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Foreword

This document (EN 13803-1:2010) 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or by endorsement, at the latest by December 2010, and conflicting national standards shall be withdrawn at the
latest by December 2010.

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 supersedes ENV 13803-1:2002.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part of this document.
— Council Directive 96/48/EC of 23 July 1996 on the interoperability of the European high-speed network!

— European Parliament and Council Directive 2004/17/EC of 31 March 2004 coordinating the procurement
procedures of entities operating in the water, energy, transport and postal services sectors?

— Council Directive 91/440/EEC of 29 July 1991 on the development of the Community's railways3

EN 13803, Railway applications — Track — Track alignment design parameters — Track gauges 1435 mm and
wider consists of the following parts:

— Part 1: Plain line

— Part 2: Switches and crossings and comparable alignment design situations with abrupt changes of the
curvature

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, France, Germany, Greece, Hungary, Iceland, Ireland, lItaly, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

1 Official Journal of the European Communities N° L 235 of 1996-09-17
2 Official Journal of the European Communities N° L 134 of 2004-04-30
3 Official Journal of the European Communities N° L 237 of 1991-08-24
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1 Scope

This European Standard specifies the rules and limits that determine permissible speed for a given track
alignment. Alternatively, for a specified permissible speed, it defines limits for track alignment design
parameters.

More restrictive requirements of the High Speed TSI Infrastructure and the Conventional Rail TSI Infrastructure,
as well as other (national, company, etc.) rules will apply.

This European Standard applies to main lines with track gauges 1435 mm and wider with permissible speeds
between 80 km/h and 300 km/h. Annex C (informative) describes the conversion rules which can be applied for
tracks with gauges wider than 1435 mm. Normative Annex D is applied for track gauges wider than 1435 mm.

However, the values and conditions stated for this speed range can also be applied to lines where permissible

speeds are less than 80 km/h, but in this case, more or less restrictive values may need to be used and should
be defined in the contract.

This European Standard need not be applicable to certain urban and suburban lines.
This European Standard also takes account of vehicles that have been approved for high cant deficiencies.

For the operation of tilting trains, specific requirements are defined within this European Standard.

2 Normative references

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

EN 13803-2, Railway applications — Track — Track alignment design parameters — Track gauges 1435 mm
and wider — Part 2: Switches and crossings and comparable alignment design situations with abrupt changes
of curvature

EN 14363, Railway applications — Testing for the acceptance of running characteristics of railway vehicles —
Testing of running behaviour and stationary tests

EN 15686, Railway applications — Testing for the acceptance of running characteristics of railway vehicles with
cant deficiency compensation system and/or vehicles intended to operate with higher cant deficiency than
stated in EN 14363:2005, Annex G

EN 15687, Railway applications — Testing for the acceptance of running characteristics of freight vehicles with
static wheel axle higher than 225 kN and up to 250 kN

ISO 80000-3, Quantities and units — Part 3: Space and time

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

3.1

alignment element

segment of the track with either vertical direction, horizontal direction or cant obeying a unique mathematical
description as function of longitudinal distance

NOTE  Unless otherwise stated, the appertaining track alignment design parameters are defined for the track centre line
and the longitudinal distance for the track centre line is defined in a projection in a horizontal plane.
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3.2
circular curve
alignment element of constant radius

3.3
transition curve
alignment element of variable radius

NOTE 1 The clothoid (sometimes approximated as a 3¢ degree polynomial, “cubic parabola”) is normally used for
transition curves, giving a linear variation of curvature. In some cases, curvature is smoothed at the ends of the transition.

NOTE 2 It is possible to use other forms of transition curve, which show a non-linear variation of curvature. Informative
Annex A gives a detailed account of certain alternative types of transitions that may be used in track alignment design.

NOTE 3  Normally, a transition curve is not used for the vertical alignment.

3.4
compound curve
sequence of curved alignment elements, including two or more circular curves in the same direction

NOTE  The compound curve may include transition curves between the circular curves and / or the circular curves and
the straight tracks

3.5
reverse curve
sequence of curved alignment elements, containing alignment elements which curve in the opposite directions

NOTE A sequence of curved alignment elements, may be both a compound curve and a reverse curve.

3.6
cant
amount by which one running rail is raised above the other running rail

NOTE Cant is positive when the outer rail on curved track is raised above the inner rail and is negative when the inner
rail on curved track is raised above the outer rail. Negative cant is unavoidable at switches and crossings on a canted main
line where the turnout is curving in the opposite direction to the main line and, in certain cases, on the plain line immediately
adjoining a turnout (see EN 13803-2).

3.7
equilibrium cant
cant at a particular speed at which the vehicle will have a resultant force perpendicular to the running plane

3.8
cant excess
difference between applied cant and a lower equilibrium cant

NOTE 1 When there is cant excess, there will be an unbalanced lateral force in the running plane. The resultant force will
move towards the inner rail of the curve.

NOTE 2 Cant on a straight track results in cant excess, generating a lateral force towards the low rail.

3.9
cant deficiency
difference between applied cant and a higher equilibrium cant

NOTE  When there is cant deficiency, there will be an unbalanced lateral force in the running plane. The resultant force
will move towards the outer rail of the curve.

3.10

cant transition
alignment element where cant changes with respect to longitudinal distance

6
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NOTE 1 Normally, a cant transition should coincide with a transition curve.

NOTE 2  Cant transitions giving a linear variation of cant are usually used. In some cases, cant is smoothed at the ends of
the transition.

NOTE 3 It is possible to use other forms of cant transition, which show a non-linear variation of cant. Informative Annex A
gives a detailed account of certain alternative types of transitions that may be used in track alignment design.

3.1
cant gradient
absolute value of the derivative (with respect to longitudinal distance) of cant

3.12
rate of change of cant
absolute value of the time derivative of cant

3.13
rate of change of cant deficiency
absolute value of the time derivative of cant deficiency (and/or cant excess)

3.14
maximum permissible speed
maximum speed resulting from the application of track alignment limits given in this standard

3.15
normal limit
limit not normally exceeded

NOTE The actual design values for new lines should normally have a margin to the normal limits. These values ensure
maintenance costs of the track are kept at a reasonable level, except where particular conditions of poor track stability may
occur, without compromising passenger comfort. To optimize the performance of existing lines it may be useful to go beyond
the normal limits.

3.16
exceptional limit
extreme limit not to be exceeded

NOTE  As exceptional limits are extreme, it is essential that their use is as infrequent as possible and subject to further
consideration. Informative Annex H describes the constraints and risks associated with the use of exceptional limits.
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4 Symbols and abbreviations

No. |Symbol Designation Unit
1 a; quasi-static lateral acceleration, at track level, but parallel to the vehicle floor m/s”
2 aqg non-compensated lateral acceleration in the running plane m/s®
3 C factor for calculation of equilibrium cant mm-m-h*/km?
4 da;/dt rate of change of quasi-static lateral acceleration, at track level, but parallel m/s®
to the vehicle floor
5 day/dt | rate of change of non-compensated lateral acceleration m/s®
6 dD/ds cant gradient mm/m
7 dD/dt rate of change of cant mm/s
8 dz/dt rate of change of cant deficiency (and/or cant excess) mm/s
9 D Cant mm
10 Dgo equilibrium cant mm
11 e distance between the nominal centre points of the two contact patches of a mm
wheelset (e.g. about 1500 mm for track gauge 1435 mm)
12 E cant excess mm
13 g acceleration due to gravity: 9,81 m/s’ m/s’
14 hy height of the centre of gravity mm
15 1 cant deficiency mm
16 Lp length of cant transition m
17 Ly length of transition curve m
18 L; length of alignment elements (circular curves and straights) between two m
transition curves
19 lim limit (index) -
20 max maximum value (index) -
21 min minimum value (index) -
22 qp factor for calculation of length of cant transition m-h/(km-mm)
23 qr factor for calculation of length of transition curve m-h/(km-mm)
24 qn factor for calculation of length of cant transition or transition curve with -
non-constant gradient of cant and curvature, respectively
25 qr factor for calculation of vertical radius m-h%/km?
26 qy factor for conversion of the units for vehicle speed: 3,6 km-s/(h-m) km-s/(h-m)
27 R radius of horizontal curve m
28 R, radius of vertical curve m
29 s longitudinal distance m
30 S, roll flexibility coefficient, equivalent to flexibility coefficient s in EN 15273-1 -
31 S tilt compensation factor of a tilt system -
32 t time S
33 Vv speed km/h
34 V inax maximum speed of fast trains km/h
35 Vinin minimum speed of slow trains km/h
36 Aaq overall variation of non-compensated lateral acceleration m/s®
37 AD overall variation of cant along a cant transition mm
38 Al overall variation of cant deficiency (and/or cant excess) mm
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5 Requirements
5.1 Background

5.1.1 General

The following technical normative rules assume that standards for acceptance of vehicle, track construction and
maintenance are fulfilled.

A good compromise has to be found between train dynamic performance, maintenance of the vehicle and track,
and construction costs. More restrictive limits than those in this European Standard may be specified in the
contract.

Unnecessary use of the exceptional limits specified in this European Standard should be avoided. A substantial
margin to them should be provided, either by complying with the normal limits or by applying a margin with
respect to permissible speed.

For further details, see informative Annex G.

5.1.2 Track alignment design parameters

The following parameters are specified in 5.2:

— radius of horizontal curve R (m) (*S);

— cant D (mm) (*S);

— cant deficiency I (mm) (*S);

— cant excess E (mm);

— cant gradient dD/ds (mm/m) (*S);

— rate of change of cant dD/d¢ (mm/s);

— rate of change of cant deficiency (and/or cant excess) d7/d¢ (mm/s);
— length of cant transitions Ly (m) (*S);

— length of transition curves in the horizontal plane Ly (m);

— length of alignment elements (circular curves and straights) between two transition curves L; (m);
— radius of vertical curve R, (m);

— speed V (km/h) (*S).

Parameters followed by the (*S) note indicate safety-related parameters.
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5.1.3 Parameter quantification

For most of the parameters, two different types of limits are specified:
— anormal limit;

— an exceptional limit which may have two different meanings:

a) For safety-related parameters, it shall be the absolute maximum limit of this parameter; this
maximum limit may depend upon the actual track mechanical and geometrical state.

NOTE 1 The exceptional limits are safety-related and may (for most parameters) induce a reduced comfort level. These
limits are extreme and should be used only under special circumstances or after specific safety-case analysis.

NOTE 2  The limits are defined for normal service operations. If and when running trials are conducted, for example to
ascertain the vehicle dynamic behaviour (by continually monitoring of the vehicle responses), exceeding the limits
(particularly in terms of cant deficiency) should be permitted and it is up to the infrastructure manager to decide any
appropriate arrangement. In this context, safety margins are generally reinforced by taking additional steps such as ballast
consolidation, monitoring of track geometric quality, etc.

b) For non-safety related parameters, the limits shall be considered as the limit above which passenger

comfort may be affected and the need for track maintenance increased; however, to cope with special
situations, values in excess of the limits may be used, but they shall not exceed any safety limit.

The use of exceptional limits should be avoided, especially use of exceptional limits for several parameters at
the same location along the track.

For cant deficiency, not all vehicles are approved for the normal or exceptional limits. For such vehicles, the
operational limit shall be consistent with the approved maximum cant deficiency.

5.2 Normal limits and exceptional limits for track alignment design parameters

5.2.1 Radius of horizontal curve R

The largest curve radii and transition permitted by track design constraints should be used where possible.
Normal limit for radius is 190 m and exceptional limit is 150 m. Note that these small radii will result in a
permissible speed less than 80 km/h. Hence, normal and exceptional limits for the radius shall also be derived
from the requirements below.

The parameters that shall be considered in the determination of the minimum curve radius are:

— the maximum and minimum speeds;

— the applied cant;

— the limits for cant deficiency and cant excess.

For every combination of maximum speed V., and maximum cant deficiency I;;,, the minimum permissible
curve radius shall be calculated using the following equation:

C
min = ’ Vnzlax [m]
D+1,

lim
where C = 11,8 mm-m-h*km?

Where D > Ej;,,, the maximum permissible curve radius for the minimum speed V,,;, shall be calculated using the
following equation:

10
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Ry =V, [m]

where C = 11,8 mm'm-h%km?, and D > Eiin

NOTE 1 It is recommended that the radius of tracks alongside platforms should not be less than 500 m. This is to restrict
the gap between platform and vehicles to facilitate safe vehicle access and egress by passengers.

NOTE 2 Small radius curves may require gauge widening in order to improve vehicle curving.

522 CantD
Cant shall be determined in relation to the following considerations:

— high cant on small-radius curves increases the risk of low-speed freight wagons derailing. Under these
conditions, vertical wheel loading applied to the outer rail is much reduced, especially when track twist
(defined in EN 13848-1) causes additional reductions;

— cant exceeding 160 mm may cause freight load displacement and the deterioration of passenger comfort
when a train makes a stop or runs with low speed (high value of cant excess). Works vehicles and special
loads with a high centre of gravity may become unstable;

— high cant increases cant excess values on curves where there are large differences between the speeds of
fast trains and slow trains.

Normal limit for cant is 160 mm.

NOTE It is recommended that cant should be restricted to 110 mm for tracks adjacent to passenger platforms. Some
other track features, such as level crossings, bridges and tunnels may also, in certain local circumstances, impose cant
restrictions.

Exceptional limit for cant is 180 mm.

To avoid the risk of derailment of torsionally-stiff freight wagons on small radius curve (R < 320 m), cant should
be restricted to the following limit:
_ R-50m

= [mm]
1,5m/mm

lim

The application of this limit assumes a high maintenance standard of the track, especially regarding twist. For
further information, see informative Annex H.

5.2.3 Cant deficiency I

For given values of local radius R and cant D, the cant deficiency 7 shall determine the maximum permissible
speed through a full curve such that:

2
I:C.T_D:DEQ_DSIlim [mm]
where C = 11,8 mm-m-h%km?
vY1 gD g1 I
NOTE 1 I, can be replaced with the value (aq)im: a,=|— | 55— g = g— < (aq ) = g—hm [m/sz]
9, ) R e e fim e

11
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Normal and exceptional limits for cant deficiency are given in Table 1. These limits apply to all trains operating
on a line. It is assumed that every vehicle has been tested and approved according to the procedures in
EN 14363, EN 15686 and/or EN 15687 in conditions covering its own range of operating cant deficiency.

