piles produced from structural steel shall be manufactured from)materials in accorflance
with-BEN-10025-14 EN 10025 (all parts), EN 10210 (all parts) or EN 10219 (all parts) in-Ejurepe
CEN/CENELEC countries or national standards; preferably thedsteel qualities mentioned junder
6.4.6 should be used.

Materjals for driven piles shall meet the requirements according to EN 12699 in—Europe
CEN/CENELEC countries or national standards.

6.5.9 Structural details

Specipl attention-needs—te shall be paid to the interaction between support and foundation,
espedially where fatigue has an influencez It is standard practice either to arrange anchof bolts
in the|foundation and fix the support tothese anchor bolts. For design of anchor bolts, refdrence
shall pbe made to EN 50341-1:2004201 2, Table K.2 (Design of holding-down bolts), in-Ejurope
CEN/CENELEC countries or natighal standards.

foundption body shall be large enough to enable adjustment of the support. A space of 0,1 m
betwegen the hole and the'support is advisable. This space-ean may be filled up with sand, fine
grave| or concrete. A layer of concrete shall be placed over the hole to prevent water ingress;
a thigkness of at\least 0,2 m is advisable. The requirements of EN 1992-1-1 in—Europe
CEN/CENELEG &0untries or national standards concerning the concrete covering shodld be
appligd.

Supp}rts may be inserted, into the foundation body. The dimensions of the holes |n the

To prptéct the supports against humidity and the aggressiveness of the soil, the top pf the

f d ion-chaould ba oreo oo d-aba\s +h. coH——airfaca—a baiaht of ot oot N 2 oo o ~enfalr bl
ounaatenR-sroteoe armTanTgo U aoUve o SUTT SUTTat T —a Moyt O at icasSt U590 T 1o puuuuua e.

The top of the foundation should be shaped to avoid standing water.

In urban areas that are publicly accessible, a protection should be put around the base of the
pole.

6.5.10 Protection against corrosion and weathering

The protection of foundations against weathering and corrosion shall be achieved by selection
of appropriate concrete quality and a sufficient compaction. If steel reinforcement is used, the
requirements given in EN 1992-1-1 in-Eurepe CEN/CENELEC countries or national standards
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.
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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 mdasure
corregponding to the expected average corrosion in the ground over the lifetime; see ISO 10721
(all parts) and EN 1993-5 in—Eurepe CEN/CENELEC countries or national standards or the
purchpser specification. Hot dip galvanizing protects the steel from corrosion_in drained and
lime-rjch soils but will only slow the corrosion rate in saturated soils.-Organig~-Coatings such of
epoxy| or polythene can be used where the foundation is installed by excavation’and back-filling.
Additipnally, 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 ele¢trode
is forpned by-the-eleetrical-connectionof-the foundationreinforcement providing a condpctive
path ¢nabling current to flow through the foundation and ito the surrounding ground.|Earth
electrpdes shall be connected with the metallic poles with concrete foundations. The follpwing
items|should be considered to ensure the resistance<o €arth is decreased:

— nqg insulation included between reinforcementsand soil (not including the resistivity pf the
concrete);

— the earth resistance will reduce with the increased length and diameter of the-earth-ele¢trode
foundation, where the length is moresignificant.

6.5.12 Installation of foundations

Althodigh general requirements:for'installation of overhead contact lines are not included |n this
document, requirements for (installation for the foundations are necessary as the foungation
detaillcannot readily be inspected at a later stage to ensure compliance with the design.

Foundations made (of~concrete shall be constructed and installed in accordancg with
EN 1992-1-1 in-Eufepe CEN/CENELEC countries or national standards. Refer also to EN [1997-
1:200¢ in-Eurep@ CEN/CENELEC countries.

The methed of installation described in the geotechnical design report shall be transformgd into

an ingtallation program, with consideration given to the actual site conditions and required
desigh-ground parameters

NOTE For the general requirements for checking, supervision and monitoring of installations, refer to
EN 1997-1:2004, Clauses 4, 5 and 7, in-Europe CEN/CENELEC countries.

When excavating for a foundation, the ground beneath the foundation shall not be disturbed
and shall be protected against disturbing effects, for example frost or groundwater seepage.
Refer to EN 1997-1:2004, 6.9, in-Eurepe CEN/CENELEC countries.

The installation methodology should include a plan of supervision so that, if ground conditions
vary from those envisaged, an alternative foundation—ean may be used or amendments to
existing foundation dimensions made. During excavation, attention shall be paid to the
agreement between the assumptions made for design and the encountered soil profile.
Adequate supervision should always be ensured during foundation construction.
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Any backfill shall be compacted to achieve soil characteristics as close as possible to 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—Eurepe 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—Eurepe CEN/CENELEC couniries,|or in
natiorjal standards respectively.

as an addendum to the Geotechnical Design Report, confirming that theconstruction and
installation has been made in accordance with given requirements. If there-are divergencgds that
might|affect the behaviour of the foundations, they should be reported-and the possible gffects
analysed in the addendum.

The r:rults of supervision, monitoring and maintenance activities should be compiled in a feport
I

7 Alssembly and Component requirements

7.1 |General
711 Design life

Under normal operating conditions, the compohents of the overhead contact line systemn} shall
have g design life at least equal to the design.life of the system, unless stated otherwise by the
supplier or by the purchaser (e.g., contactwire).

EXAMRLE Contact wires are typical comp@nents whose lifetime does not follow the lifetime of the syst¢m and
depends on the interaction with the pantographs.

The QCLS components should be free of maintenance before and between the scheduled| cycle
as spegcified.

It is recommended te 'design the components in a way that they require as less as pojssible
maintgnance and especially periodic treatment, such as lubrication of wires, electrical cortacts,
bearings and gears, for keeping equipment working properly, for example using dry begrings
both ih tensiopniflg devices and in disconnectors drives and self-lubricating contact surfages for
discopnectars.without need of greasing. 40

7.1.2 Component identification

If there are no other requirements in the relevant product standards and the size and shape of
the component is large enough, all components shall be marked with a supplier’s identification
and component identification. The form of marking shall be agreed with the purchaser.

7.1.3 Corrosion and erosion

Surface protection shall be provided on components of ferrous material. The local
environmental conditions shall be considered when determining the type and thickness of
surface protection. For components made of corrosion resistant materials, a surface protection
is not necessary.

Where galvanization is used to protect from the corrosion, it shall be designed in accordance
with 1ISO 1461:2022, ISO 14713 (all parts).


These important recommendations were added to decrease maintenance and costs during operation and maximize availability. The designer should consider as much as possible maintenance free components and copper alloy contact wires with a longer life time.
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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

Suppclwting assemblies shall be-desighed-to-always-be-eclearof compatible with the kingmatic
and-sfvept-envelope-gauge static reference profile of the vehicle and the pantograph'clearance
gaugg by a margin specified by system design.

Regisfration assemblies shall be designed such that:

— the stagger of the contact wire and catenary wire or conductor rail are maintained pt the

registration point within the defined tolerance-ef-thecontact-wirg-stagger in relation fo the

trgck centre line (refer to 5.14),

— the longitudinal movement of the contact wire and catenarfy wire caused by tempefature
variation is accommodated,

— the worst case uplift of the contact wire, as per 5.40.2, can be accommodated wlithout
cajusing mechanical fouling of the pantographsand any other part of the regisfration
agsembly 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 suppefting assembly, shall be kept to a minimum to
adhieve the specified current collection quality.

7.3 |Contact wire

The cpntact wire shall-in-Eurepe conform to the requirements of-EN-50149-and-in-Chinafto-the
requifements—ofTB/A—2809-2005 IEC 62917. Contact wires should be installed without
micropvaves. 41

7.4 |Other conductorsiand ropes

Stran@led conductors shall-in-Eurepe conform to the requirements of EN 50182-(fer- ACSR-and
AACSR-stranded e¢onductors) in CEN/CENELEC countries for AL1/STyz and AL3/STyz (ACSR
and AACSR) or to other relevant standards, depending on the types of conductors. Syr|thetic
ropes|shalldasEurope conform to-EN-50345 |IEC 62724. For all other types of wires or in non-
Eurogean CEN/CENELEC countries, the relevant international or national standards should be
confermed-to applied.

The copper and copper alloy catenary wires shall conform to the requirements of IEC 63190. 42

Other wires such as zinc-coated steel wires, aluminum wires or ACSR may be used in
accordance with the purchaser specification.

Where grease is used for the strands of the conductors, this shall be chosen so as not to have
a melting point under the maximum temperature rise of the conductor (as described in Table 1).

Design loads shall be in accordance with the requirements of Clause 5.



IEC 62917:2016 (Edition 1.0) is the first international standard for copper and copper alloy grooved contact wires in OCL published in 2016-10. It gives also limits for microwaves which can occur due to wrong treatment of high strength contact wires during production and installation and course arcing while pantographs run on the line.

IEC 63190:2023 (Edition 1.0) is the first international standard for catenary wires in OCLS.
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7.5 Tensioning devices

The tensioning device shall maintain the mechanical tension in the overhead contact line
conductor(s) as defined in the purchaser specification. The device shall be designed to achieve
an efficiency defined in the purchaser specification over the specified design temperature range
of the equipment.

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.

Whertla weights are used in the tensioning devices, these shall be located away from ijblicly
acceslsible areas. Where this cannot be achieved, suitable precautions shall be taken:to gnsure
publid safety is maintained. The safety of public shall be ensured by using a speeific device,
such as a protection barrier or a fall arresting device.

The fall arresting device shall function correctly without permanent deformation at a Igad of
1,33 times the maximum permissible operational load.

To enpure that the tensioning device does not fail in the case of @n incident, the breaking load
of the|tensioning device shall be higher than the breaking load{sf the tensioned conductd

—

7.6 |Mechanical midpoints
7.6.1 General

Fixed|anchor points;—restraints or other devices shall be used in a tension length of overhead
contagt line that is tensioned automatically, at’both ends, to ensure the conductors do not
migrafe towards one end of the tension length with changes in the loading conditions. |Fixed
pointd shall also be used with rigid overhead contact lines to prevent migration of the congluctor
rail. IMechanical midpoints—may should” be provided by the installation of an anchoring
arrangement at approximately the midpoint of the tension length or at such a location which
balanges the along track forces atithe midpoint.

Fixed|points are not required_to prevent consequential damage to the overhead conta¢t line
systefn in the event of conductor breakage, unless stated in the purchaser specification.

7.6.2 Catenary wire fixed points

The design of tHe-catenary wire fixed point shall take into account the different tension loads of
either|the catenary wire or the contact wire. The highest value shall be applied.

For example, several adjacent head spans may act as the fixed point.

7.6.3 Contact wire fixed points

If a contact 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 fixed point. Thus, the contact 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 operating
tensioning forces of the contact wire on both sides of the fixed points.
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7.7 Droppers
7.71 Mechanical requirements

Droppers can be rigid, flexible or sliding. The different types shall withstand the loads, as
defined in the purchaser specification, without an adverse effect on the performance 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.

— veyrtical loads resulting from contact wire weight, ice loads, wind loads and loads* cpming
frgm the contact wire profile;

— hgrizontal loads in the axis of the contact wire coming from a dropper inélination of|up to
30° (for reduced encumbrance overhead contact lines, it may be appropriate to reduge 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:

— lo&ds during construction;
— temporary loads coming from failures (e.g. the failuresof*an adjacent dropper).

Wherg¢ these additional loads are greater than 2,5 times the service loads, they shall bg used
for th¢ design of the dropper, in place of the serviceloads. Additional loads less than 2,5|times
the sgrvice load may be ignored.

Loadd imposed by staff standing on or attaching to the contact wire-need-net-be-considered
may e omitted when considering the teading of droppers, unless stated otherwise hy the
purchpser.

7.7.2 Electrical requirements

Dropgers may be defined as eurrent carrying, non-current carrying or insulating.

Currept carrying droppers shall be designed to allow for current to flow between the cpntact
and chtenary wires without deterioration of the electrical and mechanical properties. Eleftrical
design shall take into account the current distribution between the droppers in at least one[span.
A shofrt-circuit-Close to one single dropper could cause a very high short-circuit current |in the
dropper. Under these circumstances, the dropper is not required to be rated for a full| short

circuit-pre®feurrent.

Non-current carrying droppers are not designed to carry current. However, in the event of a
potential difference being present across the dropper, current can flow.-Sheuld-eurrent-flow-be
restricted-by-desigh-insulated-droppers-arerequired- Where current flow is restricted by design,
insulating droppers are required. The electrical 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-cables—and-wires ropes with a minimum of
2,5 times the working load or with 85 % of the-ealeulated-breakinglead rated tensile strength
(RTS) of the conductors. The lower value shall be attained in any case. The anchoring clamps
used shall not incur permanent deformations which impair operation at 1,33 times the working
load.
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Anchoring clamps should be capable of securing cables and wires with a minimum of 2,5 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 fittings subject to vibration shall be designed to prevent loosening over time. In addition,
the mass of in-line fittings should be kept to a minimum, within the functional requirement of
the component.

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 rgpetitive horizontal and vertical movements as a result of wind or temperature varfation.
aximum horizontal and vertical angles for the conductors at the interface of the\ctamp or

The
fitting
the cl

7.8.2

bmp or fitting with chamfered or rounded edges to avoid damage to the cohductor.

Electrical requirements

Clamps and line fittings shall provide a path for the specified normal{and short-circuit ¢

flow w

7.9
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- to
int
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ithout causing failure.

Electrical connectors

cal connectors (not including current carrying /droppers) shall have the foll
Cteristics:

be able to sustain thermal load cycling with.no reduction in mechanical and ele
egrity;
b temperature rise with the specified\(short-circuit current shall not cause fusi

formation or exceed the maximum .allowable temperature of the wire in Table
tluding current carrying droppers);

b temperature at normal operation of the electrical connector shall not excee

maximum allowable temperatureof the conductor.

710
7.10.1

The fq
most

Insulators
General requirements

llowing standatrds shall apply. They specify requirements for the design of insulators
n overhead.contact line systems.

For ceramic ‘or-glass insulator units:

— IE]

C60071{(all-parts);

should be specified by the purchaser or system designer. It may be necesséry*to design

3

urrent

owing

ctrical

on or
(not

d the

used

- |IE

C 0Z49/7-1,

— |EC 60305;
- IEC 60672-1;
- |EC 60672-3;
— |EC 60433.

For composite insulators:

— |EC 62621.

For post insulators:

- [EC 60273.


This new text part was added due to experiences in operation and should be taken in account during design and installation to avoid conductor breaking.
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Where other designs are required, their functional requirements shall be contained in the
purchaser specification.

The minimum creepage distances for insulators shall conform with IEC 62497-1, for the 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 44

The mpechanical requirements for composite insulators shall be in accordance with"JEC 6R621.

For ofher insulators, the minimum tensile strength of the insulator shall be afleast 95 % Jof the
calculiated tensile strength of the conductor. The maximum working tensilédpoad on the insulator
shall hot exceed 40 % of the minimum tensile strength of the insulafor. In either casg, the
highept value should be used. The minimum tensile strength of the-instdlator which is ingtalled
on thg conductor having calculated tensile strength of more than 4#00°kN may be determined by
agreement between purchaser and supplier.

The maximum working, bending or torsion load shall not gxéeed 40 % of the minimum, bgnding
or torgion strength of the insulator. Simultaneous tensiteyand bending and/or torsion load shall
be taken into account if necessary. The maximum wW@rKing bending load may additiondlly be
limitedd by any deflection criteria defined in the purghaser specification.

The gnd fittings shall be suitably protected {rdm corrosion and electrochemically comgatible
with interface connections. Particular attentiofr'shall be given to the protection of the end f|ttings
againgt moisture entry, chemical activity @r*fixing degradation.

7.10.3 Insulator surface

In adfition to the electrical @a0d” mechanical performance requirements, the design ghould
addreps the suitability of the ¥asulator surface in catering for

— clganing by naturalrermanual methods,

— logalized atmospheric pollution,

— loy voltage grosion,

— elg¢ctro-chemical activity or water absorption, and

— anti-yandalism;

7.11 'Sectioning-devices
7.11.1 Definition

The term "sectioning device" refers to section insulators and neutral section insulators.

7.11.2 Mechanical requirements

The sectioning device shall be designed such that no permanent or temporary deformation with
negative-influenee—on detriment to function shall appear up to 1,33 times the working tensile
load. When traversed bya@a&t@g%apha%theueperaﬂenakspeedﬂasﬂeﬂnedm—ﬁ% one or more
pantographs, the contact forces shall comply with 5.2.5.2. In addition, the sectioning device
shall not damage the pantograph collector strip.



This new clause was added as mechanical requirements and safety factors were missing in IEC 60913:2013. It takes in account the well proven practice.

https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

- 98 - IEC 60913:2024 CMV © IEC 2024

The non-continuous pantograph head profile, as specified in IEC 62486, shall be considered if
they are operating on the line and the purchaser shall provide all required pantograph details
as outlined 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 set 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 secfion insulator shall be designed to withstand,

a) in|normal operation, the arcing caused by the passing of pantogfaphs drawing a current
cdrresponding to a single pantograph, and

b) inlabnormal conditions, the arcing (due to load and any conskeguential short-circuit cyrrent)
cgused by the passing of pantographs drawing a curkgnt corresponding to a pkingle
pgntograph, where one side of the sectioning device is ghergized and the other side|is de-
energized or earthed.

Any damage to the sectioning device due to arcing_shall not reduce its mechanical intedrity in
a way| which endangers continued operational use 46

7.12 |Disconnectors and drives

a.c. disconngctors

Discopnectors together with their drives and linkages shall comply with the requirements|of

— |ELC 61992-4 for DC disconnectors, switch-disconnectors and earthing switches, and
— |E[C 62505-2 for AC_disconnectors earthing switches and switches.

They ghall be designed for the rated current and rated voltage of the system.

Discohnecters shall be suited to interrupt rated operational currents for a number of swijching
cycleg 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.

eurrents—When specified as switch-disconnector, respectively switch, interruption of operational
currents is required. The purchaser shall specify the required load-breaking and load-making
capacity and the mechanical and electrical endurance. Guidance is provided by IEC 61992-4
and IEC 62505-2.

Electrical or remote control is recommended for disconnectors.


The text was improved for better understanding only.
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7.13
7.13.1

Protection devices

Covers and obstacles

Insulated-Covers may be required, sufficient to provide mechanical protection against damage
or electrical insulation suitable for application in the overhead contact lines.-Clearances—for
obstaclesaregivenintEC62428-1 Insulated covers shall be in accordance with IEC 62497-1
and, for safety protection against direct contact by obstacles, shall be in accordance with
IEC 62128-1.

7.13.2 Surge protection and voltage limiting devices

Ction dewces such as surge arrestors and spark gaps, shall be designed \fq
g ant the voltage, qverv

power sy stem —Whe#e—&peemed—a
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minimum to achieve a good current collection quality, without interrupting the curren
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7.14.2

pquirements of the IEC 62128 series shall be followed, for exanple voltage limits
IEC 62128-1. The IEC 62497 series provides guidance on (pgulation coordinatio
d protection of overvoltages. Where specified as load breaking disconnectors, they
bable of interrupt breaking the rated current. See requirendent of 7.12.

Specific components for trolleybus systems

General

d in the system design, in terms of its me€hanical and electrical requirements.

ticular, the following shall be takendnto account:

b mass of moving parts, including the connections to the contact wire, shall be ke

the trolleybus;

b mechanical characteristics, including their weight, of assemblies and componentg
able them to be suspended using insulating or steel rope to supporting structures;

Turnouts and crossings

.1, ( Mechanical requirements

erformance parameters for the design of “‘components for trolleybus systems shpll be

ttoa
t flow

shall

b electrical parameters shall consider the possible activation of these components by
current impulseor™wireless" systems, such as radio-frequency or infrared.

deformation appears at 1,5 times the maximum working tensile Ioad

ermporary

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 the command system of the turnout has a different supply voltage (e.g., AC/DC low
voltage), the level of insulation required shall be as defined in IEC 60947-1.
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7.15 Automatic earthing and short-circuiting equipment 46

Automated earthing and short-circuiting equipment may be used for overhead contact line to
facilitate fast earthing in emergency situation if necessary, for example tunnels, and to establish
safe conditions in work areas where it is necessary to routinely earth the overhead contact line,
for example in depots, train washing facilities, test tracks and border control points.

If the earthing or short-circuit equipment is used, once applied, the resultant touch potential of
the overhead contact system shall comply with the IEC 62128 series.

Automated earthing and short-circuiting equipment shall verify absence of operating voltage,
carry [out—earthimyg—ard—short=circuitmyg—and—provide protectom —agamst—adjacentive] parts

accorfling to EN 50110-1:2013 and EN 50488 (for CEN/CENELEC countries) o; dtional

standprds. This can be achieved by a combination of stationary voltage detectopsiswifching
devices, access limiting demarcation or signals, which are managed by control e& oniforing.

.

IEC 6[1992-4 or IEC 62505-2. In addition, the switching device position indieation used to permit
access to the overhead contact line system shall be generated directlx§ the switching device
and npt only in the drive connected by long linkage to the switchir@ vice. This avoidq false
information due to linkage problems. A reliable provision and-transmission of the signals,
commlands and measurements for voltage detection shall be e\@, ed.

N

7.16 |Monitoring devices 47 Q ®)

The dwitching devices used for earthing and short-circuiting shall fulfil tﬁ%equirements of

OverHead contact line monitoring devices collect a <Dansfer data with respect to overhead
contagt line and pantograph state and behaviou\\ hich may be used for condition-pased
maintgnance interventions or system and compo&@t validation.
‘QQ’

When| required, the application and functio b parameters of overhead contact line monitoring
devicegs shall be determined by the chaser and supplier depending on the RAMS
requinements, as per EN 50562 for C ENELEC countries or national standards, and their
effect| on life cycle costs. They ma\@include monitoring of tensile force, temperature, |uplift,
latera] and vertical position of the“overhead contact line, wear of conductors as wgll as
insulgtion state, system oscill {@h arcing and contact strip condition. Additional information
about|the climatic conditionséy be required in combination. The design of overhead cpntact
line mjonitoring devices skall consider the condition and failure mode of the monitored gssets
and provide data to e system or component analysis and decision. Normal operdtional
condifions and emer y cases shall be clearly differentiated.

Monitpring dev@should not impart excessively negative influence on the functioph and

operafional @viour of the overhead contact line. Electronic equipment shall meet thg EMC

requirnem ccording to IEC 62236-2.
N

8 Testing

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-establish 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 tests are recorded as evidence of compliance with design requirements. If
there is a group of similar components, it shall be sufficient for the type test to be performed on
one kind of component of the group. In this case, the selected component shall be selected so
that its results are also valid for all components within the group.


This subclause was added due to the spread and importance of automatic earthing and short-circuit equipment for OCL. As they replace manual earthing methods and assure personal safety special technical requirements are to be applied.

This subclause was added due to the spread and importance of monitoring devices for and in OCLS. It supports the further application of these useful devices as the control OCLS status and working condition, are able to avoid failures and accidents but should not deteriorate the OCL performance.
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Randem-sample-Sampling tests serve for monitoring production. If statistical quality tests are
performed for monitoring production, it is permissible for their results to be used as a substitute
for acceptance. The sampling procedures shall be in accordance with ISO 2859 (all parts), if
not otherwise specified in the purchaser specification.

