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BS EN 15273-3:2013+A1:2016 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of
EN 15273-3:2013+A1:2016. It supersedes BS EN 15273-3:2013, which
is withdrawn.

The start and finish of text introduced or altered by amendment is
indicated in the text by tags. Tags indicating changes to CEN text carry
the number of the CEN amendment. For example, text altered by CEN
amendment A1 is indicated by ) 1.

The UK committee draws users’ attention to the distinction between
normative and informative elements, as defined in Clause 3 of the
CEN/CENELEC Internal Regulations, Part 3.

Normative: Requirements conveying criteria to be fulfilled if compliance with
the document is to be claimed and from which no deviation is permitted.

Informative: Information intended to assist the understanding or use of
the document. Informative annexes do not contain requirements, except
as optional requirements, and are not mandatory. For example, a test
method may contain requirements, but there is no need to comply with
these requirements to claim compliance with the standard.

When rounded values require unit conversion for use in the UK, users are
advised to use equivalent values rounded to the nearest whole number.
The use of absolute values for converted units should be avoided in these
cases. For the values used in this standard:

0 km/h has an equivalent value of 0 mile/h

70 km/h has an equivalent value of 43 mile/h
80 km/h has an equivalent value of 50 mile/h
140 km/h has an equivalent value of 90 mile/h
160 km/h has an equivalent value of 100 mile/h
200 km/h has an equivalent value of 125 mile/h
250 km/h has an equivalent value of 155 mile/h

Gauging practices used in Great Britain are documented in Railway Group
Standards, published for the GB main line railway industry by Rail Safety
and Standards Board Limited (RSSB), www.rssb.co.uk. Railway Group
Standards are freely available from www.rgsonline.co.uk.

The gauging practices used in Great Britain diverge significantly from the
International Union of Railways (UIC) gauging practices used in much of
the rest of Europe. Although Railway applications — Gauges
defines a number of different gauging methodologies and applications,
the underlying philosophy is that of the UIC method of gauging, which
depends on the use of reference profiles. It should be noted, therefore,
that and Railway Group Standards sometimes use the same
terms, but with different meanings. The terminology used in one cannot
be used to interpret the requirements of the other.

Definitions of standard vehicle gauges specifically intended for use in
Great Britain, with application rules for infrastructure and rolling stock,
are set out in the relevant Railway Group Standard.

National Annex NA gives the definitions used in Great Britain for some of

the key terms used in BS EN 15273
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Mandatory European requirements relating to structure gauges are set out
in the High Speed Infrastructure Technical Specification for Infrastructure
(HS INF TSI), and the Conventional Rail Infrastructure Technical Specification
for Interoperability (CR INF TSI). Both TSIs contain GB specific cases relating
to structure gauge in the case of renewal or upgrading of infrastructure.

These should be read in conjunction with BS EN 15273.

Except where a decision has been made to adopt standard European gauges,

and to use the associated gauging techniques documented in BS EN 15273
the gauges and gauging practices used on the GB main line railway should
continue to be those documented in Railway Group Standards.

BS EN 15273 should be used where a decision has been made to adopt
standard European gauges, and to use the associated gauging techniques.

The UK participation in its preparation was entrusted by Technical
Committee RAE/1, Railway Applications, to Panel RAE/1/-/12, Railway
Applications — Gauging.

A list of organizations represented on this committee can be obtained
on request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2017
Published by BSI Standards Limited 2017

ISBN 978 0 580 91656 4
ICS 45.020; 45.060.01

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the Standards
Policy and Strategy Committee on 31 July 2013.

Amendments/corrigenda issued since publication

Date Text affected

31 March 2017 Implementation of CEN amendment A1:2016

Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://dx.doi.org/10.3403/BSEN15273
http://dx.doi.org/10.3403/BSEN15273
http://dx.doi.org/10.3403/BSEN15273
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

Documents
This page deliberately left blank Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

EUROPEAN STANDARD EN 15273-3:2013+A1
NORME EUROPEENNE
EUROPAISCHE NORM November 2016

ICS 45.020; 01.040.01 Supersedes EN 15273-3:2013

English Version

Railway applications - Gauges - Part 3: Structure gauges

Applications ferroviaires - Gabarits - Partie 3: Gabarit Bahnanwendungen - Begrenzungslinien - Teil 3:
des obstacles Lichtraumprofile

This European Standard was approved by CEN on 15 December 2012 and includes Amendment 1 approved by CEN on 31 July
2016.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

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

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

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2016 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 15273-3:2013+A1:2016 E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://dx.doi.org/10.3403/30241410
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

Contents

Page
[0 go T 0T T= T I8 o =TT o o 9
L oo L1 T o) o N 10
1 £ oo o - 11
2 NOIMALiVe rEfErENCES .....cciieririierr it s e e Ea s m e e e m R e e e m e e R amn e e 12
3 Terms and defiNitioNs ......cccviviciiiniir 12
3.1 £ LT (U= e T LT 12
3.1.1  structure verification limit gaUQe ........ccceurimiriniimir i —————————————— 12
3.1.2 structure installation limit gaUQe .......cccrvimiiiiiirr e ———————— 12
3.1.3 structure installation nominal AUQEe.........cccviiimmiinimrrir e —————— 13
3.2 distance between track CENtres ... —————— 13
3.2.1 verification limit distance between centres ... ———————— 13
3.2.2 installation limit distance between centres ... —————— 13
3.2.3 installation nominal distance between Centres.........ccccvvrrnrimrrnnn e ———— 14
4 Symbols, abbreviations and SUDSCIIPLS ... ——— 15
41 Symbols and abbreviations ... ——————————— 15
4.2 £ LT L= o 4 o1 21
4.3 [N\ =1 4 21
5 General information on all the gauging methods..........cccciciminisincsinnrs e —— 22
5.1 The reference profile and its associated rules ........cccccciiiirciiiccnniirc s sneeens 22
5.2 TranSVerse Witl@NiNg .....ccccciiiirsriimiirrinisssrsnsssssssssssssssrssss s sasssss s s ss s s s e s s s e s ea s s e e e e s an e b e a s an e b e asannnnnasan 22
5.2.1 Gauge variations depending on the local situation ..........cccceccccminniinnnnc 22
5.2.2 Random transverse PheNOMENA .......cuiiiiirirmmmmmmimimir s rerererenensnsnnnes 23
5.3 Superelevation and lowering perpendicular to the running surface...........ccccccecrriirecniniissnniiianns 24
LT T O € T T - N 24
5.3.2 Vertical superelevation or lowering for longitudinal profile transition curves ........c.c.cccccniiuenenn. 24
5.3.3 Vertical effect Of the roll.......ccuiiiiiir s 25
B.3.8  UPIiflueucuecusecucusecsessssssessssessssssssssssssssessssssssssssssssssssssssnssssassssssassessssessessssessssassnssssessesassnssnsassnssesassrssans 27
5.3.5 Vertical random PhenOMENA .........ccciimrriiimermiiirrr s s n s e mm e e mmn s 27
5.4 Additional AllOWANCECES .......ciiiemiiiiiiir e an s s n e e n e e nne 27
5.5 LT T=T8 T/ o L= 27
L0 IR € T 11 T T= 5 1= g Lo T Fo] Lo 1= 27
5.5.2 Structure gauge tYPesS.....ccccciiiiiiriiiririnnse s e s 28
LI T 0 1 11 o 0 1T T LT = 28
0 Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

5.6 L0 3 Lo T =T o) e - 11 T = 29
5.6.1 Gauge and methodology ChOICE........ccciiiiiiiemmiininir s 29
5.6.2 Structure gauge ChOICE ........ccucciiiiiiiiinins s s s s annnan e s 29
5.6.3 Taking account of the alloWaNCES .........ccceirmirmrrrmnnsrermi s e mr e reans 29
Lo R R 0= 1 = 1o T [T o e T 10 T T 30
6 Rules for determination of the statiC gauge ..........cccccririmniin e —————— 30
6.1 L€ =T 3T - 30
6.2 T 0T = 1 =T I T o 30
6.3 TranSVerse ClEAraNCEeS. .......cccuiiiirmeriiismr st es s i a s a s s e s e s e e mm e e e m R e e e am e e e s mm e a e nmn e 32
6.3.1 Phenomena CONSIAEIEd .......ccuucumiiiiriiriiireirrnises s s s s s s s e s e s e e a s e s en s ann e ea s amn e nnaan 32
6.3.2 Determination of the sum of allowances 2‘1 ...................................................................................... 32
6.4 Vertical allowances for random phenOmMEeNa.........cccceeeriiiimerinimnninn s s s 33
6.4.1 Phenomena CONSIAEIEd ........cuuviiiiiiiieiiiirr s s s a s s e an s e e asan e s ea s an e s en s amnnnnasn 33
6.4.2 Determination of the sum of vertical allowances 2. 33
7 Rules for determination of the kinematic gauge........cccccciririmiiinsiinnnr s 33
71 =T o = | 33
7.2 ASSOCIALEA FUIES ....ceeiiieii i n e e s e e R e e nn e R n e 34
7.3 Transverse allowances for random PheNOMENA.........ccccceeriiimnrinimn e 35
7.3.1  Phenomena CONSIAEIEd .......ccuuiiiiiiiieiiirir s sssss s s an s s an s e an s e e an s s ea s am e e ea s annnnnasn 35
7.3.2 Determination of the sum of transverse allowances Zj ................................................................... 35
7.4 Vertical allowances for random phenNOMENA........ccccviriiiiiiscmmernresisssssssssne s e s sssmsse s ee s sesssssmmsnsssnesas 36
7.4.1  Phenomena CONSIAEIEd........ccuuerrurmrirsmiisnsrisns s s s sassssss s s ss s s e ms s s s s e s e san s e m e e n e e mn e anenaans 36
7.4.2 Determination of the sum of vertical allowances 2y ........ccccevmririmnsininsnnsnc e 36
8 Rules for determination of the dynamic gauge.........cccccecmiiiiminnnsninnnrr e s 36
8.1 L€ =T 3T - 36
8.2 ASSOCIAIEA FUIES.....eiiiiiiei iR e R e 37
8.3 Transverse allowances for random PhEeNOMENA..........cccccccemmerririisssssssnne s rs s sssmssee e s ss s s ssnmmmsssneeas 37
8.3.1 Phenomena CONSIAEIEd ........cuururermirmreimismrrrnsssnssrnssass s rsssss s rnssss s s s s e s s e s s e n e s en s an e e en s amnnnnnan 37
8.3.2 Determination of the sum of allowances 2] srsrenasr s 38
8.4 Vertical allowances for random phenoOMENa........ccciiriecicccccimrnirs s s s e e s s e s mmmne e s neeas 38
8.4.1 Phenomena CONSIAEIEd........ccuccurirmrirmnissmsiiss s s s s ra s e s s n s s as e an e m e e m e e an e an e nanns 38
8.4.2 Determination of the sum of vertical allowances Zys.......ccomiiiinenrsssn e 38
9 Distance between track CENEres.........cccureririniniimins s 39
9.1 L€ =T 3T - 39
9.2 Determination of the limit distance between track centres ..........ccccovvimirnnsrnnns . 39
L2 0 N € =T 4T - 39
9.2.2 Effect of cant difference Abgp ......coocvvereemremmnsisr e —————— 40
9.2.3 Allowances to take into account random phenomena.........ccccciiieiscrsccrerrinssssssssee e ssssmsssssee e 41
Documentg

