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Shaping the turnout diverging track with nonlinear curvature for enhanced speed

Abstract: In the paper an attempt has been made to conteattantion on shaping the
variable curvature in the diverging track of theway turnout. Making use of some earlier
studies, solutions provided with a circular artha mid-zone, and in the extreme regions
with segments of nonlinear curvature of equal leragtd zero curvature at the start and end of
the turnout, have been assumed as models. Theaanmtitageous choice of the type of
curvature has been made taking into account theratic conditions. A presentation made
includes an analytical record of the curvature r@dtangent inclination angle in the
diverging track length and the Cartesian coordmatehe track. The final part of the paper
referred to the determination of a set of somedoasignitudes relating to geometric
parameters appropriate for a given speed of temidsadequate to ensure the minimization of
the length of the entire turnout at a given finalioate.

Keywords: Railway turnoutspiverging track;Curvature modelling; Selection of geometrical
parameters

Introduction

The issue of railway turnouts is developed in mpaplications [1, 2, 4, 18, 21, 23, 24], often

referring to high-speed railways [3, 20, 25, 26heTdesign of the turnout itself undergoes
constant modifications, however, still in the tygdigeometric shape of the turning track in the
ordinary turnout, a single circular arc withoutnsé@ion curves is used. Such a solution is not
used on railway routes and means the necessitgniothe speed of trains. This is due to the
occurrence of places of rapid, abrupt changes enatfdinates of the curvature plot at the
beginning and end of the turnout. Recently, in saroentries, especially on high-speed

railways, efforts are being made to smooth outdinerature curve in these regions. This is
achieved by introducing the so-called "Sectionslothoid" on both sides of the circular arc,

on which the curvature changes in a linear manngr,often without reaching the extreme

zero values [2, 3, 20, 25].

Here, the length of the turning path is divideaitiiree zones (Fid.):

* aninitial zone of length |1 having a linear curvat,

* acentral zone of length 12 having a predetermmesdature,

* an end zone of length 13 having a linear curvature.

The kinematic parameters determine the value ofrdldeus of the circular arc (i.e. the
curvature k2) and the length of sections with Ja@dacurvature for the given train speed. Of
course, various variants of solutions are possitdated to the curvature values and the
lengths of the individual zones. It also allows fi@e shaping of the turnout bevel and its end
elevation.

The work [8] presents the analytical solution oé throblem for the discussed case. The
equations of curvaturgl) and the angle of the tangent slap@) were determined, where the
parametet determines the position of a given point on thmgthk of the curve. On this basis,
the parametric equationgl) andy(l) were determined for the initial zone and the eade,
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and the equatiory(x) for the middle zone (i.e. circular arc). Usingeske equations, it is
possible to determine the characteristics of anyowt with sections of linear curvature.
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1. Curvature diagram with sections of linear curvataiong the turnout return track length
(R1= 16000 mJ; = 55 m,R,= 6000 m/, = 60 m,l3 = 65 m,R; = 25000 m) [8]

This allowed, among other things, to clarify theus of the geometrical configuration of
two selected turnouts manufactured by Voestalpio¢ [

e Turnout I: Rz 60E1-10000/4006/1:39,111
R;= 10000 mJ; = 37,500 mR, = 4000 m/J,= 48,383 m|3= 55,225 mRs=

 Turnoutll: Rz 60E1-16000/6100/1:47,833
R;= 16000 m); = 56,000 mR, = 6100 mJ,= 58,0624 m|3= 62,500 mR;= o

The results of calculations of the characterisatugs of both turnouts are shown in

Tablel, and the diagrams of horizontal ordinates are shiawigure2.