Routine tests-are-intended-to-prove-conformance-of shall be carried out on components which
have increased probability of failure to specific requirements and are made on every-cemponent
item. The intent of the tests is to prove conformity and to eliminate defective items. These tests
shall not damage the-component item. After a positive test, the tested specimen may be used
in an installation. A routine test should be used to detect latent defects which could influence
the operating reliability of the component. Routine tests-take-theform-of can typically include

load tw%m%%m%wmm other
non-destructive test methods.

8.2 |[Support assemblies 48
8.2.1 Type test
8.2.1.4 Coverage

At leajst four test specimens shall be-selected subjected to each type test.

All cgmponents or clamps-that-are-selected forming part pf\@ support assembly whigh are
subje¢ted to type testing shall not be used for other tests or-in-service application.

The following tests shall be undertaken:

— material test;

— dimension and visual test;

— functional test;

— test of mechanical load capacity;

— hdat cycling test (where continugus traction current carrying is expected).

All tegt conditions, test arrangements and test results shall be recorded in a test report.

8.2.1.R Material verification

Type lests shall inclyde-verification of materials to ensure that they are in accordance with the
contrget—doeuments -purchaser specification. This verification—earn may be carried qut by
inspe¢ting docdmentation relating to material purchasing specifications, certificates of
confofmity or(other quality documentation.

8.2.1.3 Verification of dimension and visual-test 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
connectlng parts Bolts shall be tightened to 1 1 times the tlghtenmg torque stated—by—the

4—14+mes4he4er—qee%tated in Table 17. The relevant functlonal dlmenS|ons shaII be checked
No permanent deformation shall be permitted unless it is intended to do so by design.



Most of the changes in this subclause improve the wording for better understanding.
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The tightening torque to be applied corresponds to the lower limit of friction variability of a
certain bolt.

A lower coefficient of friction of 4 = 0,1 or 0,12-can may be assumed for example for the bolt
connections listed in Table 18.

For coefficients of friction other than x,,; = 0,12, the tightening torques stated in Table 17 shall
be converted according to the factors given in Table 20 by multiplying the values.

Pairings according to Table 19 are recommended when bolts with hexagonal nuts are used.

Table|17, Table 18, Table 19 and Table 20 are applicable to clamps and fittingg~fgr the
overhpad contact line system.

Table 17 — Tightening torques M, for regularly used bolts

Torques in Newton metres

Thread Material of the bolts
dimgnsions

Unalloyed and alloyed steels according to |Rust and acid resistant steels | Copper-pickel

ISO 898-1 hot dip galvanized (tZn) steel groups A2 and A4 alloy €CUS
Strength class Strength class
4.6 5.6 8.8 70 80

Ry 0,2 min = R, 0,2 min = Ry 0,2 thin =

240 N/mm? 300 N/mm? | 640 N/mm%23" | 450 N/mm? 600 N/mm? 540 N/mm?
M8 - - 23 16 22 20
M10 - - 46 32 43 39
M12 25 38 80 56 75 68
M16 60 90 195 135 180 164
M20 120 180 390 280 370 33

NOTH The values in this table wére'established using the following assumptions:
— the bolt can be stressed up to its guaranteed minimum yield point;

— the tightening torquessare'based on a coefficient of friction for threads and head support of x,, = 0,12;

— al|deviation of 10 %'\when applying the tightening torque is already taken into account in the table valugs:

tTable =0,9-M, where M,

t max, t max
bint;

hhe tightehing torques for bolts made of rust and acid resistant steels of the strength classes 70 and §0 are
asedon\the 0,2 % yield point.

=

is the tightening torque for stressing up to the guaranteed minimuni yield

|
(o= ]

a  AlhoveM16: 660 N/mm?2.
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Table 18 — Examples of bolt connections

Bolt Nut Head support Lubricant Coiff'c!ent of
riction

Hiot

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 ot dip ddlvariized Al alloy RAZIR4G [aY U, T<£

Steel |hot dip galvanized A2/A4 A2/A4 0312

Steel |hot dip galvanized Steel hot dip galvanized A2/A4 0,10

CuU5 CU5 or copper A2/A4 K, S 0,12

CUS5: | copper-nickel alloy.

S: special lubricant.

A2/A4: rust and acid resistant steel
steel groups A2 and A4.

K: corrosion protection grease.

. thics EF'. : @_;}'2 s o T g

be-copverted-according-to-thefactors-given-in-Table-22-

Table 19 — Assignment of the strength of bolt and nut

Strength class of the bolt

Strength class of the nut

463 50
562 50
8.82 8b
A2/A4, strength class 70 A2/A4 - 70
A2/A4;. strength class 80 A2/A4 - 80
CuUs5 Cus5

(CuNi 1,5 Si F 59)

(CuNi 1,5 Si F 59)

a8~ According to 1ISO 898-1.
by According to 1ISO 898-2-and-EN-20898-2 in Europe.
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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.p Mechanical load capacity test
8.21.6.1 Components
Acceqsory parts for-insulators-and supporting assemblies-are ter‘.sroned or compressed in-the
tensilg testing machine using corresponding tensioning so that loading as clope as
pessr—h#e—te—eperaﬂen—rs—aehreved—Accessones which are used to connect the tenS|Ie testing
machine to the support assembly shall ensure the loading is as close as possible to that|which
occurp in operational use. These tensioning parts shall'not influence the test result. In thg case

of components with several load points-pertoad-side, it shall be ensured that the forcgs are
distriquted accurately in every condition to represent the real load conditions.

The f{est specimens shall be loaded—with—a—constantly—and—smoothly—increasinglload

progressively up to the maximum force FEy3,. The rate of change shall be within the rapnge 5

N/mmf2 per second to 10 N/mm?2 per sgcond, related to the conductor cross-section. A fforce-
elonggtion or force-time diagram shall be made at the same time. This diagram can be dgerived
either| by the test machine itself er_by measuring by means of suitable instruments at different
load gtages. From the force- elengation diagram, it shall be possible to determine the fgrce in
the transition from the elastic.into the plastic range.

For components, the following characteristics shall be determined:

ab

pgrmanent deformation occurring;

fa

ng

ility of test specimen-shall-be-able to withstand 1,33 times the operational force wit

lure load-£ 54 Of the test specimen;

ture~and location of failure on the test specimen.

hout a

All values shall be recorded in test reports together with the characteristic data for the test
specimens, such 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.

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 clampmg parts—Eer;eempressren—eLamps—ﬂ—shaH—be—eﬂsured—mai—eendeeter

stresselstrrbueerwﬁh&eeﬁdeetee For bolted clamps, the bolts are tlghtened W|th a t|ghten|ng
torque corresponding to Table 17 or the data provided by the supplier.
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The tensile force shall be increased to 1,33 times the permissible operating force F,., 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/mm2 per second to 10 N/mm?2 per second, related to the conductor cross-section
up to the maximum force F,, or up to destruction of the component. For suspension clamps,

the maximum force F,,, in the direction of the force effective in operation (weightferece 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;

- mlaximum force F
of|the clamp;

max Of slipping through or breaking of the conductor in the area of infllience

— functional defects of the clamp.

For stranded conductors, the first wire break shall be considered as @) breakage o¢f the
condyctor.

For spspension clamps, the maximum force F,,, in the directionyof the force effective in
operation (weight of the conductor and additional loads) shall be\determined.

8.2.1.p Heat cycling tests (electrical tests)
8.2.1.6.1 Object of the test

Heat |cycling tests are used to determine the long-term electrical behaviour of cyrrent-
condycting connections.

8.2.1.6 does not apply to:

— tefminals which are inherent parts of an equipment,
— fitfings which are used in enclased units (e.g., motor-operated mechanism),

— ingtallation material and earthing terminals, and

— clamps which are mainly used for mechanical purposes (e.g. ,dropper clamps).

8.2.1.6.2 Connections

8.2.1.6.2.1 General

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.
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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.

— 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
mecha

8.2.1.

Four

In the case of class A connections, the short-circuit peak withstand current test is not required since the

ical design is sufficiently robust so that this test is not necessary.
6.3 Test specimens

specimens of each type of connection shall be subjected to the tests. e spec

supplied for testing shall be identical to the commercially available products.

8.2.1

6.4 Variable diameter connectors

Clamyps for the largest conductor cross-section shall be used for the tests. For clamps th

desig

hed for a range of conductor cross sections, the clamp shall be tested with the |

condyctor cross-section as a minimum. If further tests are cacrieéd out, then it is advise

the sn

specimens shall be fitted with bolts having the lowest cofductivity.

8.2.1.

The ¢

6.5 Preparation of specimens

supplier’s instructions. The fittings shall be ‘fitted on the specified type and size of con

accor
prepa

Itis n

The f

ration.

bt permitted to subsequently, tighten or press the fitting during the test.

befor¢ carrying out a test:

- Cl

amps and fittings:
supplier, catalogue or reference number;

class of*connection: A or B;

details of fitting procedures and tools to be used.

mens

lat are
hrgest
d that

hallest conductor cross section is tested. If bolts of different materials are used, the test

ontact surfaces of the fitting and the gonductor shall be prepared according {o the

juctor

jing to the supplier’s instructions with which they are to be used without any further

bllowing technical detdils' of the test specimens and the conductors shall be regorded

installation procedures: preparation of contact surfaces, contact grease (if spedified),

8.2.1.
8.2.1.

mauctor:
specification;
material;

size and stranding.
6.6 Test rules

6.6.1 General

Heat cycling tests should be carried out in accordance with IEC 61284.
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8.2.1.

6.6.2 Test conditions

The test shall be carried out in suitable draught-free conditions at an ambient temperature
between-15 5 °C 49 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.

If forced cooling is used, it shall be used after switching off the current, and it shall have a

unifor

The tq
stress
recom

New d

c . o ! 4
et O e COTTPICLES SsC1=uUp.

st set-up shall be such that the specimens are not subjected to any noticeablemech
(bending, tension, pressure, etc.) during the electrical test. For this\ réason
mended that the position of the specimens is not changed during the tests.

onductors shall be used for the tests and for arrangements with tension on the conne

anical
it is

ction.

The tgnsile force should not exceed 20 % of the nominal tensile strengthyof the main conductor.

8.2.1.

The afrangement of the test specimens during the electrical tests is not mandated. Howe

is rec

Typic
found

In thg case of T-connections, both the current paths shall be tested separately. Dif]

samples shall be used for the tests.
8.2.1.6.6.4 Free conductor length
The ffee conductor length /; (refer to Figure 7) between the clamping pieces and th

specimens, as well as between the specimens themselves and the length /, of the comp
condyctor should not be_less than the values given in Table 21.

6.6.3 Arrangement of test specimens and the test.loop

bmmended that the tests are carried out in the horizontal position.

bl arrangements of the test loop are shown in.Figure 7. Alternative arrangements g
in IEC 61284:1997, Annexes B and C.

ver, it

an be

ferent

e test
arison



This value was lowered to give more flexibility to test laboratories, as calculations showed that the influence on the test results are neglectable.
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1 claping piece
tes{ specimen

potential points

A W N

confiparison conductor

a length of conductor between specimen and centre of potential point; a = 154

a_ length of specimen

a, length of comparison conductor between centres of.potential points; a, = 30d + a
b length of potential points; b < 2d

d diameter of conductor

[, minimum length between specimen and ctamping piece and between specimens as per Table 21

I, minimum length of comparison ¢cenductor as per Table 21

Figure 7 — Description of dimensions and minimum conductor lengths

Table 21 — Minimum conductor lengths

Conductor diameter 4 1 I
mm m m
d<10 0,5 2,0
to<ad=+15 68 250
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-care-shall-be-takento-ensure-that, the current-is shall be
uniformly-fed-ever 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-are-always shall
be at the potential points (Figure 7, Figure 8a, Figure 8b and Figure 9). In the case of solid
conduyctors, 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 connections. The point of voltage pickup shall be clearly marked.

For ap example of a method of making a practical voltage pickup, refer to |EC*61284]1997,
Annex G.

Other[commonly used methods may also be used.

= - 1 > 2
] o J—g---------- - y 2 N -

B et etk = I Y __ o Y 1

F - - —M_’ y '_‘_'Z‘-_"’"["_'Z’: I _M—’
> “A 3 [———— il i I

Y\
L a L a 2 AN LAY
<> - Iy
@ AU l @ AU
- IEC IEC

a) At aconnecting clamp b) At a butt joining clamp

1 measurement distance
2 potential points
a length of conducter'\between specimen and centre of potential point; a = 154

d diameter of cenductor

Figyre 8— Potential measuring points-at-a-connectingclamp-and-a buttjoiningclamp
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1
M lec

Key
1 potential points

2 tes{specimen

Figure 9 — Potential measuring points at a T-type_infeed terminal

Heat ¢ycling tests shall be carried out in accordance with IEC 61284.

8.2.2 Random-sample Sampling test
8.2.2.4 Number of test specimens

Rand¢m-sample-Sampling tests shall be performed only if a sufficient quantity of compqgnents
is magle, typically more than 100 of the same components. The number of the test specjmens
for th¢-randem-sample sampling test, p, shall be in accordance with the following formulae.

p=3 for 100 < n £ 500
p=df— for 500.<4 < 20 000
1000
p=15+0’ﬂ for n > 20 000
1000
wherg
n id the bateh<size.

Alternativelyy methods defined in ISO 2859 (all parts), including skip-lot sampling methodg, may
be usTd to,adjust the inspection severity depending on test results and manufacturer behavidur. 50

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-random
sample sampling test, then the batch shall be accepted. If one test specimen does not pass the
random-sample 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-random-sample sampling test, then the batch shall
be rejected. Test specimens subjected to therandom-sample 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


This text part was added to allow to skip, decrease or increase the number of tests and test specimens depending on the result of the previous tests.
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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-are 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 appropriatestamdardsand—supptersdrawimys:

Sampling tests shall include visual examination to ascertain conformity of the components, in
all essential respects, with the design drawings.

8.2.2.6 Functional test

The flinctional test may be performed in accordance with 8.2.1.4. Thé)components or clamps
shall pe assembled according to the supplier’s assembly instructions. Existing bolts shall be
tighteped to 1,1 times the tightening torques stated in Table 17. The critical dimensions for
correg¢t function shall be checked.

No dgfects impairing the function of the components or’clamps are acceptable. Deformation
intended in the design is acceptable if it does not impairthe function.

8.2.26 Tensile test

The t¢sting shall comply with the requireients set out in 8.2.1.5, but subject to the differences
set ot in the paragraph directly below:

The t¢st specimens are initially.Joaded with a load-speed increment of 5 N/mm?2 per second to
10 N/mmZ2 per second, related 16 the conductor cross-section, constantly and smoothly up to a
force pmounting to the permissible operating force Foerm.op multiplied by the determined [rating

factor, and the remaining 'shape change shall be determined. This shall be done eithef on a
forceddistance diagram or by checking the connection dimensions after relaxation and removal
of thg test specimens. The test specimen shall be then reloaded with the same load-speed

increrent up tothe maximum force F,,, or up to failure of the component.

8.2.2|7 Evaluation of the test for components

All test-values-shat-berecorded-in-the-testreport-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, 4

— 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 F required for the component. The maximum force F, of the test

perm.op max
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specimen shall be equal to or greater than the required nominal force F
the appropriate standards or drawings.

nom OF that specified in

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.

test specimen, shall be greater than 1,33 times the permissible operating force Fi,oim, opfe
corresponding component. The maximum force F,,,, of the test specimen shall\belequal
to or|greater than the required nominal force F, or that determined in the“appropriate
standards or drawings.

nom

8.2.3 Routine test

test:

Routipe tests shall be carried out on components which have aw’jncreased probability of failure
to spgcific requirements and shall be made on every item. he intent of the tests is to |prove
confofmity and to eliminate defective items.

Routime tests may include a specified level of material verification (including tests) where
required by the contract quality plan.

Load fests shall be carried out-inconditions:similarto-normal-operationconditions—and-lpaded
by-the-routine-test-forece with forces and cenditions representative of normal operation.|Initial

cracks or fractures shall not occur on theldest specimens once the routine test force is redched.

8.3 |Contact wires

rafar to E 50149 9nd in Ching t
Fetrer—toeNo v 4o Hha—+
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Contdct wires shall he'tested in accordance with the requirements set out in IEC 62917.

8.4 |Other conductors

Wires|or conductors shall-comply be tested in accordance with-apprepriate the requiremgnts of
the rdleyant International Standards or, if they are not available, with European Standajrds in
EurogenCEN/CENELEC countries or national standards in non-European countries| The
following documents are usually applied in Europe and in other countries:

- EN50182;
- EN50183;
- EN50189;
- EN50326;
—EN-50345;
—1EC60889;
- |EC 62724,
- |EC 62641,
- IEC 61089;
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- IEC 61232

- |IE
- |IE

In Ch

C 63248;
C 63190.

ina, the following documents-are-usually is also applied:

- GB/T 1179-20082017

Tensioning devices

Tests required

Only type tests are required for tensioning devices.

8.5.2
8.5.2.

Type tests for tensioning devices with balance weights

1 Tensile test

The tg¢nsion device shall be tested in accordance with the requirements given in 7.5.

8.5.2.

] Dynamic test

Wher¢ applicable, the test of the fall arresting device consists of a simulated breaking
condyctor with the specified—meechanieal tension\under laboratory conditions as specified by

purch

hser. The laboratory conditions should cevér typical conditions of the purchaser’s s

to enqure a reliable operation (e.g., load relieving due to rupture and displacement of po
tensigning device). 52

8.5.2.

In ac

3 Efficiency test

ordance with the test shown in Figure 10, the mechanical efficiency of the tens

deviceg shall be determined. The test shall be undertaken with the following consideration

- Wi
— at
di
of

nd and ice load shath hot be taken into account;

least four tests)shall be performed on four-lecations wheel working positions ¢
stributed at least over one rotation of one of the wheels or a quarter of the complete
movement/firstly in one direction of rotation, then in the opposite direction.

The deviation*of the tension of the conductor(s) shall be recorded and comply with the

given

by’the supplier.

of the

ystem
e and

oning

S:

evenly
range

alues

The efficiency can be determined by Formula (20):

where

T is the mechanical tension of the conductor (N) (see Figure 10);

W is the load of the balance weight (N) (see Figure 10);

r  is the reducing ratio of the tensioning device.

(20)



This sentence has been deleted since IEC 63190:2023 is now available.

This requirement was added taking in account test experiences. Load relieving influences tension devices stop functions.
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The n
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used under ice conditions thé efficiency test shall be performed under such condition

~ TH
ra

The d

by thg supplier thraughout the required range of temperature.

If a figld test.s_performed in cooperation with the purchaser on a comparable overhead ¢

line,

continueusty, with a minimum duration of one year. To determine the behaviour with

Figure 10 — Example of a tensioning device measurement test

Id test is performed in cooperation with the purchaser on a comparableceverhead c
he field test results may replace the efficiency test above. The field test sha
uously, with a minimum duration of one year. To determine the'behaviour with
cad contact line system during the field test, it is necessary to ingtall'additional equi
nsile force or elongation measurement instruments to measurg~and record the effi
different conditions and therefore over a wide working range,of the tensioning devi

Type tests for tensioning device without balance.weight
1 Tensile tests

to 8.5.2.1 for tensile tests and 8.5.2.2 for dypamic tests.

P Efficiency tests

echanical efficiency of the tensioning-device shall be determined. In order to perfor
he following assumptions-may-be‘rade shall apply.

nd and ice load need not betaken into account. If the tensioning device is intended

e efficiency shall be measured on four locations evenly distributed over the con
hge of movement, ohe direction first, and then the other direction.

leviation of the tension of the conductor or wire(s) shall remain within the range sps

he field test results may replace the efficiency test above. The field test sha

bntact
Il run
n the
bment
iency
ce. 53

m this

to be

LY

hplete

cified

bntact
Il run
n the
bment

overh

pad contact line system during the field test it is necessary to install additional equi

like 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.

8.6

Mechanical midpoints

The testing procedures for any clamps, wires, termination fittings and insulators that constitute
the mechanical midpoint assembly shall comply with the appropriate and specific requirements

relate

8.7

8.7.1

d to the component in Clause 8.

Droppers

Tests required

Only type tests are required for droppers.


This requirement and the similar one in Subclause 8.5.3.2 are necessary for the validation of the related test results.
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8.7.2 Mechanical fatigue test

This test consists of an alternate load and compression cycle, as shown in Figure 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 filequency of the cycles shall be between 0,5 Hz and 10 Hz;ard-a-minimum-o£2-046-000

eyeleg-shall-beperformed. The dropper shall not break before the specified number: of ¢ycles
is exgeeded. The purchaser should specify the minimum cycles, frequency, loading methods,

loading curves according to Figure 11 and the criteria for breakage.

NOTE A typical value of minimum number of cycles is 2 000 000.

NOTE P Frequencies are selected from within the frequency range depending op the intended application) based
on simyilations or measurement.

For special applications, such as low encumbrance and high.aplift locations, the total length
and the dimension for compression shall be reconsidered.
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(2)

IEC 266/13
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b) Example 2

half-cycle — dropper in compression C compression amplitude
half-cycle — dropper subject to force F| F,_ force
t time

Figure 11 — Examples of a dropper test cycle 54



Both test examples are used in dropper testing practice. Example a) is limited to tests with 1-2 cycle per second. Example b) is used for tests with 3-10 cycles per second. The choice between examples 1 and 2 should be made depending on the speed and frequency of dropper bending during pantograph runs determined by simulation or measurements for the applied OCL type as written in Note 2.
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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-size type of
contact wire groove and catenary wire diameter. If the-elip clamp is designed for-a—variable
range 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 dropper wire
dropper clamp

contact wire or other substitute with the same contact wire profile

A W N

conftact wire adaptor

Figure’12 — Example of a dropper tension test assembly
The clamp shall’not be pulled off until a force of at least 3 kN is reached.

8.8 |[Clamps, splices and other fittings

Refertian8 2

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.
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In addition, the tests in 8.9.2 shall be performed.

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:

HAHAAHAA—G-

- th - m;u;uuuuu oycuificd :Gllu

— the amplitude (a) of the movement shall be up to 100 mm;
— frgquency shall be 0,5 Hz to 10 Hz;
— minimum number of cycles shall be 2 000 000.

An expmple of a test cycle is given in Figure 13. The electrical connectionshall not break before
the sgecified number of cycles is exceeded.

IEC 268/13
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Figure 13 — Example of a test cycle for an electrical connection

8.10 Insulators

Tests shall be carried out in accordance with the following standards.

Ceramic or glass insulator units or strings:

— |EC 60383 (all parts);

- |EC 60672-2;

— |IECHAR TS 61245 (DC);
- |IEC 61325 (DC).
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osite insulators:

+EC 61109 {tensile-insulaters);
— |EC 62621 55

Post insulators:

— IEC 60168;
— |EC 60660.

Speci

8.11
8.11.1
8.11.1

Type
electr
and ty
speed

curremt, permissible working load and breaking load. The specification shall also sta

envirg
degre

The ir

Clamps and fittings of the sectioning device shall be tested according to 8.2.

The following tests shall be made on thegwhole sectioning device assembly.

8.11.1

Mech
the lo

The §
opera
in the
to 1,3
then |

Sectioning devices
Type test
.1 General

test certification shall be provided for the design of the sectioning devices verifyir
cal and mechanical parameters; the standards used shall be-stated. Testing require
pe tests shall verify the suitability of the components. Specifications shall be quot
, weight, dimension, clearances and creepage distance,”nominal voltage, short-

nmental characteristics for which it is suitable (&{g., temperature, pressure, po
e, etc).

sulating body of the sectioning device shallbe tested separately in accordance with

.2 Mechanical tests

hnical tests shall be capried”out when assembled to a contact wire length through
bd will be applied.

ctioning devicelshall be fixed in a tensile testing machine and loaded to the sp4q
ional tensile load of the contact wire; the device shall be adjusted so that the runne
r operational:condition. The load shall be increased at a rate of approximately 1 kN
3 times the operational tensile load of the contact wire and held for 1 min. The load
e reduced to the operational tensile load of the contact wire. No permanent deforn

with negative influence on function may occur.
L‘WFWW| approximately until a

blised tests can be agreed between the-elient purchaser and supplier as appropriate.