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

L= 0 S 1= (=Y gy 011 T 1o 42
9.3 Determination of the nominal distance between track centres .........ccccccccmniirmnnnneerneeens 43
Lo R T O € 1T 11T - N 43
L= T 1= (= 5 1] 4T 1o 43
10 Elements of variable layout ... s 43
L0 TR € T 1= 43
10.1.1 Calculation PriNCIPIE ...ccciiiiiiiciiie i s s s e s e am s s m s e n e e ame e mn e rans 43
10.1.2 Characteristics of a layout transition .........cccccciiiiiiinnn s —————— 44
0 - 10 T L=V 1 = o 3N 44
10.2  Layout tranSitioN.......cccciiiciiinici st 45
10.2.1 Sudden change Of CUIVAUIE ........ccccciiiiiimniiiir s s e an s s e amn e enans 45
10.2.2 Smooth transition of CUrVatUre ... 46
10.3  Crossing of a SWitCh OF CrOSSING ...c.cuviiirsrririiimriiisrr i s an s e ann e enaes 47
0 TR T € T 1= 47
10.3.2 Additional overthrow variations........c.ccuceermnrmrmmnnsssmnns s s s ssss e enss 48
10.3.3 Quasi-static effect variations.........ccccoeiiicincsmics i ———————————— 49
L T = U 49
11 Determination of the pantograph free passage gauge ........cccccrrnnrmmrmnnsmsrmmnmssmms s 49
L T € T 1= 49
11.1.1 Space to be cleared for electrified liNES........cccciviriiiiiricninin e —————— 49
T = 1 T T T 50
B T I T = 2 T [ o T g T T 1o = 50
11.2 Determination of the pantograph free passage mechanical gauge (in the case of the

(L= 1T T oo = TH T T 51
11.2.1 Determination of the mechanical gauge width ..........cccccciiiiiciiniiccnn . 51
11.2.2 Determination of the maximum height i¢¢ of the mechanical gauge .........cooveviicrcrcenencane, 53
11.3  Pantograph electrical gauge (in the case of the kinematic gauge) .........cceeecrriircrrrisscnninssenennans 54
L 200 T € 1= 1= 54
11.3.2 Pantograph electrical gauge Width ........ccccoiiiiiniiiin e —————— 54
11.3.3 Electrical gauge height ... s s e 54
11.3.4 Insulating diSTANCE ........cccciiiiiii i 55
11.4 Determination of the pantograph gauge in the case of the dynamic gauge ........c.cccececrriiiuenrnanes 55
12 Overhead CONLACT Wil ........cccuiicmiiiriiii s ss s s s an s s mn e an e e sms e an e e amn e nmnnaan 55
13 Rules for installation of platform edges ... ———— 56
T TR € T 1= 56
I T €T T T Ty T Lo Iy 59
13.3  Installation dimenSIONS.........ciciiiiiinii i —————— 61
13.3.1 Installation relative to the running SUIacCe ..o - 61
13.3.2 Installation relative to the horizontal (xq, yq) ................................................................................... 61
4 Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

13.3.3 Installation tOlEranCes ........cccciiiiiciiinii i s ————— 62
13.4  Verification and tOlEranCes ..........cccurrmerinimeriii s s s e e 62
14 L0 T T3 62
0 T € 1= o 1= - 62
B I 1= 0T I o 63
I T 0 1Yo [ o (= o Iy T T =T 64
15 LR 1L T3 {0 (= g =T, 64
16 B T G T oo T =T o T 64
16.1 = 1T - 64
L 00T | = o 8 T 13 o L= 65
T T . Yo Y= o T o Q- 1] 65
16.4  Planking of leVel CrOSSINGS ......iiicoiriiirrriiimsr s s s mn s s mn e e amnn e mmn e 65
16.5  Electric third rail ... 65
T 5 T T I - 1, = 65
17 Verification and maintenance of the gauge.........ccccvcmriniernn s 66
L0 TR = (T 0] =T T T T T 66
17.2  Distance between track CENtIres.......cccccriirrmeriiis s s s e 66
18 Guide for determination of a new gauge from an existing infrastructure..........cccccveiniiicnnicennnnnes 66
Annex A (normative) Calculation methodology for structure gauge allowances ...........ccccucvrinicnrssnnnnnns 67
A1 = 1T o N 67
A.2 Formulation in the case of the kinematic gauge........ccccccmrirminininnn s 67
A.2.1 For the installation nominal QAUQGEe.........cccciiiririiiiirinr s 67
A.2.2 For the installation limit gauge .......cccciiriiinnr e 68
A.2.3 For the verification limit gAUQGe.......cccciririiiirr e ————_—— 70
A.2.4 For the installation nominal distance between centres ..........cccoccmvremrnrini . 71
A.2.5 For the installation limit distance between centres...........cccocimirimimnn e ————— 71
A.2.6 For the verification limit distance between centres.........ccccveiriiirrnn s —————— 71
A.2.7 For the pantograph gauQge.........cccuurrrrmiimmrmmissrr s s rr s s s s s s s ea s e e a s n s e en s am e e nnann 72
A3 Formulation in the case of the dynamic gauge........ccccucecmmmnnmmrnnnmrmnns s 72
W R I € =T 47T - 72
A.3.2 For the installation NOMiNal JAUQJE.........cccciiriiiriniiemrrrnrs s s s 72
A.3.3 For the installation limit gauge ..o s 73
A.3.4 For the verification limit gAUQGE.......cccc i 74
A.3.5 For the nominal installation distance between centres ..........ccccccmvvemnirinisn s 75
A.3.6 For the verification limit distance between centres...........ccccciiiicmnrsnnn 75
A.3.7 For the pantograph gauge........ccccceuriiiiiiiimmirir i s e n s m s s e e e mnnmn e n e e 75
Annex B (informative) Recommended values for calculation of the structure gauge and
calculation @XamMPIES ......ciiicceiriiiirr iR 76
B.1 Recommendations for COEffiCIieNnts ........ccccrrirmrinnimn i 76
Documentsg

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

B.2 Examples of kinematic calculation ... 78
B.2.1 Verification limit gauge, installation limit gauge and installation nominal gauge.............ccccvuuut 78
B.2.2 Nominal, installation limit and verification limit distances between centres............................... 80
Annex C (normative) International gauges G1, GA, GB and GC, GI1, GI2 and GI3..........c.cccvreemrrrrccennns 81
CA1 L= 3T - 81
(O R T Vo o [T 1o o N 81
LT B € T 11 T = T/ 0T, 81
C.1.3 Parameters and COMMON FUIES .......cccceiriiimmiiiiimrrrisss s e e n s e s e e mmn e 81
C.1.4 Calculation of distance between Centres ..........ccccivimriininrn e ———— 82
C.1.5 Pantograph free pasSage JAUQE .......cccrrurrmrrmmsssmmmmmssnnrmasssssnrssssssssasssss s ssssssssssssssnssssnnssssssnnsnssssnnnns 82
L T € T 1 T 1= o - o 82
C.2 Gauge for the upper parts (£ > 400 MM).....ciiiiiiiinmiisnriisisr s s sanassane s 83
O B € T 1 T = 83
C.2.2 Gauges GA and GB.........cccccciiiiiimmiiiiernriiiss s a s ea s s a e e R e e e m R e e e n R R R a s an R e s 84
O B € T 1 T = O 86
C.3 Lower parts (72 < 0,400 M) ....ccuiiireurrmmissnnsrmssssnssiasssssssasssssssasssssseasssssseasssmsssassnsssasssnsssasssnnssassnnsnassnnnnss 87
C.3.1 Lower parts of GI2 — generally applicable..........cccunioiriiemnrsninisminsrs s s 87
C.3.2 Lower parts of Gl1 — Tracks for rail brake equipment ..o, 88
C.3.3 Lower parts for “rolling” roads — GI3 ........ccceceiiimminsmminsnrins s s sas s s s ssnsssmssase 93
c4 Pantograph free pasSage gAUQGE ........ccerrurrumerrmsssmermmsssssrmssssssrmssssssssssssssssssssssssssssnssnsssmssnsssnssnnsssnnnnes 95
Annex D (normative) Gauges for multilateral and national agreements...........ccccoeemiremrnicninccnnsnnicnnans 96
D.1 L= 3 =T - 96
D.2 Kinematic gauges derived from international gauges.........ccccccomnrimmmnnismnmnnnsnnsr e 96
[0 Ry T - 11 1= 96
D.2.2 Gauges GB1 and GB2 ... ssssss s s s s e sams s e amn s s ann s e ann s e nnne 98
D.3 Static gauges derived from international gauges .........ccccuvvmiriisnmnnnr s —————— 100
[0 2 R0 T - 11 ' 1= o 100
0 T T € - 1F ' 1= C 104
D.3.3 Static gauges GA, GB and GC (10ading gauQges)......ccccuurrmrirsummssmmsssmsssssnsisssssssssssssnssssasssssmsessanssss 105
D.4 (\E= o] g E=TIF=To] o] T o= 1 ToT g TN F- LU T = 108
D.4.1 Belgian gauges BE1, BE2 and BES3.........ccccocoimmiimmininems s s sssssssssanas 108
D.4.2 French gauges FR-3.3 ... s s s s s s e e e 112
D.4.3 Portuguese gauges PTh, PTb+ and PTC......cccccmirmmmmnnmmmmnnssss s ssssssss s sssssssssssssssssnnsas 114
D.4.4 Finnish gauge FINT ...t s s s s s e e e amn e e e nan 120
D.4.5 Swedish gauges SEa and SEC...........cccccciimiimmininsmninnsrsnsssss s ssssssssssssssss s sssssssssssssssssssssssssess 123
D.4.6 German gauge DET ... s s ssss s s an s s n s e s s e e e e e ann e e n R e R e nan 126
D.4.7 German gauge DE2............ooiiiiiriieis s s s s e e e e nn e R e nn e R e nan 128
D.4.8 German gauge DE3J..........cccciiiiimimmriiiess s s s sss s s s e R e R n R R ann R R an 129
D.4.9 CZECh GAUGE Z-GCD .....ceeererererererararasasssssessssssssessssssssesssssssssssssasssssssssassssssssssssssssesensssssnsnssnssssssnene 131
6 Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