Table 1 — Cant deficiency I,

Normal limits Exc]_ep_tional
imits
Non-tilting trains
80 km/h < V<200 km/h 130 mm 183 mm
200 km/h < V< 230 km/h 130 mm 168 mm?®
230 km/h < V< 250 km/h 130 mm 153 mm®
250 km/h < 7= 300 km/h 100 mm 130 mm®>°
Tilting trains

80 km/h < ¥ < 260 km/h® 275 mm® 306 mm®

@ Trains complying with EN 14363, equipped with a cant deficiency
compensation system other than tilt, may be permitted by the
Infrastructure Manager to run with higher cant deficiency values.

® The Infrastructure Manager may require qualification of a part of a line
for the introduction of trains running at these or higher cant deficiencies,
taking into account the required track quality and other conditions.

° The limit may be raised to 153 mm for non ballasted track.

d Currently, there are no lines used or planned where maximum speed
for tilting trains exceeds 260 km/h.

NOTE 1 The European signalling system ERTMS includes vehicle limits of cant deficiency I, of 92 mm, 100 mm,
115 mm, 122 mm, 130 mm, 153 mm, 168 mm, 183 mm, 245 mm, 275 mm and 306 mm. These values reflect the current
practice of operating different train categories in Europe.

NOTE 2 Freight vehicles are normally approved for a cant deficiency in the range 92 mm to 130 mm.
NOTE 3  Non-tilting passenger vehicles are normally approved for a cant deficiency of 130 mm to 168 mm.

NOTE 4 Depending on the characteristics of certain special features in track, such as certain switches and crossings in
curves, bridges carrying direct-laid ballastless track, tracks with jointed rails, certain sections of line exposed to very strong
cross winds, etc., it may be necessary to restrict the permissible cant deficiency. Rules in respect of these restrictions cannot
be formulated beforehand since they will be dictated by the design of the special features; definition of such a frame of
reference can only be left to the initiative of the Infrastructure Manager.

NOTE 5 For further considerations of rolling stock required to operate at high cant deficiencies, passenger comfort with
respect to lateral acceleration may be analysed as follows:

— The quasi-static lateral acceleration «; (at track level, but parallel to the vehicle floor) is a measure of the acceleration
felt by passengers inside the vehicle;

— For a non-ilting train a, is greater than the lateral non-compensated acceleration in the track plane ag

ai=(1+s,)2 g =(1+5,)-a, [sY;

—  For a tilting train this can be expressed approximately by a; = (1+s,)~(1—st)~£~g [m/s?);
e

— The roll flexibility coefficient s, is positive for non-tilting vehicles, as the longitudinal rotation axis of the coach body is
low (around the top of the suspension plane), hence the lateral acceleration felt by passengers due to cant deficiency is
greater than that applied to the running plane. This coefficient can be reduced by choosing a dedicated suspension
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system. With tilt techniques s, > 0, the lateral acceleration felt by passengers for uncompensated acceleration in the
running plane will be reduced;

— The influence of lateral acceleration on passenger comfort is described in EN 12299.
NOTE 6  For further details regarding operations with tilting trains, see informative Annex F
5.2.4 Cantexcess E

There is cant excess when the following has a positive value:
V2
E:D—C-—:D—DEQ [mm]
R
where C = 11,8 mm-m-h%km?
Normal limit for cant excess Ej;,, is 110 mm.

The value of E affects inner-rail stresses induced by slow trains, since the quasi-static vertical wheel/rail force of
an inner wheel is increased.

5.2.5 Cant gradient dD/ds

The following limits apply everywhere along the track where cant is varying:

(@j S(@j [mm/m]
dS max dS lim

Normal limit: (@j =2,25 mm/m
dS lim

Exceptional limit: (%] =2,50 mm/m

lim

NOTE For permissible speed lower than 80 km/h, a higher cant gradient may be used after a safety-case analysis, see
Annex H.

dD
For cant transitions with constant cant gradient, [gj can be calculated from the overall cant variation AD
max

and the length Lyp:

dD AD (dDj
=—Z [mm/m]
lim

ds L, \ds
There are no further special limits for the tilting trains.

5.2.6 Rate of change of cant dD/d¢

5.2.6.1 Rate of change of cant dD/d¢ for non-tilting trains

Cant transitions are normally found in transition curves. However, it may be necessary to provide cant
transitions in circular curves and straights.
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For cant transitions with constant cant gradient, the following relationship with AD being the cant variation shall
apply:

dt

. < [mm/s]

dD AD V (dDj
d L, gq, lim

where L, is the length of the cant transition in metres, ' is vehicle speed in km/h and ¢, = 3,6 km-s/(h-m)

Normal and exceptional limits for rate of change of cant are given in Table 2.

Table 2 — Rate of change of cant (dD/d¢),;,, for constant cant gradients

Normal limits Exc:lﬁrﬁ)itggnal
Non-tilting trains <200 km/h
<168 mm 50 mm/s 70 mm/s?
168</<183 mm 50 mm/s 50 mm/s
Non-tilting trains 200 km/h<}’<300 km/h
50 mm/s 60 mm/s

¥ Where /<153 mm and dI/d<70 mm/s, the exceptional limit for dD/ds
may be raised to 85 mm/s.

For cant transitions with variable cant gradient, the value of dD/d¢ is not constant.

[dDj [dDj
— <) — [mm/s]
dt max dt lim

Normal limit; (@j =55 mm/s
dt lim

Exceptional limit | — | =76 mm/s

dt lim
NOTE 1 Due to limited experience with transitions with variable gradients, the limits for rate of change of cant are
indicative. They may be replaced by limits for second derivative of cant with respect to time (dZD/dtz), see A.3.

NOTE 2 Informative Annex A gives further information on linear cant transitions and alternative types of cant transitions.

5.2.6.2 Rate of change of cant dD/d¢ for tilting trains

Both active and the passive tilt systems need certain time to adapt the angle of tilt to the curve radius and it is
for this reason that curves shall include transition sections of sufficient length.

The transition curves should coincide with the cant transitions. If they do not, then special running tests are
recommended to determine to what extent the maximum cant deficiency may need to be reduced.

The clothoid is normally used for transition curves, giving a linear variation of curvature. Where using transition

curves with non-constant gradients, the function of the tilt system shall be taken into account for the analysis of
the complex interaction between the vehicle and the track.

14



BS EN 13803-1:2010
EN 13803-1:2010 (E)

Normal limit; (@j =75 mm/s
dt lim

Exceptional limit: (%] =95 mm/s
lim

5.2.7 Rate of change of cant deficiency dI/d¢

For track elements with a variation of curvature and/or a variation of cant the following relationship has to be

fulfilled.
d/ d/
(— <| — [mm/s]
dt max dt lim
NOTE 1 The variation of non-compensated lateral acceleration in the running plane may be determined as
da da
k! <2 [m/s3]
dr dr ).
max lim

NOTE 2  The rate of change of the quasi-static lateral acceleration, at track level, but parallel to the vehicle floor (da;/dt),
which is a measure of the rate of change of acceleration felt by the passenger inside the vehicle, is greater than the rate of

' d
change of non-compensated acceleration in the track plane (da,/dr): %: (1+s,)-% [m/sB].

NOTE 3  The influence of rate of change of lateral acceleration on passenger comfort is described in EN 12299.

Normal and exceptional limits for rate of change of cant deficiency are given in Table 3.

Table 3 — Rate of change of cant deficiency (dZ/d¢);;,,

Normal limits Exclip;ﬁit:gnal
Non-tilting trains <200 km/h
1<168 mm 55 mm/s 100 mm/s
168</<183 mm 55 mm/s 90 mm/s
Non-tilting trains 200 km/h<}’<300 km/h
55 mm/s 75 mm/s

In case of using tilting trains on given alignment, the values of d//d: are higher. The tilt control system creates
transient states at the entry to curves, which may give rise to even more pronounced jerks. Both active and the
passive tilt systems need certain time to adapt the angle of tilt to the curve radius and it is for this reason that
curves shall include transition sections of sufficient length.

Normal limit: [gj =100 mm/s
dt lim

For transitions with constant gradients of curvature and cant with A/ the overall cant deficiency variation along
the whole transition it follows:
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. S(ﬁj [mm/s]
dz k 4y dz )

where L is the length of the transition in metres, V7 is vehicle speed in km/h and g, = 3,6 km-s/(h-m)

NOTE 4  For transitions with constant gradients of curvature and cant with Aq, the overall variation of non-compensated
da A .V da
lateral acceleration along the whole transition it follows: —— = —— <

Yo
d L, gq, dt

[m/s3].

lim

The values of d//dr and da,/dr are not constant for transitions with non-linear curvature variation and non-linear
cant application, see informative Annex A for further information.

5.2.8 Length of transition curves in the horizontal plane Lk

For transition curves coinciding with cant transitions, Ly = Lp, with a constant gradient of curvature and cant, the
minimum length shall be determined using the parameters from 5.2.5, 5.2.6 and 5.2.7 in the following manner:

— cant gradient dD;
ds
— rate of change of cant ‘:jD;
t

— rate of change of cant deficiency % ;

and by the following formulae:

-1
Ly 2AD[—) [m]

lim

1
9y dr

lim

1
LKzL-N-(ﬂj [m]

qy dr Jjim

. . . (qD)hm-V-AD -

NOTE 1 Certain local standards present the requirement for dD/d¢ in the form Lp ZT [m], where the limit
-1
for qp is defined from ¢, = 1000 (d—Dj [m-h/(km-mm)].
qy dt
VAl

NOTE 2  Certain local standards present the requirement for d7/d¢ in the form Ly 2% [m], where the limit for

1000
ay

q; is defined from ¢; =

[%V [m-h/(km-mm)].

For transition curves coinciding with cant transitions, Ly = L,, with a non-constant gradient of curvature and cant,
the minimum length shall be determined using the parameters from 5.2.5, 5.2.6 and 5.2.7 in the following
manner:
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dpY™"
LD2QN'AD'(d_j [m]
S Jlim
14 dpY"
L.>q, — AD-|=—| [m
£ qN qV [dt jlim[ ]

qy dr Jyim
. . . (‘ID)lim'V'AD P
NOTE 3  Certain local standards present the requirement for dD/d¢ in the form Lp ZW [m], where the limit
-1
o 1000 (dD
for qp is defined from g, =g, -— | — [m-h/(km-mm)].
4y d
. . . (‘II)mn'V'AI P
NOTE 4  Certain local standards present the requirement for d//dz in the form Ly ZW [m], where the limit for

o 1000 (dIY"
gq; is defined from g, =g, -—- E [m-h/(km-mm)].

qy

For certain types of transitions with non-constant gradient of curvature and cant, the value of the factor ¢, is
defined in Table 4.

Table 4 — Factor ¢, for transitions with non-constant gradient of curvature and cant

Bloss Cosine Helmert Sine (Klein)
(Schramm)
1,5 /2 2 2

The length of transition curve shall comply with all three criteria. It has to be at least the largest value derived

from the above formulae for the selected values of [‘LDJ , ((LDJ and [ﬂj .
ds Jim WAt i dt Jjim

NOTE 5 Due to limited experience with transitions with variable cant gradients, this method limiting the rate of change of
cant is indicative. If it is replaced by limits for second derivative of cant with respect to time (dZD/dtz), other formulas for the
minimum transition lengths should be applied, see A.3.

Where there is no transition curve or it is of insufficient length with respect to the d//dt criterion, the limits of the
abrupt change of cant deficiency, defined in EN 13803-2, shall be complied with.

5.2.9 Length of circular curves and straights between two transition curves L;

The normal limit for the length of a straight or a circular curve placed between two transition curves is 20 m, L; =
20 m.

NOTE As an alternative to a short length of a straight or a circular curve, this alignment element may be omitted and
the two transition curves connected directly to each other.

For an alternative method to define the minimum lengths, see informative Annex B.
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5.2.10 Vertical curves

Vertical curves should be at least 20 m long and may be designed without vertical transition curves.
NOTE Vertical curves are normally designed as parabolas (2nd degree polynomials) or as circular curves.

A vertical curve shall be provided where the difference in slope between adjacent gradients is more than:
— 2 mm/m for permissible speeds up to 230 km/h;

— 1 mm/m for permissible speeds over 230 km/h.

The limits for the vertical radii are defined in 5.2.11.
5.2.11 Radius of vertical curve R,

The normal limit for radius of vertical curve is R, ;= ¢, -V* [m], where grum = 0,35 m-h’/km?, without
going under 2000 m vertical radius.

NOTE 1 On lines where most of the passengers may be standing, it is recommended that ¢z should be greater than
0,77 m-h*km?”.

The exceptional limit for radius of vertical curve is R ;. =¢p -V* [m], where ggm = 0,13 m-h’/km® for
hollow, and gy i, = 0,16 m-h%km? for crest.

For sections with switches and crossings laid in vertical curves, the limits defined in EN 13803-2 shall be
complied with.
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Annex A
(informative)

Supplementary information for track alignment design related to shape
and length of alignment elements

A.1 General

Among other features of track alignment design, all changes imposed in the lateral plane to vehicle trajectory
are important for providing good ride comfort. In such situations, the vehicle is subjected to abrupt variations of
cant and curvature gradients (second order derivatives). The dynamic response to these types of excitations
depends upon the suspension design. However, a common feature is that this response lasts a few seconds
before the effect is eliminated over a following alignment element (circular curve or straight).

This annex provides detailed analysis methods with respect to design of transition curves and track alignment
elements.

Subclause A.2 includes a Table summarising the properties of the following transition curves, compared with the
conventional clothoid, sometimes approximated as a third degree polynomial “cubic parabola™:

— Bloss curve;

— Cosine curve;

— Helmert curve, also known as the Schramm curve;
— Sine curve, also known as the Klein curve.

Subclause A.3 entitled “Further parameters that may be considered for transition curve design and a
progressive system of design rules” provides a more comprehensive analysis method of the vehicle behaviour
in complex curving situations with segments of varying curvature or / and cant with respect to the roll movement
and of the consequences in terms of track alignment assessment.