[¢]

g the
ments
ed for
circuit
e the
lution

8.10.

which

cified
rs are
N/s up
shall
hation

The t i

break

occurs. The break shall occur at the contact wire.

8.11.1.3 Electrical tests

If required by the purchaser, electrical tests shall be carried out for the sectioning device and
the suspension arrangement, in laboratory or under operational conditions. The device need
not be loaded with the full mechanical tension.

To establish the insulating capability of the sectioning device, a lightning impulse test and power
frequency test in wet and dry conditions according to+EC-60383{all-parts} IEC 62497-1 shall
be undertaken. This test may also be used to confirm that the point of flashover for the
sectioning device occurs where the designer intended.


This modification was necessary because IEC 62621 refers mostly to IEC 61109 and IEC 61952, but takes also the specific conditions in railway applications into account and defines additional test procedures.
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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 56. The current shall
be, as a minimum, be in accordance with the requirements set out in 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
section-insulator sectioning device.

A shofrt-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 duratiop and
magn|tude as defined by the supplier, shall be applied. The effects of the shortzcircuit current
shall not affect the mechanical integrity of the-section-insulater sectioning device.

8.11.2 Field test

The electrical test can be replaced by field tests. These tests shall\bé carried out as algreed
betwden the purchaser and the supplier.

Other|tests when specified by the purchaser shall be performéd,*such as a field test in operation.
Should a field test be undertaken, the duration for the test.sheuld be one year and the sect|oning
device¢ should be inspected at regular intervals as defiged by the purchaser.

8.11.3 Sampling tests

At least 2 % of specimens, or alternatively apimber defined in accordance with 1ISO 28%9 (all
parts), from each batch shall be tested with, the following procedures:

— vigual inspection to verify identification marks;

— vefrification of dimensions and weight, as given by the supplier’s drawing.
8.11.4 Routine tests

All seftioning devices shall be subjected to a routine visual inspection.

8.12 |Disconnectors and drives 57



This sentence was added because some sectioning devices may exceed the maximum length that can be handled in a test laboratories, which is required to carry out those tests.

The text was shortened and the wording improved. Due to the long linkage between disconnector and drive and its influence on each disconnector performance some tests and validations can be done only as routine tests after installation on site.
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Testing of disconnectors and drives shall be performed according to the requirements of the
applicable standard:

— |EC 61992-4 for DC disconnectors, switch-disconnectors and earthing switches;

— |EC 62505-2 for AC disconnectors, earthing switches and switches.

For rgutine testing, the overhead contact line disconnector, earthing switches and sw
shall pe tested together with their drives and linkages on site. The routine testing™qg

inclu
for ve

Additi

NOTE
and de
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Surge
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8.14

RoutirTe tests shall be performed in a laboratory under normal operating cond

Alter
purch

All tun

Electrn
accor

Type
with |

8.15
8.15.1

es mechanical operations test and checking of clearances according to instalfation ¢
rification of dielectric requirements.

bnal tests may be agreed between purchaser and supplier as appropriate.

It can be difficult to perform some tests on site, for example dielectric test if ofhetithan checking of cleg
ermining operation speed of disconnector.

Surge protection and voltage limiting devices

protection devices and voltage limiting devices shall be tested in accordancsg
1992-51EC-62497-21EC60099-1 |IEC 62848 (all.parts) and IEC 60099-4.

Specific components for trolleybus systems

atively, tests may be performed in service based on agreements between supplie
pser.

nouts shall be checked by routine tests, in accordance with IEC 61992-1.

cal tests, such as dry-'or-wet power voltage frequency tests, shall be perforn
Hance with IEC 61992-1.and IEC 60529.

tests for turnouts, such as lightning impulse voltage, shall be undertaken in accor
FC 61992-1.

System-test 58

Demonstration of conformity

Fort

tches
n-site
uides

rances

b with

tions.
r and

ed in

Hance

g built"

and |ts de3|gn shaII be conS|dered to conform W|th the requwements of thls document if the

followi

ing are fulfilled.

— The current collection system is designed in accordance with the design requirements of
5.2.Computer Verification shall be via simulation and/or full scale line—tests—ean—be
preseribed testing.

— Full-scale line tests form the most adequate means of demonstrating that a newly installed
overhead 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 instrumented
vehicles/pantographs. The instrumentation shall have a minimal effect on pantograph

performance and shall be in accordance with-theprocedure—of-the- EN-50317-in—Europe
IEC 62846.


The text of this subclause was improved and aligned with the other mentioned standards. Similarity approaches for demonstration of conformity were added to reduce test effort.
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Computer simulations are suitable for demonstration of the anticipated current collection
performance espeC|aIIy in comparlson with eX|st|ng Imes or W|th other deS|gns—T—he

aeeerdanee—w#r—%Né@%Hu—E&rep& The computer S|mulat|on programme shaII be
validated against measurements, in accordance with |EC 63453. When the current
collection system has already been proven by practical operation on at least one existing
line, it shall be deemed as a conformable system. The demonstration of conformity to the
requirements given in 5.3 to 5.12 is performed by verification of design deliverables.

THe system components are designed in accordance with the requirements of Clause|7 and

tested (routine and type test) as prescribed by the—European—Standardslistéd—ih—this
st@ndard relevant subclauses of Clause 8.

THe structures are designed and calculated in accordance with the requirements of
Clpuse 6.
NQTE For information about methods of testing supports, see IEC 60652.

THe electrical and mechanical line parameters fulfil the electricalcrequirements given|in 5.1
and both the static (dimensional validation test) and the dynamic(dynamic validation [tests)
dgsign requirements given in 5.2 within the design tolerances.

In addition to the above aspects which are specifically linked g the demonstration of confdrmity,
an ovierhead contact line "as built" and its design is afso~required to comply with all{other

requinements within this document, if conformity with tHi§'document is to be claimed.

The cpnformity assessment of an overhead contactine need only be-assessed performed|once.
The design of the overhead contact line system, assessed in the processes above in a dgertain
condifion (e. g., line characteristics, climateg{ designated train speed, and pantographs] shall
be copsidered to be demonstrated to confofm to the requirements in the document and nay be

appligd to lines in the same condition@When—a—system—-has—proven—itselfelsewherd; The

purchpser-can may consider this to be~an acceptable demonstration of conformity.

8.15.2 Acceptance tests

Acceptance of the overhead contact line shall provide assurance that the requirements jof the
overhpad contact line system in the design are reflected in the final installation.|Such

requiements shall include the following:

velrification that\the overhead contact line system was built within the given constrpction
tolerances;

vigual and physical inspection, from the ground and inspection car, for example founflation
arld poles, earthing, corrosion protection, insulation, cantilever position in relation to
température and contact wire stagger and height and other component position in rglation
to'the palltuglapil ard pdlltugldp;l gauygeE, bidlllpb, dluppclb ardetectricatdisconmectors;

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:

check that the system conforms to IEC 62128 (all parts);
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— the nominal 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 the type and scale of the
project. Dynamic validation shall be undertaken to ensure compliance with the performance

criteri

a as defined in 5.2.

The interaction between the pantograph and overhead contact line shall be checked according
to IEC 62486:2017 and IEC 62846:2016. A measurement vehicle may be used to measure and

check the dynamic behavior of the current collection system.

NOTE | Some countries also use ground based measurement systems for checking the dynamic behawgur of the
current]collection system.

9 Minimum documentation

9.1 |General

Documentation should be provided as described in the following’ 9.2 to 9.5. Addjtional
documentation may be required by the purchaser specification.

9.2 |System specification

The s$ystem specification contains the fundamentalCdesign and system design data, as
descr|bed in Clause 4 and Clause 5 respectively. It shall be produced in accordance with the
purchpser’s specification or, if such specification is:not available, as a separate system gtudy.
9.3 |Basic design

The blasic design is based on the systemrspecification and comprises all the relevant system,
arrangement, assembly and componentidrawings.

9.4 |Installation design

Installation design is the application of the basic design arrangements to the particular
charafteristics of the railway line. The result is a set of plans/documents, (e.g., layout plans,
crossisections, bill of quantities, etc.) which describe and illustrate how the system is
assembled.

9.5 [Installation and maintenance

Genefal ipstallation and maintenance document which outlines routine maintenance checks,
instrugtion, processes and associated periods, should be provided by the contractor if required
by thd Ir_\nrhhqcnr

When specific installation or maintenance is required, all necessary documentation shall be
provided to the purchaser.
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This annex was deleted because the values given in Table A.1 were calculated for very specific conditions only.
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Annex A
(informative)

Structural details

The thickness of supporting components made of steel should not be less than 4 mm. In case
of hollow sections and tubes made of steel (excluding steady arms), the thickness-may can be
reduced to 3 mm if effective protection against corrosion is ensured. These minimum
dimensions apply also to elements made of aluminium or aluminium alloy. Lower thicknesses

may be used for steady arms. The eccentricity of connections of members at nodes should be
kept gs—small as possible

In Table A.1, the dimensions of connections and edge distances of jointing compenents are
recomimended. The minimum distances between centres of boreholes should be net les$ than
2,5 times the diameter of the holes, and the edge distances rectangular to the dinection of forces
should be not less than 1,2 times of the diameter of the boreholes.

Table A.1 — Recommended dimensions of connections
and edge distances of jointing components

Dimensions in millinpetres

Dimension of bolt M12 | M16 | M20 | M24 | M27 | M30
Maximum diameter of borehole Hexagon bolts and pins: 13 18 22 26 30 33
Minimum width of angle leg 35 50 60 70 75 80
Minimum edge distance in 1) all types of members 20 25 30 40 45 50
directjon of the force 2) members under tension 25 | 35 | 40 | 50 | 55 | 65

For tHe design of solid-wall steel structures, the requirements are specified in ISO 10721
parts)and EN 1993-1-1-in-Eurepe for-CEN/CENELEC countries. Slip joint connections neged not
be verified by calculation if the requirements specified in EN 50341-1:20042012, 7.4.8.3
Euroge CEN/CENELEC countrie§jare met.

Due g¢onsideration should _be given to defining the limiting material thickness for drilljng or
punctling of holes for+ivets and bolts The effect of the materlal ductlllty should be duly

IS h s-and blates
with*wre%hanA—Z—mm%knes& In accordance with EN 1090-2 in CEN/CENELEC countries,
puncHing is pgempnitted provided that the nominal thickness of the component is not greatefr than
12 mrh or 1sdatimes the nominal diameter of the hole. Further limitations regarding the prpcess
of puhching should be followed according to EN 1090-2:2018, 6.6.3, in CEN/CEN[ELEC
countfies/Permanent supervision should ensure that sharp punches and suiting dies arq used
for manufacturing. Structural members which are permanenily Toaded in tension should not be
punched.

Structures for overhead contact lines do not need special walkways for climbing and access to
working positions. If required by a project specification or the operator, an adequate walkway
may be specified. The elements of the walkways should be designed to meet the requirements
according to 6.2.8.

Where anti-climbing provisions are required, refer to IEC 62128-1.

It is standard practice to provide concrete structures with inserts and other elements for the
connection of cantilevers and tensioning equipment. The reinforcement or special bars are
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needed to provide earthing. Reinforcement can be carried out with or without pre-stressing. For
closed tubular structures made of steel or concrete, ventilation is necessary to avoid corrosion
caused by condensation of water inside the structure.



https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

- 128 - IEC 60913:2024 CMV © IEC 2024

Annex B
(informative)

Information on wind load calculation 60

B.1 Peak velocity pressure calculation

For the peak velocity pressure calculation according 6.2.4.2, different parameters should be
considered. For standard situations, the following recommendations may be used:

bgsic wind velocity v, is the reference wind velocity in m/s at a height of 10 m abong
avVieraged over 10 min having a return period in accordance with 6.2.4.1; @
aif density p: W
N4
_4
p :1,225{@)“—1’2*10 x H (5(1’
N
QOJ
where ©
T'| is the absolute temperature in K; Q/C)
H| is the altitude in m; O‘\\

exposure factor c(z):

where \‘(\
is the gust response factor. For rhead contact lines with heights of appr
10 m, G4 should be 2,05; seeJable B.1 for other heights;

cities or forests. In
categories. C)

Table B.1O§&commended values for gust response factor G, 61
Cy

G{ is the terrain factor taki d\gto account the protection of lines, for example in
éLterrain, G, shall be 1,0; see Table B.2 for other terrain

oXir

round

nately

cuts,

Terrhin ‘\\y Gust response factor as function of height above ground
category 10fc;Q-~\15 m 20m 25m 30m 35m 40m | 45m 50 m 55 m 60 m
| a7 | 172 | 169 | 167 | 165 | 164 | 163 | 162 | 161 | 160 | |1.50
llIR? .05 1,96 1,91 1,87 1,84 1,82 1,80 1,78 1,77 1,76 1,75
= 272 254 238 236 224 245 245 242 2-65 2-5% 2,05
v 3,96 3,39 3,10 2,92 2,79 2,69 2,62 2,56 2,51 2,46 2,42
Table B.2 - Recommended values for terrain factor G; 62
Terrain Terrain factor as function of height above ground
category | 49 15 m 20m 25m 30m 35m 40m | 45m 50 m 55 m 60 m
[ 1,37 1,54 1,66 1,77 1,85 1,93 1,99 2,04 2,10 2,13 2,19
Il 1,00 1,17 1,30 1,39 1,49 1,54 1,61 1,66 1,72 1,77 1,82
I 0,59 0,74 0,85 0,94 1,02 1,10 1,17 1,21 1,28 1,32 1,37
v 0,30 0,42 0,52 0,59 0,67 0,72 0,79 0,83 0,88 0,92 0,96



Wind load calculation was now moved to an informative annex as many countries provide local calculation standards. This can be used as alternative way, based on IEC 60913:2013.

Enhancement of Gq values for other situations than Category II/10m.

Enhancement of Gt values for other situations than Category II/10m.
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B.2 Drag factors Cg, 63

Drag factors depend on the shape and surface roughness of the structure. In case no values
are given in relevant national standards or purchaser specifications, the recommendations in
Table B.3 may be used.

Table B.3 — Recommended values for factor Cg,, for different pole types

Mast type Cotr

Tubular steel and concrete structures with circular cross section 0,7
Tubular steel structures with dodecanal cross section 0,85 A
Tubular steel and concrete structures with hexagonal or octagonal 1,0 |
cross section " (.)
Tubular steel and concrete structures with square or rectangular 16(1/\)‘
cross section [a)

. Vv
H profiles ,\(b1,4



The table with drag factors was now moved to an informative annex as many countries provide local calculation standards. This can be used as alternative way, based on IEC 60913:2013.
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Annex C
(informative)

Recommendations for ultimate limit state (ULS) design 64

C.1 General

The partial factors y), for materials to be considered for ULS design are used in accordance
with the relevant national design standards to guarantee a coherent design approach. In case

no valses—aregiven-in-national-standardsor pllrr\hgenr epar\lflr\nhnn’ the recommendations in

Clausg C.2 and Clause C.4 may be used. ®
™

N4

The pjrtial factors for timber structures may be taken as y,, = 1,50, for thg?e’sistance of|cross

sectigns and elements. Partial factors for steel and concrete structure@ﬁ?}ay be used accerding
to Table C.1 and Table C.2. Q)Q

Table C.1 - Recommended values for partial factor{b,lc)for steel structures

C.2 | Material partial factors for structural calculations

Structure type Q O m
Resistance of cross-sections under tensile force@wbending 1,10
S
Resistance of members to buckling ) \\\ 1,10
N

Resistance of connections under shearing&j& bearing 1,25
Resistance of net cross-sections based pn ultimate tensile stress 1,25
under tensile load

Resistance of welded connecti(&&@ 1,25
Resistance of bolts in tensio\‘O 1,25
Metallic ropes under ter@)@’force 1,50

N

C)\

-

Table C.2 - Rec@&nded values for partial factors y,; for concrete structures

C)
. Structure type ™™
P(rgg?\essing force @ 0,90 or 1,20
‘\%ancrete 1,50
%C‘ Reinforcing steel (ordinary or pre-stressed) 1,15
\ < Depending upon whether the action is relieving or not for the calculated effect.

C.3 Design limits for pre-stresses concrete poles

Tensile stresses in the concrete of pre-stressed concrete poles are not permitted under the
following conditions:

— 66 % of the sum of permanent and variable loads;

— sum of permanent and 40 % of variable loads.


Partial factors are now moved to an informative annex as many countries provide local calculation standards. This can be used as alternative way, based on IEC 60913:2013.
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C.4 Partial factors for foundations

The partial factors for the geotechnical design depend on the type of foundation and the type
of loading. Recommended values are given in Table C.3.

Table C.3 - Recommended values for partial factors y,, for foundations

Structure type m
Spread foundation
Bearing resistance 1,4
Earth resistance and bearing resistance 1,4 A
Sliding resistance 1,1 (\:)@
Pile foundation nb‘
Resistance for piles in compression 1,4nQV
Shaft resistance for piles in tension '{?5 Y

o)
Q
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AnnexBAnnex D
(informative)

Geotechnical soil investigation and soil characteristics

Prior to determination of the type of foundation, its design and dimensions, the structure of soil
down to a depth of at least the effective foundation width below the bottom face or deeper than
the pile tip;-isrequired-te should be known in sufficient detail. Also, the geotechnical parameters
need-toe should be known. Therefore, soil investigations-arerequired should be carried out which

form the basis to establish the geotechnical soil parameters. Other approved parameters and
proce"lllrne may he used as well

The Ipasic information required for geotechnical design of pole foundations follows the
provigions in EN 1997-1:2004, Clauses 2 and 3, in—Europe CEN/CENELEC countried. The
plann|ng of site investigations should also follow the provisions in EN 1997-1 in—Europe
CEN/CENELEC countries considering the type of foundation planned.

Specipl considerations should be taken during the site investigations to.find the following:

— g¢gometrical data of the surface with respect to embankment slope and position of the|track;

— leyels of interfaces between fill layers and natural layers 4o,a depth of at least twige the
foundation width beneath the expected foundation level % in the case of compressible soft
grpund creating embankment settlements, the investigation depth-may can be increased;

— leyel of the groundwater table and its variation;
— types of soil and their strength and deformationproperties;
— chianges of the ground conditions along the railway;

— special condition with respect to installation of the foundation (very soft soils, rock surface,
bqulders, etc.).

The deotechnical properties for design should be evaluated according to the guidelines in
EN 1997-2 in-Europe CEN/CENELEC countries. Special considerations should be taken|when
the deformation properties of the“upper embankment fill layers should be assessed as well as
when |excavated and back-filled.material should be investigated, compacted or not.

Cone|penetration tests ‘or*dynamic probing are proposed for finding the layering and|basic
estimates of parameters. Cone penetration tests are proposed in fine-grained soils and dyhamic
probing in coarse-grained soils. Sampling and following laboratory investigations are proposed
in a rflumber of selected representative points for identification of soils and determination of
charagteristics-0f existing fill material. In situ-measurements with a pressure meter in degp fills
and cphesionless soils and field vane in cohesive soils are recommended.

Geotgchhical investigation and laboratory testing should be executed according to
ISO 22475-1,TSO 22476-2, TSO 22476-3 and ISO/S 17892 (all parts).

The site investigation should also consider the environmental conditions on the site as a basis
for assessing the durability of the foundations. See EN 1997-1:2004, 2.3, in—Eurepe
CEN/CENELEC countries.

For foundations installed by excavation and back-filling, representative samples of the filling
material should be taken and investigated considering the provisions in EN 1997-1:2004,
Clause 5, in-Eurepe CEN/CENELEC countries.

In case of concrete back-filling, the provisions in EN 1992-1-1 in—Eurepe CEN/CENELEC
countries should be followed.
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The results of the geotechnical investigations should be compiled in a Ground Investigation
Report according to the provisions in EN 1997-1:2004, 3.4, in Europe. Identification and
classification of soil and rock should follow the principles in ISO 14688-1, ISO 14688-2 and
ISO 14689-1.

Where no other information is available, the geotechnical characteristics set out in EN 50341-1
in CEN/CENELEC countries (see Table D.1)—may can used for foundation design when their
validity has been verified.

Table D.1 — Geotechnical characteristic parameters of some standard soils
according to EN 50341-1:20012012,-AnnexN-for Europe Table M.2
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y 7' (0} c’ cu
Soil
kN/m?® kN/m?® degree kN/m? kN/m?
Marl, compact 20+ 2 112 255 30+ 5 60 = 20
Marl, altered 19+2 11+2 205 105 3010
Gravel, graded 19+2 102 385 - -
Sand, loose 18 +2 102 305 - -
Sand, semi-dense 19+2 11+£2 32+5 - -
Sand, dense 20+ 2 12+ 2 355 - -
Sandysilt 18+ 2 10+ 2 25+ 5 10+ 5 30+ 10
Clayely silt 19+2 11+2 20+ 5 20+ 10 40-%(10
Loam| Silt, malleable 17 £ 2 7+2 205 - 20 +|10
Clay, [soft 172 7+2 12+ 5 6+2 1945
Clay, [semi-stiff 19+2 9+2 15+ 5 11 £)3 37 x[12
Clay, [stiff 20+ 2 10+2 20+ 5 22+ 8 75 (25
Clay Till 20+ 2 10+2 305 12+7 400 (350
Clay, with organic addition 15 +£2 5+2 15+ 5 - -
Peat,|[Marsh 12+ 2 2+2 < - -
E:;I;fal(l:,ti%r:bankment, medium 19 42 10 + 2 55"+ 5 ) 1545
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Annex E 65
(informative)

Overhead contact line for electric vehicles with pantographs
on electrified roads

General OCL properties and road characteristics

To achieve cross-national interoperability and functionality of electric road systems (ERS), the

inform
line s

Electn
they ¢

The H
circuif

accorflance with Annex E. The maximum design speed of the OCL @em (OCLS) is 100

The f
canb

- m

— hg

— electrified sections fulfil additionally minimum clearance according to Clause E.6;

- nd
dsg
di

- th

- Cr

— minimum radius of curves¥720 m; the tightest curves that can be used for a given {

m

—  maximum permitlc)@ehicle speed connected to OCLS: v, = 80 km/h;

— all

E.2

- Pg

te for RS. o

re driving and during standstill.
N4

bllowing road characteristics and operational requirem C})or electrification with
e considered as a reference: L

O

rd shoulders; s\\§\

major surface unevenness on the e Strified lane, within a 4 m long measuring sq
viation of evenness of maximum, @ m is not exceeded in longitudinal and trang
ection; K\

b longitudinal slope of the carﬁ%eway is a maximum of 4,5 %;
hbss carriageway gradiem’\;@&imum 6 %;

bde, measured as radius of the curve at the centre line of the electric truck;

height dim@i‘ons are measured perpendicular to the idealized top of the road.

Ele@al properties of the OCL

Idwity: The right contact wire pole in the direction of travel (x-direction) is the pq

P

4 ol T Lo £ 4 4 H 1 HP N 43 4 il
wCridarl. TTc T1eTt LUTIIaut Wil puUIC To LT TTTCYyauve puUlTTitidl.