[0 2 O = L K= g e = 11 o= 132
D.4.11 Spanish gauges GHE16, GEA16, GEB16, GEC16, GEC14, GEE10 and GED10 ............ccceueruuenee 133
Annex E (informative) Calculation example for determination of the gauge at a switch or crossing..149
E.1 L =T 3T - 149
E.2 T g T Yo Lo o o 150
E.3 Widening in the CUIVE ... s s s e s e e e ane 150
E.3.1 Widening of the Main liNe......cccccreiiiirmmminimsrinss s s s e ass s s sms s e anes 150
E.3.2 Widening in the tUrNOUL roULe...........cocciiiiiiir s e 152
E.4 The quasi-static effECt ... ———————— 153
E.5 Gauge widening at @ SWitCh OF CYOSSING ......cccceciriiismmrinismrr i 154
Annex F (normative) Determination of reference vehicle characteristics.........ccccuvvcmmrisiicmmnnisicnnniciennnns 157
F.1 €= 11T - 157
F.2 1= g o Yo Lo (o o 157
F.3 Calculation @XaAMPIe... ..ot s e an e ane s 158
L T N € 1= o 1= - 158
F.3.2 Vehicle no. 1 (on the inside Of the CUIVE) ... s 158
F.3.3 Vehicle no. 2 (on the outside Of the CUIVE).......ccccrreeeeirircerr e s 158
F.3.4 Vehicle no. 3 (on the inside Of the CUIVE) .......ccccorieccrercer e 159
F.3.5 Vehicle no. 4 (on the outside of the CUIVE).......ccccvreeeeirircceer e sen e s 159
s N 1 1 13 T 159
F.3.7 International gauge reference VEhiCles........cccccveiriiiiirinismniin s 160
Annex G (normative) Uniform gauge.......cccccmiiinmmmminsmsimissnssssssssssss s s sssssssssssssssssssmsssssssmss ssnssmnsns 162
G.1 L€ =T 3T - | 162
G.2 L0 162
L€ 0 B € T T | N 162
G.2.2 Determination of the AUQEe..........ccciiiiiiicmiiir s s e e nn e 162
G.2.3 Equivalent KInematiC gauQge .........cccuiriminromiiiniss s s ssses s s ms s an s s s e nn e 164
G.3 €L 164
L€ TR T I € T T - 164
G.3.2 Determination of the AUQGE..........ccciiiiiiciinir s s n e s e mn e nn e 165
G.4 € L0 o= 166
L B € T T | . 166
G.4.2 Determination of the AUQge........cccccciiiiiiriinrr s 167
Annex H (informative) Gauge maintenance guidelinge..........cccocooiiiricmmnnnncnnnnr e 168
H.1 L€ =T 3T - 168
H.2 L0 3 Lo L= o e T- 11 T = 168
H.3 INSTAllAtioN FUIES ...t e 168
H.3.1 Guidelines for installation of equipment along the track...........cceeomiciniiismncsnicscn s 168
H.3.2 Guidelines for the installation of tracks alongside structures...........cccoviomiiimiiiciicicninccnnncnnnes 168

Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

H.3.3 Guidelines for the installation of temporary Structures .........ccccoriricirccmnnnsscse e 169
H.4 Managing and checking of STrUCIUIES ........cccmiiiiiiiiieer e 169
H.4.1 Management PrinCiples ... s s e s anm s s s s e e mnmnnnns 169
H.4.2 Management of critical SitUatiONS........cccomiiii i ——— 169
H.4.3 Practical aspects for measuring the structures ... e 169
H.5 Effect of track maintenancCe............iiiicccccr e ————————— 170
H.6 =T =T 0T 0T =T B T 0T ' 170
Annex | (informative) A—deviations.........cccciiiiiiiiiiinr i s e s nmmnnns 171
Annexe ZA (informative) Relationship between this European Standard and the Essential
Requirements of EU Directive 2008/57/EC ..........ccuramrmrsninssmsssmsissassssssssssssssssssssassssssssssassasasssssssss 173
=TT o1 1T T T o o 1 177
8 Documents

Document Sharing Hub

Full document details: BS EN 15273-3:2013+A1:2016


http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016
http://www.avadocuments.com/doc/bs-en-15273-3-2013-a1-2016

BS EN 15273-3:2013+A1:2016
EN 15273-3:2013+A1:2016 (E)

European foreword
This document (EN 15273-3:2013+A1:2016) has been prepared by Technical Committee CEN/TC 256
“Railway applications”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by May 2017, and conflicting national standards shall be withdrawn at the
latest by May 2017.

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

This document includes Amendment 1, which was approved by CEN on 31 July 2016.

This document replaces document EN 15273-3:2013.

The start and end of the text added or modified by the amendment is indicated in the text with and
respectively.

I*) This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports the essential requirements of Directive 2008/57/EC.

For the relationship with Directive 2008/57/EC, see informative Annex ZA, which is an integral part of this
document.

text deleted

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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Introduction

This document is the third of a series of three parts of the European Standard covering gauges:

— EN 15273-1| covers general principles, phenomena shared by the infrastructure and by the rolling stock,
reference profiles and their associated rules;

— EN 15273-2 gives the rules for dimensioning the vehicles as a function of their specific characteristics for
the relevant gauge and for the related calculation method;

— EN 15273-3 gives the rules for dimensioning the infrastructure in order to allow vehicles built according to
the relevant gauge and taking account of the specific constraints to operate within it.
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1 Scope

This standard:

— defines the various profiles needed to install, verify and maintain the various structures near the structure
gauge;

— lists the various phenomena to be taken into account to determine the structure gauge;

— defines a methodology that may be used to calculate the various profiles from these phenomena;

— lists the rules to determine the distance between the track centres;

— lists the rules to be complied with when building the platforms;

— lists the rules to determine the pantograph gauge;

— lists the formulae needed to calculate the structure gauges in the catalogue.

The defined gauge includes the space to be gauged and maintained to allow the running of rolling stock, and

the rules for calculation and verification intended for sizing the rolling stock to run on one or several

infrastructures without interference risk.

This standard defines methodologies to demonstrate gauge compatibility between infrastructure and rolling
stock.

This standard defines the responsibilities of the following parties:
a) for the infrastructure:

1) gauge clearance;

2) maintenance;

3) infrastructure monitoring.
b) for the rolling stock:

1) compliance of the operating rolling stock with the gauge concerned;

2) maintenance of this compliance over time.
The gauges included in these standards have been developed as part of their application on European
railways. Other networks such as regional, local, urban and suburban networks may apply the gauge
regulations defined in this standard. They may be required to make use of specific methodologies, particularly
where:
— specific rolling stock is used (for example: underground trains, trams, etc. operating on two rails);
— use occurs in other ranges of radii;

— others, etc.

The catalogue included in this standard only includes a selection of gauges and is not exhaustive. Each
network is free to define the gauges in accordance with their own needs.
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2 Normative references

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

N 13232-1|, Railway applications — Track — Switches and crossings — Part 1: Definitions

N 13232-3, Railway applications — Track — Switches and crossings — Part 3: Requirements for wheel/rail
interaction

N 13232-9, Railway applications — Track — Switches and crossings — Part 9: Layouts

N 13803-1| Railway applications — Track — Track alignment design parameters — Track gauges 1435 mm
and wider — Part 1: Plain line

EN 15273-1:2013+A1:2016 ¢, Railway applications — Gauges — Part 1: General — Common rules for
infrastructure and rolling stock

N 15273-2: 2013+A1:2016 (i, Railway applications — Gauges — Part 2: Rolling stock gauge
N 50119, Railway applications — Fixed installations — Electric traction overhead contact lines

N 50367, Railway applications — Current collection systems — Technical criteria for the interaction between
pantograph and overhead line (fo achieve free access)

3 Terms and definitions

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

3.1 structure gauge

defines the space, relative to the track used called the reference track, to be cleared of all objects or structures
and relative to the traffic on adjacent tracks in order to permit safe operation on this reference track.

Note 1 to entry: The structure gauge is defined on the basis of the reference profile by applying the associated rules.

Three types of structure gauge are defined as follows:

3.1.1 structure verification limit gauge
space not to be encroached upon at any time which sets the limit for normal operation

Note 1 to entry:  This is used to ensure that structures allow free passage. It is essential that no structure enters this at
any time.

3.1.2 structure installation limit gauge
space not to be encroached upon taking into account a maintenance allowance

Note 1 to entry: This is used to define the structure installation limit. It is essential that no structure shall be installed if
free passage is desired following normal maintenance operations.
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3.1.3 structure installation nominal gauge

space to be cleared of any structure in order to enable train operations and track maintenance by incorporating
allowances for safety, maintenance as well as reserve allowances defined by the person responsible for the
infrastructure

Note 1 to entry: This space for example takes into account exceptional dynamic movements, possible increases in
speed, crosswinds, aerodynamic effects, etc.

3.2 distance between track centres

distance between the centres of the two adjacent tracks concerned, measured parallel to the running surface
of the track with the least cant, called the reference track

Note 1 to entry: On the track, the distance between centres is often determined on the basis of the space between
centres which is the distance between the two rails of the adjacent tracks. The exact measurement references (guideline,
field face, rail centrelines) differ from one network to another.