A.2 Summary of the properties of different transition curves

In addition to the symbols used in the main part of the European Standard the following symbols are used in the
Table summarising the properties of different transition curves shapes and the maximum values of
corresponding parameters for track with gauge 1435 mm:

K  horizontal curvature (m)

v line speed (m/s)

1:n cant gradient

r,  vertical radius of smoothed outer rail at the beginning and the end of the uniform slope (m)

a, vertical acceleration in the track centre line within the transition curve (mm/sz)

fL shift (m)

Table A.1 summarises the properties of different transition curves shapes compared with the conventional

clothoid, which is the bases of this European Standard and the maximum values of corresponding parameters
for track with gauge 1435 mm.
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Table A.1 — Transition curves and the maximum values of corresponding parameters for track with gauge 1435 mm

NOTE (Unit length: m; unit time: s; speed v in m/s)
Clothoid Bloss Cosine Helmert (Schramm) Sine (Klein)
L | [———— [ ————> < L 'T < [ ——— L- »>
. . A
Horizontal curvature g ; /R 1/R
v 4
Non-compensated lateral | , | R b | R ) ) D
acceleration in the track plane s,y _8D K=—rg =V _& K=— g _8D L,y 8 L,y &
% R ““R 15 R “"R 15 R “"R 15 K=% TR 13 T
CantD; L:n 3 1Py 1705 g 1:7,0x [
Maximum rate of change of cant Ky v
. 1
as function qf the length dD/ds D 3D 7D 2.D 2.D
through maximum values of lin=— lin, =— lin, =——- lin, =— lin, =—
1n L 2-L 2-L L L
-I'max
Rate of change of non-compen-
sated lateral acceleration da,/dt ; Y
rate of change of cant dD/d¢ ; b ! i 1
; ) o

Vertl.calve“o?tyr\: i(d /d : mzlx:aq V,Q :D'V daq mm:i’dﬁ‘ 273DV ﬂ'aq-v; o —”'D'V 2anv;Q| :2D Y 2aq-v;9‘ :2Dv
maximum lateral jerk da,/d?|max ; AT dt 2 L @ ™S o o= g =T = gy e T T T =T

maximum value of dD/d#|max

. 2
Rate of change of lateral jerk; d a/d12 | r |
vertical acceleration a, % ; ¥ T 5 \ \
maximum value of dzaq/dt2|max : ':V:' \ I \—Q \—Lt
maximum value a, max ° e L G, 3D e mD e 2D rmanis  zDA
| — o’ ) — v dt mnax = 2 vmax — Lz = 2.21 vmax 4L2 2 lmac= 2 vmax Lz [ L 1 [ - _4[‘2
max vmax 2 rv
«© «© @©
Rate of change of vertical © © © © \ /-I
acceleration da,/dt ? ; 1
maximum vertical jerk \-Ltz S
da,/dt|max a - da, 2-7°-D-v
= e dr r
-0
2 2 2 2 2
. L L L L L
Shift /i ° Jewoth =5, Jeioss = 70 x fcosine = 2223 R THelmert = 75— fsine = 128
Equivalent length of transition
ct?rve (fL =fCl thg) b Lo Lgjoss = 1v291 “Lcloth Lcosine = 1:326'LCloth Lyeimert = 1:414'LClmh Lgine = 1v597'LClmh
(Ii;gt:efof v)aLue of horizontal jerk 1.0 1,162 1,184 1,414 1,252
L — JCloth
Rate of change of vertical 1.0 0,37 0,29 0,21 0.25

acceleration (f; = foon) °

@ The shape and the maximum values only apply, if the inner rail of the curve is kept on level and only the outer rail is elevated.
® The values for shift are approximations. For design, exact values should be used.
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A.3 Further parameters that may be considered for track alignment curve design and
a progressive system of design rules

A.3.1 Symbols and abbreviations

Table A.2 gives additional symbols used in this informative subclause.

Table A.2 — List of symbols and abbreviations

curvature in the horizontal plane

No.| Symbol Designation Dimension; unit
39 0 index for a limit usually referred to in this European Standard -
40 1 index for a special value -
41 C index for a fixed value (in a circular curve) -
42 ag non-compensated lateral acceleration at height / length/time?
43 ay vertical acceleration length/time®
44 dao limit of non-compensated lateral jerk at height / length/time’
45 vy limit of vertical jerk length/time®
46 (0] angular acceleration about roll axis rad/time’
47 O limit of angular jerk about roll axis rad/time®
48 b; B distance between wheel treads of an axle (on track with gauge length; mm
1435 mm: B = 1500 mm; on track with gauge 1668 mm:
B =1733 mm; on track with gauge 1524 mm: B = 1585 mm)
49 ,BQ angle of non-compensated lateral acceleration rad
50 :Bv ratio of vertical acceleration 1
51 ,BQo limit of angle of non-compensated lateral jerk rad/time
52 IB limit of ratio of vertical jerk 1/time
Vo
53 i1 5 -; m-h/(km-s)
factor for the conversion of the units for vehicle speed ¢, = E
54 Cho factor for the conversion of the units for vehicle speed used for - (m-h/(km-s))2
accelerations c¢,, -1
12,96
55 Cy3 factor for the conversion of the units for vehicle speed used for - (m-h/(km-s))3
jerks ¢ 5 = !
46,656
56 c1 factor for the conversion of the units for the angular acceleration -
about roll axis mm-(km-s/(m-h))*
o7 15 factor for the conversion of the units for the angular jerk about roll -
axis mm-(km-s/(m-h))3
58 Co1 factor for the conversion of the units for the cant deficiency due to | -; mm-m-h?km?
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Table A.2 (continued)

No.| symbol Designation Dimension; unit

59 Cop factor for the conversion of the units for the cant deficiency due to - (m-h/km)?
the alignment induced roll motion

60 Co5 factor for the conversion of the units for the rate of change of cant | -; mm-h3/(km3-s)
deficiency due to curvature in the horizontal plane

61 Cog factor for the conversion of the units for the rate of change of cant - (m-h/km)3/s
deficiency due to the alignment induced roll motion

62 Co7 factor for the conversion of the units for the rate of change of cant -; mm-s*/m
deficiency and the lateral jerk

63 3 factor for the conversion of the units for vertical acceleration due to]  -; m-(h/km)?
curvature in the diagram of altitudes

64 C35 factor for the conversion of the units for vertical jerk due to - (s/mz)-(km/h)3
curvature in the diagram of altitudes

65 d differential quantity -

66 d;D cant length; mm

67 g acceleration due to gravity according to ISO 80000-3 Iength/time2

68 angle of cant gradient (twist of the track) rad/length

69 h mean height of centre of gravity of vehicles length
(for all track gauges: # =1,8 m)

70 il cant deficiency in the sense of unbalanced cant length; mm

71 iy ; jo limit of rate of change of cant deficiency length/time; mm/s

72 K, curvature of the projection of the track centre line in the horizontal 1/length
plane

73 Ky curvature of a rail in the diagram of altitudes 1/length

74 Ky curvature of the track centre line in the diagram of altitudes 1/length

75 ;L length of a transition curve and cant gradient length; m

76 0 angular velocity about roll axis rad/time

77 Y direction angle in the horizontal plane rad

78 v angle of cant rad

79 | ry;Ry local radius of the track centre line in the horizontal plane length; m

80 g local radius of a rail in the diagram of altitudes length

81 1y 3Ry local radius of the track centre line in the diagram of altitudes length; m

82 558 length of path along the track centre line length; m

83 t;T time time; s

84 2] angle of inclination of the track centre line in the diagram of rad
altitudes

85 vV speed length/time; km/h

NO'LE For variables with dimensions consisting of "length" and "time" any consistent system of units can be

usea.
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A.3.2 Objectives

In conventional track alignment, design conditions for the circular curve are defined. For the transition curve a
more global approach is chosen with integral conditions for the whole transition. To be more realistic local
restrictions all along the track are used.

A.3.3 Progressive track alignment design

A.3.3.1 General

In a differential geometric approach, the alignment of track is described by the three co-ordinates of a starting
point and by the progress of two angles, the angle of direction (o(s) in the horizontal plane and the angle of

inclination 9(5‘) in the diagram of altitudes, all relative to the track centre line in the plane of the top edges of

the rails. Finally, the third angle, the angle of cant W(s), is the angle in which the horizontal axis

perpendicular to the track centre line should be pivoted around the latter to bring it into the plane of the track.
The gauge is measured in accordance with this pivoted axis perpendicular to the track centre line and they
both define the track plane. These three angles can be used in a matrix of a spatial rotation.

In this subclause, the cant angle is defined as the ratio of the length of the arc of this matching circle of the
third angle of rotation with its centre at the track centre line to the radius. The cant d(s) itself is the length of
the arc of the circle with radius equal to the distance between wheel treads b of an axle. Applying cant gives

different altitudes of the left and right rails. The cant can be indicated and measured approximately in a
vertical plane perpendicular to the horizontal projection of the track centre line.

Along the track, all quantities vary with the curved abscissa s in the track centre line and, according to their
definitions, allocated signs and therefore absolute values have to be taken for the comparison with limits.

The curvature in the horizontal plane at any point of the track equals the first local derivative of the direction

do

angle, |K'H (s)| :‘E < Ky, and it has to be limited by a prescribed value kj;,. The radius in the horizontal

plane 7y (s) = is the inverse of the curvature (see 5.2.1).

Ky (S)
In the diagram of altitudes, the inclination angle is limited by the prescribed value |9(s)| <, and in the same
1

KV(S).

way the vertical curvature |K‘V (s)| = < Ky, is limited by &, taken from 5.2.11 regarding r, (s)z

d(s)

d
Also for static reasons, the cant angle has to be limited everywhere, |l//(s)| = <y, :70, especially in

b
: , -~ D,
circular curves. For track with gauge 1435 mm, limits follow from 5.2.2, for Dy, by ¥, :?.
, dy| 1 |dd d ,
The same has to be done for the angle of cant gradient |7(s)| === [7|=% = . Fortrack with
ds| b |ds ds|,

. - dD 1 dD

gauge 1435 mm normal and exceptional limits result from 5.2.5: —| , ¥, =— ——
ds |, B ds|,
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Thus, the geometry can be described and static criteria formulated by the three angles and their derivatives
independently of and therefore valid for any gauge and also for systems without defined gauge as monorails
and magnetic levitated trains.

To obtain the accelerations and jerks induced by the alignment of the track at every point — also in transition
curves and other segments of varying curvature or / and cant — an exact physical model for a cross section of
a rigid vehicle is used and the kinematic variables are expressed. A linearization gives the relation between
track alignment geometry and accelerations and jerks which should be limited. This linearization also leads to
a difference between a sloping length at a track gradient that can be approximated as the length projected in
the horizontal plane.

In this subclause, also the effect on the non-compensated lateral acceleration and jerk due to the roll
movement is to take into account, see Figure A.1. This is an improvement on the previous methods where a
mass point travelling along the track centre line is taken as the basis. In reality, the centre of gravity of the
vehicle, the passengers and the freight are always situated at a certain height above the track plane, which,

for the purpose of this European Standard, is taken as mean height /4 (track alignment for centre of gravity).

In circular curves, all the direct geometric limitations remain unchanged relative to the text this European
Standard and the two criteria containing the height convert for 2 =0 to the conventional rules.

A.3.3.2 Non-compensated lateral acceleration
The following equation for the angle ,BQ between the normal to the track plane and the resultant

non-compensated acceleration in the car body, the dimensionless Froude number defined for all track guided
systems, should be fulfilled everywhere along the track:

‘aQ‘ i d’y ) v? dqo _ i
=M e +h — —yl < =—=23Y A1
\ﬂq\gbﬂdsz V<o =" = (A1)
The following number equation can be obtained:
2
=[S £2)
H

where the constants for track with gauge 1435 mm and a mean height of centre of gravity 4=18m are
625 1
Cyy=—————and¢c,,=——.
52,95591 70,608

Limits /, have to be taken from 5.2.3.

Proportionality between cant and horizontal curvature may be assumed as in conventional track alignment
design:

_ _ (A.3)

This assumption makes it possible to obtain the following equations from which either the curvature or the
cant has been eliminated:
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|"Q|

|ﬂo|:?:

2 2
:(V__Ej. A ‘/’c.d | o (pa)
g K¢ g Kc |

2 2 2
Ke -V h- d
¢ —11- l//+ v . l’;/
g Ve g ds
For a circular curve, the conditions are reduced to the formulae in the main body of this European Standard as
the derivatives of cant disappear and k, =k, ¥ =y and B, = B,.:

. 2
‘aQC‘ _ |lC| _| KV

b

‘ﬁQC‘ = —VYe

doo |
< Boo :fzg‘) (A.5)

If the fixed values are those of a circular curve adjacent to a transition curve, the angle of non-compensated
lateral acceleration ,BQC can be used to rewrite Equation (A.4):

ﬂQc'l//_i_]’l'V2

Ay :ﬂQC'KH +h'V2"//c d’x,
Ve g ds’

K, g k. ds’

|- el Kl

a i
<pB =-—2_-"0 g
Boo=—gr=7 (O

A.3.3.3 Non-compensated lateral jerk

For the non-compensated lateral jerk, the jerk due to the roll movement has to be taken into account. With the
same considerations as above, the following is obtained for all gauges, with consistent units:

3 2 ' :
e o o e
g g

1 |dag| 1

dt | b

Jai
dr

4B, _
dt

The corresponding number equation can be obtained:

3
dr R> dS ds ds

where the constants for track with gauge 1435 mm and mean height of centre of mass are
625 1
Cps=———————and ¢,, =————— .
190,6413 254,188

Limits are taken from 5.2.7, — e b-,BQO.

=1,=c,, “dgyy  With ¢, =152,9574 regarding iy =
0

The proportionality between cant and horizontal curvature, as already mentioned, makes it possible to
eliminate either the cant or the curvature and the non-compensated lateral jerk equation can be reformulated
with the values in the circular curve:

%:l.da_Q:M: ﬂQC‘dl//+h.v d31/1 e
3 .