The type of traction power supply system is a symmetrical system.

ntact

c road system is a system that enables power transfer to electric road eq;'r{:les whilst

RS comprises a bi-polar overhead contact line (OCL) system wi\iﬁ?éeding and feturn
s for power supply of electric trucks especially on highways, whiqB hould be desighed in

km/h.

DCLS

iitiple lanes per direction in separated drivewayséﬁ lanes running in opposite direftions
sejparated by guards; Q

ction,
verse

ransit

sitive

NOTE The positive and the negative terminals are connected to a voltage divider. Its mid-point will be
connected to earth. Thereby the nominal output voltage is equally divided into a positive voltage and a negative

vol

tage of same magnitude.

— Voltage: The nominal system voltage is DC 1,5 kV.

— Insulation: The safety requirements regarding insulation coordination should be met in
accordance with IEC 62497-1.

Insulators exposed to salt spray, for example, from road de-icing, shall be dimensioned with
greater creeping distances according to local conditions.

— Electric clearances: Clearances between live uninsulated parts of OCLs and structures or
vehicles should at least comply with 5.1.3. The safety distances specified in IEC 62128-1
and creeping distances are dimensioned according to IEC 62497-1.



This new informative annex was added to enable efficient, sustainable and international electrified transportation on roads using approved railway technologies. It gives basic requirements and examples for OCLS for traction power supply and charging of electric trucks and busses on roads to reduce the carbon footprint.
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E.3 Capacity and service life of the OCL system

The entire OCLS should be designed for vehicle sequences up to 17 vehicles (with pantograph)
per minute at v,,, = 80 km/h.

For the design of the contact wire system, a planned service life of the system of 20 years with
up to 14 million driving cycles within these 20 years is projected.

E.4 OCL properties

E.4.1 OCL mechanical properties, horizontal and vertical dimensions A
— THe tensile forces of the conductor wires should be selected from a range be n 15 kN
and 25 kN in such a way that the position parameter requirements in e E.2 and

Tdble E.3 are met. It is recommended to use a value of 20 kN. (1/

— Unless specified otherwise, the following contact wire specifications in f&e E.1 are|used.

Table E.1 — Standard contact wire specificati&g’s\

P

Phrameter Definition Cs

\ 4
Contgct wire type | [EC 62917 type AC-150 — CuMg0,5 2@ \<(/
and pfofile S\
£

Maximum 20 % in average with local exceptions permiss(?le\v)vith up to 30% at for example hard
permigsible wear points, side supports or contact wire splicg\s()

refuirements, material pairing in the contact surfa infrastructure lifetime and compliance ¢f the
remaining system with this document are assured an,d, ven.

v
2 Ofher contact wire profiles can be used as long as the ov aﬁ{pantograph-and OCL interaction, traction power
S

\Z
&
Sge 5.3 for permissible tensile stregsg%d safety factor of the contact wire.

— If pverhead contact lines with cate'n\}ry suspension are used for highway applicationfs, the
drppper spacing should be 3 m\@4 m to reduce the risk of broken wires to contac} road
velhicles. The vertical and hOIgpntal position parameters of the OCLS are given in Tabje E.2

.

and Table E.3. C)\\

-

N\
C)O
&
éo
O
&
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Table E.2 — Contact wire vertical position parameters, all values measured

perpendicular to the idealized top of the road surface

Symbol OCLS characteristics Value
HCW . Minimum contact wire height, should always be greater than the height of the n. a.
reference profile (area for traffic beneath the OCLS). At no point in time the contact
wire may violate this limit. The value shall be defined within a specific project in
accordance with local regulations. It may be equal or greater than the minimum
height for an OCLS as specified by national regulations.
HCW, Nominal height of contact wire The value should be defined in project planning n. a.
based on remaining space between HCW, . and HCW__ . ..
HCWSEfe Sal‘cty b:UﬂlallbU hUIuhtl’Danty :‘Icly:‘lt Uf VUth:U alld palltuylaph \c, O m
HCW .. siat Maximum contact wire height (static, in resting position). Maximum static height of ﬁ\\\r . a.
' contact wire without PAN contact. May be calculated for each span by §‘
infrastructure supplier based on OCL design and nominal PAN contact forces.‘\
Ve
UL c\wlmax Maximum contact wire .uplift during normal operation. This applies for the @ilyat 100 mm
the support as well as in the span. >
HCW | ax,op Maximum operation height of contact wire (incl. contact wire uplift U (\b.'This also 5)70 m
represents the upper limit of the PANs working range at nominalrr\%act force.
\
AHCH o stat Maximum height deviation between the two contact wires (s{tgt&)in resting position) | 50 mm
AHCW oy op Maximum height deviation between the two contact wire@h}amic, in operation) 80 mm
’ ¢
Maximum longitudinal inclination of contact wire bet\/\éy\ neighbouring support b %0
points
Measured relation to the idealized road surfaQde based on the projected
contact wire height A
\\‘
Maximum change of the longitudinal incﬁ@ion of the contact wire at the support B %00
points @
Measured as the change betwee contact wire supports, and based on the
projected contact wire height A$
K\
— THe two contact wires are posiﬁ@led equidistant and parallel relative to the middle pf the
electrified lane. The OCLS d\ not feature a contact wire stagger.
Table E.3‘—Céontact wire horizontal position parameters
Q-
()\ Horizontal dimensions Valup
Nomipal distance 1,15 n
The njpminal dist%ﬁatween the feeding and return contact wires, measured between the
middlg-axes of ires; except for overlap spans
Consfructi ﬁi operating tolerance for nominal distance between contact wires in relation to +158 mm
the ngmi tdontact wire spacing along the span
(Exad % e used for engineering in planning tools. on site however for practicability +160 mm
may be applied)
Construction and operational tolerance of horizontal position of contact wires +250 mm
Describes the maximum permissible deviation of the centre of both contact wires at the same
time towards the centre of the electrified lane, for example, due to wind downforce; includes
requirements for planned structures (e.g., overlap spans)

— In case of overlap spans, see Figure E.1, two equipotential catenaries feature a nominal
distance of max. 10 cm.

— The OCLS features only uninsulated overlaps.
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> Direction of travel

n+1 n+2 n+3 n+4 n+6 n+7 n+8 n+9 n+10
n: support point enumeration

Figure E.1 — Overlap span (plan view, exemplary design for anchoring,
representation without electrical connections)

E.4.2 Design of begin and end of OCLS Q
The following specific points are defined for an OCLS (see Figure E.2). The valu vep may
be copsidered as a reference and can be different due to project specifics. ™
0 Fifst support of the OCLS — Starting point of the system Qq/
e | The overhead contact lines are fed in from the side at a height >,€2§'m (safety he|ght).
1 Fifst OCLS support above electrified lane contact wire height at @) m
e | The OCLS is from here on further lowered towards the m ig%m operational height.
2 Cdntact wire lowers below maximum operational height (5®m)
e | The OCLS from this point on should comply to, the" specifications described ih this
document, for example, nominal position, distaré@ between contact wires, cleargnces,
and the maximum contact wire gradient Q
3 Cgntact wire at nominal height 0\\
Pqint after which a rising pantograph will @‘}‘ be able to reach the contact wire (af max.
pgrmitted vehicle speed, v,.y) N
e | If, at this point, the pantograph@,&raised, the pantograph-OCLS contact cannot be
established prior to reaching the\end of the system.
e | Depending on the gradient ,"&int 4 and point 5 may be reached in different sequgnce
Cdntact wire rises above ﬁj{@hal height,
Caontact wire rises above mraximum height (5,80 m). Pantographs in contact with the PDCLS
wi|l detect this and In@sr'automatically.
e | At the end of&OCLS, the contact lines are first raised to a height of > 6,0 m before
being led % the side.
e | For the @H ed end of the OCLS, the maximum gradient is 8 % until the height of|6,0 m
isre d.
7 Lgst ort of the OCLS — end of the system.
N
|« L \i“TT‘nT;‘:' Trrr=a e e e T =
g R R SR RN R AR AR
P1] Ps|

Schematic

00600

Figure E.2 — Defined points along the OCL (side view, idealized)
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For simplification, areas of lowered contact wires, for example under bridges, have not been
considered in Figure E.2.

The specific distances showed in Table E.4 are defined for an OCL section (see Figure E.2).

Table E.4 — Defined points along the OCL (side view)

Number Definition

PO First pole of the OCL — starting point of the system

P1 First support of the OCL above electrified lane height 2 6,0 m

P2 Contact wire at maximum operational height (5,8 m). Start of contact wire area where conngegtion

with a pantograph is possible. N
P3 Contact wire at nominal height C)
P4 Point after which a raising pantograph will not be able to reach the contact wire((-flb&max)
Ve Nl V4
P5 Contact wire rises above nominal height ‘q>)
(9
P6 Contact wire rises above maximum height (5,8 m). Pantographs will detth is and lower
automatically.
S
P7 Last support of the OCL — end of the system _ @
S1 Overall OCL length — also system length OS-)
AN

S2 Section theoretically available for connected operation r‘\\\

S3 Section where raising a pantograph is to be permltt’e\Q

S4 Section available for connected operation

Y
S5 Section with contact wire at nominal height . \\\.\
N
@
E.4.3 Uplift and dynamic properties&{}he OoCL
The CL system is designed in such a*&ﬁy that the resulting catenary uplift in normal opefration
is limited to < 100 mm, if the panto h contact force remains within the permissible rarge as
in Talle E.5, which ensures the imum height of 5.80 m is not exceeded.
N
During evasive manoeuvres, g-n)e pantograph might push towards one contact line only. Fof such
situatfons, the OCLS sh be designed in a way that the resulting catenary uplift is limited to
< 150|mm in case t antograph contact force increases to 300 N for a short period
(max.|0,1 s). This apﬁljes over the entire operating life of the system and thus also at majimum
contapt wire wea@‘
E.5 Cctﬂ)e':t forces
Mithout

Table E.5 — Contact forces pantograph — OCL

Definition Contact force limits
Minimum Maximum
N N
Dynamic contact force while connected 30 300
Static contact force at standstill 70 140
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Values are valid if the height difference between the collector heads stays within the defined

limits

including the following special situations.

— Dynamic contact force can be 0 N (= contact is lost), for example, at section insulators or

du

e to potholes.

— Dynamic contact force may be above 300 N for less than 300 ms while connecting/
disconnecting to the OCL or due to for example, potholes.

— If the vehicle lowers this height for operation (e.g., pneumatic springs are used to adapt to
trailer type), the maximum operating height of pantograph will be reduced as well. The
contact forces as defined above refer to the highest height of the vehicle as defined in an
interface between pantograph and vehicle. Thus, a reduced static and dynamic contact force

of
E.6

E.6.1

The c
to livd

The o
(clear
is def

In adg
conta
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line.
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detail

N
Figurg¢ E.3 shows an overvieg:;rzg'fhe clearances and the surrounding of ERS vehicles. A

the pantograph are permissible for the maximum operating height of the pantog&p
™
N4

General (1/
earance should always be kept free for OCLS traffic. This also ina&és safety dist

parts.
Q)Q

tandard clearance space is divided in the transverse%gde of the lane into ar
Ance space) below the contact wire and an area next to@q above the contact wire,
ned by possible movements of the pantograph. (@)

ERS clearance requirements

ition to the clearance for the pantograph and th%@nicle, the components of the ove

Ct line, in particular wires and cables, s [d also maintain a minimum eled

bnical clearance, both in height and width, fﬁQ& the vehicle and pantograph. This mirn

ce can be understood as the clearance g{\®nd and above the components in the ove
\

N

eral, the overhead contact line sg@m should be designed in such a way that the str
is kept clear under all operat'@g conditions.

bd view is content of Figure E.4; see also Table E.6.
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Figure E.3 — Clearance gauge overview
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Table E.6 — Clearance gauge overview description

No. Description

NL1

down lane opened to traffic

18t neighbouring lane — regular trafficable lanes, could also be, for example, an exit ramp or break

NL2 2"9 neighbouring lane — passable in exceptional cases
EL Electrified lane

BL Breakdown lane — passable in exceptional cases

CR Central reservation — impassable area

J
&

™|

&)

©

©

©
®e

-©

SN

o IEC
N
Figure E.4 - Clea@sﬁce gauge detail
)
The Hlue (lower) area in Figure E.4 is d,g‘ﬁned as the mechanical clearance profile for the
pantograph, the red (upper) area is the trical clearance profile for the pantograph. Table E.7
conta e the
blue grea during operation. The re, ea and all areas above the red area should be kep{ clear

by an

ns the defined values forth@gj bols in Figure E.4. The pantograph may only uj

y installation to prevent co\' ions.

OQ“QO
C)é
&
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Table E.7 — Pantograph clearance definitions

No. Value Description
L, Maximum Radius of clearance area for pantograph at the sides
800 mm
L, Minimum 49° Angle of the clearance profile to the side of the contact wires in any height.
Ly Minimum Width of the clearance profile to the side of the contact wires in any height
5200 mm
This value includes the lateral electrical clearance.
NOTE This value is dimensioned for an evasive manoeuvre at a maximum
permissible vehicle speed of 80 km/h in combination with a rapid lowering of the
pantograph. For diiferent speeds L3 Is recalculaied accordmgly. \
NS
L, Minimum Height of the mechanical clearance profile above the contact wires i@y eight
150 mm
Ly Minimum 50 mm | Height of the electrical clearance profile above the mechamch-]&arance grofile
Lg 4 000 mm Height of the mechanical clearance profile above the road‘a# ace. First
(see definition for the value is 4 000 mm in CEN/CENELEC ries according|to
description) European Council Directive 96/53/EC, other values be applicable, fof
example for snow covered road surfaces or speci@ulatlons in some
countries. Q)
L, See description Lifted height of the contact wires when in ¢ @t to pantograph above the|road
surface, depends on un-lifted height. A\
Lg 1150 mm Nominal contact wire distance betw/eeré}eir centres
R n.a. Idealized road surface as refera@%(
hd

In addgition to the angles of attack defined here@%the pantograph clearance, further operating
anglepg should be considered for the design§\ e overhead contact line, for example, fpr the
possilple inclination of the contact wire ter@n

@
— THe clearance height is the vertical\height measured perpendicular to the idealized road

surface from the projected nom's@ position of the lower edge of the contact wire.

— THe specified clearance profi apply under the operating conditions as designed |n the
specific project. Alternati ; it should be ensured in the project that the use of the system
is jprevented if the definedvalues (e.g., in strong wind) can no longer be maintained.

E.6.2 Contact wir@ mps
Since| butt conn » clamps, Z-rope clamps and current clamps are only used at indiyidual
locatipns on th rhead contact line, the defined angle of attack may be reduced here,|if it is

ensurgd by n that a pantograph contact horn can slide past the clamp without any impact.
The fyncti ity of the solution should be proven using sufficient tests or simulations.

E.6.3

If the construction and operating tolerances are demonstrably lower due to the overhead contact
line construction (e.g., in the case of overhead conductor rails or lowering with 2"d contact
wire), the value for the maximum uplift in the event of an accident and for the construction and
operating tolerances of the contact wire for the clearance gauge may be adjusted.

Individual verification should be provided for this purpose.


https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

IEC 60913:2024 CMV © IEC 2024 - 143 -

E.6.4

Structure gauge width — Lateral clearance requirements

The described clearance profiles apply over the entire installation area of their reference points
and parts and over a lateral area next to the electrified lane to ensure safe operation when
lowering the pantograph. The time until the pantograph starts lowering should be considered in
case no lowering command is sent by the vehicle during unexpected and fast lateral driving
manoeuvres.

Therefore, height-limiting structures in regularly or exceptionally used traffic space (including
hard shoulders) should also be considered when designing overhead contact line systems even
if they are not located directly above the electrified lane (e.g., cantilevers on exit lanes).

The c

and Tpble E.7). Height-limiting structures over non-trafficable space are not relev

E.6.5

In cag

be dejsigned by limiting the OCLS tolerances as well as the maximu 'BCL lift. Howevd
mechanical clearance height of the pantograph of 150 mm and the% rical safety dista
50 mm above the highest overhead contact wire layer should

reduc
wire (@
and (
evalu
result

earance gauge profiles contain the specifications for the clearance width (seeﬁf%g&

Clearance under bridges or height-limiting structures Qq,b‘

e of unavailability of clearances as described in this Annex E, viable.§olutions m3

I aintained in any c4g
ion of the clearance required for electrification above the jected position of the ¢
an be achieved by special measures in the overhead act line system. The loy

uiding of the overhead contact line at height-limititg structures should alwa
hted project specific for each structure, as angle (%chination, installation options a
ng contact wire position tolerances vary. Q
A\
QO
%
S&
R\
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AnnexCAnnex F
(informative)

Information on uniformity of elasticity of OCL within a span length
In case of high-speed lines, a parameter u as low as possible should be aimed at.
Table F.1 gives values for u, which are reasonable for specific types of overhead contact lines.

Table F.1 — Uniformity « of elasticity

In %
Type of contact line Running speed
km/h
200 to 230 230 to 300 Above 300
Without stitch wire <50 <40 <30
With gtitch wire <20 <15 <10
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Annex G 66
(informative)

Seismic actions for OCS poles on viaducts

The following evaluation method for the safety of overhead contact line poles on viaducts may

be used in earthquake-prone areas (see Figure G.1).

a) Evaluate the response wave of the crown of the viaduct to the ground motion.

b) Calculate the acceleration from the waveform of the crown of the viaduct, and then input

thj

the party responsible for the viaduct or substructure. This calculation cannot
by the designer of the overhead contact line supports. b‘

c) EJaluate the maximum moment of the support generated by this acceler .

d) Compare the maximum moment of the support with its limit moment tp,evaluate the s

N

3 Evaluate the maximum moment of the support @\)
q_”'_ generated by the response acceleration (')

N
q—l Input waveform into the foundatiop o@ pole ‘
M Response waveform of the cro f the viaduct

T -

[+ Compare them imum moment of
[ ‘;‘ : the support with its limit moment to
| ]! evaluate afety
] Q.

e
|

—r

\4

4 b X
X L >, -
« bl «— |Input wavefo\@ into the viaduct |

M Input gr&’u@ motion subsurface

Surface ground g

O
Ground QM ;},'earthquake ground motion
’\\C)
Figure G.1 = gi)mulation method for evaluation for the safety
@ * of poles against earthquakes

shouldl be taken

O
D
\<</C)

ssure the safety of poles.

IEC

If the|estimated ;ag#hum moment of the support exceeds its breaking strength, meg

ion of

the support. The calculation results of the above-mentioned steps need to be r@&ded by
rf

brmed

pfety.

sures



This annex was added to provide information if seismic actions have to be considered for poles on viaducts. Clarification of scope and collaboration between viaduct and OCS pole designer are necessary.
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Annex-DAnnex H
(normative)

Special national conditions

2024

Special national condition are national characteristic or practice that cannot be changed even
over a long period, for example climatic conditions, electrical earthing conditions.

For the countries in which the relevant special national conditions apply, these provisions are

normative.
Clausge Special national condition
5.14 China
Typical tolerances of overhead contact line system
In order to achieve better behaviour between the pantograph and OCS to|satisfy the pafety
requinement of the operation, the tolerances of overhead contact line system shodld be
complied with the values in Table H.1.
Table H.1 — Typical tolerances of overhead contact line system
Running speed
No Description km/h
> 120 to =200 to
<120 <200 <300 > 370
1 Tolerance of the height of contact wire
a,b,c

1.1 At register points +60 +30 + 30 0, + PO

1.2 Between adjacent register points +50 +20 + 20 0,+[0

13 ?gtr\;veen adjacent dropper points per +20 +10 +10 0, +fo

2 Tolerance of stager +50 +50 +30, -50 0, -%0

Permissible lateral deflection’of the
3 contact wire under action of cross- 400 £ 50 400 £ 50 450 £ 50 450 4|50
wind (3)

2  Fgr connecting lines\with mixed freight and passenger traffic for operation of trailers with oversized gaugle, the
cqdntact wire height\may be higher provided the pantograph is suited to collect the current with the spdcified
gyality and the“development of the pantograph is sufficient as specified in the IEC 60494 series.

b Aflevel cressings, the contact wire height shall be designed according to national directives.

¢ The cohtact wire height and wind speed to be considered will be defined in the register of infrastructure d¢fined
in[lEC 62498-2.

5.1.3 Japan

Clearances between live parts of contact lines and earth

The value for the typical dynamic clearance (ECd) in AC 25 kV (30 kV) is 300 mm.
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Whole document CEN/CENELEC countries
Normative references

Normative references are made to ISO and IEC standards. For some necessary references,
ISO and IEC standards do not exist. In these cases, references are made to European
Standards which are normative for countries which are members of CEN/CENELEC. For
countries which are not members of CEN/CENELEC, these references are only informative and
listed in the Bibliography.

EN 206, Concrete — Specification, performance, production and conformity

EN 485 (all parts), Aluminium and aluminium alloys — Sheet, strip and plate Q

EN 785 (all parts), Aluminium and aluminium alloys — Extruded rod/bar, tube and ﬁl}b iles

Q‘lx

EN 1Q90 (all parts), Execution of steel structures and aluminium structures(l/

RO

EN 1837, Execution of special geotechnical works — Ground anchors O
EN 1990:2002 + A1:2005, Eurocode: Basis of structural design C)

. ;\\
EN 1991 (all parts), Eurocode 1: Actions on structures o

N

EN 1992 (all parts), Eurocode 2: Design of concrete @tures
N
EN 1993 (all parts), Eurocode 3: Design of stee/‘s@uctures
EN 1995 (all parts), Eurocode 5: Design oé’?nber structures
EN 1997 (all parts), Eurocode 7: Geote&mlcal design
xO
EN 1998 (all parts), Eurocode {.\@‘esign of structures for earthquake resistance
EN 1999 (all parts), Eurosde 9: Design of aluminium structures
EN 1Q025 (all parts) t rolled products of structural steels

EN 10210 (allﬁrs), Hot finished structural hollow sections of non-alloy and fine grain sieels

EN 1(2@%%), Cold formed welded structural hollow sections of non-alloy and fing grain
steelq A\

EN 10149 (all parts), Hoft rolled flat products made of high yield strength steels for cold forming

EN 10164 (all parts), Steel products with improved deformation properties perpendicular to the
surface of the product — Technical delivery conditions
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EN 15273-1, Railway applications — Gauges — Part 1: General — Common rules for infrastructure
and rolling stock
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EN 50110-1:2013, Operation of electrical installations -Part 1: General requirements

EN 50182, Conductors for overhead lines — Round wire concentric lay stranded conductors

EN 50183, Conductors for overhead lines — Aluminium-magnesium-silicon alloy wires
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EN 50326, Conductors for overhead lines — Characteristics of greases

EN 5(
— Con

EN 5(
workKi

EN 5
demo
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hmmon specifications ®

488, Railway applications — Fixed installations — Electrical protectivebm asur
g on or near an overhead contact line system and/or its associated re circuit

v

562, Railway applications — Fixed installations — Process, prq{c—z?bfive measure
hstration of safety for electric traction systems Q0_)

ments
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List of comments

Overhead contact lines for electric vehicles with pantographs on roads were added in the scope
and by Annex E to enable efficient, sustainable and international electrified transportation on
roads using approved railway technologies.

Figure 1 was added for easier understanding of the scope. A distinction was drawn between
flexible and rigid overhead contact lines (OCL) by their new definitions and in all following
chapters in case of different requirements to make it clear for which of the two OCL types the
requirement applies.

[T]

Xisting definitions, symbols and abbreviations were improved and completed for pasier
hderstanding of requirements and formulas.