Note 2 to entry: The definition of distance between centres adopted in this standard may differ from those used in other
applications, such as installation for example. It is the responsibility of the infrastructure manager to determine the various
conversion rules.

1 distance between track centres

Figure 1 — Distance between track centres

3.2.1 verification limit distance between centres

minimum distance to be maintained at all times between adjacent tracks to ensure completely safe passage of
traffic within the gauge used on the two tracks by avoiding any risk of interference between the vehicles

Note 1 to entry: This distance varies according to the local track parameters (e.g. cant, curve radius, etc.)
3.2.2 installation limit distance between centres

minimum distance between adjacent tracks to ensure completely safe passage of traffic within the gauge used
on the two tracks by avoiding any risk of interference between the vehicles

Note 1 to entry: This distance varies according to the local track parameters (e.g. cant, curve radius, etc.). It takes into
account maintenance allowances.
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3.2.3 installation nominal distance between centres

distance between the axes of the two adjacent tracks that generally has a suitable allowance to permit ease of
design, laying, monitoring and maintenance, the operation of special transport or any other aspect (including
aerodynamic effects, for example)

Note 1 to entry: The nominal distance between centres is often fixed, except in areas with small radii.
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4 Symbols, abbreviations and subscripts

4.1 Symbols and abbreviations

Table 1 — Symbols and abbreviations

Symbol Designation Unit
a Distance between end wheelsets of vehicles not fitted with bogies or between m
bogie centres
Aia Coefficients dependent on the reference vehicle for the calculation of additional
overthrows. The index i is used for inside curves; indice a for outside curves
b Semi-width or distance parallel to the running surface, relative to the centreline of m
the track or of the vehicle
b' Semi-width of the pantograph gauge
b‘q Actual installation distance of the platforms, measured from the rail running edge m
bex Semi-width of the reference profile m
b, Electrical insulation distance m
elec
b1 . Standard width of the gap between the platform and the step m
ac
bl Distance parallel to the running surface between the structure and the track m
PMEE | centreline
by Semi-width of the platform installation m
byeh Semi-width of the vehicle m
by, Semi-width of the pantograph head m
Byjs Coefficients dependent on the reference vehicle for the calculation of additional
overthrows. The index i is used for inside curves; indice a for outside curves
Co Reference roll centre
C Width of the pantograph head insulating horn m
w
dg Geometric overthrow of the vehicle m
dg. Geometric overthrow of the vehicle on the inside of the curve m
L
dg, Geometric overthrow of the vehicle on the outside of the curve m
D Cant
D, Fixed cant value taken into account by agreement between the rolling stock and
the infrastructure with regard to the kinematic gauge
D, Standard maximum cant to allow for enlargement of the kinematic gauge m
oD Cant difference (between two tracks) m
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Table 1 (continued)

Symbol Designation Unit
‘ Offset of the pantograph due to the vehicle characteristics m
€po Offset of the pantograph at the upper verification point m
€pu Offset of the pantograph at the lower verification point m
ey Lowering of track components m
EA Distance between track centres m
Is Raising of the contact wire m

fdy" Allowance to take into account dynamic movement of the contact wire m
Sfwa Excess geometric overthrow of the contact plane by the pantograph head due to m
wear on the wiper
Sws Excess geometric overthrow of the contact plane by the pantograph head due to m
its inclined position
Height in relation to the running surface m
h’O . .pr . . . . s
Maximum verification height of the pantograph gauge in a raised position m
Minimum verification height of the pantograph gauge in a raised position m
h .
c Roll centre height m
heo Value of h; used for the agreement between the rolling stock and the m
infrastructure
h'co Value of h; used for the agreement between the rolling stock and the m
infrastructure, for pantograph gauges
fier Height of the reference profile m
h
eff Effective height of the raised pantograph m
h
eff elec Effective height of the raised pantograph plus the electrical insulation distance m
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Table 1 (continued)

Symbol Designation Unit
hg Height of the contact wire m
Maximum height available for the infrastructure below the lower horizontal m
max line of the reference profile
h Lower height of the reference profile to be taken into consideration when m
min determining the reference vehicles
Height of the lower horizontal line of the reference profile
h NOTE: This minimum height is specified for the vertical geometric displacements of m
Umin the rolling stock below the reference profile according to the vertical curve of the
track.
Height of the lower horizontal line of the special reference profile of the lower m
humin(z) parts for vehicles having to pass over marshalling humps and rail brakes in a
non-active position
hmincr | Height of the bottom corner of the reference profile m
Mpes Height of the platform coping stone edge m
S bstacle Height of the structure above the running surface m
h, Height of point P m
hy Height of the platforms m
h . Minimum height specified for the vertical geometric displacements of the
omn rolling stock above the reference profile according to the vertical curve of the
track.
1 Cant deficiency
I', Intermediate cant deficiency value between 0 and I, m
I, Intermediate cant deficiency value taken into account for tilting body vehicles m
I, Maximum cant deficiency in conventional vehicles used by the infrastructure m
manager for his routes
I, Fixed cant deficiency value taken into account by agreement between the m
rolling stock and the infrastructure with regard to the kinematic gauge
](’) Fixed cant deficiency value taken into account by agreement between the m
rolling stock and the infrastructure with regard to the kinematic gauge of the
pantographs
I, Cant deficiency of tilting body vehicles m
Additional cant deficiency m
sup
k Factor of safety to take into account track irregularities
k' Factor of safety to take into account track irregularities, for pantograph
gauges
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Table 1 (continued)

Symbol Designation Unit
) Track gauge, distance between the rail running edges m
Nominal track gauge m
nom
L Standard distance between the centrelines of the rails of the same track
M, Mandatory allowance m
M(z) Infrastructure maintenance allowance m
M, Additional infrastructure allowance m
My, Horizontal allowance for the distance between centres covering certain random m
' | phenomena (j= 1, 2 or 3)
n, n for the sections outside the wheelsets or bogie centres m
n; n for the sections between the wheelsets or bogie centres m
P Upper point of the reference profile lateral face which is the determining factor for
the distance between centres
PT End lateral point of the reference profile upper face
q Transverse clearance between wheelset and bogie frame, or wheelset and body m
for vehicles not fitted with bogies
gs Displacement due to the quasi-static roll taken into account by the infrastructure m
qs, Displacement due to the quasi-static roll taken into account by the infrastructure m
outside the reference profile on the outside of the curve
qs; Displacement due to the quasi-static roll taken into account by the infrastructure m
outside the reference profile on the inside of the curve
gs' Displacement due to the quasi-static roll on the outside of the curve, for m
‘ pantograph gauges
gs' Displacement due to the quasi-static roll on the inside of the curve, for pantograph m
' gauges
Horizontal curve radius m
R, Vertical curve radius of longitudinal profile
Rymin | Standard minimum vertical curve radius of longitudinal profile m
S Flexibility coefficient
5, Flexibility coefficient value taken into account in the agreement between the
rolling stock and the infrastructure
s' Flexibility coefficient taken into account in the agreement between the rolling
0 stock and the infrastructure for the pantograph gauge
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Table 1 (continued)

Symbol Designation Unit
S Allowed additional overthrow m
S', Allowed additional overthrow on the outside of the curve for pantographs m
S Allowed additional overthrow on the inside of the curve for pantographs m
S, Allowed additional overthrow on the outside of the curve m
S; Allowed additional overthrow on the inside of the curve m

Teharge Angle of dissymmetry, considered in n,, for poor load distribution degree
h Track crosslevel difference between two maintenance periods m
AN Vertical displacement of the track between two periods of maintenance m
Tose Crosslevel difference selected for calculation of oscillations caused by track m

irregularities
Tousp Angle of dissymmetry, considered in n,, for poor suspension adjustment degree
Tyoic Transverse displacement of the track between two periods of maintenance m
V', Intermediate value of the standard train speed km/h
vy Intermediate value of the tilting train speed km/h
w Transverse clearance between bogie and body m
W, Transverse clearance between bogie and body towards the outside of the m
® curve varying according to the track curve radius
Wi Transverse clearance between bogie and body towards the inside of the curve m
© varying according to the track curve radius
X Distance taken into account from the point of origin O for the calculation of e, m
X Horizontal coordinate of the platform edge m
q
X . Horizontal coordinate of the platform edge on the inside of the curve m
q,!
X Horizontal coordinate of the platform edge on the outside of the curve m
q.a
y Vertical coordinate of the platform edge m
q
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Table 1 (continued)

Symbol Designation Unit
v Vertical coordinate of the platform edge on the inside of the curve m
q,1
y Vertical coordinate of the platform edge on the outside of the curve m
qg.,a
2 Fixed value available to the rolling stock on the outside of the static reference m
profile to allow quasi-static roll of the rolling stock
a Additional angle of roll of the body due to the clearance to the side bearers degree
Apr Maximum angle of rotation around the roll centre for point PT degree
a' Angle of the inclined part of the pantograph head in relation to the horizontal degree
a" Angle made by the gangway between the platform and the ferry degree
Switch [switches and crossings] entry angle radian
2
2 m
Aa Fixed term corresponding to: 72 (a + n, ) — P
a a 4
Ab Variation in semi-width b
Ah Variation in height h m
Ahgyn Vertical movement of the vehicle taken into account for the dynamic gauges m
o Angle of roll of the canted track degree
S Value for the distance to the platform on the outside of the curve in relation to m
a the gauge for the structures in the inclined position of value &
3. Sum of (horizontal) allowances for the structure gauge, covering certain m
! random phenomena (j =1, 2 or 3)
=, Sum of the values of the allowances taken into account by the infrastructure in m
the vertical direction
Mo Angle of dissymmetry of a vehicle due to construction tolerances, to degree
suspension adjustment and to unequal load distributions
Tor Reference angle n0 taken into account in the agreement degree
0 Angle resulting from the suspension adjustment tolerances radian
T Pantograph construction and installation tolerance m
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4.2 Subscripts

Subscript a: refers to the outside of the curve

Subscript i: refers to the inside of the curve

Subscript 0: reference value, refers to the agreements made between the rolling stock and the
infrastructure

Subscript st:  refers to the static calculation rules. This subscript is often omitted when the context makes it

Subscript cin:

Subscript dyn:

Subscript réel:
Subscript CR:
Subscript lac:
Subscript q:
Subscript nom:
Subscript lim:
Subscript ver:
Subscript max:
Subscript o:
Subscript u:
Subscript P:
Subscript C:
Subscript veh:

Subscript elec:

4.3 Notations

[ ][ ]>0:

max( , ):

clear that the static parameter is being referred to

refers to the kinematic calculation rules. This index is often omitted when the context makes it
clear that the kinematic parameter is being referred to

refers to the dynamic calculation rules. This index is often omitted when the context makes it
clear that the dynamic parameter is being referred to

refers to the actual local value, i. e. measured on the track

refers to the reference profile

refers to the gap at platform level

refers to the platform installation dimensions

refers to either the nominal or design value or to the installation nominal gauge
refers to the installation limit gauge

refers to the limit verification gauge

refers to the maximum value that may appear according to the tolerances
refers to the upper verification level of the pantograph gauge

refers to the lower verification level of the pantograph gauge

refers to tilting trains

refers to classic trains

refers to the actual vehicle

refers to the electrical insulation value

means that this value is to be considered as long as it is positive. A negative value shall be
considered as zero

means that the maximum value of the terms in brackets shall be used
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5 General information on all the gauging methods

5.1 The reference profile and its associated rules
This clause covers the main gauging rules. For more detailed information, see EN 15273-1.
A gauge is defined by a reference profile and its associated rules.