- ﬂQC'dK h Wc'd <,BQ0 aQO = (A.9)
K. ds g K. ds? g b
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A.3.3.4 Angular acceleration about roll axis

dy
ds

physical point of view, a criterion for non constant cant gradient should not be established based on it.

d
As the angular velocity a):d—l/jz( j-vz 7(s)-v scarcely appears in the Euler equation, from a
t

The angular roll acceleration & equal to the second time derivative of angle of cant is an appropriate
parameter for track alignment design:

d'y|_|dy| d’y|_ o
o <o, = <— A.10
1= ‘ds2 A &s? | v (A19)
_ ? o, [rad/s2 ]
Numerically: ? S CII-T (A11)

with constant for track with gauge 1435 mm: ¢,, = 19440

This condition does not permit jumps in the first local derivative of cant, nor, because of the proportionality
between horizontal curvature and cant, in the first local derivative of curvature either. As a limit
o, ~0,1rad/s® can be chosen. Together with limited non-compensated lateral and vertical acceleration this

limits acceleration field everywhere within the vehicle.

A.3.3.5 Angular jerk about roll axis

The angular roll jerk equalling the third time derivative of angle of cant can be determined and limited:

da| |d° d’ . d’ Q,

IdtIZIdtZ/I:Ids3 Visd = dsy; <|v|0 .
. ¢, [rad/s?]

Numerically: [ S Cps T (A.13)

with constant for track with gauge 1435 mm c¢,;; = 69984

This condition does not permit jumps in the second local derivative of cant, nor, because of the proportionality
between horizontal curvature and cant, in the second local derivative of curvature either. For a limit for
6, ~ 0,2 rad/s® can be assumed.

A.3.3.6 Vertical acceleration

The local vertical acceleration normal to the horizontal plane is represented by the ratio of vertical acceleration
[, and has to be limited:

8,|= % bl v PN \Ky\sgV—ZﬂV“% (A1)
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, Ve v , 1
Numerically: |RV| 2y, ﬂ_ =c,, -a—m with ¢5; = 127 0942 (A.15)
Vo Vo >

Limits may be derived from 5.2.11 a,,, . This is the only kinematic criterion identical to that of the normative

part of this European Standard. Due to the small limits of ratio of vertical acceleration ﬂvo up to 6,052 %,
vertical alignment design is examined independently from horizontal track alignment geometry.

A.3.3.7 \Vertical jerk

For improved comfort, especially if high vertical accelerations are permitted in certain locations, the ratio of
vertical jerk normal to the horizontal plane can be determined and limited:

a6,
dt

dK' v3
ds

1 |day|_

dt

g

| | 3 3
|| It

R BoU/s] R ay, s
i ¢ I

Numerically: |ddlg/|S with ¢, = 457 ,5391 . (A7)

This condition does not permit jumps in vertical curvature. As a limit, ,Bvoz 0,05 [l/s] can be assumed. If
applied, vertical transition curves are to be supplied. Then jerk field is limited everywhere within the vehicle.

A.3.4 Application

A.3.41 General

In comparison to conventional track alignment design rules, the parameter angular velocity about roll axis @

da
is omitted whilst the parameters angular acceleration & and angular jerk d_ about roll axis and vertical jerk
t

also transition curves. In a circular curve nothing changes.

The criteria used in this Annex can be evaluated directly for any possible geometry and gauge by means of
the values given in the normative parts of this European Standard and some additional limits. Introducing

special track geometry functions for horizontal curvature K, (s) cant angle l//(S), and vertical curvature

K, (S) extreme values have to be calculated and compared to their limits. This can be done both for

conventional transitions and for any type of progressive track alignment as various types of spirals, track
alignment design for centre of gravity as "out-swinging" transition curves, etc.

A.3.4.2 Existing or given geometry

For various conventional transition geometry, the following text gives the evaluations for a transition from a
D

straight line to a circular curve with |rH| =|rc| 21, of subclause 5.2.1 and cant angle |l//C|Sl//0 :FO for

track with gauge 1435 mm being lower than the limit of subclause 5.2.2. Also, the angle of non-compensated

I/
lateral acceleration ‘ﬁQC‘ < ,BQO = EO for track with gauge 1435 mm should here be lower than the limit from
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L _ dy| 1 |dd _
5.2.3. The static criterion for the angle of cant gradient |7/(s)| = K = Z : a <%, see 5.2.5 for track with
gauge 1435 mm, shall be satisfied throughout the transition.

In Table A.3, the maximum values for various items and geometry are given. This makes it possible to check
which conditions can be fulfilled and which cannot. The line for angular roll velocity can be used to evaluate

dD
formulae in 5.2.6, Rate of change of cant —| .
0

The conventional clothoid with constant cant gradient (Figure A.2) as an idealised transition yields infinite
angular roll acceleration and with it, infinite non-compensated lateral acceleration close to straight and curved
alignment components and therefore does not meet all the dynamic conditions. With the conventional Helmert
(Schramm) (Figure A.3), Bloss (Figure A.4), and Cosine (Figure A.5) transition, all accelerations can be limited,
but not the jerks, which are infinite at the beginning and the end, for the two quadratic parabolas also in the
middle. Only with the Sine (Klein) transition (Figure A.6) can the angular roll jerk and non-compensated lateral
jerk be limited, but they are not continuous. In Figure A.7 and Figure A.8 the first and the second derivatives
can be compared.

If, to obtain the cant, only the outer rail is elevated above the inner one, Table A.4 give some supplementary
maximum expressions containing the gauge as a parameter for various items and geometry. Total line

inclination H(S) and curvature K, (s) of track centre line, vertical acceleration and vertical jerk are obtained
by adding the expressions with the correct signs from the table to those obtained for the track alignment in the
diagram of altitudes. It should be checked whether these sums are within the permissible ranges; for vertical

acceleration and vertical jerk, this is checked in accordance with the inequalities represented in Equation
(A.14) and Equation (A.16).

Table A.3 — Functions of transition curves, positions and extreme expressions for various kinematic
parameters and cant gradient

E|ement||C|2;hnO;;ZIa\r/1thth Helmert Bloss Cosine Sine
It . (Schramm) (Klein)
em cant gradient
Region: Everywhere
Funation ™ 0<¥<l, 0<><1 0<><1 0<><1
. ‘2 l l
Ky W in the R 5
P § S5 L ccosZS) | 5ot nl 2.2
”:C l/i; linear part: 2 Z ; 3_2 ' Z 2 ¢ 2.7
a4 s 1
= - s
Kc dC / 5 < z <1:
s 2
1-2- [1 - —)
l
Angle of non 0: 1 0,: 0,: s 1
compensated — = ’
lateral + o0 2| 6.1 5 2 s 2z
acceleration 1: Boc  4hy v? i 'V/Cz v T 'WCZ' v arccos ﬂQQC 5
By 2 + WE gl 2-g-¢ B Arhv Y
— o0 g oc g '(2
1
<—:
2
s
ﬁQl = ﬂg(?j
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Element|Clothoid with Helmert Bloss Cosine Sine
constant (Schramm) (Klein)
Item cant gradient
Change of 0, 1: 1 0, 1: 0, 1: 0,,1 :
angle of non 0, -, %
compensated oo 2 oo oo 4.7 -h-y.-v
Iate;;;l jerk e Pz
Q
dt in the middle l :
Q‘ 'B _2.7[.h.wc.v2
A g1’
Angular roll everywhere: 1 1 1 1
velocity WV - - — —
dy CT 2 2 2 2
! 24 2-0 14
Angular roll 0,1 everywhere: 0,,1 0 .1: 1 3
acceleration + o 2 T o —,—:
dw s VeV 6y v’ A2 b4
:E K €2 2'€2 +27z’l//Cv
* VE
Angular roll 0,1 1 0,1 0,1 1
da oo 0,—,1: oo () 0+,_,1,
jerk — 2 2
dr o0 ATy
€3
Maximum |[leverywhere: 1 1 1 1
cant gradient Ve 7" 7 7" 7"
dy I,
= 2.y, 3.y, Ty, 2.y,
4 2-4 2/ l
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Table A.4 — Transition curves: Some absolute extreme expressions of certain static and remaining
kinematic parameters; only the outer rail is raised

Element| Clothoid with .
o cor;s;;a:jr;(ta rc]:fmt ( S’Zf?g;% ) Bloss Cosine (E;Q;)
Inclination of everywhere in 1 1 1 1
tra.ck centre the I[i)near part: 53 E : E : 53
el W | sl | mled | b
‘ 4.4 4.0 0
Vertical curvature 0, 1: everywhere: 0,,1: 0,,1: 1 3
c:;ttrs(l:ilge between: LW 3'b'|Wc| 7’ b |Wc| 4" 4
i 0 ! Iz 4.0 byl
52
Vertical 0, 1: everywhere: 0,,1: 0,,1: 1 3
i oo 2 —, —:
e 81| CL 7 A A P BN
g/ e PN ﬂ'b'|lﬂc|-v
gl
Vertical jerk ratio 0, 1: 1 0, 1: 0, 1: 1
% oo 0,5,12 oo oo 0+,E,17
di = 27 by | v
gl

If the outer rail is raised and the inner rail is lowered, the height of the track centre line is influenced only by
the track alignment design in the diagram of altitudes. The expressions in Table A.4 will be zero.

To overcome the difficulties for a cant gradient with constant slope between a straight and a circle or between

two circles, the outer rail or both rails are smoothed by a vertical radius 7y

rounded areas, curvature and cant are no longer proportional.

Kr

1
—— to avoid kinks. In these two

If only the outer rail is smoothed, the curvature of the inner rail is zero; if the inner rail is also smoothed, it is in
the opposite direction and it has the same amount of curvature but with changed sign.

The following equations combine geometrically the second local derivative of angle of cant with the curvatures

of the rails:
- d’y|_ K,
Only one rail is smoothed: = (A.18)
d’ K
Both rails are smoothed: l/; = 2-712 (A.19)

There are jumps in vertical curvature of at least one rail at both sides of every rounded area where the
expressions change from zero to those in the above equations. There, all the static and dynamic criteria
should be applied to determine the transition.
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For the transition from a straight to a circle, the first maximum angle of non-compensated lateral acceleration
is reached at the end of the first rounded area, the second at the end of the second rounded area. The latter
non-compensated lateral acceleration is always lower then that in the circular curve, only the first one has to
be checked as indicated in A.3.3.2:

a i |b . h-x, v a j
Only the outer rail is smoothed: ‘ ,BQ‘ - M _ I _ b Boc ‘Vzc A P Boy =2 = b (A.20)
g b 2-Kk, -/l gb b
a i |b . h-x, -2 a j
Both rails are smoothed: ‘ﬁQ‘ = M = U = Pec I/ZC eV < Boo = Tk (A.21)
b 4K,/ g-b g b

As non-compensated lateral acceleration at the beginning and at the end of every rounded area jumps to

d
another value, non-compensated lateral jerk % is infinite there.
t

The kinematic values for roll movement depend only on the vertical curvature of the rail(s) and not directly on
cant gradient. In the two areas of ftransition where the rails are smoothed, the following angular roll
acceleration results and has to be limited, as indicated in A.3.3.4:

s . _ KR 'vz <
Only one rail is smoothed: |0(| = —b < q, (A.22)

_ Ky Vv’
Both rails are smoothed: |Ot| =2 5 <, (A.23)

da
Due to the jumps of angular roll acceleration at both sides of every rounded area, the angular roll jerk d_
t

d
and the non-compensated lateral jerk ﬁ are infinite.

dr

If only the outer rail is rounded, in these areas Table A.4 is not be applied and the expressions of the following
equations have to be used:

b-
Maximum inclination of track centre line 6 : |9| = 2|l//;| (A.24)
K
Vertical curvature of track centre line K : |I(V| = TR (A.25)
. . . Kp v’
Vertical acceleration ratio /3, : |ﬂV| = (A.26)
8

In addition, for this transition, the total inclination and curvature of the track centre line and vertical
acceleration are obtained by adding the expressions from the above equations to those obtained for the track
alignment in the diagram of altitudes. It should be checked whether these sums are within the permissible
ranges.

Hence, transitions with a linear cant have non-straight areas between the constant slope and the neighbouring
alignment elements. The cant gradient is determined by the curvature of the smoothed rail(s), & .
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NOTE According to bending theory, jumps in curvature cannot occur for an elastically bedded beam. In reality, the
segments with different curvatures are separated by long stretches with non-constant curvature. Therefore, all cant
gradients with jumps in curvature within the transition or at the boundaries, that are cant gradients with constant slope and
smoothed rails, Helmert (Schramm), Bloss, Cosine, represent an idealised geometry and cannot be assumed to have this
geometry in reality. For a cant gradient with constant slope in particular, the segment with linear cant is only a part of the
whole transition with significant other parts. Therefore, all the cant transitions become somewhat similar and have a high
order cant gradient with variable slope.

A.3.4.3 Planned geometry
To calculate necessary length ¢ of a transition, the criteria in A.3.3 are applied to the variables in Table A.3

for the transition curves and cant gradients. Extreme expressions have to be inverted to yield minimum length
conditions in Table A.5. Lengths have to be compared to take at least the longest.

Table A.5 — Minimum lengths for various criteria and transition curves dependent on the limits

Element Minimum length of transition
Clothoid with b-o
constant cant |KR| < % (one rail smoothed)
gradient and
smoothed
il o
rail(s) i | < 5 0 (both rails smoothed)
{2 |b- Ve (without linear part)
KR
2'<g'b'ﬁoo _h'V2 '|K‘R|)'|KR|'€2 —g-b2 "ﬁQC '1//(:‘ 20
(only outer rail smoothed)
4'(g'b'ﬁoo =2 h-v? '|KR|)'|KR|'€2 —g-b2 "IBQC "//c‘ 20
(outer and inner rail smoothed)
0> el
Yo
Helmert W
(SChramm) g > 2 Y- |l//C| -max ) , L
g‘(z'ﬂgo _‘ﬂgc‘) V &%
r22. 0l
%o
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Table A.5 (continued)

Element Minimum length of transition
Bloss i 1
02v-\6-|y.| max / , /—
| C| g'ﬁQo a,
/> 3'|‘//c|
2.7,
Cosine
fZﬂ'.v. M.max L, L
2 g'ﬂgo Q,
/> 7['|l//c|
2%
=V a, > ﬂQl_ﬁQ / _ﬂQO
0>
Yo
Sine (Klein) I Tl p. 2 St
(with jerk conditions) || /> . max]| 3 4z h el , _2 '[ﬁgc_z % h ‘Z/C‘ v J,s 4 ”_ vl
g'ﬂQo ﬂgo L &,

If only one rail is smoothed, also all the limiting expressions of Table A.4 have to be evaluated and checked,
and, if a condition is not met, the transition length has to be increased or curvature of the rounded areas
decreased.