C

ectric requirements were added to align the OCLS design with protection principles for AC
nd DC electrical traction power supply systems given in the new IEC 63438(The short|circuit
irrent withstand capability of the OCLS has to be checked or improveyby the designer if
bcessary.

S o om

Maximum load current determination was added to avoid overheating of contact wires furing
vehicles standstill. Temperature limits given in Table 1 have to bedaken in account.

ome important requirements for sectioning and electrical Characteristics were added |n this
ause to improve the OCLS’s availability. The compliance\with these requirements haq to be
hecked by the designer for new installations and completé renewal of existing OCLS.

o oW

emperatures and copper alloys were specified moré precisely and aligned with IEC 52917
hd IEC 63190 to allow their implementation especially for low alloy copper. The footngte "a"
as added to avoid contact wire degradation by.the pantograph standstill too often at thel same
ace. For higher temperatures the possible-feduction of conductor strength should be checked
5 written below the table. That is also the case if higher than permanent temperaturg¢s are
sed for pantograph stillstand often at-the same place.

C 0O T s 0

The electrical clearances for OCLS are very important for technical and economical rgason.
Their values in Table 2 were not echanged but designated by the word "typical" as they ¢an be
re¢duced or increased under.special conditions. More explanations for such conditions gnd an
ekample for electrical clearance reducing e.g. under low bridges and in narrow tunnels by use
of surge arresters were‘added. This gives the standard users much more possibilities {o find
opt the best technicat-and economical solution for difficult applications.

gure 2 was added to show how electrical clearances between live parts and earthed
nuipment can-be reduced and checked along an insulator. This is useful for applicationsjunder
w bridges:and in narrow tunnels.

[ 2|

o

he smaller electrical clearances for section insulators in OCL with nominal voltages lespg than

k¥, were specified to allow their lighter design and better performance according fo the
Ir\lnns\fir\ne gi\/nn below

O W -

The requirement was defined more precisely to make clear in which cases simulation and or
measurement have to be used.

In this subclause some requirements for statistical analysis were added in accordance with IEC
62486. The absolute values for maximum contact force limits in Table 4 are important to
minimize the local mechanical contact wire wear and tear and to avoid contact strip damaging.

The factor Kicewind was separated in Kwind and Kice to allow a more precise calculation using
the values in Tables 6 and 7.

Based on operators experience automatic tensioning is now also recommended for train speed
below 100 km/h, this includes urban rail and electric road systems (ERS). Further damages in
case of wire breakage can be avoided by stopping functions.
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15

16

17

18

19

20

21

22
23

24

25
26

27

28

29
30
31

32

33
34
35

A new method was developed for IEC 62486 and referenced in IEC 60913 to define the
permissible lateral contact wire deviation taking in account the limit of dewirement and the point
of incipient dewirement on the pantograph head. It supports more precise calculation and
increase of span lengths.

This requirement was added as the OCL clearances have to be checked in tunnels, under
bridges and over one-level railway crossings taking in account the vertical contact wire
movement during pantograph runs.

Low speed gradients, requirements and recommendations were added in this clause for special
cases, better understanding and practice relevance.

KIETand KLCG were changed to KRP and SRP, see Definitions 3.1.1.10 and 3.1 11T ag| basis
far the contact wire height calculation.

his new subclause was added to give the tolerances to be used for lateral‘eontagt wire
bviation calculation in accordance with the new method developed for IEC 62486, sep also
bmment for Subclause 5.10.1.

Q -

(@]

his new clause was added to give requirements for span length calculation important due to
chnical and economical reasons. To take in account all these requirements can incregase or
bcrease the maximum span lengths in OCL design and new installations.

hese requirements and recommendations were added to ensure the correct use of toleffances
Liring design, installation and maintenance periods. As a.consequence, the OCL behaviour
Liring their lifetime should be taken in account by the’designer to define different toleqances
nd limits for construction and operation.

vyoo -4 o= o

Added for further clarification of scope for Clausg. 6.
G

lassification of structures based on variousGnternational standards was added for easier use
r combination with the connected local standards for structural calculation.

Al new subclause for wall anchors wascadded to be used mainly for urban rail projects, Qut not
limited to those.

Moved to Subclause 6.2.10.

Revision of the subclause-in order to get a clear approach how to calculate wind loads for
ructural and serviceability checks.

n

International consistent calculation approach was added here, in case no project specific
hd/or regionalregulations are available. The former calculation formula is now availgble in
nnex B, where additional tables for necessary parameters can be found.

a
A

This table.was moved to informative Annex B, because values from national regulations may
be obligatory.

eviSed 1o Teduce number of foad combinations due to different partiai factors:.
Revised to have a clear definition of this respective load scenario.

This subclause now contains the moved parts of Subclause 6.2.1 to 6.2.10 to get a more
consistent Chapter 6.2. Also more examples of special actions to be checked if necessary are
included.

A link to Table 14 in this subclause was added, because in the following subclauses the list of
relevant load cases was deleted to reduced doubled information.

Additional information to clarify loads at midpoint anchors are given.
The wording has been revised for more clarity and better understanding.

The wording has been revised for more clarity and better understanding.
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41

42
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47
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These subclauses have been revised to get a clear distinction between the different described
situations.

To avoid contradiction between this standard and other regulations the values were moved to
informative Annex C.

The list was updated to latest reference standards and regulations.

The table with partial factors was removed because national regulations shall be followed for
calculation of foundations.

These important recommendations were added to decrease maintenance and costs during
operatiomarndTaximize —avaitabitity T tredesigrer—shoutd—consider—as much—aspyssible
maintenance free components and copper alloy contact wires with a longer life time.

BEC 62917:2016 (Edition 1.0) is the first international standard for copper and‘\coppef alloy
fooved contact wires in OCL published in 2016-10. It gives also limits for microwaves|which
bn occur due to wrong treatment of high strength contact wires during ‘production and
rstallation and course arcing while pantographs run on the line.

=0«

EC 63190:2023 (Edition 1.0) is the first international standard for caténary wires in OCLS.

his new text part was added due to experiences in operation and should be taken in a¢count
Liring design and installation to avoid conductor breaking.

Q -

This new clause was added as mechanical requirements’and safety factors were misging in
IEC 60913:2013. It takes in account the well proven practice.

he text was improved for better understanding only.

rcuit equipment for OCL. As they replace manual earthing methods and assure pefsonal

T
This subclause was added due to the spread-and importance of automatic earthing and|short-
c

safety special technical requirements are, to be applied.

This subclause was added due to the spread and importance of monitoring devices for pnd in
QCLS. It supports the further application of these useful devices as the control OCLS ptatus
ahd working condition, are able-to avoid failures and accidents but should not deteriordte the
QCL performance.
M
T

ost of the changes in.this subclause improve the wording for better understanding.

his value was lowered to give more flexibility to test laboratories, as calculations showgd that
the influence on the test results are neglectable.

This text part was added to allow to skip, decrease or increase the number of tests arjd test
specimens-depending on the result of the previous tests.

This¢ésentence has been deleted since IEC 63190:2023 is now available.

This requirement was added taking in account test experiences. Load relieving influences
tension devices stop functions.

This requirement and the similar one in Subclause 8.5.3.2 are necessary for the validation of
the related test results.

Both test examples are used in dropper testing practice. Example a) is limited to tests with 1-
2 cycle per second. Example b) is used for tests with 3-10 cycles per second. The choice
between examples 1 and 2 should be made depending on the speed and frequency of dropper
bending during pantograph runs determined by simulation or measurements for the applied
OCL type as written in Note 2.

This modification was necessary because IEC 62621 refers mostly to IEC 61109 and IEC
61952, but takes also the specific conditions in railway applications into account and defines
additional test procedures.
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56

57

58

59

60

61
62
63

64

65

66

This sentence was added because some sectioning devices may exceed the maximum length
that can be handled in a test laboratories, which is required to carry out those tests.

The text was shortened and the wording improved. Due to the long linkage between
disconnector and drive and its influence on each disconnector performance some tests and
validations can be done only as routine tests after installation on site.

The text of this subclause was improved and aligned with the other mentioned standards.
Similarity approaches for demonstration of conformity were added to reduce test effort.

This annex was deleted because the values given in Table A.1 were calculated for very specific
conditions only.

ind load calculation was now moved to an informative annex as many countries praovid¢ local
calculation standards. This can be used as alternative way, based on IEC 60913;2043.

hancement of Gq values for other situations than Category 11/10m.
hancement of Gt values for other situations than Category 11/10m.

The table with drag factors was now moved to an informative annex-asymany countries provide
Igcal calculation standards. This can be used as alternative way, based on IEC 60913:2013.

rtial factors are now moved to an informative annex &s many countries providg local
calculation standards. This can be used as alternative way, based on IEC 60913:2013.

This new informative annex was added to enable-gfficient, sustainable and international
electrified transportation on roads using approved’ railway technologies. It gives|basic
quirements and examples for OCLS for traction\power supply and charging of electric frucks
ahd busses on roads to reduce the carbon footprint.

—

This annex was added to provide information'if seismic actions have to be considered for| poles
oh viaducts. Clarification of scope and_collaboration between viaduct and OCS pole degigner
ale necessary.
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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 calculat|ons and verifications as well
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L 3.1.1.7 Conductor rail

Figure-1 — Scope of contact line systems
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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
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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 6P660, Insulators — Tests on indoor post insulators of organic material for systems with
nominal voltages greater than 1 000 V up to but not including 300 kV

IEC 6P672-1, Ceramic and glass insulating materials — Part 1: Definitions andclassification
IEC 6P672-2, Ceramic and glass insulating materials — Part 2: Methods oftest

IEC 6p672-3, Ceramic and glass-insulating materials — Part 3: Specifications for indiyidual
materfals

IEC 6D850, Railway applications — Supply voltages of traction. systems
IEC 6P947-1, Low-voltage switchgear and controlgeary~Part 1: General rules
IEC 6[1089, Round wire concentric lay overhead electrical stranded conductors

IEC TS 61245, Artificial pollution tests on high-voltage ceramic and glass insulators to bg used
on d.q. systems

IEC 6[1325, Insulators for overhead-lines with a nominal voltage above 1 000 V — Ceramic or
glass|insulator units for d.c. systems — Definitions, test methods and acceptance criteria

IEC 6[1284:1997, Overhead-lines — Requirements and tests for fittings
IEC 6[1773, Overhead lines — Testing of foundations for structures
IEC 6[1992-1, Railway applications — Fixed installations — DC switchgear — Part 1: Genergl

IEC 6[1992=4y Railway applications — Fixed installations — DC switchgear — Part 4: Outdo¢r d.c.
discorlmectors, 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)
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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 6R621, Railway applications — Fixed installations — Electric traction — Speciabrequirements
for composite insulators used for overhead contact line systems

IEC 6R641: 2022, Conductors for overhead lines — Aluminium and aluminium alloy wires for
concentric lay stranded conductors

IEC 6R724, Railway applications — Fixed installations — ElectriC traction — Insulating synthetic
rope assemblies for support of overhead contact lines

IEC 6R846:2016, Railway applications — Current collection systems — Requirements fqr and
validation of measurements of the dynamic interaétion between pantograph and ovefrhead
contagt line

IEC 6R848 (all parts), Railway applications —~DC surge arresters and voltage limiting devices

IEC 6R917, Railway applications — FixedZinstallations — Electric traction — Copper and copper
alloy grooved contact wires

IEC 6B190, Railway applications_+ Fixed installations — Electric traction — Copper and copper
alloy ¢atenary wires for overhead contact line systems

IEC 63248: 2022, Conductors for overhead lines — Coated or cladded metallic wire for
conceantric lay stranded-¢conductors

IEC 6B438, Railway applications — Fixed installations — Protection principles for AC and DC
electric traction)power supply systems1

IEC 6B453, Railway applications — Current collection systems — Validation of simulation |of the

d iatimtaorantion bhaofia, S-S .l PPN 2N doonfitant liaoD
ynaruu mTICTaClTUT UCTwW o CTT DarmoygrTapPTT alimtad-oveTTTeau- CuTTtactrInTcZ

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.


https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

- 14 - IEC 60913:2024 © IEC 2024

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 1p721 (all parts), Steel structures

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

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definition

For thle purposes of this document, the following terms and(@efinitions apply.

ISO apd IEC maintain terminology databases for <us€ in standardization at the follpwing
addrepses:

e |ELC Electropedia: available at https://www.&lectropedia.org/

e ISP Online browsing platform: available\at https://www.iso.org/obp
3.1.1 Systems

3.1.14
contact line system
suppdrt system and contact line supplying electric energy to vehicles through current-collecting
equipment

Note 1[to entry: The mechanical system can comprise

— thelcontact line,

— strdctures and-feundations,

— supports andyany components supporting or registering the conductors,

— hedd spans and cross-spans,

— alo

] luctors,
|nclud|ng boosters as far as they are supported from contact I|ne 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;

— insteters—econnectedtotveparts:
— contact wires;

— catenary wires;

— auxliary catenary wires;

— stit¢h wires;

— droppers.

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

[SOURCE: IEC 60050-811:2017, 811-33-01, modified — "Electric energy to vehicles through"
has been replaced with "traction units with electrical energy via”.)In the Note 1 to entry "¢ross-
track [feeders; disconnectors; section insulators; overvoltage “protection devices" have| been
remoyed and "electrical connectors, sectioning devices, tensioning devices, contact wires,
catengry wires" have been added. The end of the Note A\ to entry has been removed. Thg Note
2 to eptry has been added.]

3.1.1.
overHead contact line system
conta¢t line system using an overhead contact line to supply current for use by traction units

3.1.1.4
overHead contact line
OCL
conta¢t line placed above or beside the upper limit of the vehicle gauge, supplying traction units
with glectrical energy through-roof-mounted current collection equipment

Note 1[to entry: 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
replaged with("electrical". The Note 1 to entry has been added.]

3.1.1.E

flexi i
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 linei i 2 ires—are—suspended em the
catenary wire by inclined droppers s brtical
planelin absence of a wind load

[SOU " has

been feplaced with "overhead contact line" and the synonyms have been removed. The specific
nding
e and

prting assembly
bly of components attached to the main support structure that supports and registers the
overhgad contact line

3.1.1.110

kinematic reference profile
line specific to each gauge, representing the crgss-section shape and used as a common|basis
to work out the sizing rules of the infrastructure and of the rolling stock

3.1.1.111

statid reference profile
kinematic reference profile witheut the dynamic uplift of the suspension and the vertical
oscillations of the vehicles during’operation

Note 1[to entry: See EN 15273x1 and EN 15273-3.

3.1.1./12

vertidal superelevation
margip added to’ the reference profile to take into consideration the interconnection of twq track
gradignt by veértical curves of radius

Note 1[to€ntry: See EN 15273-3.

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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15

sectioning device
device used to divide the contact line into different sections or circuits

Note 1

3.1.1.

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

16

section insulator
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

[SOU

3.1.1.

neutrpl section

sectign of a contact line provided with a sectioning point at each end to prevent succgssive

RCE: 1EC 60050-844:2017 841-36-15]
B B 3 o L |

17

electr|cal sections differing in voltage, phase or frequency from being connected together by
the pgssage of current collectors

[SOURCE: IEC 60050-811:2017, 811-36-16, modified — The word ~from" has been addgd for
betterf understanding.]

3.1.1.8

disconnector

switching device which provides, in the open position, avisible isolating distance in accorflance
with sppecified requirements

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

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

[SOURCE: IEC 60050-441:1984, 441-14-705, modified — Words "a mechanical" have|been
remoyed; "visible" has been added. The'note 1 to entry has been modified. The notes 2 tg entry
has bgen added.]

3.1.1.09

span [length

horizgntal distance between the attachment points of the conductor on two consefutive
suppdrts

[SOURCE: IEC60050-466:1990, 466-03-02]

3.1.1.R0

midpoint

point Ina‘tension length of the overhead cantact line where the conductars are fixed in pasition

to control the along track movement

3.1.1.
syste

21
m 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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Conductors

1

along-track feeder
overhead conductor mounted on the same structure as the overhead contact line to supply

succe

Note 1

ssive feeding points

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

caten
mess
longit

Note 1

[SOU
"cond

3.1.2.

contact wire

electr|c conductor of an overhead contact line with which the current collector makes ¢

and ig characterized by two clamping grooves

[SOURCE: IEC 60050-811:2017, 811-33-15, modified >~ The second term "trolley wire" has

deletgd and the words "and is characterized by two'clamping grooves" have been added.
3.1.2.4

reinfqrcing feeder

overh
it at fn

Note 1

[SOU

Iary wire
pnger wire
idinal conductor supporting the contact wire or wires either directly or indirectly

to entry: The term "messenger wire" is used in some countries instead of "catenary wire"

RCE: IEC 60050-811:2017, 811-33-06, modified — "Cable" hasobeen replacg
Lctor". — The Note 1 to entry has been added.]

3

pad conductor mounted adjacent to-the overhead contact line, and directly connec
equent intervals

to entry: The reinforcing feedenincreases the effective cross-sectional area of the overhead contact

RCE: IEC 60050-811:2017, 811-33-60]

3.1.2.

line fegeder
overhpad conductér mounted parallel to, or in parallel with, the contact line either to s
succefssive feeding points or to increase the useful cross-sectional area

Note 1o entry: Line feederis not connected directly to the OCL. It can be a parallel feeding line from the suf
or a bypassAine to transfer energy over locations where OCL of a single-track line or of a station has to be s

bd by

bntact

been

ted to

line.

upply

station
itched

off regurarty 1o supply erecuic raims oemma (s T0Catior.

[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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3.1.2.7
jumper

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
conductors or other electrical equipment”.]

3.1.3 Return circuit

more

3.1.3.4
extenided return circuit

part of the traction power supply circuit which leads the current back from the loads; su
vehicles or other equipment, to the source

Note 1[to entry: If contact is made between a live part and the return circuit, the circuit breaker should trip.

Note 2[to entry: The conductors can be
— runhing rails,

— retdrn conductor rails,

— retdrn conductors,

— retdrn cables, or

— bodster transformer return conductor.

3.1.3.2
returel{ circuit

subsegt of the extended return circuit where the“direct contact is permissible during
operational and fault conditions

Note 1o entry: The earthed phase of a three-phasg AC traction power supply system can be considered as §
circuit.

[SOURCE: IEC 60050-811:2017,.811-35-01, modified - Definition and Note 1 to entry ha
been fompletely changed.]

3.1.3.8
track|return system

systefn in which the running rails of the track form a part of the return circuit for the tr
current

[SOURCE: IEC60050-811:2017, 811-35-02]

ch as

both

return

e

action

3.1.3.
returm-conductor
cond i ] i

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

3.1.3.5
return conductor rail
conductor rail used instead of the running rails for the traction return currents

[SOURCE: IEC 60050-811:2017, 811-34-10]

riodic
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6

booster transformer return conductor
set of return conductors insulated from earth and necessary for the functionality of a booster

transf

3.1.3.

ormer system

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.

tractipn return current

sum
vehicl

Note 1
heating

3.1.4

f the currents returning to the supply source, the substation or regenerative b
s

to entry: The traction return current can also include load fed from the tractionysystems, for examp
, auxiliary supplies.

Electrical

3.1.4.
nomi
<of a
the el

Note 1
toleran

[SOU

3.1.4.

L
al voltage

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

to entry: The voltage of the contact line may differ¢from the nominal voltage by a quantity within pe
Ces given in IEC 60850.

RCE: IEC 60050-826:2022, 826-11-01, modified — Note 1 to entry has been added.

R

feeding section

electr
suppl

[SOU
have

3.1.4.
funct

equip

cal section of the route fed:-by individual track feeder circuit breakers within the
ed by the substation

RCE: IEC 60050-841:2017, 811-36-25, modified — The words "one or more substqg
been replaced with)"the substation".]

3
onal-equipotential-bonding
ptentialbonding for operational reasons other than safety

RCE: IEC 60050-195:2021, 195-01-16, modified — The word "operational" has

[SOU

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

aking

e point

art of

rmitted

area

tions"

been

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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3.1.4.6
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

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

Note 1

[SOU
been

3.1.4.
electn
conto
for sta

[SOU

3.1.4.
panto
conto
panto
and fq

[SOU

3.1.5
3.1.5.

tension length

length
[SOU

3.1.5.

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

RCE: IEC 60050-811:2017, 811-09-05, modified — In the specific use, "a contactling
replaced with "an electrical installation".]

8
ification clearance gauge

ir which contains the various live parts of an overhead contact liney allowance being
tic electrical clearances, and from which all other fixed objectssmust be kept clear

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

D
graph clearance gauge

ir beyond which must be placed any fixed structure above vehicle roof level, to allo
graph in use to pass safely, making allowance-for lateral displacement of the panto|
r passing electrical clearances

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

Geometrical

L

of overhead contact line between two terminating points
RCE: IEC 60050-811:2017, 811-33-61]

R

gradi

<of the oyerhead contact line> ratio of the difference in height of the overhead conta

abov

at twqg_successive supports to the length of the span

nt

top“ef rail (or road surface for overhead contact line system for trolleybus applica

" has

made

W any
graph

ct line
tions)

3.1.5.3

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

[SOURCE: IEC 60050-811:2017, 811-33-62]
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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
contaftwire hefght 1S always respected

3.1.5.f

nominal contact wire height
nomirfal value of the contact wire height above rail (or road surface for overhgad contagt line
systen for trolleybus applications) at a support in the normal conditions

Note 1|to entry: The nominal contact wire height is used preferentially when there.ijs/no constraint on the fontact
wire hefight, and is the height to which it returns after being adjusted to accommodate aiconstraint (e.g. level cfossing
or overpridge, etc).

Note 2[to entry: For normal conditions, refer to 6.2.7.

[SOURCE: IEC 60050-811:2017, 811-33-63, modified — The-words "above rail level" haveg been
replaged with "above rail (or road surface for overh€ad contact line system for trolleybus
applidations)". Notes 1 and 2 to entry have been added.]

3.1.5.f

maximum contact wire height

maxir’]’Eum possible contact wire height abové rail (or road surface for overhead contagt line
systefn for trolleybus applications) which¢the pantograph is required to reach, in all conditions

[SOURCE: IEC 60050-811:2017, 814-33-65, modified — The definition has been comgpletely
modiffed in order to provide greater clarity about functional aspects.]

3.1.58
maximum designh contact'wire height
theorgtical contact wire height taking account of tolerances, movements, etc., designed to
ensure the maximum+eontact wire height is not exceeded

3.1.5p
contact wire-uplift
vertical upward displacement of the contact wire due to the force produced from the pantograph

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.

1

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

inciden

Note 2

ts. Other phenomena can lead to incidents, without exceeding dewirement limits.

to entry: Under worst conditions, contact inside the limits of dewirement can occur without damag

es 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.

point
point
is ine

Note 1
exampl
wire is

3.1.6

3.1.6.
drag

aerod
force
factor]
multip

3.1.6.
partig
factor
factor
chara

Note 1
Note 2
deviati
effects
Note 3

charac
geome

3.1.6.

12

of incipient dewirement

bn the pantograph head where, due to uplift force and pantograph shape, a déwir¢ment
itable if the contact wire reaches this point

to entry: The point of dewirement is determined by the point where the gradient of the ptofile exceeds for
e 40° in CEN/CENELEC countries. Until this point and with this gradient, experience indicates that the fontact
able to return successfully into the working zone.