The gauge is generally split into two parts: its upper parts and its lower parts. The limit between the two parts
shall be defined for each gauge. There are specific rules associated with each part.

The reference profile is normally determined for a straight, flat, nominal gauge, cant-free track. The profile
takes into account the vehicle envelope and certain displacements. The reference profile is an intermediate
profile that is part of the agreement but that shall not be confused with the construction gauge nor the structure
gauge (on straight track or other).

Generally added to this profile is widening according to the line (radius, cant) and speed (cant deficiency) and
certain allowances to cover random phenomena and to ensure track maintenance. These are called the
associated rules.

This widening corresponds to the displacements of the reference vehicles that are the basis for defining the
gauge considered (see [A) EN 15273-1:2013+A1:2016 (l, Clause 7) for more detailed explanations).

Transverse and vertical widening at the running surface are often dealt with separately.
5.2 Transverse widening
5.2.1 Gauge variations depending on the local situation

5.2.1.1 General

The gauge variations depend on the calculation method used and particularly on the gauge used. Generally,
there are two parts:

— the additional overthrows that give the variability in a curve;
— the quasi-static effect that gives the variability from the body roll.

5.2.1.2  Additional overthrows
The additional overthrows define the sum of the following phenomena:

— the effect of the track widening;
— the geometric effect in the curve of the reference vehicles.

The general formulations are set out in EN 15273-1:2013+A1:2016 ®il, 7.3.1.1. The specific formulae to be
used for each gauge are given in the Annex.

5.2.1.3 Quasi-static effect
The quasi-static effect gives the reference vehicle body roll in a curve for the upper parts:

— outside of the curve, under the cant deficiency effect;
— inside of the curve, under the cant effect.

The first is at its maximum when the trains reach their maximum authorized speed.
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The second is at its maximum when the train is stationary.

It should be noted that, depending on the gauge type, the rolling stock already takes a part into account up to
values I and Dg; the infrastructure only takes the addition into account.

The general formulations are given in [A) EN 15273-1:2013, +A1:2016 (1,7.3.1.4. The specific formulae to be
applied for the gauge used are given in the Annex.

For the lower parts, this phenomenon is taken into account by the rolling stock.

5.2.2 Random transverse phenomena
Random phenomena to be considered is dependent on the gauge used.

The following phenomena are considered to be the responsibility of the Infrastructure Manager.

5.2.2.1 Vehicle oscillations generated by track irregularities (7.)
Track geometry irregularities are the cause of the vehicle oscillations. The amplitude depends on the track

condition, suspension characteristics and speed. Insofar as these phenomena are taken into account by the
infrastructure, these oscillations are expressed in the form of equivalent crosslevel errors (T,4.). Depending on

the flexibility of the vehicle, they are located at the base of an inclination around the roll centre and thus the
following widening:

osc

AszzOT (h—hy)., (1)

NOTE Other methods exist for taking this phenomenon into account. For example, in the case of the dynamic gauge,
this phenomenon is taken into account by the rolling stock.

5.2.2.2 Track displacement (7,.)

The track position is likely to change between two track inspections owing to the traffic loads and to the track
maintenance. The maximum transverse displacement 7, depends on the maintenance guidelines in force

and the frequency of the operations.

When the track design does not allow any movement in relation to the structure, this allowance may be
disregarded.

5.2.2.3 Cant deviation (Tp)

Due to the maintenance tolerances and to the traffic, the cant of the track can vary in relation to its nominal
value. This cant variation T has a double effect:

— the reference profile rotates around the track centreline at an angle corresponding to the maximum

T,
variation —2 , which causes the following widening:

Ab="2p )
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— the vehicle will tend to turn around the roll centre, affected by the flexibility of its suspension, which will
cause an additional widening of parts located above the roll centre:

TD
Ab = SO T(h - th )>0 (3)
— these two phenomena have an effect towards the inside of the curve and the outside of the curve, but also

(to a lesser extent) on a straight track.

It shall be noted that the two phenomena are always present simultaneously and are therefore not
independent.

5.2.2.4 Dissymmetry ()

A vehicle will never be perfectly symmetrical; the main reasons for this are as follows, depending on the type
of gauge:

— Vvariations in suspension adjustment resulting in a body roll 7,

— loading dissymmetry which makes the vehicle body roll in its suspension gear and which results similarly

in a rotation of the vehicle T¢parge-

In both cases, the vehicle body rotates around its roll centre C,. The sum of the two angles corresponds to the
agreed reference angle 7.

770 = nharge +17. (4)

susp
5.3 Superelevation and lowering perpendicular to the running surface

5.3.1 General

In most cases, the rolling stock takes into account vertical displacements (including tolerances) unless
specified otherwise. The following vertical displacements shall only be considered by the infrastructure
manager.

Such displacements can occur in both directions. In terms of the position of the point on the reference contour,
superelevation or lowering should be considered in order to take into account the worst case.

5.3.2 Vertical superelevation or lowering for longitudinal profile transition curves

Track gradients are interconnected by vertical curves of radius Ry,. The reference profile is extended into the

upper and lower parts in order to take account of the vertical displacement of the mid-section or overhanging
section of the vehicle body relative to the track centreline.

As the vertical radii are relatively large compared to those in the horizontal plane, this phenomenon is only
considered for the highest and lowest profile points.
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The general formulations are set forth in &) EN 15273-1:2013,+A1:2016 (il. 7.2.2. The

phenomenon to be

considered is defined in this standard, and its determination is the responsibility of the infrastructure manager.

See also the following figure:

S 3 . 2
A 2% A g
h% ;,../' T s
] \ Z . —
/ A , \ i g
1 = . X ey
g

Key
running surface
reference profile

infrastructure limit
Figure 2 — lllustration of the vertical geometric overthrow
5.3.3 Vertical effect of the roll

5.3.3.1  Upper parts

For reference profiles with a sizable flat in the horizontal upper part, as is the case in gauges used for the
transportation of containers, the roll may generate vertical movement of this part. This results in superelevation

of the vertical part of the gauge.
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Figure 3 — Vertical effect of the roll

The rotations resulting from the following phenomena shall be taken into consideration:

— quasi-static effect (total or non depending on the gauge type) (see 5.2.1.3);
— cant deviation Tp (see 5.2.2.3);

— oscillations caused by track irregularities Tq (see 5.2.2.1);
— dissymmetry 7, (see 5.2.2.4).

The superelevation resulting from the quasi-static effect is determined by the following formula:
Ahpyy, =b SN Qpr;, — (hpy — By )(1 —Cos aPm) equivalentto Ay, = b, sin o, (5)

where

apt,.  therotation of the gauge due to the quasi-static effect. This value can differ between the inside of the
curve and the outside of the curve.

hpt, bpt: the coordinates of the point considered PT.
The angle of rotation taken into account depends on the gauge type.

The rotations due to the random parameters are to be considered when determining .

NOTE To date, Ahp has only been used for gauge GC. For future gauges not yet defined in this standard, the use of
this parameter will be left to the discretion of the infrastructure manager.
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5.3.3.2 Lower parts

The same principle can be used for the lower parts but it is taken into account by the rolling stock in terms of
the train architecture (for example: tilting trains).

5.3.4 Uplift

For the static gauge, the infrastructure shall take into account the uplift of the vehicle in the suspension. This
allowance is added only in the upper part of the gauge.

5.3.5 Vertical random phenomena
The infrastructure manager can add allowances to take into account the following phenomena:

— lowering of the track due, amongst other things, to ballast settlement;
— track raising during maintenance operations.

5.4 Additional allowances

In addition to allowances covering random phenomena, the infrastructure manager can decide to introduce
additional allowances to permit:

— speed increases;

— running of special consignments;

— opening of doors and safety of train crew in certain situations (for example, platforms, holding siding, etc.);

— amendments to the layout or future gauge;

— the definition of an invariable gauge that can be easily managed by the maintenance and monitoring
services where the actual allowances are adequate;

— consideration of aerodynamic effects and cross winds.

These allowances can be both vertical and transverse.
5.5 Gauge types

5.5.1 Gauge methodologies

The structure gauge is defined on the basis of a reference profile and its associated rules that form an
agreement between the infrastructure and the rolling stock and are therefore inseparable. The agreement
dictates how the various possible displacements of a vehicle on the track are distributed and taken into
account.

There are various calculation methodologies; details are given in N 15273-1: 2013+A1:2016 (1. (Clause
6). It is essential to specify the methodology used. The main methodologies used in Europe and which are
specified in more detail in this standard are:

— the static method used for specific, non-interoperable applications;

— the kinematic method used in Europe, essentially on interoperable networks;

— the dynamic method used on certain networks with the aim of optimizing the space available for sizing
non-interoperable vehicles.
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5.5.2 Structure gauge types

For each of the gauges (listed in the catalogue), there are different structure gauge types depending on the
required application (see also 6.2, 7.2 and 8.2):

— the structure verification limit gauge only takes into account widening and certain allowances that
ensure safety of operations during control with the parameters measured on site. The grouping of these
parameters is called M(1);

— the structure installation limit gauge takes into account the structure verification limit gauge and all the
displacements and wear that may occur between two maintenance periods by means of an additional
allowance M 3). Fitting this gauge ensures that clearance is maintained between the various maintenance

and checking operations;
— besides allowances M ) and Moy, the structure installation nominal gauge also takes into account an

additional allowance M(3)determined in 5.4. Fitting this gauge ensures that clearance is maintained in

practically all conditions and allows more possible uses such as for special consignments, even the
installation of temporary structures, etc.