For a special transition curve with proportionality between cant and horizontal curvature, for given limits and
for a neighbouring circular curve within the limits, particularly Equation (A.5), ‘ﬁQC‘ < ﬁQO, only a reduced

number of equations becomes critical because of the proportionality between some of them. Therefore, by
fulfilling this set, the other equations are always satisfied automatically.

If for a Helmert (Schramm), Bloss, Cosine and Sine (Klein) transition

L <q, (A.27)

is verified, the angular acceleration, Equation (A.10), about the roll axis need not be checked; otherwise it has
to be done. For these transitions, non-compensated lateral acceleration, Equation (A.6), is usually within the
range.

If for a Sine (Klein) transition
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1. 2-ap-v)_ .
= (%0 N +J <d, (A.28)

is verified, the angular jerk, Equation (A.12), about the roll axis needs not be checked. If

a
% >, (A.29)

is verified, the non-compensated lateral jerk, Equation (A.9), needs not be checked. If none is fulfilled, the roll
jerk and lateral jerk conditions have to be checked.

If only the outer rail is rounded, similar relations as above are also applicable to the vertical acceleration ratio

dg,

,BV and the vertical jerk ratio d_ For conventional track geometry (4 =0), there is also this relationship
t

between the angular velocity @ about the roll axis and the non-compensated lateral jerk.

As a numerical example for the reduction of criteria for limits for track with gauge 1435 mm: /, =110 ~

Boo = 0,073 ~ ay =0,719154 m/s*; a,, =031 m/s> ~ B,,=0,0316112; and if only the outer rail is
elevated, a Bloss transition is evaluated:

2
Ve ve & _Od_ ) g16< o0 0TI c6sgg< dro - 031

< = 0,068
¢ 6 6 6-h 618 3-b 315

Meeting the angular acceleration criterion automatically fulfils the non-compensated lateral and vertical
acceleration conditions for these limits. Therefore, application of progressive track alignment design rules
does not add any specific restraints compared to application of traditional rules.
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MNateral

Figure A.1 — Track and vehicle cross section in a right-hand bend (s is the track centre line)
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/
—0,5
1
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; % T

0,5

-1 9

Key

1 cant and curvature
2 first derivative

3 second derivative (infinite)

Figure A.2 — Clothoid with linear cant transition — Normalised cant and curvature in the horizontal
plane, normalised derivatives

3
. 3 1
punanmn
+0.5
2 1 2
e »-
0 1 1 3 1 El
1 2 1 1
—-0,5
-1 4 3

1 cant and curvature
2 first derivative

3 second derivative
4

third derivative (infinite)

Figure A.3 — Helmert (Schramm) transition — Normalised cant and curvature in the horizontal plane,
normalised derivative
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=

[

(R[]

Key

1 cant and curvature

2 first derivative

3 second derivative

4 third derivative (infinite)

Figure A.4 — Bloss transition — Normalised cant and curvature in the horizontal plane, normalised

+1

derivatives

2

+0,5

—

=

-0,5

Key

1 cant and curvature

2 first derivative

3 second derivative

4 third derivative (infinite)

Figure A.5 — Cosine transition — Normalised cant and curvature in the horizontal plane, normalised

derivatives
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1
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4 3
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Key

1 cant and curvature

2 first derivative

3  second derivative

4 third derivative

5 fourth derivative (infinite)

Figure A.6 — Sine (Klein) transition — Normalised cant and curvature in the horizontal plane,
normalised derivatives
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1 clothoid with linear cant transition
2 Helmert (Schramm) transition

3  Bloss transition

4 cosine transition

5 sine (Klein) transition

Figure A.7 — Dimensionless first derivatives
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1 clothoid with linear cant transition (infinite)
2 Helmert (Schramm) transition

3 Bloss transition

4  cosine transition

5 sine (Klein) transition

Figure A.8 — Dimensionless second derivatives
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Annex B
(informative)

Length of alignment elements (circular curves and straights) between
two transition curves L;

In certain applications, the actual length of any alignment element (other than transition curves) should be set
equal to or above a limit given in Table B.1, taking into account the actual alignment design parameters of the
neighbouring alignment elements (cant, cant deficiency and their variations); longer elements should be used
for higher values of these parameters.

It is desirable where possible to join two reverse circular curves by a continuous transition curve instead of

placing a straight line element between the two transitions curves. Hence, in this case, the length of straight
line element is zero.

Table B.1 — Minimum length of alignment elements L; (circular curves and straights)

Range of permissible speed [km/h] 80< V<200 200 < V<300
N | | .ta VmaX Vmax
ormal limit™ [m] . —1’5
E ti i .ta Vmax Vmax
xceptional limit™ [m] 5 25

@ Without going under 20 m.

On high speed lines, a rapid succession of curves and straights may induce a reduction in comfort, particularly
when the length of individual alignment elements are such that the passengers are subjected to changing
accelerations at a rate which corresponds to the natural frequencies of the vehicles.

There are no special limits for tilting trains.
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Annex C
(informative)

Rules for converting parameter values for track gauges wider than
1435 mm

C.1 Scope

This annex (informative) describes the rules, which can be applied for converting the values and limits in the
standard for gauges wider than 1435 mm.

Annex D (normative) defines the limits of the track alignment parameters, based on the following rules, which
shall be applied to tracks with a gauge of 1668 mm and 1524 mm.

C.2 Symbols and abbreviations

Unless otherwise indicated, the symbols and abbreviations of Table C.1 apply to Annex C.
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Table C.1 — Symbols and abbreviations

No. Symbol Designation Unit
86 aj, ai quasi-static lateral acceleration, at track level, but parallel to the m/s’
vehicle floor
87 ag, aq) non-compensated lateral acceleration in the running plane m/s”
88 B, B, distance between the spring suspension points on an axle m
89 C, G factor for calculation of equilibrium cant mm-m-h’/km?
90 dai/dt, da;;/dt | rate of change of quasi-static lateral acceleration at track level but m/s®
parallel to the vehicle floor
91 dD/ds, dD,/ds | cant gradient mm/m
92 dD/dt, dD,/dt | rate of change of cant mm/s
93 d7/de, dI,/dt rate of change of cant deficiency mm/s
94 D, D, cant mm
95 e, e distance between the nominal centre points of the two contact mm
patches of a wheelset (e.g. about 1500 mm for track gauge
1435 mm)
96 E,E, cant excess mm
97 H; quasi-static lateral force applied by an axle to the track N
98 L1 cant deficiency mm
99 K, K, suspension stiffness coefficient N/m
100 ¢ vehicle wheelbase m
101 Oy Nominal vertical wheel/rail force N
102 r ratio e;/e (¢;,/1500 mm) -
103 AD, AD, overall track cant variation along a cant transition mm
104 Al AL overall cant deficiency (and/or cant excess) variation mm
105 AQ, AQ, quasi-static vertical wheel/rail force increment N
106 u cross level variation between axles linked by the suspension

system

In the following, parameters quoted with the index 1 relate to the values converted for track gauges wider than
1435 mm, as opposed to the original 1435 mm gauge values, which are not indexed.

C.3 Basic assumptions and equivalence rules

The conditions are based on the same criteria for the following concepts:

— track forces and safety;

— economic aspects of track maintenance;

— ride comfort and roll flexibility coefficient.

It is assumed that:

— the track system and track quality are similar for the wider gauges;
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— the composition of the vehicles and their wheel arrangements are similar; the weights, the positions of the
centres of gravity, rigidity and dampers are similar; the same safety limits apply with regard to derailment,

(—J ; and the same rules apply to the rate of change of the guiding force on an axle on a curve;

lim

— the same levels of safety with regard to track shift limit will be obtained using the same levels for Hg and,
in the case of derailment and overturning, by using the same values of reduced load, AQ, on the wheels

(the guiding wheels in the case of derailment);

— the same degree of track fatigue will be obtained if the Hs, Q values are maintained,;

da,
— the ride quality will be similar if the values of ¢; and d—’ are kept unchanged.
t

Basic formulae:

H,=2-0, %
e

hg
AQ=2-0y 1

In the case of cant excess, [ is replaced by E (see 5.2.4).

e 32

B [m]: in normal vehicles B — ¢ - 0,5m=>B=2m
1000

Basic data:

Each network system shall take into account the values of ¢; and B,. If not available, ¢, can be obtained by
€

adding 65 mm to the gauge and assuming B, — 1000

=0,5 m.

The value of the parameters for gauges wider than 1435 mm will be designated with the index 1, i.e.:

€ €

e - 1500mm

If e, > e, then B,>Band 1 <r</~.
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C.4 Detailed conversion rules

The following subclauses define, for each of the track alignment design parameters, the conversion principle
to be applied.

C.4.1 Radius of horizontal curve R, (5.2.1)

The horizontal radius of curvature derives from the values of cant and cant deficiency D and [ in the following
relationship:

2
R=C V
D+1

When the units used are km/h for the speed ¥, which corresponds to a reduction factor ¢,=3,6 km-s/(h-m) to
the unit expressed in m/s (12,96 when squared) and mm for the distance between the nominal centre points of

e

the two contact patches of a wheelset e, and for cant and cant deficiency D and I, constant C :W
5 : g

——1 [mm'm-h*km?], g being the

[mm-m-h?km?], whose value is C = 11,8 mm'm-h’km?, becomes C, = 12;6
96-g

gravity constant (9,81 m/s?).

That is, C, = C'r; this constant should be used in conjunction with the corresponding values for cant and cant
deficiency for the modified gauge value, D, and I; (see below).

C.4.2 Cant D, (5.2.2)
Safety:
— Track shift limit: not relevant.

— Derailment and overturning: in the case of a train which is stopped or travelling at low speed (reduced
load on the high rail)

hg
AQ=2-Qy D-—
e

hg
AO1=2-Oy Dy —5
€1

If AQ = AQ,, then:
D, =D’

2 R_Som -]/'2_

Limit for torsionally-stiff freight wagons on sharp radii curves: D, ., =D, -r° =
1,5m/mm

liml

Track fatigue criteria:

— Additional load on the lower rail (low speed):
Dy =D+

— Lateral force (on the track) (low speed):
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D D
He=2-0y-—=2:-0y-—t
1

Therefore:

D1 =Dr

Ride quality criteria:

In this criterion low speed is fundamental:

a; :(1+Sr)'aq :(1+Sr1)'aq1 :(1+Sr)'g'2:(1+sr1)'g'_l
e e,

If s.=s,, then:

D1 =Dr

Rule for converting values:

Limits for cant shall be multiplied by r. However, the limit for torsionally-stiff freight wagons on sharp radii
R —50m

. 2
curve willbe D, , = -r" [mm].

1,5m/mm

+5

r

l+s,

For tracks alongside passenger platforms, the recommended cant restriction will be 110 - o lf s, =8,

then this will be: 110-» mm.

In H.3 (Annex H), permissible D, and limit D, shall be multiplied by 4‘22 .
B

1

C.4.3 Cant deficiency I, (5.2.3)

The formulae in the standard will become:

2
— C1 'Vmax

I = -Dy=1-r<(l)m
Where C,=Cr
_ Vrﬁax _ _&_ 11_ I S(a) _(11)Iim
7 1296-R ° ¢ e (ﬂ 4 /lim (ﬂ
g g
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Safety:
— Track shift limit:
The adopted values for cant deficiency are not critical. If the values of H, are maintained, then:
Iy=1r
— Derailment and overturning:
This value is limited by the above track shift limit criteria.

Track fatigue criteria:

The same degree of fatigue applies to the same values of H,, therefore, the most restrictive values
correspond to H; and the result is:

[1211”

Ride quality criteria:

The ride quality (for a geometrically-similar quality track) will be the same for the same values of «;.

This becomes:

If s, = s, then:
11 :['r

Rule for converting values:

The limits of Table 1, including the values governed by the footnotes, should be multiplied by r.
C.4.4 Cant excess E; (5.2.4)

2 2
The formula E:D—11,8-% [mm], becomes E, = D, —11,8-1”-% [mm].

This parameter mainly affects track fatigue and specifically the increase in load on the lower rail. Therefore the
normal limit shown as 110 mm would become 110-* mm. However, the value for cant excess should not be
greater than that for cant deficiency and the corresponding limit would be 110-» mm (see C.4.3).

C.4.5 Cant gradient dD,/ds (5.2.5)

The limits for this parameter are associated with safety from the point of view of derailment of slow trains as a
result of flange climbing. The same degree of safety with regard to derailment will be obtained with the same

reduction in load on the guiding wheel. % mm/m represents the average cant variation corresponding to the
S
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length of the vehicle. The reduction in vertical wheel/rail force corresponding to p =/ -%-10'3 mm, where / is

2
the vehicle wheel base, is A0 = K(ﬁj{ﬂj{ﬁj 103N
4 )\ AL e

The wheel-base ¢ shall be taken as the distance between axles for two-axle wagons, and separately as the
bogie axle distance and the distance between bogie pivots for bogie vehicles.

2
similarly, xp, - K(ﬁ](ﬂ)[ﬁj 100 N; with AQ = AQ
4 \ AL

€

Therefore:

) & ()%

AL
Rule for converting limits:

2
Normal limit: 2,25.4* mm/m
5
. . 4.2
Exceptional limit: 2,50 >
B;

NOTE  Being Al the longitudinal measurement base and AD the track twist, in Annex H limiting g; and limiting g, (H.3),

4.2

g and g" (H.4) should be multiplied by 5

B
C.4.6 Rate of change of cant dD,/dz (5.2.6 of the main body of the standard)
The reason for limiting this parameter is due exclusively to the ride comfort based on the suspension (delay or

lag in the vehicle body tilt and excitation of roll oscillations). The inclination speed due to cant is restricted. The
amount of inclination due to cant is:

D1 D 1
b or — and that perceived inside the vehicle is (1+S,~)2 or (1 +5, )— therefore:

e el e el

), L)

()24 11g,) 200
e e
ie.:
12
dt dt ) \1+s,
If 5,0 =s,
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22

Rule for converting values:

The limits in 5.2.6 should be multiplied by r.

C.4.7 Rate of change of cant deficiency d7,/dz (5.2.7)

The limits of this parameter are associated to the ride comfort.