Structures

L
factor

ynamic drag factor

coefficient

used to consider the shape of an object expased to wind, the wind pressure |being
lied by this factor to determine the wind action
R

| factor

to multiply characteristic loads to calculate design loads on the load side (load partial

of the equation for verifying -adequate strength of components, or to divide the

cteristic strength on the materialside (material partial factor)

to entry: The partial factors should replace the safety factors applied in design approaches used bef

to entry: The partial factor_for an action is a factor, taking into account the possibility of unfa
ns from the characteristic value of actions, inaccurate modeling and uncertainties in the assessmen
of actions.

to entry: The partial factor for a material property is a factor covering unfavorable deviations fr|

eristic value of\\material properties, inaccuracies in applied conversion factors and uncertainties
ric propertiesyand the resistance model.

3

lattice structure

struct

Lire{formed from a regular arrangement of connected joints and has a solidity ratio

ore.

orable
of the

bm the
in the

of 0,6

or les

Note 1

o

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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Foundations

1

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 entry: Gravity foundations are usually shallow foundations installed by excavation and backfilling.

3.1.7.2
pile foundation
long slender foundation installed without excavation

2024

Note 1
hamm¢g

Note 2

subjected to horizontal loading or overturning moments.

[SOU
added

3.1.7.

side bearing foundation

found
conta

Note 1
applied

3.1.8

3.1.8.
curre

equip
rail

[SOU
3.1.8.

panto

appar
desig

[SOU

to entry: The cross-section can be circular or non-circular and it is installed by boring, vibrating
ring.

to entry: The foundation is flexible enough to show both rotation and deformations in thé pile eleme

RCE: IEC 60050-466:1990, 466-09-16, modified — Notes 1 and;2-10 entry have
1

3

htion normally consisting of a single block of concrete,-into which the pole of an ove
Ct line system structure or anchor bolts are embedded

to entry: The surface area of the foundation provides the resistive force to counteract the overturn m
by the overhead contact line system.

Current collectors

1
nt collector

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

"
graph
atus for collecting current from one or more contact wires, formed of a hinged ¢
ned to allew-vertical movement of the pantograph head

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

and/or

ht itself

been

rhead

bments

ment fitted to a vehicle and intended to collect current from a contact wire or conguctor

evice

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]


https://iecnorm.com/api/?name=fc45ad9994045edbe687b123ea86d0cc

IEC 6

3.1.9
3.1.9.

0913:2024 © |IEC 2024 - 25—

Current collection

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

cont%;t loss

conditfion where the contact force is zero

Note 1|to entry: Contact loss surely induces arcing except in the case of coasting. However, if two g
pantogfaphs are connected electrically each other, arc can disappear and then the condition will_shift to curre
[SOURCE: IEC 62486:2017, 3.22, modified — In Note 1 to entry, "will immediately"” was ref
by "cgn".]

3.1.98

current loss

condifion where current flowing through a pantograph is zero-under the condition of contad

Note 1
necess
Theref

[SOU

3.1.9.
arcin

flow qf current through an air gap«between a contact strip and a contact wire or in c3

conta

[SOU

3.1.1Q0 Testing

to entry: When a train is equipped with two or more pantographs electrically connected by a bus|
ary traction power can be supplied by other pantographs, through the bus cable in case of conta
re, current loss condition will generally not affect driving.'of the train.

RCE: IEC 62486:2017, 3.23]

h
!]

ct force close to zero, usually-indicated by the emission of intense light

RCE: IEC 62486:2017, 371, modified — “or in case of contact force close to zero” ad

r more
ht loss.

laced

tloss

cable,
bt loss.

se of

ded.]

3.1.10.1

sampling test

test oh 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

confo

rmity 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

oraotactad aran £
T

prejectedareaotaninsty
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 = 154
amplitude

length of specimen
length of comparison conductor between centres of.'potential points; a, = 30

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 cant

tolerance afinstallation of lateral deviation of contact wire
tolerance. of installation of vertical deviation of contact

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

lateral deviation of contact wire position issued on change of pole deflection

d+ a

bntact

under

height

dtens

ECq

ECq

FBmin

additional laasd-due towind -cnaad for carvicaabilitv in naminal caontact wira
oot oo e o a—Sp e e oo S e vreEea oty O e GO ta et

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

icewipd

Structurat response tactor tor conductors
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 jojnts

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 specimg
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

ns 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 foad on msufators

qp(z) peak velocity pressure

R4yy: Rdazz design bending resistances

Ry characteristic value of the foundation ultimate resistance
Ry 0,dmin 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 contactire
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 for accidental 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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2z sum of working tensile loads of contact wire(s)

m sum of linear masses of the contact wire(s)

2TocL total of all tolerance of the overhead contact line (IEC 62486)
Ahgr, vertical superelevation

3.3 Abbreviated terms
AC alternating current
AACSR aluminium alloy conductor steel reinforced

ACSR aluminium conductor steel reinforced

ADD automatic dropping device

DC direct current

EMC electromagnetic compatibility

EMI electromagnetic interference

ETA European technical assessment

FOCL flexible overhead contact line

OCL overhead contact line

OCLS overhead contact line system

ov overvoltage

RAMS reliability, availability, maintainability and safety

RMS root mean square

ROCL rigid overhead contact line

RTS rated tensile strength

4 Fundamental design data

4.1 |General

The function of an overhead contact line system is not only to transmit energy from| fixed
installfations, like substations to the vehicle, but also from vehicles back to substations and
auxiligry consumers using ‘regenerative braking. In order to fulfil this function, the pripcipal
features of the contaet\line system shall be designed in accordance with the requirements set
out in Clause 4. In ‘particular, the integration of the overhead contact line design with the
corregponding features of other interconnected systems, for example the power supply siystem
and the traction,system, shall ensure compatibility with the interconnected systems.

The requirements for overhead contact lines shall also apply to poles that are erecied in
conngctionh 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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4.3

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

4.4

The ovefhead contact line system design shall provide clearances for all vehicle types
used pnithe line. In particular, the following shall be determined:

a)

b)

4.5
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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.

Electrical power system design

voltage range and frequency range and their limit values, in accordance with TEC 6
corresponding to the nominal system voltage;

mean useful voltage at the pantograph for the zone and train in accordance with IEC 6
shiort-circuit current details, in accordance with IEC 62313;

shlort circuit duration, in accordance with the protection design@ocumented in accor
with IEC 63438; where the protection system employs backup,protection, for examp
theé method of protection reliability, the protection operatingitime shall be that of the b
prptection;

refiuired current rating and the corresponding paramefers (continuous, fault and short
condition);

refluired impedance limit values (AC) or resistance limit values (DC), for reasons su
respecting voltage limitations and profile ‘@t pantographs, ensuring correct ele

ristics

0850,

2313;

Hance
le, as
ackup

Circuit

ch as
ctrical

prptection system performance, and respegcting the effective touch voltage limit valfes to

comply with safety limits;
prpposed feeding system;
prpposed return system;

edrthing and stray current protection in accordance with IEC 62128-1 and IEC 62128
refluirements to mitigate EMIand facilitate EMC in accordance with IEC 62236-2;
when relevant, requirements for overvoltage protection, in accordance with IEC 6249

ingsulation coordination in accordance with the IEC 62497 series.

Vehicle._characteristics

to be

static and kinematic reference profile as well as any national or international requirements

for structural clearances;

number of pantographs in service, their spacing, and whether they are electrically linked or

independent.

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)

c)

number of contact strips, the type of material and the spacing;

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;

) nwmmwmm—cﬁm—m used
simultaneously;
m) ADD, whether fitted, and its type (damaged carbons or overheight, or both).

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

4.6 Environmental conditions

The ¢pverhead contact line system shall be designed according to the environmental
charagteristics selected from the conditions and classes set out in IEC 62498-2.

4.7 |[Design life

The purchaser may state the required design life of thessystem. Consumable componentg such
as contact wire are not included in the design life ofthe’system. Specific requirements fpr the
desighp life of these components may also be specified by the purchaser.

5 System requirements

5.1 |Design of electrical system
5.1.1 General

The ojerhead contact line system shall be designed based on the characteristics defined|in 4.2
and 4{3. The design shall take into account the return circuit system, feeder connections and
short-circuit.

OverHead contact lines should normally be electrically separated into sections and sub-seftions
by us¢ of insulators; sectioning devices, insulated overlaps, neutral sections, etc. This prgvides
operational flexibility for maintenance, emergency repair, planned directional operation, railway
tunne| safety-and neutral section.

The eleetrical characteristi nd ratings relating to insulation rdination for the ovefrhead
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
cleargnce and contact wite neight.

The ctsign shall accommodate the maximum load current of the current collector,*whan the
vehicle is at standstill.

The tepmperatures above which the mechanical properties might be impaired are gijen in
Table|1 for material compositions of tensile stressed conductors used in\contact line systems.

Table 1 — Temperature limits for material mechanical properties

Temperature
°C
Material Upto1ls Up to 30 min Permanept
short-circuit (e.g. pantograph (e.g. operating
current standstill) 2 condition)
l;lc())r:dmLaclﬁa:/r;g/high strength copper with high 170 120 80
Silver| copper alloy 200 150 100
Tin cqpper alloys (0,1 to 0,4) 200 150 100
Magngsium copper alloys (0,1 to 0,7) 200 150 100
Alumipium alloys 130 - 80
ACSHR/AACSR 160 - 80
a TH e.:?.e values are applicable for exceptional operational cases and should not happen too often in the[same
pdsition.

NOTE For novel’products it can be necessary to reduce the limits until sufficient operational experience hgs been
gained

For tgmpeératures higher than those in Table 1, the possible reduction in conductor stjength
accorging/to the duration of the raised temperature should be checked and, if necessary, the

H : £ 4l 1 4 L [T : ! (Wi 4l L 1 1l 1 [T 1
d|mel SIUTTS UT UTT CUTIUUTLUT STidiT UT TNTLTTSdoTU AallUu7uTn UTT WUTRITTY TUaQU oSTidll VT TTUULT

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-carrying capacity of their conductors and the current distribution in these condtictors
should be calculated and provided by the power supply system design for the adjustment|in the
protegtion relays.

51.3 Clearances between live parts of contact lines and earth

The dfir clearances between the live parts of the overhead contact lineysystem or pantograph
head jJand earthed parts of the fixed installations, and those of vehieles, shall be defined to
achieye acceptable availability of service and to limit damage to these assets. The gafety
cleargdnces identified in IEC 62128-1 shall apply for protective provision against direct contact.

NOTE | For the purpose of 5.1.3, "earth" in the context of DC includés equipment connected to the tractior] return
system|as well as parts in contact with earth.

For technical and economic reasons, typical air clearances between earth and the live parts of
the oJerhead contact line system are stated in Table 2. These values are based on opergtional
exper|ence and have provided a proven acceptable level of performance and reliability.

The dlearance values given in Table 2 may be reduced or increased depending on various
paranjeters, for example highest permanent voltage, transient voltage conditions, switchirlg and
thundprstorm conditions, overvoltage)protection, absolute humidity, the ambient tempefature
range} air pressure, pollution, relative air density, measures to avoid short circuits with |birds,
shapg and material for both .energised and earthed structures (refer to IEC 62498-2 and
IEC 6p497-1). Each case, however, shall be considered individually.

In ar¢as where overvoltage can occur very often due to lightning or where reducg¢d air
cleargnces occur, surge arrestors, supplementary insulation or other means may be used in
accorflance with_IEC 62497-1, if the electrical clearances to earthed structures are not
sufficient.

The fgllowing provides an example of reduced clearances by the application of surge arresters:

— foroverhead contact line systems with nominal voltage U, = 25 kV (overvoltage cafegory
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 v

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 IEC 60850.
a8  Only for existing systems.

hlue for the static case is a value to be applied to the elecftrification clearance gaug

P as a

minimum air clearance between the live parts of an overhead\contact line to fixed objects. The

value
panto
panto

Differ
detert
surge
this "
clears

for the dynamic case is a value to be applied t¢-a temporary case, for examp
graph clearance gauge or the live parts of anfoverhead contact line during up
graphs or the designed wind speed flow.

hinations taking in account duration. For example, it is improbable that an overv

Hynamic" or temporary case, thedise of a dynamic clearance, also called "pa
nce, is justified. A usual train_.stop at a railway line, for example in a station, c

e the
ift by

bnt clearances for "static" and "dynamic" cases are justifiable by probabilistic

bltage

will occur at the same moment whenva pantograph passes a narrow part of a tunnel. For

5sing”
an be

considlered as a temporary case duecto the limited duration. It is almost improbable that & train

stops
clears
case,
also.

Electn
The n
clears

with the pantograph at the;closed point to a fixed earthed structure with the dy

the pantograph clearance gauge with the dynamical (passing) clearances may be a

cal clearances'in air for insulators may be designed and measured according to Fig
neasurement-approach in Figure 2 shall not be used for safety clearances. For
nces, thesapproach set out in IEC 62128-1 shall apply.

hamic

nce between and at thec'same moment an overvoltage surge will occur. For this temporary

bplied

ure 2.
safety
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Key

1 ear
2 ins
3 live
a val
b 10

IEC

hed equipment

lator sheds

equipment

e of static clearance (EC) given in Table 2

nm

Figure 2 — Static electrical clearance inairbetween live parts
of an insulator and earthed equipment

For s¢ction insulators, it is allowed to reduce the.static values of typical clearance in T

for dy
and W
value

Highe
regulg

For uf

- 25
- 35

The p
conta
chara
impul

hamic performance of the pantograph and,everhead contact line system, where necg
here the intended operation and mainténance regime is compatible. The reduced
5 for section insulators shall not be less than the dynamic clearances in Table 2.

r minimum values for section insulators may be specified by national ruleg
tions.

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

mm for 750 V, and
mm for 1,5 kV.
rimary function of section insulators is to provide operational sectioning of the ove

ct line (system. To meet this functionality, the required electrical perforn
Cteristic»is to maintain integrity during switching and shall provide a minimum

able 2
ssary
static

and

rhead
hance
rated
ctrical

be s voltage at least equal to the switching impulse voltage (Ugg.e). The ele

perfor
compl

5.1.4

iance with national rules and regulations.

Clearances between adjacent live AC contact lines of differing voltage pha

jeéct to

ses

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) +26 3456 366 260
35 (27,5) 120 43,3 400 230
35 (27,5) 180 50 540 300
25 (30) 90 35,3 500 350
25 (30) 120 43,3 500 350
Valuek in brackets are highest permanent voltage in accordance with IEC 60850.

When|a pantograph passes the overlap of a phase separation séction, a phase to phase voltage
acts hetween both contact lines for a short period. Therefore, the clearances between both
conta¢t lines shall be selected in accordance with the dynamic clearances set out in Tdble 3.
Thesq clearances shall be maintained at all times.

5.2 |Design of overhead contact line for current collection systems
5.2.1 General

The design of both the overhead contactiline system and used pantographs shall take into
account the required line speed.

The performance of the overhead contact line, when interacting with a pantograph, shiall be
assesfsed in static and dynamig-¢onditions. For new types of OCL or new types of pantogtaphs,
dynamic behaviour shall be'predicted in the design phase by computer simulations. These
simulations shall later on be verified on the installed overhead contact line system with
measlirements. For existing OCL and pantograph designs which have already been uged in
operation, at least measurements shall be performed to confirm design and installation gpality.
For operhead contact’lines with line speeds of up to 100 km/h, computer simulations and
measyirements at fine speed need not to be performed.

The pimulation programs shall be validated in accordance with IEC 63453 and the
measyurements shall be undertaken in accordance with IEC 62846.

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 The value u is also named "degree of non-uniformity".

NOTE P Low values of elasticity do not always give a small variation.

The e]asticity and its variation depend upon the configuration of the overhead contact ling. For
the oJerhead contact system, the following main factors shall be taken.into account:

— for FOCL: 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 both: span length, type of support (e.g. cantilevertype) and registration;

Elastigity and variation may be specified by the purchaser.

The e]asticity should normally be calculated and measured with a value of force equal to either
the mgan contact force at maximum speed ordouble the static contact force. Information jabout
reasopable values is given in the informative ‘Annex F.

5.2.3 Vertical movement of contact point

The cpntact point is the point of thé-mechanical contact between a collector head's contagt strip
and a|contact wire.

The oyerhead contact line'shall be designed in such a way that the vertical height of the cpntact
point labove the track(is)as uniform as possible along the span length; this is essent|al for
high-quality current collection.

The maximumrpérmissible difference between the highest and the lowest dynamic contact point
height withinsone span shall be in accordance with the limit set out in the purghaser
specification:

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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where

y

C

>z

is the wave propagation velocity of the contact wire, expressed in m/s;

is the Qun1nfthn\mnﬂdngtpncﬂpInadq annnfnnfmﬁnﬂQ)’pyprnqendin N:

(2)

>m
5.2.5
5.2.5.

OverH
curref

The li

— dy
— CUu

— CQO

is the sum of the linear mass of the contact wire(s), expressed in kg/m.
Quality of current collection
L General

ead contact lines and pantographs shall be designed and installed te ensure acce
t collection performance at all operating speeds and whilst at standstill.

namic behaviour of the overhead contact line and the pantograph;
rrent flow across the interface between contact strigs and contact wire;
ntact areas and the number of contact strips;

- m

- S

— environmental conditions;

— ggometry of the contact line;
— elasticity and their uniformity;
— contact wire tensile load;

- P
5.2.5.

The 9
conta
which

The d

terial of contact strips and contact elements_of the overhead contact line;
ed of the train, the number of pantographs in operation and the distances between

ntograph design and contact force.
R Contact forces

verhead contact'line system shall be designed to withstand the maximum permi
ct forces befween the pantograph and the overhead contact line. The aerodynamic ¢

verhead contact line system shall be designed to minimize contact loss betwee

e cycle of the contact strips and contact wires essentially depends on the following:

occur atthe maximum permissible speed of the vehicle shall be taken into account.

btable

them;

ssible
ffects

n the

panto

praph and the overhead contact line.

NOTE 1

and external factors, for example track quality, vehicle suspension, etc.

Contact loss can occur during testing and operation caused by the statistical behaviour of the interaction

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.

Wher¢ contact forces are used to define the current collection quality, the mean valuf and
standgrd deviation of contact force shall be the main assessment criteria. When assessing the
dynamic behaviour and current collection quality, the limits for mean contact force*(F{) and

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

Table 4 — Contact force limits

Contact force limits
System Speed
Maximum Minimum (statistical)

km/h N N
AC <200 3008 >0
AC 200 < V' = 320 850 >0
AC > 320 400 >0
DC <200 3002 >0
DC > 200 400 >0

a8 340 N for short single rigid components, such'as section insulators, or transition between FOCL and ROCL
sylstems in overhead contact line systems updo 200 km/h.

For urban rail systems, the static,’contact force is recommended to be at least 60 N. If{lower
value$ are used, it should be(demonstrated, that the dynamic behaviour of current collection is
acceptable and the temperature limits for the contact wire according to Table 1 are follpwed.
For trplleybus systems, the*static force values are specified in 5.13.5.

Additipnal requirements for contact forces for interoperable lines are given in IEC 62486

5.2.5.3 Contact loss

A high quality of current collection is achieved through continuous mechanical contact befween
the caontact 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,

The vlnaximum permissible working tensile stress ¢, of a contact wire dependson the
paranjeters defined in 5.3.2 to 5.3.8. All of these parameters shall be weighted with@n'indiyidual
factorf The minimum tensile failing stress o, of the contact wire shall be multiplied by the
produrt of these factors and a safety factor » not greater than 0,65 to_get'the maximum
permigsible working tensile stress.

The vplues in Table 5 may be interpolated.

The maximum permissible working tensile stress to be applieddto-unworn contact wire shall be
determined using Formula (3):

K

w

xnx Ktemp X Kiyear X

Ow = Omin ind X Kicg?*Kett * Keiamp * Kjoint [N/m2] (3)

Formula (3) gives the minimum requirements.which can be increased by national regulatfons.

5.3.2| Maximum temperature Ko,

The tensile strength and creep behaviour of contact wires depend on the maximum working
tempgrature. The factor Kiemp €Xpresses the relationship between the permissible tensile stress

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

Table 5 - Factor Ky, for contact wires

Ktemp
Contact 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.

-l 4)

wTdl

wherg
i the permissible wear expressed as a proportion of the total cross-sectional area.

I

X

5.3.4 Wind loads K;,q

The dffect of wind load on maximum contact wire tensile strengthcdepends on the desjgn of
overhpad contact lines. The factor K,;,4 depends on the wind load and the type of the ovefrhead

conta¢t 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 }lhd

Contgct and catenary wire automatically tensioned 1,00
Contgct wire automatically tensioned and catenary wire fixed termination 0,95
Singl¢ contact wire automatically tensioned 0,95
0,80

Contgct and catenary wire fixed termination

5.3.5| Ice loads K.,

The dffect of ice loads-Bn maximum contact wire tensile strength depends on the desjgn of
overhpad contact lings:-The factor K;., depends on the ice loads and the type of the overhead

contagt line and provision shall be made as set out in Table 7. In some tropical zong and
tempgrate zoneareas where ice does not appear on wires, K., may be 1,0 in any condifion of

Table|7.

Table 7 — Factor K;, for contact wires

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 effectofjomntsTsconsideredby-thefactor K~ This—strattbe—equatto—t66-fmojomt Tomt i B0 joints are
adopted or if the values of tensile strength and the percentage elongation after fracturg at a

joint grea are in accordance with the specified values of the wire material. Otherwise,| Kjqn

shall be equal to the ratio of the tensile strength of joints to the higher calculated. rated tensile
strength of contact wire. The minimum tensile strength of the joint shall be innaccordancg with
IEC 6pR917.

5.4 |Mechanical design of catenary wire loads
5.4.1 Permissible tensile loading F,,
The maximum permissible working tensile load of catenary*wire depends on the parameters

defingd in 5.4.2 to 5.4.7. All of these parameters shall be ‘weighted with an individual fl'jlctor.
The minimum breaking load Fg,;, of the catenary wireyshall be multiplied by the product of
these|factors and a factor n not greater than 0,65 t0 get the maximum permissible working
tensil¢ load.

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 Ko,

The factor Kigm-Shall be selected from the values in Table 8. At higher working temperafures,

the factor 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 (01t00.7)°® 1.0 1.0
Steel 1,0 1,0
ACSHR/AACSR 1,0 0,8
a8 C0 according IEC 63190.

b C1 to C7 according IEC 63190.

For new products, it should be considered to use lower valuescuntil sufficient operdtional
exper|lences has been gained.

For mpximum working temperatures above 100 °C, the reduction of conductor strength ovier the
life of|the wire shall be determined by type tests. The factor Kiemp shall be adjusted according

to the|residual strength of the wire as shown in Table8.

5.4.3( Wind loads K;,q

Wind Joad is defined by a factor K,,;,4. This factor shall be selected from Table 9 according to
the cqrresponding wind velocity and type-of‘termination.

Table 9 — Factor K,,;,,4 for stranded conductors

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

5.4.4 | <Jce loads 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

Type of termination Kice

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 e%&ﬁwmfmﬁfmrm@mﬁﬂwﬁMHW i Tttt i i Slamp Wi 1,00
if the [clamping force is equal to or more than 95 % of the calculated rated tensile stiength

(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 effect of vertical loads acting on catenaries is considered by the factoer K|,,4 equal fo 0,8.
For catenary wires without loads acting, the factor K4 shall be equalto 1,0.

Dropger loads are not included in consideration of the factor Kjq,q-

5.5 |[Mechanical design of other stranded conductots

For stranded conductors other than catenary wires, the requirements of 5.4.1 to 5.4.7 sha]l only
apply|if the working load exceeds 40 % of the-calculated breaking load of the stranded
condyctor.