The allowance M4 corresponds to 2.
The sum of the allowances M) and My is determined by 2.

The sum of the allowances M4y to M3 is determined by 2.

5.5.3 Uniform gauge

When the infrastructure manager has sufficient space available, he can define a non-variable gauge with a
design that permits easier management for the maintenance managers. This gauge, which generally
incorporates additional allowances, is a nominal type structure gauge called a uniform gauge.

Uniform gauges are often used in Europe by several networks. They are given in Annex G. Their application
rules may differ according to the networks.

Some examples are given below.
EXAMPLE 1

Infrastructure managers who have chosen to define a uniform gauge corresponding to the worst case situation, i.e. the
smallest radius or the maximum cant or cant deficiency.

This gauge type is often used in the metro when the tunnel cross-section is constant and determined for the worst case
situation.

EXAMPLE 2
Different infrastructure managers have chosen to define a gauge with two profiles:

— one profile applicable on a straight or curved track with very large radii and no cant;
— one profile on a curved track designed on the basis of the worst case cant and radius situation.

This method creates an additional allowance compared to the basic gauge used and is only possible if adequate space is
available on site.

The infrastructure manager shall always check the conditions on which this gauge is based and shall always return to the
basic gauge when these conditions are not met any longer.

It is necessary, therefore, not to forget the choice of gauge used and the conditions it has been based on.
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NOTE The uniform gauge may also be the gauge used. By subtracting all the allowances and widening/lowering from
the method used, a new reference profile can be determined, often larger than the original one which allows use by the
rolling stock.

5.6 Choice of gauge

5.6.1 Gauge and methodology choice

The gauge choice is up to the infrastructure managers. For this, the infrastructure manager takes into account:
— the interoperability directives in force;

— the bilateral or multilateral agreements;

— international technical specifications in force;

— the consignments authorized to travel on his infrastructure;

— the space available on the lines concerned;

— the specific restrictions imposed by the infrastructure.

The gauge chosen is called the used gauge in the following.

The infrastructure manager is responsible for the maintenance of the used gauge over time.

The methodology choice is strongly linked to the gauge choices. For reasons of interoperability, only the
kinematic gauge is used.

5.6.2 Structure gauge choice

For this/these used gauge(s), the infrastructure manager may choose one or more of the structure gauges
listed in 5.5.2., according to his requirements.

When constructing new lines the nominal gauge shall be used. In the case of major reconstruction it is
advisable to use the nominal gauge. In existing situations and when there is deemed to be sufficient space, it
can be cleared wherever it is thought necessary.

Depending on requirements or when the local situation is such that the nominal gauge cannot be cleared, a
structure installation limit gauge may be defined and cleared.

A verification limit gauge may need to be defined when the infrastructure manager wants to verify the free
running of the trains in a degraded situation.

5.6.3 Taking account of the allowances

5.6.3.1  Structure limit gauge

The phenomena to be considered and the calculation methodology for the sums of the allowances 2 and 2,

depend to a large extent on the methodology for the chosen gauge and are therefore defined later in the
standard.

The calculation methodology is often similar for the verification limit gauge and for the structure installation limit
gauge.

Whereas the phenomena to be considered are always clearly defined in this standard, their determination

remains the responsibility of the infrastructure managers. For the infrastructure managers without any specific
rules, this standard gives a calculation methodology and recommended values.
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5.6.3.2 Nominal gauge

There is no common methodology to allow the nominal gauge to be determined in view of the different
allowances to be included or not according to the choices of the infrastructure manager. The nominal gauge
will therefore be determined following a feasibility study based on the objectives laid down and the resulting
technical and economic consequences.

One way to obtain a larger safety allowance whose only aim is to facilitate the management of structures
approaching the structure gauge is to total all the random allowances together arithmetically instead of by a

root mean square. It shall be noted that this methodology is generally accepted but rarely used on the different
networks.

5.6.4 Catalogue of gauges

Technical interoperability conditions are defined in EN 15273-1:2013+A1:2016 11, Annex A. The
application of international or reduced interoperability gauges depends on international regulations or even
bilateral or multilateral agreements. The gauge choice is fixed by each network.

A distinction is made between:

— gauges “interoperable internationally”. These are listed in Annex C;

— and other gauges for bilateral or multilateral agreements or national applications. These are listed in
Annex D.

6 Rules for determination of the static gauge

6.1 General

NOTE 1 In this clause, the index “st” is omitted from all parameters in order to improve legibility.

NOTE 2 The original static method defined in “The Technical Unit” did not clearly define the allowances to be taken into
account by the infrastructure for the effects of roll and random phenomena. The method proposed here enables the

recalculation of the static gauge when the necessary values are available.

Where possible, the infrastructure uses the corresponding kinematic calculation. In the absence of a
corresponding kinematic gauge or adequate allowances, the method with the rules given below may be used.

The static structure gauge is defined on the basis of the static reference profile and its associated rules that
form an agreement between the infrastructure and the rolling stock and are therefore inseparable.

The transverse and vertical displacements are dealt with separately.

The static reference profile is determined for a flat straight track, of nominal rail gauge without cant. The gauge
is variable, depending on local track parameters (cant, curve radius and track gauge).

The random phenomena, explained in 5.2, are often taken into account by a fixed allowance.

All the parameters are to be taken into account as positive values to the right or the left of the vertical
centreline depending on the case.

6.2 Associated rules

In the absence of an equivalent kinematic gauge, the structure gauge is determined on the basis of the static
reference profile.
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The position of the structure in the width plane shall include the sum of all the phenomena:

bobstacle > bCR + Si/a +qS, Zj (6)

i/a
where

— bgRris the semi-width of the static reference profile;

— [* S, are the additional overthrows (see 5.2.1.2);

lo.—d
— with a fixed value of F'=(A)q, +(A)w, +(A)% taken into account outside the static reference

profile (see EN 15273-1:2013+A1:2016, Annex B).

—  ¢s,,,is the quasi-static effect with the following general formulation:

— inside of the curve: qs, = z, + Szo [D- D, ]>o = th]>0 (7)
. So
— outside of the curve: qs, = 7, + 7 [1-1, ]>o [h—hg, ]>0 (8)
D,oul
— with z as a constant value Zp = W(hmax - hco) 9)
Dyoul
— or with z; as a variable-height value %o = SO(O—LOMO)QL - hco) (10)

— The sum of the allowances % to cover the random phenomena.

In the height plane, the position of the structure shall ensure that:

h > heg +Ahg + AR+ AR+

obstacle susp

(11)

where

— hcris the height of the reference profile;
— 4hg, is the superelevation/lowering in the transition curve (see 5.3.2.);

— 4h is the vehicle uplift due to the suspension flexibility;

susp

— 4hpt is the superelevation of the upper parts due to the vertical effect of the roll (see 5.3.3).

where
sin =sz°-(p,1) (12)
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In contrast to transversal movements, it is important to take into account the effect of cant deficiency on the
inside of the curve and the effect of cant on the outside of the curve.

There is an additional allowance 2, for random phenomena.

6.3 Transverse clearances

6.3.1 Phenomena considered

Allowances are defined to take into account the random phenomena. The various phenomena are grouped
according to their character.

M4y includes the effect of all the random phenomena due to actual movements of the vehicles. This allowance
determines the limit of the point reached by the rolling stock. M4) is determined on the basis of:

— oscillations characterized by tolerance Tq;
— dissymmetry 75 due to poor suspension adjustment and load distribution not exceeding 1°.

M5y includes the random effects that make the best use of allowances to ensure track maintenance at the
chosen frequencies and resources. M, is determined on the basis of:

— widening in order to take account of the track displacements T,,,,, between two maintenance operations;
— the geometric part and the additional quasi-static effect due to the crosslevel error of the track Tp,.

M 3) is an allowance that allows easy management of the gauge in the long term and offers additional
possibilities for special consignments, temporary installations or others.

6.3.2 Determination of the sum of allowances Ej

The effective value of X may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
— or as a value calculated on the basis of the maintenance tolerances with the following calculation method:

when determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.2 is very improbable. This is why the arithmetic sum of the allowances is not

acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

=k ZAij.Z (13)
V5

where T, is the allowance of the various phenomena to be considered (see 6.2). Parameters that are not
independent shall be considered together, i.e. in an arithmetic sum.

Coefficient k determines the safety level (k > 1).

Further explanations can be found in EN 15273-1:2013+A1:2016 &, 7.1.8 and 7.2.1.9.2.
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6.4 Vertical allowances for random phenomena

6.4.1 Phenomena considered
An allowance is defined to take into account the following tolerances:

— vertical effect of the roll due to random phenomena (see 5.3.3) (only for the upper horizontal parts of the
upper parts);

— vertical displacement of the track between two periods of maintenance 7.

— vertical tolerances;

— additional allowances.

6.4.2 Determination of the sum of vertical allowances %,

The effective value of 3, may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

when determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.3 is very improbable. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

=, =ky(&hy ) + (0, )7+ (ak, ) (14)

where T is the allowance of the various phenomena to be considered (see 6.2). Parameters that are not
independent shall be considered together, i.e. in an arithmetic sum.

Coefficient k determines the safety level (k > 1).

More detailed explanations are given in EN 15273-1..

7 Rules for determination of the kinematic gauge

7.1 General
NOTE In this clause, the subscript “cin” is omitted from all parameters in order to improve legibility.

The reference profile is determined for a flat straight track, of nominal rail gauge without cant. The gauge
varies depending on local track parameters (cant, curve radius and track gauge).

The random phenomena, explained in 5.2, are taken into account by the sum of allowances %

All the parameters are to be taken into account as positive values to the right or the left of the vertical
centreline depending on the case.
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7.2 Associated rules

The position of the structure shall cover the sum:

b >beg +S,,1gs

obstacle™ i/a

+2; (15)
with:

— bcpR is the semi-width of the kinematic reference profile;

— S5 are the additional overthrows (see 5.2.1.2);

— without the value F, which is specific to the vehicle and taken into account inside the kinematic
reference profile.”.