If:
dl

1 1

dail — (1+Sr1 )daql — ( +S71)( dt j .
d di o g
dl

da, (1+Sr)(dtj_
dt e &

The equation % = &, implies:
dt dt

di, _ r.{@]ﬁ

dt l+s, | dt

If 5,1 = s, we have:

ay_ di

dt dr

Rule for converting values:

The limits in 5.2.7 shall be multiplied by r.

C.4.8 Length of transition curves in the horizontal plane Ly (5.2.8)
(valid only for the linear transition curves, and with transition curves coinciding with cant transitions, Ly = Lp,)

The length of transition curves in the horizontal plane depends on the cant gradient and the rates of change of
cant and cant deficiency, which correspond to the following formulae:

-1
L 2AD1'(ﬂj m
ds

lim

-1
LZ(M]-ADV(ﬂj m
q, dt )
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-1
L> & Ah(ﬂj m
q, dt )y

The length of transition curve shall comply with all the above criteria.

Where there is no transition curve or it is of insufficient length with respect to the di/dt criterion, the limits of the
abrupt change of cant deficiency, defined in EN 13803-2, shall be complied with.

C.4.9 Other parameters (5.2.9, 5.2.10 and 5.2.11)

These parameters are not gauge-dependent. The limits given in the main part of this standard (see 5.2.9,
5.2.10 and 5.2.11) are applicable to a track gauge wider than 1435 mm.
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Annex D
(normative)

Track alignment design parameter limits for track gauges wider than
1435 mm

D.1 Scope

This annex defines the relevant limits for the track alignment design parameters to be applied for tracks laid
with gauges wider than 1435 mm.

The following limits have been derived, for the parameters covered in the main body of the standard, by
application of the transposition rules described in Annex C.

D.2 Requirements for a gauge of 1668 mm

D.2.1 General

The limits defined in D.2.2 to D.2.10 apply for the tracks laid in Portugal and Spain with a track gauge of
1668 mm.

Base values are: e; = 1733 mm; B, = 2,233 m.

D.2.2 Cant D,
Normal limit for cant is 185 mm.

NOTE It is recommended that cant should be restricted to 125 mm for tracks adjacent to passenger platforms. Some
other track features, such as level crossings, bridges and tunnels may also, in certain local circumstances, impose cant
restrictions.

Exceptional limit for cant is 205 mm.

To avoid the risk of derailment of torsionally-stiff freight wagons on small radius curves (R <320 m), cant
should be restricted to the following limit.

D = (R — 50m)- 0,9mm/m [mm]
For further information, see informative Annex H.

Some other track features, such as level crossings, bridges and tunnels may also impose cant restrictions in
specific local circumstances.

D.2.3 Cant deficiency I,

Normal and exceptional limits for cant deficiency are given in Table D.1. These limits apply to all trains
operating on a line. It is assumed that every vehicle has been tested and approved according to the
procedures in EN 14363, EN 15686 and/or EN 15687 in conditions covering its own range of operating cant
deficiency.
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Table D.1 — Cant deficiency I;;,

Normal limits Excfp_tional
imits
Non-tilting trains
80 km/h < V<200 km/h 150 mm 211 mm
200 km/h < V<230 km/h 150 mm 194 mm®
230 km/h < V<250 km/h 150 mm 177 mm®
250 km/h < ¥ < 300 km/h 115 mm 150 mm*>°
Tilting trains

80 km/h < ¥ < 260 km/h® 318 mm® 354 mm®

@ Trains complying with EN 14363, equipped with a cant deficiency
compensation system other than tilt, may be permitted by the
Infrastructure Manager to run with higher cant deficiency values.

® The Infrastructure Manager may require qualification of a part of a line
for the introduction of trains running at these or higher cant deficiencies,
taking into account the required track quality and other conditions.

¢ The limit may be raised to 177 mm for non ballasted track.

d Currently, there are no lines used or planned where maximum speed
for tilting trains exceeds 260 km/h.

NOTE 1 The European signalling system ERTMS includes vehicle limits of non-compensated lateral acceleration in the
running plane of 0,60 m/s?, 0,65 m/s®, 0,75 m/s®, 0,80 m/s?, 0,85 m/s®, 1,00 m/s®, 1,10 m/s? 1,20 m/s? 1,60 m/s®,
1,80 m/s® and 2,00 m/s®. These values reflect the current practice of operating different train categories in Europe.

NOTE 2  Freight vehicles are normally approved for a cant deficiency in the range 106 mm to 150 mm.

NOTE 3  Non-tilting passenger vehicles are normally approved for a cant deficiency of 150 mm to 194 mm.

NOTE 4  Depending on the characteristics of certain special features in track, such as certain switches and crossings in
curves, bridges carrying direct-laid ballastless track, tracks with jointed rails, certain sections of line exposed to very strong
cross winds, etc., it may be necessary to restrict the permissible cant deficiency. Rules in respect of these restrictions
cannot be formulated beforehand since they will be dictated by the design of the special features; definition of such a
frame of reference can only be left to the initiative of the infrastructure manager.

D.2.4 Cant excess E;

Normal limit for cant excess E}j, is 125 mm.
D.2.5 Cant gradient dD,/ds

Normal limit is 2,4 mm/m.

Exceptional limit is 2,7 mm/m.

NOTE For permissible speed lower than 80 km/h, a higher cant gradient may be used after a safety-case analysis,
see Annex H.

D.2.6 Rate of change of cant dD,/d¢

For non-tilting trains, normal and exceptional limits for rate of change of cant are given in Table D.2.
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Table D.2 — Rate of change of cant dD/dt;,, for constant cant gradients

Normal limits Exc.ep_tional
limits
Non-tilting trains 1’<200 km/h
1<194 mm 55 mm/s 80 mm/s?
194 mm</<211 mm 55 mm/s 55 mm/s
Non-tilting trains 200 km/h<}’<300 km/h
55 mm/s 70 mm/s

@ Where /<177 mm and d//dt<80 mm/s, the exceptional limit for dD/dr
may be raised to 95 mm/s.

For tilting trains, the normal limit is d_ =85 mm/s, and the exceptional limit is d_ =110 mm/s.
! lim !

lim
D.2.7 Rate of change of cant deficiency d/,/d¢

The limits in Table D.3 apply to all types of transition curves.

Table D.3 — Rate of change of cant deficiency dl/de;,,

Normal limits Exclﬁﬁitti;)nal
Non-tilting trains <200 km/h
1<194 mm 60 mm/s 115 mm/s
194 mm</<211 mm 60 mm/s 105 mm/s

Non-tilting trains 200 km/h<}’<300 km/h

60 mm/s 85 mm/s

In case of using tilting trains on given alignment the values of d//d¢ are higher. The tilt control system creates
transient states at the entry to curves, which may give rise to even more pronounced jerks. Both active and
the passive tilt systems need certain time to adapt the angle of tilt to the curve radius and it is for this reason
that curves shall include transition sections of sufficient length.

Normal limit: (gj =115 mm/s
dt lim

D.2.8 Length of circular curves and straights between two transition curves L;
The limits for the length alignment elements L;; are not gauge-dependent.

The normal limit for the length of a straight or a circular curve placed between two transition curves is 20 m,
L; =220 m.

NOTE As an alternative to a short length of a straight or a circular curve, this alignment element may be omitted and
the two transition curves connected directly to each other.
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For an alternative method to define the minimum lengths, see informative Annex B.

D.2.9 Vertical curves

The limits for vertical curves are not gauge-dependent (see 5.2.10 and 5.2.11).

Vertical curves should be at least 20 m long and may be designed without vertical transition curves.
NOTE Vertical curves are normally designed as parabolas (2nd degree polynomials) or as circular curves.

A vertical curve shall be provided where the difference in slope between adjacent gradients is more than:
— 2 mm/m for permissible speeds up to 230 km/h;

— 1 mm/m for permissible speeds over 230 km/h.

The limits for the vertical radii are defined in D.2.10.
D.2.10 Radius of vertical curve

The normal limit for radius of vertical curve is R = .yt [m], where ¢gr;m = 0,35 m-hz/kmz, without
qR,llm s

v,lim

going under 2000 m vertical radius.

NOTE 1 On lines where most of the passengers may be standing, it is recommended that ¢z should be greater than
0,77 m-h’/km?.

The exceptional limit for radius of vertical curve is R =4 rlim NG [m], where ggim =0,13 m-h?/km? for

v,lim

hollow, and gx = 0,16 m-h?/km? for crest.

NOTE 2 For sections with switches and crossings laid in vertical curves, the limits defined in EN 13803-2 should be
complied with.

D.3 Requirements for a gauge of 1524 mm

D.3.1 General
The limits defined in D.3.2 to D.3.10 apply for the tracks laid in Finland with a track gauge of 1524 mm.

Base values are: e; = 1585 mm; B, = 2,085 m.

D.3.2 Cant D,
Normal limit for cant is 170 mm.

NOTE It is recommended that cant should be restricted to 115 mm for tracks adjacent to passenger platforms. Some
other track features, such as level crossings, bridges and tunnels may also, in certain local circumstances, impose cant
restrictions.

Exceptional limit for cant is 190 mm.

To avoid the risk of derailment of torsionally-stiff freight wagons on small radius curves (R < 320 m), cant
should be restricted to the following limit.

D, =(R—50m)-0,7mm/m [mm]
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For further information, see informative Annex H.

Some other track features, such as level crossings, bridges and tunnels may also impose cant restrictions in
specific local circumstances.

D.3.3 Cant deficiency I,

Normal and exceptional limits for cant deficiency are given in Table D.4. These limits apply to all trains
operating on a line. It is assumed that every vehicle has been tested and approved according to the
procedures in EN 14363, EN 15686 and/or EN 15687 in conditions covering its own range of operating cant
deficiency.

Table D.4 — Cant deficiency I,

Normal limits Excgp_tional
limits
Non-tilting trains
80 km/h < < 200 km/h 140 mm 193 mm
200 km/h < V< 230 km/h 140 mm 178 mm®
230 km/h < ¥ < 250 km/h 140 mm 162 mm®
250 km/h < 77'< 300 km/h 105 mm 140 mm?*°
Tilting trains

80 km/h < 1 < 260 km/h® 290 mm”® 323 mm®

@ Trains complying with EN 14363, equipped with a cant deficiency
compensation system other than tilt, may be permitted by the
Infrastructure Manager to run with higher cant deficiency values.

® The Infrastructure Manager may require qualification of a part of a line
for the introduction of trains running at these or higher cant deficiencies,
taking into account the required track quality and other conditions.

© The limit may be raised to 162 mm for non ballasted track.

d Currently, there are no lines used or planned where maximum speed
for tilting trains exceeds 260 km/h.

NOTE 1 The European signalling system ERTMS includes vehicle limits of non-compensated lateral acceleration in the
running plane of 0,60 m/s?, 0,65 m/s?, 0,75 m/s®, 0,80 m/s®, 0,85 m/s?, 1,00 m/s®, 1,10 m/s®, 1,20 m/s? 1,60 m/s?,
1,80 m/s? and 2,00 m/s®. These values reflect the current practice of operating different train categories in Europe.

NOTE 2 Freight vehicles are normally approved for a cant deficiency in the range 97 mm to 140 mm.

NOTE 3  Non-tilting passenger vehicles are normally approved for a cant deficiency of 140 mm to 178 mm.

NOTE 4  Depending on the characteristics of certain special features in track, such as certain switches and crossings in
curves, bridges carrying direct-laid ballastless track, tracks with jointed rails, certain sections of line exposed to very strong
cross winds, etc., it may be necessary to restrict the permissible cant deficiency. Rules in respect of these restrictions
cannot be formulated beforehand since they will be dictated by the design of the special features; definition of such a
frame of reference can only be left to the initiative of the infrastructure manager.

D.3.4 Cant excess E;

Normal limit for cant excess E}ji, is 115 mm.
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D.3.5 Cant gradient dD,/ds
Normal limit is 2,3 mm/m.
Exceptional limit is 2,6 mm/m.

NOTE For permissible speed lower than 80 km/h, a higher cant gradient may be used after a safety-case analysis,
see Annex H.

D.3.6 Rate of change of cant dD,/d¢

For non-tilting trains, normal and exceptional limits for rate of change of cant are given in Table D.5.

Table D.5 — Rate of change of cant dD/dt;, for constant cant gradients

Normal limits Excgp_tional
limits
Non-tilting trains 1’<200 km/h
<178 mm 50 mm/s 75 mm/s?
178</<193 mm 50 mm/s 50 mm/s

Non-tilting trains 200 km/h<}F'<300 km/h

50 mm/s

65 mm/s

¥ Where /<162 mm and dI/d<75 mm/s, the exceptional limit for dD/dz
may be raised to 90 mm/s.

For tilting trains, the normal limit is d_ =80 mm/s, and the exceptional limit is d_ =100 mm/s.
t lim t lim

D.3.7 Rate of change of cant deficiency dI,/d¢

The limits in Table D.6 apply to all types of transition curves.

Table D.6 — Rate of change of cant deficiency dl/d;,,

Normal limits Exc”iﬁ)itti;)nal
Non-tilting trains <200 km/h
<178 mm 60 mm/s 105 mm/s
178 mm</<193 mm 60 mm/s 95 mm/s

Non-tilting trains 200 km/h<}’<300 km/h

60 mm/s 80 mm/s

In case of using tilting trains on given alignment the values of d//ds are higher. The tilt control system creates
transient states at the entry to curves, which may give rise to even more pronounced jerks. Both active and
the passive tilt systems need certain time to adapt the angle of tilt to the curve radius and it is for this reason
that curves shall include transition sections of sufficient length.
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Normal limit: (gj =105 mm/s
dt lim

D.3.8 Length of circular curves and straights between two transition curves L;
The limits for the length alignment elements L;; are not gauge-dependent.

The normal limit for the length of a straight or a circular curve placed between two transition curves is 20 m,
Li; =220 m.

NOTE As an alternative to a short length of a straight or a circular curve, this alignment element may be omitted and
the two transition curves connected directly to each other.

For an alternative method to define the minimum lengths, see informative Annex B.

D.3.9 Vertical curves

The limits for vertical curves are not gauge-dependent (see 5.2.10 and 5.2.11).

Vertical curves should be at least 20 m long and may be designed without vertical transition curves.
NOTE Vertical curves are normally designed as parabolas (2nd degree polynomials) or as circular curves.

A vertical curve shall be provided where the difference in slope between adjacent gradients is more than:
— 2 mm/m for permissible speeds up to 230 km/h;

— 1 mm/m for permissible speeds over 230 km/h.