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

5.6 |Mechanical design of solid wires

Solid wires in overhead contact line systems other than contact wires shall not be loaded over
40 % pf the minimum breaking Joad.

5.7 |Mechanical design of ropes of non-conducting materials
5.71 General

Ropes formed-from non-conducting materials may be used only up to their calculated working
load. | Particular attention shall be given to shearing loads, bending radii, termination
arrangeméntand elongation. These requirements apply to ropes which are made from synthetic
fibresTand 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,i.q4

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 —leeloadsi

“ice

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

5.7.5

Termination clamps K¢ 3mp

The effect of termination fittings shall be considered by the factor K ,mp:

= 1,00 for cone end termination fittings;

lamp —
lamp = 0,80 for other kinds.
Vertical loads K|,,4

The effect of vertical loading shall be considered using the factor K|, ,4:

NOTE
the ovHg

5.7.7

The €
Table

ad = 0,7 when vertical loads attached;

aq = 1,0 without loads attached.

Examples of vertical loads to be considered are direction indicators or feeding cables for traffic light
rhead contact line.

Minimum bending radius- K, _4i,s

ffect of the radius on the ropes shall be considered by the factor K,,4;,s accord
11.

Table 11— Factor K, for ropes of non-conducting materials

5.8

5 or for

jng to

radius
Bending radius r K adius
m
rz1 1
05<r<1 0,9
02<r<05 0,8
0,1<r<0,2 0,7
r<0,1 0,5

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.
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Tensioning device for flexible overhead contact lines

2024

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

lin

e!

— shall absorb elongation of the wires, and

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

For speeds above 225 km/h, both catenary and contact wires should be automatically;tens

separ

For adtomatically tensioned equipment, local tension in the overhead contact line can var

to the

acceptable variation of tension in the overhead contact line shall be cénsidered.

5.10

5.10.1 Lateral deviation of contact wire

Under defined environmental conditions and mechanical\telerances, the lateral deviation

contagt wire and the pantograph shall be such that ifds“sufficiently improbable for the ¢
wire fo slide off the pantograph head unless spegifically designed to do so at contac
takeoyer points.

The definition of the permissible lateral deviation of the contact wire from track centr

shoul
and a
point
the in

The Igteral deviation of contact wire shall not exceed the permissible lateral deviation be
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effect of along track movement of registration arms or cantilever ) frames. The max

Geometry of overhead equipment

i be based on checks against the working range of the pantograph head (serviced

bf incipient dewirement. The method of determining is described in IEC 62486 ba
eraction between pantograph and overhead contact line.

pighbouring supportipoints under predefined environmental conditions. Therefor

ct wire are specified in accordance with the installation design of overhead contact
ler shall be «defined to minimize wear and heating of contact wire and pantograph
bnally, thé/stagger shall achieve the required mechanical and electrical clearances
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vallue determined according to working ranges of pantographs on trains passing ¢

ioned

due
imum

of the
bntact
t wire

e line
bility)

jainst the limit of dewirement (limit of stability for lateral interaction) taking in accognt the

ed on

ween
e, the

br at support points' and the span lengths between two neighbouring support poipts of

lines.
strip.

1 as a
n the

! " (I [ . ) 4 n H ) L
I CAPTULLICU TalTlal UTVvIiallUuTT UT 1T LUTMtaLl WITTS UITT T TITTT.

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, dug to local conditions, for example bridges, a variation in contact wire height is_.necegsary,
this shall be achieved with a gradient as small as possible. Design values for‘gradient and
chandes of gradient shall not exceed the values set out in Table 12 as a function of speef. For
constfuction and operation, larger change of gradient than values showh in Table|[12 is
permifted. See 5.14.

Tahle 12 - Recommended maximum contact wire gradients.for flexible contact lines

Speed up to Maximum gradient Maximum change of gradient
km/h %o Yoo
10 1/17 60 1/33 30
30 1/25 40 1/50 20
50 1/40 25 1/40 25
60 1/50 20 1/100 10
100 1/167 6 1/333 3
120 1/250 4 1/500 2
160 1/300 3,3 1/600 1,7
200 1/500 2 1/1 000 1
250 1/1 000 1 1/2 000 0,5
> 250 0 0 0 0

NOTE Due to reasons of the terrain characteristics, it is sometimes difficult to achieve 0 gradient, even in|design
phase,[in order to_avoid increasing cost of civil structures such as tunnels.

For construction and operation, different change of gradient than values shown in Tablgd 12 is
permifted.~See 5.14.

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 hnighf shall 9|\AIQyQ be grnnfnr than the hnigh’r of the reference
taking
arcing

rofile

The nj
panto

5.10.4

into consideration the electrical clearance in air and a vertical superelevation,.to
between the contact wire and the earthed parts of vehicles.

inimum contact wire height shall also be greater than the minimum working height
graph.

.3 Minimum design contact wire height

The nmpinimum design contact wire height shall be calculated by,summation of all down
move

Ve
do
do
ef

The a
cases|

5.10.4

ltisp
minimum and the maximum désign heights of the contact wire.

Speci

5.10.4

The
worki
Consi

ments of the contact wire and the minimum height. Consideration shall be given to

rtical tolerance on the track position,
wnwards installation tolerance for the contact wire,
wnwards dynamic movements of the contact wire, and

ects of ice load and temperature on the cofiductors.

bpropriate combination of tolerances shall be applied with respect to the static or dy

.4 Nominal contact wire height

brmissible to set the nominaltheight for an overhead contact line in the range betwe;

fic requirements for.contact wire heights for interoperable lines are given in IEC 62

.5 Maximum design contact wire height

aximunm design contact wire height shall be obtained by deducting from the max
g height of the pantograph the possible upwards movements of the contact
deration shall be given to the following:

avoid

of the

wards

namic

en the

186.

imum
wire.

ve

rtical tolerance or 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
I HCWg min__ _
a1
a2
a3
\J ay
HCWmin
ECg or ECy
R | v
| SRP OL-SRP.
IEC
Key
LPupp upper operating position of pantograph or collecter(see IEC 60494-1)
LP, lower operating position of pantograph or collector (see IEC 60494-1)
WR working range of pantograph or collector (see IEC 60494-1)
KRP kinematic reference profil height
SRP static reference profile height
Ahg, vertical superelevation
EC electrical clearances
HCW_, minimum contact wire height
HCw,_ L~ maximum contact wire'height
HCW,4 L., minimum design contact wire height
HCwy .. maximum design contact wire height
HCw, | nominahcontact wire height
a, verfical 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

2024

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;

- dhole lateral deviation of contact wire position issued on change of pole deflegtion
under additional load due to wind speed for serviceability at nominalcontact
wire height;

= dbypp lateral deviation of contact wire position issued on movement.of/cantilever for
changed wire temperature;

- dlgns lateral deviation of contact wire position issued on reduced tension forde of

Natiopal requirements and conditions can apply to values ofcthe“above listed tolerances.

5.10.¢ Span length

The s

The 9
permi
tensidg

Asses
servig
load g@

For calculation of deflection of the contact wire, wind loads shall be applied to the conta

caten
clamp

The in
conta

wires considering efficiency and tolerances of tension-devices.

ban length influences the interaction betweenpantograph and overhead contact lin

pan length between consecutive suppéft points is determined by track cury
5sible lateral deviation, wind loads and system parameters, for example contad
n and maximum permissible staggef:

eability requirements detajled in Clause 6; national conditions can apply. At high
lasses, the combined agction of wind and ice load shall be taken into account.

bry wires. When designing a fully optimized system, the wind loads of dropper wirg
s shall be taken_into account.

teractiombetween contact and catenary wires shall be considered for inclined ove
ct lines,yparticular for the effects of wind.

ature,
t line

sment of the wind load onx'individual conductors shall be in accordance with the

er ice

tt and
s and

rhead

wable

When

designing span lengths, consideration should be given to the maximum allo

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

NOTE

5.11

in areas of reduced encumbrance and for turnouts and crossings.

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.

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
ensurg_that both contact WITes are fiited when beling traversed by a pantograpn} The
tempgdgrature-related longitudinal expansions of contact wires shall be considered whentadppting
such femedies.

5.12 |[Overlap arrangements

Overlaps shall enable the pantograph to pass from one tension length to the next without $peed
reduction or interruption of the power supply to the traction unit. Theynumber and lengths of
spang including the differences in the length of adjacent spans and.the contact wire graflients
within| overlaps shall be designed such that the permissible range“of contact forces arg met.
The maximum running speeds and track radii shall be taken int6'account.

For overlaps in automatically tensioned equipment, the supperts of both contact line equipments
shall enable the unrestricted movement of the contactline due to the temperature r¢lated
longitudinal expansion.

For insulated overlaps, the minimum dynamic electrical clearance specified in 5.1.3 shall be
maintained between the conductors formingcthe overlap under the specified environmental
condifions. Higher minimum values of clearance for insulated overlaps can be specified by
natiorjal regulations or purchaser specification. Uninsulated overlaps should be permahently
conngcted by a jumper. Insulated overlaps should be connected, during operational cond|tions,
by a disconnector or via a substation.

In rigld overhead contact linexsystems, alternative components may be used to serje as
overlgps to prevent significantdynamic uplift of the pantograph providing they comply with the
permigsible contact forcesyin 5.2.5.2.

5.13 [ Specific requirements for overhead contact lines for trolleybus systems
5.13.1 General

The typical ‘characteristic of an overhead contact line system for trolleybus applicati¢ons is
double contact wires that are electrically 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:
— 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;

. the tgnte urve [ may be used 10 a gliver sured

the radius of the curve to the centre line of the trolleybus;

a

— rofd surface gradients: the steepest gradients that may be used for a given transit|mode
without compromising reliability or safety of operations.

The distance between the feeding and return contact wires shall be eithef J0;60 m or 070 m,
with a8 maximum tolerance of 15 mm.

If one|pole of the DC system is earthed or connected to the return @ircuit of a tram or light rail

systefn, the contact wire of this pole shall be mounted on the outside of the right-of-way (see
Figurg 4).
Yzzzzzzzzzzzzzzzzzzzzqzzzzzz:.dzzzzzz7Zz. 4
= / ————— =32
U J -—5/— ......... i
s 3

Key
1 limit of the carriageway
2 overhead contact line: (=) return wire; (+) feeding wire

3 axig of right-of-way,

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

The assemblies of an overhead contact line (wires, suspension, switches and crossing] shall
be so|pésitioned as to allow:

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

— overtaking of another vehicle of the maximum admissible dimensions for road vehicles.
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5.13.3 Vehicle characteristics

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

5.13. Current collector system

In particular, the following information shall be considered for the current-coltector:

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;
trglleybus horizontal displacement from overhead contact line.

current collector dimension and type;

construction characteristics of the current collector and all equipment that compris¢s the
ovierhead contact line, such as switching and crossing points;

static contact force between the current collector and contact wire;

rapge of the contact forces related to the dynamic movement of the vehicle and variation of
the height of the overhead contact line;

type of contact line.

NOTE | EN 50502 for CEN/CENELEC countries provides information regarding safety requirements and conpection

systemp for electric equipment in trolley buses in Europe.

5.13.8 Static contact forces

The r@nge of static contact force applied to feeding and return wires shall be between 70 N and

120 N for each wire.

5.13.6¢ Trolleybus in the vicinity of tramways

It is {ypical, especially~for an urban area, that trolleybus and trams run under the [same
suppdrting system. In this case, the overhead contact lines for both systems are suppor{ed by

the sgme suspension.

The djstance . between the contact wires for trolleybus and tramways shall not be less than the

distance between the feeding and return wires.

In anyTasE, the fottowingsiratt-bedetermimedanmd-mcorporatedimo the systenmr desigm:

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 sections to facilitate maintenance activities.
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Tolerances and limits

2024

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 cl

imate, 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

additi’mnlly defined The rplq’rinnqhip hetween the tolerances and limits for construction and the
limits [for operation shall consider the possible changes of parameters over time.befween
inspe¢tion and maintenance periods.
NOTE The parameters are documented for the purpose addressed in 9.5 and handed over to-maintenancg entity
(e.g. infrastructure manager).
NOTE P Limits for interoperable lines are defined in the Energy Technical Specifications-for Interoperabilify (TSI)
for couptries of the European Union. These limits can be used as a guideline for non-jinteroperable lines, as flefined
by the purchaser and the system designer.
The tglerances and limits shall be implemented in the design and kept during constructign and
operation.
Table[13 shows examples of the parameters for which tolerances and limits should be defined.
The types of parameters are divided in four main groups)in the order of their importance fo the
systefn. In each main group, examples of parametefs for tolerances and limits are giyen in
relatign to construction and/or operation. The specific values shall be defined by the system
desigper. Table 13 shows for which parameters" tolerances or limits should be defingd for
construction and/or operation.
Normal behaviour and change of OCL.parameters during defined maintenance periods and
compepnents lifetime shall be taken in.account to ensure sufficient degree of freedom.
It is necommended to define different values for construction and operation to be usgd for
maintenance period through its)life cycle
Taple 13 — Important-parameters to assist in the definition of tolerances and limjts
Type_of\parameter Tolerances Limits To be defined for:
construction operatjon
Type A, safety.related
Dimension ‘of foundations X X
Positien-of-fetndations-perpendiettarto-traets X X X
rotation angle of masts
Safety clearance, electrical clearances,
! b : . 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
PR o et 1 dient
chande of gradiente T gen X X X
Type |C, compatibility related
Geonletrical tolerances of component interfaces X X
Type |D, aesthetics related
Pole height to align their tops X X
Inclingtion of poles, inclination of horizontal X X
cantilever tubes
NOTH "X" denotes parameters that do apply.
Refer|to Annex H for special national conditions requiremeénts.

6 S

6.1
6.1.1

tructures and foundations

Basis of design

General

The dim of Clause 6 is the proof of-structural safety, which can be subject to local laws or

condit
accor
stand
CEN/

NOTE
referen

6.1.2

CENELEC countries!

ces are informative. See also Annex H.

Basic requirements

durin

Strch

thieir intended life,

ions. For this reason, structures for overhead contact lines may be designed in
jance with the general principles contained in 6.1.2 to 6.1.8 or refer to the interngtional
prds, national standards”or national regulations or as described in EN 1990:2002 for

References made.to EN-Standards are normative for CEN/CENELEC countries. For all other countrieq, these

ures._for overhead contact line shall be designed and constructed in such a way that,

— 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.
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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 e.]uiplllcllt aswettasthe bafuty of puupic.

Servigeability limit states correspond to certain defined conditions beyond which\spgcified
servide requirements for an overhead contact line are no longer met. \Sérvicepbility
requirements concern the mechanical functioning of supports, foundations,. ¢conductors and
equipment and the unrestricted transmission of electric energy to the vehicles:

Thereffore, serviceability limits require consideration of deformations_and displacements which
affect|the use of the overhead contact line and any damage which isdikely to affect the durpbility
or funfction of the supports and equipment adversely.

Servigeability limits may be given in the purchaser specification.

Desigh with reference to ultimate limit state and seryiceability limit states shall be carrigd out
by:
— setting up structural and load models for relevant ultimate and serviceability limits|to be

considered in the various design conditions-and load cases,

— copnsidering design values which are_generally obtained by using characteristic valyes as
ddfined 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
parts), EN 1998 (afl.parts) and EN 1999 (all parts) for CEN/CENELEC countries, and

¢ | in national standards or purchaser specifications,

— verifying that the limits are not exceeded when design values for actions, material properties
and geometrical data are used in the model, and

— referring to-Eurocodes in CEN/CENELEC countries, alternative standards or experimental
ddta for materials not covered by this document.

6.1.4 L ~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

a

— Cgnstruction and maintenance loads (Opk) take into account working procedures,/tem
guying, lifting arrangements, etc. The characteristic values QOpk for constructio

ion in accordance with 6.3.2.7.

maintenance loads are deterministic values stipulated to guarantee the Gafety of stru
and people.

6.1.5

Reliability levels

In principle, overhead contact lines can be designed using certain_reliability levels with rg
to varjable loads which are described by probabilistic laws., Ttie reliability level can be
on thg return period T of a climatic action, for example windAoad, ice load, combination o

loads

ice loads and loads caused by temperature change.

Structures for OCL shall be classified as consequence class 2 structures according to ISO

This |
CEN/
given

NOTE
numbe

6.1.6

pads to a classification for OCL support structures to importance class Il (EN 199§
CENELEC countries) and risk category Il (ASCE 7 for US). Different classification g
in national standards or in purchaser specification.

Damage or loss of class 2 structures ag¢cording to 1ISO 2394 does not lead to big societal impact
of fatalities (examples: smaller buildings, minor bridges and minor tunnels).

Models for structural analysis and resistance

Calcujations shall be performed using appropriate design models involving relevant vari
The models shall predict the structural behaviour and the serviceability and ultimate limit g

They
exper

should be based” on an established engineering theory and practice, v
mentally if necéssary.

Concegrning thefinteraction between foundation and soil, special attention should be paid

loads
of fou

derived'from the supports, loads resulting from active soil pressure and permanent V
ndation and soil and buoyancy effects of groundwater on soil and foundation. Tog
e_reaction forces of the soil strata, these effects shall be taken into account

:torary

static

and
ctures

spect
based
f wind

2394.
-1 for
an be

br high

hbles.
tates.
prified

to the
veight
jether
when

if 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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esign value F4 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 genperal, the partial factor for actions yg takes account of the possibility of unfavolirable
devialions of the actions, inaccurate modelling and uncertainties in the assessment of the
effects of actions. For deterministic calculations including accidental loads, the partial ffactor
may He applied to the effect of the characteristic values of action, i.e. on the conductor tensile
load ipcluding the effects of wind, temperature and ice.
The design value Xy of a material property is generally defined as:
X
Xq=—H (8)
™
The phrtial factor y,, for material property covers unfavourable deviations from the charactgristic
value | Xy of the material property, inaccuracies in‘applied conversion factors, and uncertginties
in the|geometric properties and the resistance~tmodel.
In the|design of any component or their.¢dnnection, it shall be verified that:
Eq <Ry (9)
wherg
E4 i the total design value of effects of action such as internal forces or moments of their
cpmbination;
E4 i a functionof the actions in a certain design situation:
Eq = f(v6Gx - ywOwi 7191k - 7pOpi  7cQck » Y4 Ak ) (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 mlore details, refer to EN 50341-1 in CEN/CENELEC countries.

6.1.8 Wall anchors

When| designing a wall anchor on a new superstructure, it shall be confirmed that the imjpacts
caus€gd by the overhead contact line system do not impair the serviceability and ultimatg limit
stated of the superstructure.

When| designing a wall anchor on an existing superstructure, & condition assessment shall be
carried out. The results of the condition assessment indicate if'\remedial work to ensure that the
superptructure is not compromised is required. If it is not possible to determine the substrate or
the mpterial is not covered by the European Technical Assessments (ETA) for CEN/CENELEC
countfies or other regional or national regulations, the wall anchor shall be tested when it has
been |nstalled to verify that the forces generated by the overhead contact line system dgan be
transferred to the superstructure.

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

It is not necessary to carry out a_foll verification of the overall superstructure if it can be
determined that the loads imposed by the overhead contact line system are within the capacity
of the|superstructure.

Based on experience fromicalculations and test results, it is recommended to limit the tedt load
of wall anchors to the twice the value of the characteristic load effects. This recommendation is
for the¢ design of new wall anchors on existing superstructures and the reuse of existing wall
anchdrs.

6.2 Actions-on overhead contact lines

6.2.1 General

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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Permanent loads

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:

— CQO
— CQO
— CQO

— CQO

The c

6.2.4
6.2.4.

Desig
methd
altern
desig

nductor under the action of ice load,

nductor at both the design temperature and the minimum temperature,
nductor under the action of maximum wind load, and

nductor under the combined action of wind and ice load.

haracteristic values are Ock, Owk> Ok and Opk-

Wind loads
1 General

h of wind load on overhead contact lines shall be undertaken in accordance with sta
ds, for example in national standards or in EN,4991-1-4 in CEN/CENELEC countr
ptively in accordance with methods described<in 6.2.4.2 to 6.2.4.7. For the stru
n of the supports, the wind velocity having a return period of 50 years shall be used

for th¢ verification of the serviceability the return period for wind velocity shall be given

purch

For s
stand

If the

hser specification.

rviceability, it is recommended to.use a wind return period of 3 to 5 years or use ng
brds.

site concerned is located:onvhigh viaducts or bridges, the wind velocities to be used

considler the relevant height above ground.

6.2.4.
Peak

" Peak velocity-pressure

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

q,(2) :%xvaj xc,(z) [N/m2]

ndard
ies or
ctural
whilst
in the

tional

shall

(12)

where

p
Vb

ce(2)

is the air density, expressed in kg/m3;
is the basic wind velocity, expressed in m/s;

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

l'errain characteristics

Height above ground level

Ground roughness of the terrain
Exposure factor c¢_(z)

Terrain orography

Wind turbulence

Furthér information can be found in Annex B.

6.2.4.3 Wind forces on conductors

Wind [pressure on conductors causes forces transverseto the direction of the line. Fromn two
adjacent spans, the wind force on a support shall be determined by:

+L
QWC:qp(z)xGdexCCxle 2 xcos%d [N] (13)

wherg

qp(Z) is the peak velocity préssure, expressed in Nm~2;

Ge is the structural response factor for conductors taking into account the response of
moveable conductors to wind load. The factor G should be determined according to
national expenience. 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 valuegp 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)XGlnsXCinsXAins [N] (14)

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

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 values may be

ins

given in the purchaser specification;
is the area of the insulator projected horizontally on a vertical plane perpendicdlar to
the axis of wind action, expressed in mZ2.

The wind force on other components shall be calculated using the equation-and appropriate
drag fpctors. In many cases, wind loads on insulators or line fittings will bervery low in proportion

to thal from other sources.

The cpnsideration of wind force on insulators with a surface arearless than 1,1 x 1072 mZ2|is not

necesgsary up to a height of 25 m above ground in urban areast

6.2.4.p

Wind forces on cross-spans and cantilevers

The wind forces acting on cross beams, head spans/and cross-spans as well as cantilevers
shall be determined by summing the wind actions enrthe individual elements. The wind aftions
on the individual elements can be determined.“by the formulae specified in 6.2.4{3 for

conddyctors, 6.2.4.4 for insulators and 6.2.4.7 0¥ other structural components.

6.2.4. Wind forces on lattice structures
For Iqttice structures of rectangular(cross sections, the wind forces shall be calculated from
Formdla (15):

Owt = gp (2)XGa (1+O,23in22®)(clat1 X Agt100S°® + Ciagp X Aiatzsin2®) [N] (19)
wherg
qp(2) is'the peak velocity pressure, expressed in Nm~2;
Gat is the structural resonance factor; for lattice structures, this should be taken ag 1,05;
Clat1 is the drag factor for the lattice structure face 1 in a wind perpendicular to this face;
Clat2 is the drag factor for the lattice structure face 2 in a wind perpendicular to this face;
Ajat1 is the effective area of the elements of the lattice structure face 1, expressed in m2;
Azt is the effective area of the elements of the lattice structure face 2, expressed in m2;
(0] is the angle between wind direction and the perpendicular to structure face 1 (see

Figure 5), expressed in degrees.
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Figure 5 — Wind action on lattice steel structures

Alternatively, the wind force may be calculated in accordance with EN 1991-1-4, EN 1993-3-1

in CEN/CENELEC countries or national standards or pUrchaser specifications.