— gsj, is the quasi-static effect with the following general formulation:

inside of the curve:  gqs, = SZO [D-D, ], [ hyl., (16)

outside of the curve:  gqs, = SIO [I -1, ]>o [h - hco]>0 (17)

— is the sum of the allowances to cover the random phenomena as defined below:
On the upper parts, the position of the structure shall ensure that:

hobsta.cle2 hCR +AhRV +Ah’PT +ZV (183)

where

— hcR is the height of the reference profile;
— 4hg, is the superelevation/lowering in the transition curve (see 5.3.2.);

— Ah,, is the superelevation of the upper parts due to the vertical effect of the roll (see 5.3.3).

where
sin tp,, =%°(D—DO,1—10) (19)

In contrast to transversal movements, it is important to take into account the effect of cant deficiency on the
inside of the curve and the effect of cant on the outside of the curve.

— There is an additional allowance 2, for random phenomena.
On the lower parts, the position of the structure shall ensure that:

hobstacle< AcrR + Ath -2y (18b)
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where

— h¢R is the height of the reference profile;
— 4hg, is the superelevation/lowering in the transition curve (see 5.3.2.);

There is an additional allowance 2, for random phenomena.

7.3 Transverse allowances for random phenomena

7.3.1 Phenomena considered

Allowances are defined to take into account the random phenomena. The various phenomena are grouped
according to their character.

M4y includes the effect of all the random phenomena due to actual movements of the vehicles. This allowance
determines the limit of the point reached by the rolling stock. M4) is determined on the basis of:

— oscillations characterized by tolerance T,
— dissymmetry 75 due to poor suspension adjustment and load distribution not exceeding 1°.

M5 includes the random effects that make the best use of allowances to ensure track maintenance at the
chosen frequencies and resources. M5 is determined on the basis of:

— widening in order to take account of the track displacements T,,,,, between two maintenance operations;
— the geometric part and the additional quasi-static effect due to the crosslevel error of the track Tp,.

M3, is an allowance that allows easy management of the gauge in the long term and offers additional
possibilities for special consignments, temporary installations or others.

7.3.2 Determination of the sum of transverse allowances ZJ-

The effective value of 2, may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

When determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.2 is very improbable. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

=, =ky(8b, ) +(ab, ) +. (a0, )? (20)

where Ty is the allowance of the various phenomena to be considered (see 7.2). Parameters that are not
independent are grouped in an arithmetic sum.

Coefficient k determines the safety level (k > 1).
Further explanations can be found in EN 15273-1:2013+A1:2016 &1, 7.2.1.9.2.

An example of the calculation and the values recommended for the tolerances are given in Annex A and
Annex B.
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7.4 \Vertical allowances for random phenomena

7.4.1 Phenomena considered
An allowance is defined to take into account the following tolerances:

— vertical effect of the roll due to random phenomena (see 5.3.3) (only for the upper horizontal part of upper
parts, commonly referred to as the roof or sky);
— vertical displacement of the track between two periods of maintenance-Ty;

— vertical tolerances;
— additional allowances.

7.4.2 Determination of the sum of vertical allowances 2,

The effective value of 3, may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

when determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.3 is very improbable. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

=, =ky(ahy ) +(an, ) +.. a0, ) (21)

where Ty is the allowance of the various phenomena to be considered (see 6.2). Parameters that are not
independent shall be considered together, i.e. in an arithmetic sum.

Coefficient k determines the safety level (k > 1).
Further explanations can be found in EN 15273-1:2013+A1:2016 &1, 7.2.2.2.1.

An example of the calculation and the values recommended for the tolerances are given in Annex A and
Annex B.

8 Rules for determination of the dynamic gauge

8.1 General
NOTE In this clause, the index “dyn” is omitted from all parameters in order to improve legibility.

The reference profile is determined for a flat straight track, of nominal rail gauge. The gauge is variable,
depending on the situation of the local track (cant, curve radius and rail gauge).

The random phenomena, explained in 5.2, are taken into account by the sum of allowances %

All the parameters are to be taken into account as positive values to the right or the left of the vertical
centreline depending on the case.
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8.2 Associated rules

The position of the structure shall cover the sum of all phenomena:

bobstacle = bCR + Si/a + Zj (22)

where

— bgRris the semi-width of the dynamic reference profile;
— S, are the additional overthrows (see 5.2.1.2);
— is the sum of the allowances to cover the random phenomena as defined below:

On the upper parts, the position of the structure shall ensure that:

hobstaclez hCR + Ah’RV + Ev (233)

where

— hcris the height of the reference profile;
— Ahg, is the superelevation/lowering in the transition curve (see 5.3.2.);

— there is an additional allowance %, for random phenomena.
On the lower parts, the position of the structure shall ensure that:

hobstacle< ficrR + AhRV —2y (23b)
where

— h¢R is the height of the reference profile;
— 4hg, is the superelevation/lowering in the transition curve (see 5.3.2.);

— there is an additional allowance 2, for random phenomena.

8.3 Transverse allowances for random phenomena

8.3.1 Phenomena considered

Allowances are defined to take into account the random phenomena cited in 1.4.2.
The various phenomena are grouped according to their character.

M4y includes the effect of certain random phenomena due to actual movements of the vehicles.
This allowance determines the limit of the point reached by the rolling stock. My is determined on the basis of:

— dissymmetry 75 due to poor suspension adjustment and load distribution not exceeding 1°.

M5 includes the random effects that make the best use of allowances to ensure track maintenance at the
chosen frequencies and resources. M5 is determined on the basis of:

— widening in order to take account of the track displacements T,,,,, between two maintenance operations;

oie
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T
— the geometric part only (hID) due to the crosslevel error of the track Tp (the quasi-static part shall be

taken into account by the rolling stock).

M3, is an allowance that allows easy management of the gauge in the long term and offers additional
possibilities for special consignments, temporary installations or others.

8.3.2 Determination of the sum of allowances 2

The effective value of 3 may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;

— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

When determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.2 is very improbable. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

s, =k(ab, )* +(8b, ) +.{ab, )’ (24)

where Ty is the allowance of the various phenomena to be considered. Parameters that are not independent
are grouped in an arithmetic sum.

Coefficient k determines the safety level (k> 1).
Further explanations can be found in EN 15273-1:2013+A1:2016 &, 7.2.2.1.

An example of the calculation and the values recommended for the tolerances are given in Annex A and
Annex B.

8.4 \Vertical allowances for random phenomena

8.4.1 Phenomena considered
An allowance is defined to take into account the following tolerances:

— the vertical effect of roll due to random phenomena (see 5.3.3.) only for the upper horizontal part of upper
parts, commonly referred to as the roof or sky);
— track vertical tolerance 7.

— vertical tolerances;
— additional allowances.

8.4.2 Determination of the sum of vertical allowances 2,

With there being no series of random parameters as in the case of the semi-width, the height is determined by
the arithmetical sum of the various elements to be considered.

The effective value of 3, may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
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— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

when determining the limit gauge, it shall be regarded that the simultaneous occurrence of the extreme values
of all the phenomena given in 5.3 is very improbable. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable level of certainty can be obtained by using the following
general formula:

=, =k (AR, ) + (A, )+ an, ) (25)

where T; is the allowance of the various phenomena to be considered (see 6.2). Parameters that are not
independent shall be considered together, i.e. in an arithmetic sum.

Coefficient k determines the safety level (k> 1). More detailed explanations are given in EN 15273-1. An
example of the calculation and the values recommended for the tolerances are given in Annex A and Annex B.

9 Distance between track centres

9.1 General

The distance between track centres is determined to allow normal, simultaneous traffic on adjacent tracks and
without restriction. The distance between track centres is established on the basis of the gauge chosen and
takes into account the same phenomena as those taken into account in the actual structure gauge.

The infrastructure manager defines one or more distances between centres in order to allow him to ensure
clearance of the chosen gauge:

— for verification of the distance between centres, the verification limit distance between centres
defining the limit never to be crossed shall be determined;

— for track installation, the installation limit distance between centres that defines the installation limit
distance between tracks shall be determined;

— in every case, it is advised to keep an additional allowance; for this, a nominal distance between
centres is defined permitting management flexibility, particularly for track maintenance and verification
and also, where necessary an allowance for the running of special consignments.

9.2 Determination of the limit distance between track centres

9.2.1 General

The limit distance between track centres is determined to prevent the gauge of one track from interfering with
the gauge of the adjacent track while taking into account both the reference profiles and associated rules and
also a sum of allowances 2,g;, determined in the same way as for the limit gauge.

Generally, the limit distance between centres is determined by the upper point of the vertical part of the gauge,
designated below by the letter P (see Figure 5).

Only the widening defined in 5.2 has an effect on the determination of the limit distance between centres.
The following values are to be considered for each of the two tracks:

— the additional overthrows S, (see 5.2.1.2);
— the quasi-static effect: gs; 5 (see 5.2.1.3);
— the effect of the cant difference between two tracks: Abg, (see below);

— the allowances M;, taking into account the track tolerances and certain load tolerances.
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The formulae for the first two points and the random phenomena to be considered depend on the gauge type
used as defined in the above clauses.

The effect of whether the space between the centres is on the inside or outside of the curve of the track
considered shall always be taken into account.

EXAMPLE In the case of two concentric curved tracks, all the phenomena on the inside of the curve are considered
for the outside track and the phenomena of the outside of the curve for the inside track.

In the case of two tracks of opposing curves, all the phenomena on the outside of each of the two tracks are
considered each with its own radius, cant and running speed.

Figure 4 — Distance between centres

9.2.2 Effect of cant difference Abgy

When the two tracks considered have a different cant or transverse crosslevel, the two gauges tend to get
closer to each other or further away at the top of the vertical part. This has major consequences on the
distance between centres measured at the running surface.

If the cant difference brings the two contours together at point P (see Figure 5), the distance between the
centres shall be increased. If the two gauges move further apart at point P, a reduction in the distance between
the track centres could be allowed up to the moment when the gauges touch at the bottom; this reduction is
often disregarded.