The limits for the vertical radii are defined in D.3.10.
D.3.10 Radius of vertical curve

The normal limit for radius of vertical curve is R = qg i -V* [m], where gpim = 0,35 m-h’/km?, without
going under 2000 m vertical radius.

NOTE 1 On lines where most of the passengers may be standing, it is recommended that ¢ should be greater than
0,77 m-h’/km?.

The exceptional limit for radius of vertical curve is R = 4R lim NG [m], where ggjim = 0,13 m-h%km? for

v,lim

hollow, and gz = 0,16 m-h?/km? for crest.

NOTE 2 For sections with switches and crossings laid in vertical curves, the limits defined in EN 13803-2 should be
complied with.
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Annex E
(informative)

Track resistance to lateral forces generated by the rolling stock

E.1 Introduction

The operating safety of any rail vehicle is ensured as long the coupling between the wheels and the track is
maintained (see EN 14363, EN 15686, EN 15687, UIC 518, UIC 518-1 and UIC 518-2).

Three main causes of failure are:
— non-compliance with the derailment criterion due to wheel-climb: derailment caused by the fact that a

wheel, usually the wheel situated on the outer rail of a curve, leaves the rail head and rises above it.
Since the wheel/rail interface is governed by friction forces, this derailment mode is characterised in

practice by the é ratio, where Y is the lateral wheel/rail force and Q the vertical wheel/rail force on the
guiding wheel.

— exceeding the lateral strength limit of a track under loading (Prud’homme limit), which is the limit of the
forces generated by the axle onto the track beyond which a gradual and irreversible deterioration process
of the track in the ballast is initiated.

— the vehicle overturning: if the track lateral strength is sufficient, the lateral acceleration of a vehicle body
may, at a very high speed, be high enough to cause a vehicle to overturn in a curve, while the outer
wheel is not actually derailed. The determining criterion for this risk is then the permanent wheel load
existing on the low rail.

E.2 The effect of alignment design parameters on lateral forces generated by the
rolling stock

E.2.1 Cant deficiency

The lateral force generated by vehicles onto the track is dependent on cant deficiency, which may be broken
down into two components:

— the quasi-static force in a circular curve, the level of which is directly proportional to the cant deficiency
and the axle load;

— the dynamic force resulting from the vehicle response to the inputs from track alignment design and
defects, is basically dependent upon:

— the vehicle performance characteristics (specific stability of the vehicle);
— the quality of track alignment and cross-level;
— speed.

In addition, the increase in cant deficiency increases the coupling between the vehicle and the track
geometrical defects (i.e. the wheel follows the alignment defect).
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It therefore seems logical that vehicles possessing special mechanical characteristics (low axle load, reduced
unsprung masses, low roll coefficient), under an equivalent loading level, may be allowed to operate over
higher cant deficiencies than the conventional rolling stock.

E.2.2 Cant excess

In order to minimise the cant deficiency for fast passenger trains, the track alignment designer may, to a
certain extent, increase the level of track cant.

However, the increase in cant may result in higher cant excess for slow trains and thus a higher quasi-static
vertical force on the low rail. As the lateral force on the low rail of the curve is proportional to the vertical load,
the curving forces of the vehicle axles may be higher. Consequently, rail wear and tear may increase as well
the loadings on the track fastening systems.

For cant and cant deficiency, the designer should select the best compromise to suit the types and tonnage of
traffic using a route. The designer should aim at balancing the loadings between the two rails.

E.2.3 The lateral strength limit of a track under loading (Prud’homme limit)

Beyond the comfort limit, there is another limit: as curving speed increases, the coupling forces exerted in the
track plane also increase until they cause plastic strains in the track panel and/or a track lateral displacement.
This displacement will cause a track geometrical defect which will gradually expand with the succession of
axle loadings. This process may lead to the derailment of a vehicle.

This limit of the lateral track strength is expressed in the form of the Prud’homme limit which corresponds to
the lower limit for the various types of track tested.

Since the Prud’homme limit applies to freshly-tamped track, temporary speed restrictions can be raised during
the track consolidation period.

E.2.4 Factors influencing the resistance to track lateral displacement

Track components (rail profile, type of sleeper, type of fastening, ballast characteristics) and other factors as
track consolidation after tamping, thermal loads in rails, proximity of two axles, dynamic vertical wheel/rail
forces, influence the resistance to track lateral displacement.

These aspects are considered in DT 66, DT 150, RP4, RP5 and RP7 of the ORE C 138 Committee.
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Annex F
(informative)

Consequences on track resistance, stress and fatigue resulting from
tilting body train systems

F.1 General

The tilting body is a vehicle design technique which allows the vehicle body of a railway passenger coach to
rotate around a longitudinal axis and thus limit the lateral vehicle body acceleration, as perceived by the
passenger. Tilting body techniques can therefore allow this type of vehicle to negotiate curves at higher
speeds than a conventional non-tilting vehicle whilst still remaining within safety limits and without
compromising passenger comfort.

It is necessary to underline that the tilting behaviour in curves is conditioned by the existence of the sufficient
length of the transition curves. By short transition curves or by curves with an abrupt change of the curvature
(see EN 13803-2), the tilting body systems cannot be used with the whole efficiency as in the plain line curves
with complete transition curves or are even not active.

It is important to verify that the vehicle gauge can be guaranteed by infrastructure even for the false position of
the tilting body due to potential failure of the steering system.

F.2 Basic principles applying to tilting body techniques

In the same way as the conventional railway system (non-tilting vehicles), the implementation of tilting body
vehicles should be based on dedicated specifications covering:

— safety requirements;

— comfort requirements; running behaviour;

— economic assessment of the system (including both vehicle and infrastructure requirements).

The acceptance criteria are described in EN 14363, EN 15686, UIC 518 and UIC 518-1. It is necessary to
point out that in those documents the range of lower radii 150 m < R, < 250 m is not defined for tests. Each
country is therefore responsible in function of the characteristic parameters of its own network to decide
whether supplementary tests are necessary to prove the safety requirements in the mentioned range of the

lower radii.

The currently used requirements on infrastructure applying the tilting train are described in detail in the
UIC 705. The limits for the track alignment design parameters are presented in the main body of this standard.

F.3 Safety requirements

F.3.1 Lateral axle force and track lateral resistance (track lateral shift)

Tilting vehicles should comply with the same safety limit for applied lateral axle load on the track as for-tilting
vehicles. This limit is known as the Prud'homme limit and expresses the lateral resistance of the loaded track
to the lateral forces, which depends on the vertical axle load of the vehicle and on the type of track system
(see Annex E). This safety limit is defined for conventional non-tilting vehicles in the EN 14363 and currently in
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UIC 518 and UIC 518-1. It is important to keep in mind that the Prud’homme limit, as defined in the above
documents, corresponds to a reference ballasted track system with 46 kg/m rails laid on wooden sleepers and
that higher strength track system types may provide higher resistance to the loaded track (see Annex E).

In practice, lateral forces exerted on the track by a vehicle depend, mainly, on the following factors:

— design of the vehicle, including its suspended (and to some extent, non-suspended) masses (axle loads),
suspension and damping characteristics;

— speed;

— track features, including switches and crossings;

— wheel/rail contact profiles;

— track alignment;

— track irregularities, especially in terms of alignment, twist and cant defects.

The introduction of tilting stock on a given line means an increase in the maximum train speed and therefore,
in certain cases, a change in the requirements regarding track irregularities. The test procedure should include
a set of parameters and test values, such as cant deficiency, speed and track geometrical quality. This
procedure should take into consideration the maximum cant deficiency that could be encountered during
service. Other parameters, such as the minimum curve radius, length and different types of transition curves,
are equally important and should be included in the test procedure, especially when combined with high cant
deficiency. This combination of parameters, in conjunction with the design of the suspension and tilting
systems, has a major influence on vehicle response and acceptance. The acceptance requirements for tilting
vehicles are defined in EN 15686 and UIC 518-1.

F.3.2 Vehicle overturning

Overturning conditions result when a vehicle on a curve, under high lateral acceleration in a curve (usually
resulting from high cant deficiency being experienced in the running plane) initiates a rotation around the high
rail. This situation increases the risk of the vehicle moving outwards and overturning. The likelihood of this
type of event occurring with non-tilting conventional vehicles is small, due to the fact that the limit of the track
lateral shift resistance is usually reached at a lower cant deficiency values than for overturning.

However, for tilting train operation, the combination of lateral inertia forces and the loading arising from a
cross wind acting at the centre of pressure of the vehicle body may result in zero vertical force of the inner
wheels. This can occur for cant deficiency values which are relatively nearer to the allowable service values
for tilting vehicles than for non-tilting ones. Supposing that cant deficiencies that can induce overturning lie in
the range between 450 mm and 500 mm depending upon the influence of wind loading and are similar for
conventional non-tilting and tilting vehicles. These values represent 3 times the maximum cant deficiency limit
for non-tilting vehicles, but may be as low as 1,5 times the limit for tilting vehicles (depending on their specific
dynamic behaviour; some vehicles may have higher overturning limits). In a typical 400 m radius curve with
160 mm applied cant, a 300 mm cant deficiency is reached at 125 km/h, and a 450 mm cant deficiency at
144 km/h, which may require a special speed control system.

If it can be demonstrated that the mean bogie wheel load of a vehicle on the lower rail always keeps above a
minimum at the maximum cant deficiency allowed, then the risk of overturning is minimal.

EN 15686 and UIC 518-1 describe therefore the necessary procedure and the limits for the defined so-called
“Overturning criterion”. This criterion requires that the tests shall prove that the critical, unstable state with no
quasi-static forces on the curve inner wheel cannot be reached by cant deficiency values lower than
1£1,5 Ligm.

Specifications for the influence of cross wind are in EN 14067-6 and in the TSI HST Infrastructure; and
characteristic wind curves are defined in the High-Speed Rolling Stock TSI.
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F.3.3 Comfort requirements
Several standards have been used for comfort evaluation:

— IS0 2631, which is based on an evaluation of weighted accelerations; this method can be separately
applied to each vibration direction, vertical, lateral and longitudinal, and the rms value of accelerations
can be converted to an index expressing a time duration of acceptable vibration;

— the CEN methods for comfort evaluation (EN 12299) are also based upon the evaluation of weighted
acceleration levels (although it uses different weighting functions than the older ISO method which mainly
concentrates on the low frequency range of vibration). The CEN methods evaluate the mean comfort
level through a ride index incorporating all three vibration directions (i.e. lateral, vertical and longitudinal),
comfort on curve transitions (discomfort due to high lateral acceleration, rate of change of lateral
acceleration and roll velocity on transition curves) and comfort on discrete events (discomfort due to the
lateral dynamic behaviour of the vehicle on local track irregularities).

An important aspect concerning the perceived feeling of comfort and/or the level of wheel/rail forces is the
reaction time of the tilting system on changes in the track alignment elements. First of all, the entry and the
exit of transition curves are very sensitive, because the reaction of the tilting mechanism on such changes can
be retarded especially for the first vehicle. Depending on the control-command system, the consequences of
such delayed reactions are discontinuities in the perceived comfort.

A sufficient length of the transition curve is, a further very important factor.

In normal cases, the transition curves with linear gradient of cant and curvature should be used. Within the
transition curves in form of clothoide, the roll velocity of the vehicle case can be kept constant.

If transition curves with gradients with variable slope are in use or unavoidable, it is necessary to reach a
vehicle body rotation velocity which corresponds to the variable slope of the mentioned gradients. In such
cases, the transfer of the alignment indications to the vehicle is mostly based on localisers on the ground and
not on on-board sensors fixed in the vehicles.

Under certain circumstances, it is possible for a tilting train to be tilting one way when the curve requires it to
tilt the other way (or not tilt). This adverse effect is amplified by some alignment designs, especially in a series
of reverse curves and instantaneous changes of curve radius without transition curve. In such configurations,
especially within the diverging tracks of the switches and crossings with abrupt changes of curvature (see
EN 13803-2), the tilting movement of the vehicle floor should be eliminated.

Consequently, the maximum speed of the tilting trains in curves without or with too short transition curves
cannot be higher than that of the conventional non-tilting vehicles.
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Annex G
(informative)

Constraints and risks associated with the use of exceptional limits

The use of exceptional limits results in a reduced level of comfort for the passengers and may lead to higher
track maintenance costs, particularly if associated with undesirable track geometry and equipment quality.
Therefore, the designer should avoid unnecessary use of the exceptional limits for the permissible speed,
either by complying with the normal limits specified in this standard or by using a margin with respect to
design speed.

It is permissible to use the exceptional limits specified in this standard if use of the normal limits incurs
unacceptable costs in achieving the maximum desired speed. However, every effort shall be made to design
the alignment with substantial margin to the limits.

The above policy is equally valid for the upgrading of existing lines for higher speeds, when observance of
normal limits would lead to unacceptable costs being incurred.

The exceptional limits are only acceptable for certain designs of passenger vehicles and even then, it will lead
to lower comfort levels for the passengers and almost certainly higher maintenance costs.

The use of exceptional limits has to be agreed by the appropriate body that shall ensure that the vehicle
stability and lateral track force criteria are met.

Maintenance should be kept within the limits laid down in the contract and additional inspection of the track
may be required.

In comparison with the normal limits, the values used by the designer within a specific project should in normal
cases be as low (high) as reasonably possible.
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Annex H
(informative)

Recapitulation of the work carried out by the ORE B 55 Committee —
Maximum permissible cant

H.1 Introduction
The work of the ORE B 55 Committee addressed the three following topics:
— the definition of the criteria for safety against derailment at low speed;

— the determination of twist values which are permissible in the track and of the resulting rules for cant
limits;

— the definition of rules to be observed in the design of, and checks performed on new vehicles with regard
to their capability of coping with different track twist values.

H.2 Criteria for safety against derailment at low speed through wheel-climbing

High-speed operation depends mainly on dynamic aspects and comfort. Conversely, at low speed, guiding
conditions play a more vital role.

At low speed, curves are effectively negotiated with cant excess and the leading wheel (outer wheel of the first
wheelset) exerts a Y force towards the larger radius in the curve while being unloaded because of the cant
excess and twist due to the transition when reaching the end of the curve.