Tab. 1. List of characteristic values for selected turnouts
| = Il | = |1+|2 | = |1+|2+|3

x(1) y() o () x(1) y() o () x(1) y() o(l)

[m] [m] [rad] [m] [m] [rad] [m] [m] [rad]
| 37499 0,105 0,00656 85878 0,716  0,01866  141,0880002 0,02556
Il 55999 0,151  0,00634 114,058 0,795  0,01586 176,545,000  0,02098

In the examples shown, we deal with a situationre/tiiee curvature at the end of the
geometrical system takes the value of zero. Thexefthe solution presented in [8] also
covers such special cases. The obtained final atelyx = 2,000 m indicates that both
turnouts are intended for use in connections oélfrtracks on the route, the spacing of
which is 4 m. The paper [8] also presents a metifocteating given geometric solutions -
obtaining a specific turnout slope and a speciiid elevation of the turning track.

At the 10th Scientific and Technical Conference siga, construction and
maintenance of infrastructure in rail transport’FRASZYN 2017, a modification of the
discussed solution was presented, consisting adratytical solution of the problem while
alleviating the curvature in the extreme zonesefturnout [11].

Figure 3 shows a graph of curvature along the length afraout return track with
sections of non-linear curvature, and the numerat@racteristics corresponding to the
turnout in Figurel.
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2. Graphs of horizontal ordinates along the lengttne return track of turnouts | and Il
from Tablel (on a contaminated scale) [8]
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3. Curvature plot with sections of non-linear cutratalong the turnout return track length
(R1=16000 mJ; = 55 m,R,= 6000 m/J, = 60 m,l3 = 65 m,R; = 25000 m) [11]

The comparative analysis covers the general cagesaeng in Figures and3 as well as
the corresponding cases with zero curvature on butés of the system, arising after the
adoption ofk; = k3= 0. The list of these cases was as follows:

* turnout I (with sections of linear curvature)

R; = 16000 mJ); =55 m,R, = 6000 mJ,= 60 m,l3= 65 m,R;= 25000 m,

e turnout Il (with sections of linear curvature)

Ry = oo, |1= 55 m,R,= 6000 m,I2= 60 m,I3= 65 m,R3 =,

* turnout Il (with sections of nonlinear curvature)

R; = 16000 mJ; =55 m,R,= 6000 mJ,= 60 m,l3= 65 m,R; = 25000 m,

e turnout IV (with sections of nonlinear curvature)

Ry = oo, |1= 55 m,R,= 6000 m,I2= 60 m,I3= 65 m,R3 = .

Collective diagrams of the turn track curvaturengldhe length of the mentioned
turnouts are shown in Figude

The discussed issues were also taken up in thesy@ril 0, 12, 13].
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4. Diagrams of curvature along the length of thaing track of the compared turnouts
(R1=16000 mJ; = 55 m,R,= 6000 m/J, = 60 m,l3 = 65 m,R; = 25000 m) [11]

Searching for the most advantageous solution

At this point, however, a key question arises: wdstof values characterizing the considered
turnout, i.ek;, k;, andks as well ad,, |, andls, is the most favorable in a given situation? The
number of possible variants is significantly lingitby the dynamic analysis presented in the
works [16, 17].
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5. A favorable curve of curvature with non-lineactsens along the length of the turnout
return track K, = 0,1, = 86 m,k, = 1/6000 rad/ml, = 12,484 m|3 = 86 m,k; = 0) [17]

In this analysis, several cases of using sectibtisear and non-linear curvature were
considered. The case with non-linear curvature@esiof equal length and zero curvature at
the beginning and end of the turnout turned oltetdhe most advantageous solution, i.e. with
the lowest values of dynamic interactions (accélema). Figure5 shows an example of the
curvature curve along the length of the turnoutnretrack for this particular case.

Compared to the model diagrams in Figutend3, the number of control quantities
in Figure5 has decreased by half. Here, it is also possibleddify the division of the
turnout return track into individual zones:

* an initial zone that has the lendtitand curvature that varies nonlinearly from zero to

valuek = /R,

e acentral zone that has a lengithhnd a predetermined curvature of vétue 1/R ,
e an end zone, which has the lengtland curvature that varies non-linearly fréms
1/Rto zero.
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This paper presents a complete solution to theudssd problem. This required the
determination of the nature of the curvature valitghin the extreme zones of the turnout
turn track. Modeling sections of variable curvataleng the length of the turnout return track
allows creating its analytical record in the forrhtbe k(I) function. The next step is to
determine a set of numerical valuesl; andl,, corresponding to the set train speed and
ensuring the minimization of the length of the enturnout (at the given final ordinate).