Under the above conditions, this effect is calculated as follows:
hP
AbéD = f [Dl -D, ]>o (26)

I%) Track 1 is the outer (a) track of the curve and track 2, the inner (i) track of the curve ®il. The cant shall
always be regarded in the same direction (see Figure 5).
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Figure 5 — The distance between centres in the case of a cant difference

9.2.3 Allowances to take into account random phenomena
The effects to be covered are explained in 5.2.2.

The effects on the two tracks simultaneously shall be considered. However, it shall be noted that the
phenomena of the two tracks are independent of each other which means an arithmetic sum of the allowance
of each track taken separately can be thought excessive.

Allowances shall be defined to take account of random phenomena when determining the distance between
centres. The different phenomena are grouped according to their character:

— the verification limit distance between centres only takes into account the widening and certain allowances
ensuring safety when traffic crosses during control with the parameters recorded at the site. The grouping
of these parameters is called Mgp,.

— the installation limit distance between centres takes into account the distance between centres and all the
displacements and wear that might appear during two maintenance periods by means of an allowance
MEgpo. Keeping this distance between centres ensures that clearances for the different maintenance and

verification operations are maintained;
— the nominal installation distance between centres, besides allowances Mg, and Mgp,, also takes into

account an additional allowance determined in 5.4, called Mg,5. Maintaining this space between centres
ensures easier track construction and maintenance.

The allowance Mgy corresponds to 2pp .

The sum of the allowances Mg, and Mgy, is determined by 2 po.
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The sum of the allowances Mg, 4 and M5 is determined by g a5.

9.2.4 Determination

The effects described in 9.2.1 depend on the local situation of each track (cant, curve radius and track gauge)
and shall be taken into account by adding the two semi-widths of the reference profile. The random effects,
explained in 7.2.2.5, will be taken into account by a single allowance 2g,;. The distance between centres shall

cover the arithmetic sum of these effects:

EA> (bCR +S8,.+ g5y, )Voie] + (bCR +8,+ qsi/a) +Absp + X (27)

voie2

In order to optimize the allowance calculations, a more refined formula which incorporates quasi-static
phenomena into the track allowance for random phenomena is presented in Annex A.

9.2.41  Determination of allowance g,

Depending on the use given to the limit distance between centres to be determined, allowance Jg,; will take
into account a different part of the effects accordingly.

The effective value of Jg,; may be chosen:

— either as a fixed value, determined on the basis of the experience the infrastructure manager has on his
network;
— or as a value calculated on the basis of the maintenance tolerances with the following calculation method.

The phenomena to be taken into account depend on the calculation methodology and type of distance
between centres considered.

9.2.4.2 Calculation methodology

9.2.4.21 For the static gauge

For the static gauge, there is no general rule governing the calculation methodology for the limit distance
between centres.

Very often, the limit distance between centres is determined as the sum of the nominal gauge semi-widths.

Where a corresponding kinematic gauge exists, the limit distance between centres can be calculated with the
kinematic method.

9.24.2.2 For the kinematic gauge

When determining the limit distance between centres, it shall be considered that it is very unlikely that all the
phenomena will attain extreme values simultaneously. This is why the arithmetic sum of the allowances is not
acceptable. It can be shown that an acceptable degree of certainty can be obtained whilst following the
general formula below:

S =k 80y )P+ (8, )+ fan, ] +lan, )7+ (a0, ) +fan, )] (28)

where T is the allowance of the various phenomena to be considered. Parameters that are not independent

shall be considered together, i.e. in an arithmetic sum. It shall be noted that the same phenomena on the two
tracks are to be considered as independent.

Coefficient k determines the degree of safety (k > 1).
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An example of the calculation and the values recommended for the tolerances are given in Annex A and
Annex B.

9.2.4.2.3 For the dynamic gauge
No standardized method yet exists for calculation of the limit distance between centres for the dynamic gauge

The kinematic gauge calculation principle can be easily transposed.

9.3 Determination of the nominal distance between track centres

9.3.1 General

All the allowances mentioned in the calculation of the limit distance between centres above are covered by the
nominal distance between centres. The nominal distance between centres presents additional allowances.
These allowances are to be chosen by the infrastructure manager on the basis of the phenomena he wants to
cover:

— an allowance to increase the safety level;

— an additional maintenance allowance;

— an allowance to cover aerodynamic phenomena;

— an allowance to facilitate the installation of switches and crossings;

— an allowance to permit the running of special consignments;

— a reserve for future layout or gauge modifications;

— allowances to obtain a non-variable distance between centres that is easily manageable for the
maintenance and verification services where actual allowances are generous.

Additional allowances for the safety of persons outside the scope of this standard and shall be defined by the
authority responsible.

9.3.2 Determination

Generally, the value of the nominal distance between centres is constant; it is defined for ranges of selected
radii in order to facilitate track design, laying and maintenance.

However, there is no methodology common to all networks for determining the nominal distance between
centres because it results from different allowances, to be considered or not, according to the requirements of
each infrastructure manager. The nominal distance between centres will therefore be determined at the same
time as the nominal gauge, following a feasibility study based on the objective set and the resulting economic
and technical consequences.

One way of obtaining a bigger safety allowance with the aim only of facilitating the management of the
distance between centres is to add together all the random allowances mentioned in the case of the limit

distance between centres in an arithmetic sum instead of a root mean square sum. It shall be noted that this
methodology is generally accepted but rarely used on the different networks.

10 Elements of variable layout

10.1 General

10.1.1 Calculation principle

The abovementioned rules provide enough information to determine the space to be reserved for rail traffic on
a straight track and in the body of a curve. In transition zones, it is noted that a vehicle occupies a
progressively varying space according to the characteristics of two elements of the layout concerned. This
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transition zone depends on not just its layout characteristics, but also on the length of the vehicles operating
on the tracks concerned. See Figure 6.

Key

1 start of curve (curve tangent point)
2 centreline of bogies or axles

3 track centreline

4 centreline of the vehicle

Figure 6 — Effects of transitions

The rules for additional overthrows and for the quasi-static effect take no account of the position of the end
point on the body. When a vehicle enters a curve, the various effects begin to act as soon as the first axle
comes into the curve. The centre of gravity and the points defining the location reached by the vehicle are
before the start of the transition. The rules to be applied to determine the gauge variations when crossing a
layout transition zone are explained below.

10.1.2 Characteristics of a layout transition
A layout transition often consists of a variation in the curve radius on the one hand, and a variation of cant, or

of cant deficiency, on the other. The first can be constructed in either a progressive or abrupt manner. The
second is always determined by means of a transition cant ramp requiring a minimum distance (see also

N 13803-1)).
The curve and gradient transitions are generally merged although they can be separate.

The vertical transition curves generally do not have any progressive curve transition (see EN 13803-1)). The
same phenomena occur only for plane curves.

Due to the fact that switches and crossings are very specific layout elements, they are dealt with separately.

10.1.3 Gauge variations
Gauge variations depend on the gauge type. As a general rule, the gauge elements of variable width are:

— the overthrows;
— the quasi-static effect.

It shall be noted that the overthrows depend only on the curve radius and local track gauge. When the gauge
is considered relative to the nearest rail, the track gauge part is taken into account automatically and therefore
can be disregarded.

On the inside of the curve, the quasi-static effect depends only on the cant and the transition step. It shall be

noted that the characteristic point of the vehicle that determines the maximum point reached by the vehicle is
located in the middle of the body.
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On the outside of the curve, the quasi-static effect varies according to the cant deficiency which depends both
on the locally applied cant, the curve radius and the speed. On this side, the maximum point reached by the
vehicle is located at the ends of the body.

Similar phenomena occur in the vertical direction. They are not dealt with in detail in the following.
10.2 Layout transition
10.2.1 Sudden change of curvature

10.2.1.1 Variation of additional overthrows

When a vehicle is located at the beginning of a curve, the front of it already has an overthrow relative to the
track centreline before the first bogie or wheelset has re-entered the curve.

As soon as the first bogie or wheelset enters the curve, the rear of the vehicle begins to have an overthrow.
This means that the outside additional overthrows are to be partially taken into account from a distance (n, +a)

from the layout transition. The geometric overthrow appears fully when the vehicle is located entirely in the
curve, therefore when the rear of the vehicle is at a distance n, from the start of the curve. A smooth change is
created between these two extreme situations.

A similar situation arises on the inside of the curve. As the critical points are located between the two bogies,
the change in the additional overthrows begins at a distance a from the start of the transition zone to end at a
distance a/2 in the curve.

The change in the additional overthrows occurs over a distance dependant on the vehicle wheelbase a and
overhang na. As the vehicle length is unknown, the maximum allowable length shall be determined The detail
of this change is determined by running all the reference vehicles through the transition zone.

/2y
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1 element of straight layout
2 element of curved layour of radius R
3 reference vehicle
4 transition point
Figure 7 — Effects of a sudden change of curvature
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10.2.1.2 Quasi-static effect transition

The change of curvature in the transition zone changes the quasi-static effect at the same time as the cant
change step.

The quasi-static effect shall be checked at the centre of gravity of the body, normally located in its midpoint.
The curvature to be taken into account is the “average” value between the bogie centres or wheelsets. The
ultimate point reached by the vehicle is between the bogie centres for structures on the inside of the curve and
at the body ends for structures on the outside of the curve.

Generally, the rolling stock takes into account part of the roll. In the case of a transition from a straight track to
a curve, the phenomenon seldom occurs before the layout transition.

10.2.1.3 Simplifications
The calculation of the space occupied by the reference vehicles depends largely on the characteristics of the
transition. The calculation shall consequently be repeated for each transition zone. However, the start and end

point is always the same as shown above. To simplify matters, the additional overthrows can be changed
linearly between the two points

10.2.2 Smooth transition of curvature
Smooth transitions of curvature only apply when the speeds are high enough (see EN _13803-1)).
The principles are exactly the same although the results change slightly:

— the starting point is the same as in the previous case; a distance (n, + a) before the start of the transition

“ 3

on the outside of the curve and a distance “a” from the same point on the inside of the curve;

— the end point of the transition zone is located at the same distance as in the previous case but relative to
the end of the transition curve; at (na) beyond this point on the outside of the curve and at the distance
(a/2) after this same point on the inside of the curve;

— the changes occur more progressively because the curve radius also changes progressively.

Similar simplifications can be introduced. It is often thought that the transition zone is linear along its length but
displaced towards the straight alignment.
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