The Hdrag factors C|;; depend on the solidity* ratio as described in 1SO 4354 and
EN 1991-1-4:2005, 7.11, for CEN/CENELEC gountries. An appropriate value is C,; = 4,8 for

latticq structures with square or rectangular ¢toss-section made of angle sections.

6.2.4.f/

Wind force on poles shall be calculated from:

wherg
qp(2)

str

Wind forces on poles

Owstr =d4p (Z)XGstrXCstrXAstr [N] (16)

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

is the structural resonance factor for a structure. For self-supporting steql and
concrete structures typically used for overhead contact lines, G... shall be 1,0.|0Other

str

str

values may be used if determined from relevant standards or methods published by
an international, European or national standard body;
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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Csr =20
—

ICstr =14

IEC

6.2.5

Ice lo
condu

and th

expogure to wind. Definitions for ice loads are given in IEC 6249842, "The ice loads sho

given
If spe

6.2.6

Wher¢ the combined actions of wind and ice loadJare considered for the design of ove

Figure 6 — Definition of drag factors for double channel pole

Ice loads

Aads are created by accretion due to hoar frost, precipitation icing .orrwet snow
ctors of overhead contact lines. The characteristic ice loads g depend on the c

at the
imate

e local conditions, for example the height above ground, the proximity to lakes and the

in the purchaser specification.
Cified in the purchaser specification, ice on structures(shall be considered.

Combined wind and ice loads

conta

accre
An al
the ¢
factor

aerodynamic drag factor as 1,0.

An ing

specification. The equivalent diameter D, in metres of the ice accretion shall be calculated

assur‘Led as acting on structures and equipment without ice and on conductors wi

ct line installations and structures, 50 %>0f the wind load according to 6.2.4 m

ion. The ice loads shall be used accarding to 6.2.5 taking consideration of DI as follg

ild be

rhead
Ay be
h ice
wing.

rnative value may be given in thépurchaser specification. This is a simplified method of

bmmon cases of considering independent variable actions by additional combi
5. The unit weight force p, of"the ice may be taken from appropriate standards af

rease in the diameter of the ice accretion should be considered if given in the purg

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

hation
d the

haser
from:

(17)

where
d s

p| iS

the conductor diameter without ice measured, expressed in m;

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

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;

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

NOTE | The following temperatures are used in many European countries: minimum temperature —20 %C;*gmbient
referenjce temperature +5 °C; temperature with ice loads (and combined wind and ice load where relevant) -5 °C;
reference temperature for calculation of tensile force as a constant action is +15 °C. The temperatures’/can He used
when cpnsidering the tensile load of the conductors.

Tempgrature effects are considered as variable loads, but for structural calculations the partial
factorp for permanent loads may be applied for the permanent and variable part of the tensile
force ps design is based on a deterministic value.

6.2.8 Construction and maintenance loads

Loadqg due to construction and maintenance activities shall be considered, taking into adcount
workinmg procedures, temporary guying, lifting arrangemegnts; etc. Recommended valueg of at
least [1,0 kN shall be assumed for the horizontal crosssbeams of portal structures and af least
2,0 kN for other types of structures, acting vertically{These forces shall act at the individually
most |unfavourable nodes of the cross-beams otvat the attachment points of supports or
conddctors to the structures.

Strucfural elements need not be designed for'such loads where appropriate working pragtices
are adopted. Details should be given in.the'purchaser specification.

The cpnfiguration of the overhead ¢ontact system during the construction stage may result in
highef loads than the final configuration. The climatic conditions during the intermediate phase
shall be considered as part ofthe design.

6.2.9 Accidental loads

Accidental loads are'specified to take care of failure containment and emergency situatigns. In
generpl, at any _cenductor attachment point to a structure, the relevant residual stati¢ load
resultng from th€Trelease of the tension of a contact wire, catenary wire or line feeder shall be
appligd. It js\sufficient to consider accidental loads for structures at the end of tens|oning
sectigns of for anchor structures of mid-span anchors in accordance with 6.3.2.7. Details ghould
be giyefin the purchaser specification together with a definition of associated load gases,

PR VA" RO Rppacav > cooHato e e oOr—CoeiaeRete erent
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 n

eed 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.

Detail

6.3
6.3.1
6.3.1.

For th
shall

led requirements should be given in purchaser specification.

Types of structures and related load cases
Load cases and load combinations
U General requirements

le design of conductors, equipment and supports including foundations, ultimate limi
pe determined by consideration of the load case giving thé. maximum load effect in

indivigual element.

Conduictor tensile forces shall be determined according to the loads acting on the cond

in the
the at

load case under consideration. The force components of the conductor tensile for
fachment points of the support including the effect of vertical and horizontal angleg

be talen into account properly. The loads on the supports shall be selected taking into ag
the dgfined function of the support in the overhiead contact line system. Where a support ¢

out s

veral functions, for example a tensioning structure also carrying cantilevers, the

unfavpurable combination of the loads that'can occur simultaneously shall apply.

The

state
each

ictors
Ces at
shall
count
arries
most

urchaser specification may give additional requirements, if necessary. Short-ter

condifions occurring during installation and re-construction activities shall be sep

consi

The s

ered.

andard load casestare defined in 6.3.1.2 to 6.3.1.7. The applications of these load

are shhown in Table 15%and 6.3.2.

The téemperature)conditions described in 6.2.7 shall be considered for respective load ca

There| arerelations between environmental conditions like temperature and wind velocity|.

6.3.1

load
rately

cases

5EesS.

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 str

uctures 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.——Lead-easeFAceidental-Heads

Permanent loads together with the unintentional reduction of one or several conduetor forces
shall be considered.

6.3.2 Type of structures and application of load cases
6.3.211 General

The Igdad cases that shall be considered are summarized in Table 14

Desription of individual structure types, along with supplementary details where applicable, are
provided in 6.3.2.2 t0 6.3.2.15.

6.3.2.R Cantilevers

Cantilevers carry the overhead contact line of ane-or more tracks. They may be fixed fo the
suppdrts by hinges allowing the cantilevers to, rotate around a vertical axis, providihg no
resistance to longitudinal loads from the overhead contact line. Alternatively, cantileverd fixed
rigidly| to the structures offer resistance against longitudinal forces created by the ovefhead
conta¢t lines.

6.3.2.B Head spans

Head|spans carry overhead(contact lines by means of rope elements and insulators junder
tensil¢ load only.

6.3.2.4 Rigid cross-span structures (cross-beams, portals)

Rigid cross-span,structures consist of moment resistant structures which can either be fixed at
all joimts or be-built as a two-hinged frame.

6.3.2.p 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 7a * K

b) ncont * Teont X YA X £

where
Hgat is the number of catenary wires;
nehnt 1S the number of contact wires;
Tkt is the catenary wire tension, characteristic;
Thnt  is the contact wire tension, characteristic;
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), mi

ancha
used

6.3.2.

A mid
to the

6.3.2.

r and midpoint anchor structures against wire breakagefthe above given loads sh
bs accidental loads, not as operating loads.

B8 Midpoint structures

boint structure is designed to resist the radial-forces from the midpoint anchors in ad
other functions such as carrying the cantilevers.

D Poles for head span or rigid cross-span structures

A polg or structure for head span or rigid' cross-span structures is designed to resist the

result
cross

6.3.2.

At str
differg

NOTE
mainly
the hor

6.3.2.

ng from any kind of cross-supporting structures such as head spans, cross-beam
spans.

10 Structures for horizontal catenary wire arrangements

nt heights simultaneously.

A horizontal catenary wire is an arrangement where the contact wires are supported from wires t
in a horizontal position. This arrangement is mainly used within urban areas. The masts or buildings
zontal'wites are fixed can be relatively far from the tracks.

14</ Tensioning structures

Hpoint
all be

dition

orces
s and

ictures for horizental catenary wire arrangements forces act in several directions and at

hat are
where

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 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:linges

Strucfures with additional overhead power lines carry the loads from overhead lines and take
care gf other functions within the overhead contact line installation.

6.3.2.14 Anchor supports

Anchgr supports are structural elements to resist the tensile forcés terminating wifes of
overhpad contact line system.

6.3.2.15 Structure foundations

Foundations shall be considered in accordance with 6.5,

Table 15 — Load cases to be considered for each type of structures

['ype 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 & "

12 | Cantilevers hinged X X X X X -
10 | Cantilevers rigid X X X X X X
2 |Head spans X X X X X X a
3 |P¢rtals/ Cross-beams X X X X X a
4 | Syspension structures X X X X X -
5 |Pyll-off structures X X X X X -
6 [M|dpoint anchor X X X X X X
7 | M|dpoint structures X X X X X -
8 Structures for flexible and X X X X X X 3

rigid cross-supports
9 | Structures for horizontal X X X X - X

catenary wire

arrangements
10 | Tensioning structures X X X X X 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).
f Mipimum temperature to be considered with no other climatic action. See 6.2.7.
9 The normal ambient reference temperature to be assumed for the extreme wind load condition. See 6.2.f.

h Temperature to be assumed with ice loads and combined wind and ice load, where relevant. |See 6.2.7.

6.3.3 Partial factors for actions
6.3.3./1 General

The upe of factors is standard practice according to ISO 10721%(all parts) or national standards
and irf CEN/CENELEC countries EN 1993 (all parts) for steelstructures, EN 1999 (all parts) for
alumipium structures and to EN 1992 (all parts) in for.concrete structures. The partial factors
are sgparated into partial factors for actions and partidlfactors for materials. The relevant partial
factorp for actions and for materials are specified inithis document. For conditions not cgvered
in thisfdocument, partial factors may be taken fromJIS0O 2394 or national standards and EN 1990
in CHEN/CENELEC countries for structural _design or may be taken from the purghaser
specification. The applicable partial factors ‘are summarized in Table 16 or can be defiped in
national regulations.

6.3.3.2 Permanent actions

The partial factor for permanent actions of self-weight is yg and for permanent actigns of
condyctor tensile forces is yo5~A value of 1,3 is recommended; alternative values may be|given

in thg purchaser specification. Where the self-weight of any element acts favourably, i.e.
reduc|ng 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 partial-factors y, for wind loads, y, for ice loads and yc\ for conductor tensile forces

under| the\action of wind or ice loads, a value of 1,3 is recommended. Alternative values may
be givjentin 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

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
Consfruction and maintenance y, - - - - 1,5 -

a8 Equipment removed.

b R¢commended value.

6.4 |[Design of cross-span supports and structures

Analysis of internal forces and moments

imternal forces and moments within structures and cross=Span supports as descriﬁ:ed in

ether

being| statically determinate or statically indeterminate $structures or flexible rope sydtems.

10721 (all parts) or national standards.’and EN 1993 (all parts), EN 1090-1 and
1090-2 in CEN/CENELEC countries for steel structures,

14229 (in CEN/CENELEC countries) or national standards for timber structures,
12843 (in CEN/CENELEC countries) or national standards for concrete poles,
1992 (all parts) (in CEN/CENELEC countries) or national standards for concrete

— national standards and EN:1999 (all parts) for aluminium structures (in CEN/CENELEC

lemenis.of cross-span supports of contact line installations are loaded in compregsion,

tensign, bending or torsion. The calculation of the resistance of elements shall consider the

type dfilead 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 10721 (all parts),

ISO 630 (all
(in CEN/CENELEC countries) for steel structures,

parts),

national

standards and EN 1993-1-1

— 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 Verification of resistance

The Verification of resistance shall demonstrate that the resistance, taking into\account the
relevgnt material and structure behaviour partial factors, is higher than the effects’of actiop with

their lelevant partial factors applied.

6.4.5 Verification of serviceability

The deformation of supports and all other structural components shall be kept in permigsible
limits fo guarantee the serviceability of the overhead contact line \Detailed requirements ghould

be giVlen in the purchaser specification.

The deformation can be calculated using the methods of<tatic analysis as described in [6.4.1.

Typeq of tolerances and limits are given in Table 13.

6.4.6 Material for structures

Concerning suitable materials, reference shalllbe made to national standards or to the follpwing

standards.

Steel materials shall comply with. the requirements of ISO 10721 (all parts), ISO 630 (all
pdrts) 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 10[164 in
CEN/CENELEC countries ;or national standards. Structural steel grades S$235J0/J2,
S2375J0/J2, S355J0/J2 and"S355J0/J2 according to EN 10025 (all parts) in CEN/CENELEC
coluntries or equivalent.grades are preferred. Where different steel grades are progosed,
thé¢ performance at{low temperatures should be considered, for example through the yuse of
impact testing or'by long-term experience.

Welding consumables shall comply with the requirements of EN 1993-1-8 in CEN/CENELEC
coluntries orynational standards.

Uge of-higher strength steel grades that are outside those specified on the above standards
arg_acceptable. The suitability of these steel grades shall be assessed considering 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

Strucfures and cross-span supports shall be designed to fulfil their intended working life. To
ensurg their longevity, steel components shall be protected against corrosionsCopper, copper
alloy [and aluminium components do not always require protection, due\fo” their material
propefties. Plastic components do not corrode, but their longevity in sefvice will need|to be
assured.

Galvahizing of steel parts is standard practice as described in |[SO-1461. In addition, a| paint
coating over galvanizing applied in plant (Duplex system) can‘be recommended, subject to
earthipng and bonding requirements. The coating material should'be lead-free and in accorflance
to nafional labour safety regulations. The galvanization specification shall be in accorfance
with 18O 14713 (all parts). The execution of steel and aldminium structures should comply to
EN 1090 (all parts) for CEN/CENELEC countries or national standards.

Moreqver, the guidelines established by operators should be applied accordingly.

Generally, it is presupposed that the execution of work is carried out with the necessarly skill
and agequate equipment.

6.5 Foundations
6.5.1 General

Subclpuses 6.5.2 to 6.5.12 contain details on the geotechnical and civil engineering deslign of
foundptions for overhead contact lines, which are important and sufficient for the desjgn of
structpres.

NOTE | Subclauses /6:5.2 to 6.5.12 are essentially based on EN 1997-1:2004 and EN 1997-2:2007 for
CEN/CENELEC c¢ountries and refer to these two standards where appropriate.

Alternatively, foundations may be designed by referring directly to EN 1997-1:2004 and
EN 199752:2007 in CEN/CENELEC countries or national standards. Where these standargs are
used, they shoufd be supptemented with additionat Tequitements taken from 6.5.2 10 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;

— foundation construction and installation;

— special loads;

— electrical resistance of the foundation to earth.

6.5.3

The |
found

Calculation of actions

bads resulting from the pole and structural design as well as the dead load
htion itself and the dead load of the soil shall be considered with their designwvaly

specified in 6.3, 6.4 and 6.5.2.

6.5.4
6.5.4.
Subcl

The g

Geotechnical design
L Basis of design

huse 6.5.4.1 gives the general principles, which apply when designing foundations.

parts)| in CEN/CENELEC countries or national standards within the project specificatio
singlel pole arrangements, the geotechnical category 1_fray be applicable. The procedures of

geote

chnical category 1 should only be used if negligible risk exists with regard to d

stability.

NOTE

Geotechnical category 1 can be assumed for relatively simple structures

— forlwhich it is possible to ensure that the fundamental requirements will be satisfied on the basis of exp

an

- w

The

I qualitative geotechnical investigations, and

th negligible risk.

ollowing factors shall be, considered when determining the geotechnical ¢

requirements:

— site conditions with respect'to overall stability and ground movements;

— nature and size of the“structure and its elements, including any special requirements
as| the design life;

— conditions with regard to its surroundings;

- gr
- gr
- re

bund copditions;
bundwater conditions;

jidnal seismicity;

bf the
es as

eotechnical category of the foundation shall be defined in“accordance with EN 1997 (all

h. For

verall

prience

esign

such

— influence 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

struct

ure 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 anc
8.2, i
found
count

For d¢sign and construction, the following should be considered:

- to
or

- th
be
lay

different directions shall be assessed on both ultimate and serviceability limit states
agcount of the stiffness of the pole itself;

— when calculating settlements of the foundation, also the settlement of the embankmen
should be considered.

The r
desig
install
CEN/

For s
purch

6.5.4.

Prior

paranjeters—-Annex D gives guidelines for soil investigation and selection of geotec
paranjeters.

nored poles are used to stabilise the structure, limit states for anchors in EN 1997-1
h CEN/CENELEC countries or national standards, shall also be considered:
htions are used, the limit states for piles in EN 1997-1:2004, 7.2, in CEN/CEN
ies or national standards, shall also be considered.

national standards, should be considered;

p type of foundation and method of installation for pole foUndations along railways ¢

ered ground conditions normally accounted for;

iting values for displacements of the top of the{foundation (due to angular rotati

sults of geotechnical design of théfoundation should be summarised in a geotec
n report, including the type and_dimensions of foundations and special requiremer
lation and supervision, if anyi>For more information, refer to EN 1997-1:2004, 2
CENELEC countries.

pecifications on geotechnical design methods and formulae, refer to the resp
Aser specification,

P Geotechnical design by calculation

o the design, a soil investigation shall be performed to establish the geotechnical g

2004,
f pile
ELEC

avoid effects of frost, the provisions in EN 1997-1:2004, 6.4, in(CGEN/CENELEC countries

hould

chosen with respect to the special geometrical conditions of the ground surface and the

bn) in
aking

itself

hnical
ts for
.8, in

ective

esign
hnical

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 g

eneral design formula has the format of Formula (18):
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where

E4 is the design value of the structural load;

Ry is the characteristic value of the foundation ultimate resistance;

™

NOTE

(18)

§ the partal Tactor Tor the resistance.

Additional requirements for the selection of characteristic values for geotechnical parametersiare d

EN 1997-1:2004, 2.4.5.2, in CEN/CENELEC countries.

If the
accor
literat

In ca

soil investigations do not yield other values, the soil characteristics (may be asg
jing to Annex B (where applicable), an appropriate code of practice, in the re
ure, or the respective purchaser specification when designing the foundations.

e of groundwater, the reduction of load carrying capacityCof the foundation d

buoygncy shall be considered when analysing the foundation 'taking into account the

unfav

The d
sideb
chara

burable groundwater table.

lesign resistance of foundations depends on the type of foundation (e.g. pile found
paring foundations and gravity foundations), the/type of load as well as on th
Cteristics and installation conditions. The stability of a foundation under overt

momgnts or axial forces as well as the pressure between the foundation body an
surroginding soil shall be verified. Alternatively, ¢he verification of the foundation may be ¢
out bgsed on characteristic values with the application of proven calculation models wher

have

6.5.4.

Load

found
found
proce

Gene
count
made
situat

been proven by long-term experience:

¢] Load tests and tests oncexperimental models

btions or to test the (strength of individual foundations whether test or prod
btions. Details concerning the preparation of tests, the testing arrangement, the t
Hure and evaluation.are given in IEC 61773.

iven in

umed
evant

ue to
most

ation,
e soil
irning
d the
arried
b they

ests or tests on experimerntal models form a valuable method for justifying the design of

Liction
bsting

ies or in mational standards. In this case, a special program for the load test sho
considefing the site conditions, type of foundation installation procedure and actua
ons. PDeformations at variable loads should be considered.

al rules for design by load tests are given in EN 1997-1:2004, 2.6, for CEN/CENJ‘ELEC

Id be
| load

p1773

The results of the load test shall be reported and evaluated. For evaluation, refer to IEC
and the literature or national standards. For load testing of piles, refer to EN 1997-1:2004,

Claus

e 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.

The ralzting and calculation of forces and bending moments and the installation of conerete side
bearing foundations shall be carried out according to EN 1992-1 (all parts) in CEN/€CENELEC
countfies or national standards.

For special structural requirements on spread foundations refer to EN 1997-1:2004, 6.8 in
CEN/CENELEC countries or national standards.

in CEN/CENELEC countries or national standards. Where applicable, the rules for desjgn of
non-r¢inforced concrete shown in EN 1992-1-1 in CEN/CENELEC countries or in ndtional
standards should also be applied.

The rFing of the steel reinforcement shall be carried out in accordance with and EN 1992-1-1

The sfructural design of piles depends essentially on/the’type of pile. Piles are loaded by axial
and shear forces and by bending. The maximum combined loads shall be determined and the
crossisections shall be verified by adoption ofcrelevant standards such as EN 1992-1-1 in
CEN/CENELEC countries for concrete piles and 1SO 10721 (all parts) and EN 1993-{1-1 in
CEN/CENELEC countries for steel piles or national standards respectively. The internal {forces
and mjoments can be calculated using appropriate methods presented in the literature and/or
provefl by long-term application.

NOTE | Additional information about structural design of piles is given in EN 1997-1:2004, 7.8, for CEN/CENELEC
countrigs.

If applicable, the limitation of\the deformation shall be considered in accordance with 6.5,.7.

6.5.5 Partial factors for foundations

The pfartial factors for the geotechnical design depend on the type of foundation and th¢ type
of loafling.

Valuep of(the partial factors shall be selected from EN 1997-1 for CEN/CENELEC countiies or
natiorlalfstandards, taking into consideration the appropriate geotechnical parameters and
desigh+redet

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 |n two
directlons considering the overlapping resistance zones in the ground.

Wher¢ applicable, for example for rectangular foundations loaded by moments in different
direct|ons, stability may be verified using Formula (19).

Moy  Maze 4

19
Rdyy Rdzz ( )

wherg

Mgyyy, Mgz, are design moments, expressed in kKNm;

Ryyy: Rdzz are design moment resistances, expressed in kKNm.

6.5.7 Calculation of displacements

In order to guarantee the serviceability. of, the contact line, the displacements shall be I|mited
accorfling 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. Deformation|of the
foundption shall be considered asl/a contribution to the overall structure deflection.

A significant contribution to.the displacements may be carried out by using adequate mgthods
as depgcribed in the literature, for example based on the subgrade moduli of the soil [strata
encoyntered.

The methods fortealculation of displacements are those given in the appropriate codes of
practige, for example as given in EN 1997-1:2004, 2.4, for CEN/CENELEC countries, or|in the
respeftive national annex, or in the relevant literature, or those which have been used with
satisfactofy 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

Specipl attention shall be paid to the interaction between support and foundatiorm, espgcially
wherg fatigue has an influence. It is standard practice either to arrange ancher bolts |n the
foundption and fix the support to these anchor bolts. For design of anchor bolts,|referenceg shall
be made to EN 50341-1:2012, Table K.2 (Design of holding-down bolts),in®CEN/CEN[ELEC
countfies or national standards.

Supports may be inserted into the foundation body. The dimensions of the holes |n the
foundption body shall be large enough to enable adjustment of the support. A space of 0,1 m
between the hole and the support is advisable. This space may be filled up with sand, fine
grave| or concrete. A layer of concrete shall be placed over‘the hole to prevent water ingress;
a thickness of at least 0,2 m is advisable. The requirements-o6f EN 1992-1-1 in CEN/CENELEC
countfies or national standards concerning the concrete~covering should be applied.

To prptect the supports against humidity and the\aggressiveness of the soil, the top pf the
foundption should be arranged above the soil surface; a height of at least 0,3 m is preferable.
The tgp of the foundation should be shaped te~avoid standing water.

In urbjan areas that are publicly accessible, a protection should be put around the base ppf the
pole.

6.5.1Q Protection against corrosion and weathering

The protection of foundations against weathering and corrosion shall be achieved by selgction
of apgropriate concrete quality and a sufficient compaction. If steel reinforcement is used, the
requirements given _in )EN 1992-1-1 in CEN/CENELEC countries or national standards
concerning the concrete covering should be considered. In addition, to limit any craicks a
structpiral reinforecement may be applied in the caps of concrete foundations according fo the
requinements of\the purchaser specifications.

The slupports and foundations of structures for DC railway installation need to be profected
again1t 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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