The coordinate equations of the searched connecéiniioe written in a parametric form [5]:

x(1) = [ cos@()dl (1)

y(l) = j sin®(l)dl )

Analytical solution to the problem
A solution to the problem for the initial zone
The use of sections of nonlinear curvature meaas ttie following boundary conditions

apply in the initial zone (foIrD<O’|1>):

k(0)=0 k(l,) =k

®3)

k'(0):c:|5

1

k() =0
and the differential equation

k(1) =0 (4)

with a numerical factofc 20,
As a result of solving the differential problem ,(3%) we obtain the following curvature
equation:

k(I):Cl:—kI —(2C23)k|2+ (Cl_f)kﬁ

! ®)

and a function of the angle of the tangéx is described by the relation

1 Il

Ckjo_(2C-3k s, C=2K .
2|1 3? 47

o) =
(6)

o (I ) 6+C
At the end of the starting zone 12
The issue of the selection of tlﬁbcoefflment value was considered in [12]. When
selecting the most favorable of the parametric esinfirst of all, one should follow the
criterion of the minimum required length, limitegt the permissible value of the acceleration
increment. ForC = 0 (which case corresponds to the Bloss cury&,léngth of the end
segment must be 50% longer than that for the linearature. On the other hand, the smallest
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value of elongation (only bysz) occurs forC = 1. Taking such a value of tl@& coefficient
leads to the following equations of the functigfi3and®(l) for the initial zone:

k() :|5| +|52|2 —|53|3
1 1 1 (7)
o() - K +L2|3—L3|4
2, 37 4] ®)

The function®(I) makes it possible to determine the parametriaggusx(l) andy(l)
for this zone by using the dependencies (1) andT¢ Maxim program [19] was used to

expand functionscose(l) and sm@(l) into the Maclaurin series, and then individuahter

were integrated, obtaining the following paramegguiations:

2 2 2 2 4 2
Xy =l gs - K ey S e, K |8+( KX jw

- | + | + -
402" 36° 504"  9F° 3456 864 ©)
3 3 3
y(y=Kpoe K oo K s K 7 K ey Ko
6, 122 20° 336 192 = 2592 (10)
7
o(l,)=-"K,

At the end of the zone, the angle of the tangent” 12

It should be noted here that the presented soletoresponds to the new form of the
transition curve, adapted to the railway operatisagquirements, which was proposed in the
works [14, 15].

A solution to the problem of middle zone

. ) + .
In the zone of the circular arc, i.e. tjowll’ll |2> there is a constant curvature

and function®(l) is described by the relation

@(I):(C_6)kll+kl
12 (12)
ol +1,) =S, +k,
Value of the angle at the end of a circular @&@) equals 12 ; for

@(I1+I2) :lkll+klz
coefficientC = 1 value 12 .

The circular arc equation can be written as aniexplinction y(x). The method of its
determination is analogous to that in the works/[6 We assume the length of the circular arc
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I, (measured along the arc itself). Its radiufiand the slope of the tangent at the starting

pointsfL =tan® 41). First, we determine the coordinates of the m@‘ﬁer-points(xs’ ys).
X = x(I,) ~—2=R

1+ (13)

1 R

Ys =y(h)+——
vi*s (14)

The circular arc equation is as follows:

Y9 =ys = RE=(x =" xO(x(1), x(1;+1.)) (15)

a=1,/R

Since the angle of return of the tangents of autarcarc is , formula for the

o L +
angle of inclination of the tangent to the arctatend, i.e. forx(Il |2) , can also be taken as