The rail guidance principle is a complex subject but, as a criterion for safety against derailment at low speed,

the r ratio for the leading wheel has to be less than 1,2 (quasi-static condition).

The Y force applied to the leading wheel is the algebraic sum of four partial forces:

— the Y, curving force which depends on the curve radius, the vehicle characteristics and the load of the
opposite wheel;

— the Y, force due to the non-compensated centrifugal force element in the track plane;

— the Y; force which results from the rotational torque between bogie and body for bogie-wagons only;
— the Y, force which results from the dynamic interplay between vehicle and track.

The Q load is the algebraic sum of five partial forces:

— the nominal constant load — Qy — for a given vehicle;

— the initial difference — AQ, — mainly due to the hysteresis of leaf-springs and dry-friction dampers;

— the AQ, difference due to cant deficiency or cant excess;
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— the AQ, variation resulting from track twist, which is related to the vehicle wheel-base but also depends on
the vehicle torsional stiffness;

— the AQj; variation resulting from the dynamic interplay between vehicle and track.

When considering low speeds, the dynamic forces (Y, and AQs;) are not significant. The running conditions
when the leading wheel is unloaded correspond to:

Y, +Y,+Y, 1o
On—AQy —AQ —AD,

This relationship was drawn up for the running conditions, which prevail at low speed, with a 150 m radius
curve laid without cant.

H.3 Limits for track twist

Track twist is defined as the difference in cant between two sections of track spaced a distance "2-¢" apart,
termed the longitudinal measurement base. Twist is generally expressed in terms of a 3 m base.

The ORE B 55 Committee has used the outcome of its work based on data collected by many railways and
based on statistical studies, in order to make the following recommendations that are to be applied to track
design and subsequent track maintenance. They recommended:

— using the limit for track twist (g;) given below, for normal maintenance conditions, based on an actual
length of 2 m:

lim g, :%+3,0s7 %,

— applying, within the same context, the following rule for the calculation of the cant limit (D;) to be
permitted in the track:

permissible D; <

— using the reduced track twist limit (g,) defined by the following relationship when dealing with large cant
values and small curve radii:

3% Slimg2—220 +15<6 %,

-5
— the cant limit (D,) to be permitted in the track can be inferred from the following relationship:

R-50

limD, = [mm]

il

It should be noted that the twist limit given above is a combination of the designed cant gradient in cant
transitions and the errors in cross level.

Reduced speeds on curves of sharp radii can be avoided if exceptional values, exceeding the above, can be
accepted with additional safety measures such as fitting rail lubricators on the outside rail of the curves.
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H.4 Rules applicable to the design of and checks performed on new vehicles with
regard to their capability of coping with track twist values

New vehicles may have to comply with the following twist-absorption conditions (g and g*) for checking
purposes:

5
T=7-— [o/oo]
£ 2-a*

with 2-¢" <4,5m, 2-a" being the bogie wheel-base;

g 15

- 2 % + 2,0 [O/OO]
-a

with4,5m=< 2.-4* <20 m, 2-a* being the wheel-base for two-axle wagons or the distance between pivots of
bogie-wagons.

H.5 List of reports published by the ORE B 55 Committee

— RP 1 (October 1964) Wheel load measurements as a means for testing two-axle goods wagons

— RP 2 (June 1965) Statistical enquiry relating to the permissible track twist

— RP 3 (October 1966) Permissible wheel-load variations on two-axle goods wagons

— RP 4 (October 1970) Two-axle wagons subjected to simultaneous stresses due to track twist and to
lateral components of the forces of the automatic coupler; dynamic effects of track twists

— RP 5 (October 1973) Enquiry on the distribution of track twist for base lengths of 1,80 m to 19,80 m

— RP 6 (April 1975) Conditions for negotiating track twist: calculation and measurement of important vehicle
parameters

— RP 7 (April 1978) Derailment on curves with high cant and small radius
— RP 8 (Final report — April 1983) Conditions for negotiating track twists:
— recommended values for the track twist and cant;
— calculation and measurement of the relevant vehicle parameters;

— vehicle testing.

65



BS EN 13803-1:2010
EN 13803-1:2010 (E)

Annex |
(informative)

A-deviation Switzerland

Deviant from the provisions of subclause 5.2 “Normal limits and exceptional limits for track alignment design
parameters” of prEN 13803-1, in Switzerland the regulatory statutes of The Swiss railway regulations
(SR 742.141.11 / http://www.admin.ch/ch/d/sr/c742_141_11.html) have to be observed in addition.

These regulations specify that the limits defined in article 16N and 17N have to be respected for all track
alignment.
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Annex ZA
(informative)

Relationship between this European Standard and the Essential
Requirements of EU Directive 2008/57/EC of the European Parliament
and of the council of 17 June 2008 on the interoperability of the rail
system within the Community

This European Standard has been prepared under a mandate given to CEN/CENELEC/ETSI by the European
Commission and the European Free Trade Association to provide a means of conforming to Essential
Requirements of the Directive 2008/57/EC*4.

Once this standard is cited in the Official Journal of the European Union under that Directive and has been
implemented as a national standard in at least one Member State, compliance with the clauses of this
standard given in Table ZA 1 for HS Infrastructure and in Table ZA.2 for CR Infrastructure confers, within the
limits of the scope of this standard, a presumption of conformity with the corresponding Essential
Requirements of that Directive and associated EFTA regulations.

4 This Directive 2008/57/EC adopted on 17" June 2008 is a recast of the previous Directives 96/48/EC ‘Interoperability of
the trans-European high-speed rail system’ and 2001/16/EC ‘Interoperability of the trans-European conventional rail
system’ and revisions thereof by 2004/50/EC ‘Corrigendum to Directive 2004/50/EC of the European Parliament and of the
Council of 29 April 2004 amending Council Directive 96/48/EC on the interoperability of the trans-European high-speed rail
system and Directive 2001/16/EC of the European Parliament and of the Council on the interoperability of the trans-
European conventional rail system’.
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Table ZA.1 — Correspondence between this European standard, the HS TSI INF, published in OJEU
dated 19 March 2008, and Directive 2008/57/EC

Clause(s)/ sub- Chapter/ § of the TSI Essential Comments
clause(s) of this Requirements of
European Standard Directive
2008/57/EC
Subclause 5.2.1 3.4 Essential requirements — Annex Il The following track alignment
Radius of horizontal | Elements of the infrastructure | Essential design parameters

curve

Subclause 5.2.2
Cant

Subclause 5.2.3
Cant deficiency

domain corresponding to the
essential requirements

4. 2. Description of the
infrastructure domain —
Functional and technical
specifications of the domain
4.2.6. Minimum radius of
curvature

4.2.7. Track cant

4.2.8.1 Cant deficiency - Cant
deficiency on plain track and
on the trough route of
switches and crossings

4.8 Register of Infrastructure
Annex B 1 — Assessment of

the infrastructure subsystem
— Table B 1

requirements.

1. General
requirements
1.1. Safety
Clause 1.1.1

1.5. Technical
compatibility

-Radius of horizontal curve
-Cant

-Cant deficiency

are considered as relevant to
satisfy the essential
requirements of Directive
2008/57/EC

Other track alignment design
parameters treated by EN
13803-1: 2010 and not by the
HS TSI INF

-Cant excess

-Rate of change of cant

-Cant gradient

-Rate of change of cant
deficiency

-Length of cant transitions
-Length of transition curves in
the horizontal plane

-Length of alignment elements
between two transition curves
-Radius of vertical curve

§ 4.2.5 of the HS TSI INF is
fixing maximum rising and
falling gradients for different
line categories

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling
within the scope of this standard.
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Table ZA.2 — Correspondence between this European standard, the CR TSI INF (Final draft 3.0 dated

12 December 2008) and Directive 2008/57/EC

Clause(s)/ sub-
clause(s) of this
European
Standard

Chapter/ § of the TSI

Essential
Requirements of
Directive
2008/57/EC

Comments

Sub clause 5.2.1
Radius of
horizontal curve

Sub clause 5.2.2
Cant

Sub clause 5.2.3
Cant deficiency

Sub clause 5.2.11
Radius of vertical
curve

3. Essential requirements — Table

1.

4. 2.4. Description of the
infrastructure subsystem—
Functional and technical

specifications of the subsystem -

Line layout

4.2.4.4 — Minimum radius of
horizontal curve

4.2.4.5. Minimum radius of
vertical curve

4.2.5. Track parameters
4.2.5.2. Cant

4.2.5.3. Rate of change of cant
(as a function of time)

4.2.5.4.1 Cant deficiency - Cant
deficiency on plain track and on
the trough route of switches and
crossings

4.8 Register of Infrastructure

Annex B — Assessment of the

infrastructure subsystem — Table

21

Annex Ill Essential
requirements.

1. General
requirements
1.1. Safety
Clause 1.1.1

1.5. Technical
compatibility

The following track alignment
design parameters:

-Radius of horizontal curve
-Cant

-Cant deficiency

-Radius of vertical curve

are considered as relevant to

satisfy the essential
requirements of Directive
2008/57/EC

Other track alignment design
parameters treated by

EN 13803-1:2010 and not by
the CR TSI INF

-Cant excess

-Rate of change of cant
-Cant gradient

-Rate of change of cant
deficiency

-Length of cant transitions
-Length of transition curves in
the horizontal plane

-Length of alignment
elements between two
transition curves

§ 4.2.4.3. of the CR TSI INF
is fixing maximum gradients
for different line categories.

Warning — Other requirements and other Directives may be applicable to the product(s) falling within
the scope of this standard.

69




BS EN 13803-1:2010
EN 13803-1:2010 (E)

(1]

(2]

(3]

(4]

(3]

(6]

[7]
(8]

(9]

70

Bibliography

EN 14067-6 Railway applications — Aerodynamics — Part 6: Requirements and test procedures for
cross wind assessment

ORE B 55, Prevention of derailment of goods wagons on distorted tracks:

— RP 1 (October 1964) Wheel load measurements as a means for testing two-axle goods wagons
— RP 2 (June 1965) Statistical enquiry relating to the permissible track twist

— RP 3 (October 1966) Permissible wheel-load variations on two-axle goods wagons

— RP 4 (October 1970) Two-axle wagons subjected to simultaneous stresses due to track twist and to
lateral components of the forces of the automatic coupler; dynamic effects of track twists

— RP 5 (October 1973), Enquiry on the distribution of track twists for base lengths of 1,80 to 19,80 m

— RP 6 (April 1975) Conditions for negotiating track twist: calculation and measurement of important
vehicle parameters

— RP 7 (April 1978) Derailment on curves with high cant and small radius

— RP 8 (April 1983), Conditions for negotiating track twists — Recommended values for the track twist
and cant — Calculation and measurement of the relevant vehicle parameters

Technical Specification for the interoperability relating to the infrastructure subsystem for the
trans-European high-speed rail system

UIC 518:2003, Testing and approval of railway vehicles from the point of view of their dynamic behaviour
— Safety — Track fatigue — Ride quality

UIC 518-1:2004, Supplement to UIC leaflet 518: Application to vehicles equipped with a cant deficiency
compensation system and/or to vehicles intended tooperate with a higher cant deficiency than stated for
categories | to lll

UIC 518-2:2004, Supplement to UIC leaflet 518: Application to wagons with axleloads more than 22,4 t
and up to 25 t.

EN 12299, Railway applications — Ride comfort for passengers — Measurement and evaluation

EN 13848-1, Railway applications — Track — Track geometry quality — Part 1: Characterisation of track
geometry

EN 15273-1, Railway applications — Gauges — Part 1: General — Common rules for infrastructure and
rolling stock



This page deliberately left blank



British Standards Institution (BSI)

BSI is the independent national body responsible for preparing British Standards

and other standards-related publications, information and services.
It presents the UK view on standards in Europe and at the international level.

It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Stan-
dards should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and serv-
ices. We would be grateful if anyone finding an inaccuracy or ambiguity while
using this British Standard would inform the Secretary of the technical com-
mittee responsible, the identity of which can be found on the inside front
cover.

Tel: +44 (0)20 8996 9001 Fax: +44 (0)20 8996 7001

BSI offers Members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Tel: +44 (0)20 8996 7669 Fax: +44 (0)20 8996 7001
Email: plus@bsigroup.com

Buying standards

You may buy PDF and hard copy versions of standards directly using a

credit card from the BSI Shop on the website www.bsigroup.com/shop.

In addition all orders for BSI, international and foreign standards publications
can be addressed to BSI Customer Services.

Tel: +44 (0)20 8996 9001 Fax: +44 (0)20 8996 7001
Email: orders@bsigroup.com

In response to orders for international standards, it is BSI policy to
supply the BSI implementation of those that have been published
as British Standards, unless otherwise requested.

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK

Tel +44 (0)20 8996 9001
Fax +44 (0)20 8996 7001
www.bsigroup.com/standards

raising standards worldwide™

Information on standards

BSI provides a wide range of information on national, European
and international standards through its Knowledge Centre.

Tel: +44 (0)20 8996 7004 Fax: +44 (0)20 8996 7005
Email: knowledgecentre@bsigroup.com

Various BSI electronic information services are also available which
give details on all its products and services.

Tel: +44 (0)20 8996 7111 Fax: +44 (0)20 8996 7048
Email: info@bsigroup.com

BSI Subscribing Members are kept up to date with standards

developments and receive substantial discounts on the purchase price

of standards. For details of these and other benefits contact Membership Ad-
ministration.

Tel: +44 (0)20 8996 7002 Fax: +44 (0)20 8996 7001
Email: membership@bsigroup.com

Information regarding online access to British Standards via British
Standards Online can be found at www.bsigroup.com/BSOL

Further information about BSI is available on the BSI website at www.bsi-
group.com/standards

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright,

in the UK, of the publications of the international standardization bodies. Ex-
cept as permitted under the Copyright, Designs and Patents Act 1988 no ex-
tract may be reproduced, stored in a retrieval system or transmitted in any
form or by any means — electronic, photocopying, recording or otherwise —
without prior written permission from BSI. This does not preclude the free
use, in the course of implementing the standard of necessary details such as
symbols, and size, type or grade designations. If these details are to be used
for any other purpose than implementation then the prior written permission
of BSI must be obtained. Details and advice can be obtained from the Copy-
right & Licensing Manager.

Tel: +44 (0)20 8996 7070
Email: copyright@bsigroup.com

L o ¥V o Y

Do