G)(I1+I2) :G)(Il)+a" The result is the slope of the tangent at thistp% - tan[@(ll)+a]-
The coordinates of the end of a circular arc ar®l®ws:

a 1 1
x(l; +1,)=x(l,)+tan— + R
bt s s as)
- a S S,
y(l,+1,)=y(l,)+tan— + R
b=yl e Jirst (Lrs; (17)
A solution to the problem for the end zone
We assume boundary conditions
k(I1+I2):k k(2|1+I2):O
(18)
, k
k (2I1+I2) :—Cl—

k'(I,+1,)=0

1

and differential equation (4). The solution of thiferential problem (4), (18) is as follows:

k() =c +c) +cf*+c))° (19)

c :{1—3|_—2C(|1+|2)2 —ZI_—SC(|1+|2)3}k

1 1

R A R

where
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‘) :_{3—c .\ 3(2—0)(|1+|2)}k

17 K
_2-C

1

k

The equation for the angle of the tangent hasdhme f

1 1 1
O()=c,+cl+=cl*+=cl®*+=c)*
()=c¢,+c| 5 C2 34 4J

(20)
where ! !
o(2,+1,) =2k, +K,
At the end of the curve, the value of the angl@) is 6 ; for
coefficient
o (2, +1,) =LK, +K,
C =1 value 6

For C = 1 the values of the numerical coefficients are:

5 2 1
c, {_1_2|1+3_f(|1+|2)3+4_f(|1+| 2)“}k

QZP_%U“UV‘%m+Uﬂk

1 1

After expanding the functior?ose(l) and sm@(l) into a Taylor series using the
Maxim program [19] and integrating individual woydge obtain parametric equations:

x(1) = x(1,) + cosO, (I —IO)—gsin@O(l -1,)° —k—; ©s0, (1 -1,)’

Ko (-1 )4+k—4005® (1-1,)°
247 °% %0 oY P (21)

2

y(1) = y(ly) +sin©, (I —IO)+gcosG)O(I 1) -% sin®,(1-1,)°
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k® s kY 5
~—c0s0, (I =1y)" +—=sin®@,(I -1,)
24 120 (22)
where lo =h*lz G)o:@(ll"'|2)_
The basic relation for each turnout applies
tan®( 2, +1,) =1
n (23)

Analysis of the radius of a circular arc

Tab. 2. Summary of the values characteristic for the gateer variants with increasing the
radius of the circular arc

R Iy P I o(ly n X(l) y(l)

[m] [m] [m] [m] [rad] [m] [m]

1800 146 0 292 0,09463 10,535956 291,362 15,177
2000 131 0 262 0,07642 13,0606} 261,627 11,007
2200 119 0 238 0,06319 15,82530 237,769 8,256
2400 109 0 218 0,05299 18,85520 217,851 6,350
2600 101 0 202 0,04532 22,0499H 201,899 5,034
2800 94 0 188 0,03917 25,51886 187,930 4,049
3000 88 0 176 0,03422 29,2093y 175,950 3,312
3200 82 0 164 0,02990 33,43951 163,964 2,696
3400 77 0 154 0,02642 37,83906 153,974 2,238
3600 73 0 146 0,02366 42,26217 145,980 1,900
3800 69 0 138 0,02118 47,19791 137,98p 1,608
4000 66 0 132 0,01925 51,94164 131,988 1,397
4200 63 0 126 0,01750 57,12702 125,991L 1,213
4400 60 0 120 0,01591 62,85184 119,998 1,050
4600 57 0 114 0,01446 69,16811 113,994 0,906
4800 55 0 110 0,01337 74,80074 109,996 0,809
5000 53 0 106 0,01237 80,85841 105,996 0,721

We assume that the analysis will be carried outHertrain speed of = 140 km/h. In
order to maintain the permissible value of unbatahaccelerationg,, = 0,85 m/§, in further
calculations, we assume the initial radius of tireutar arcR = 1800 m. Assuming the
permissible value of the acceleration incremggp = 0,3 m/& (as for single transition curves
with the curvature linear), we get - as a starpo@t - the lengths of the extreme sectibns
146 m.

The analysis of the radius of the circular arc wasied out with the assumption that
the lengthl, = 0. This means that the central part (i.e. theutar arc itself) does not appear in
the turnout path, and thB parameter refers only to the extreme sections. dthepted
assumption obviously leads to the shortening of éh@re junction (i.e. the value df).
Increasing the radiuR makes it possible to reduce the length of the ineal curvature
sections. The results of this operation are preskint Table?.

For the assumeR = 1800 m and; = 146 m, we obtain a turnout with a lengthl,of
292 m, slope 1:10.53595, and end elevation of I6r7Increasing the radius R shortens the
entire turnout and reduces both its end elevat{ty), and a In skew (i.e. increasing the value
of n). Therefore, it is a very beneficial operationnirahe point of view of the executive

26



Transportation Overview - Przegl Komunikacyjny 8/2021

practice. However, since design considerations gumethe turnout end elevation and the
turnout haunch not being too small, there is aneufimit for which theR value should not
exceed.

Obtaining the required final ordinate of the turnout track

Tab. 3. Summary of the values characteristic for the gaeer variants without the central
zone to obtain the final ordinate of 2 m

R Iy P I o(ly n X(l) y(l)

[m] [m] [m] [m] [rad] [m] [m]

1800 146 0 292 0,09463 10,53595 291,362 15,171
2200 119 0 238 0,06311 15,8253( 237,769 8,256
2600 101 0 202 0,04535 22,04995 201,899 5,034
3000 88 0 176 0,03422 29,20937 175,950 3,312
3400 77 0 154 0,02642 37,83906 153,974 2,238
3500 75 0 150 0,02500 39,99167 149,977 2,063
3600 73 0 146 0,02366 42,262171 145,980 1,900
3700 71 0 142 0,02239 44 ,66055 141,983 1,748
3510 74,48 0 148,96 0,02476 40,38610 148,938 2,028
3520 74,26 0 148.52 0,02461 40,62124 148,498 2,010
3530 74,05 0 148,1 0,02447 40,85226 148,078 1,993
3540 73,84 0 147,68 0,02433 41,08460 147,659 1,976
3525 74,16 0 148,32 0,02454 40,73384 148,298 2,0020
3526 74,14 0 148,28 0,02453 40,75640 148,258 2,0004
3527 74,12 0 148,24 0,02452 40,7789V 148,218 1,9988
3528 74,1 0 148,2 0,02450 40,80155% 148,178 1,9970
3526 74,133 0 148,266 0,02453 40,7602b 148,244 0]2F:8!)]
3526 74,132 0 148,264 0,02453 40,76080 148,242 999
3526 74,131 0 148,262 0,02453 40,7613b 148,24(Q 99410

We assume obtaining the final eIevatiX&zhHZ) =2 m. A turnout with such an end
elevation may be used in the connection of parateks with a 4 m spacing. The procedure
here is iterative. Tabl@ presents variants without the central zone Igfer0).

For the input values d® = 1800 m and; = 146 m, we obtain a turnout with a lengthl,of
292 m, slope 1:10.53595, and the final ordinatthefturning track equal to 15,177 m. Thus,
the final ordinate significantly deviates from trexjuired value of 2 m. it turns out that the
basic method of its reduction is to increase thmadRus. This makes it possible to reduce the
length of the outermost sections. In an iteratiag/ywe arrive at the radidg= 292 m m and

corresponding IengthIlD

RD<3500’360(> m. Further correcting the values Bfandl;, we obtain the required end
elevation; The finally adopted geometrical layotitlee turnout has a radius Bf= 3526 m
and the lengths of sections of variable curvature74,133 m.

The curve of the curvature along the length ofdeeermined turnout path is shown in
Figure6, and the plot of the turn track ordinate in thet@agular coordinate system in Fig.

The analysis carried out further shows that obtgrthe assumed final ordinate when
introducing the central zone (i.e. the segmentefdircular arc) results in the elongation of
the entire turnout in each case in relation toditeation presented in Table 3. Therefore, it
does not seem advisable to prefer this solution.

<73;75> m, for which the end elevation is in the range
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6. The curve of curvature along the length of theigleated reversal track of the turnout
(R=3526 mJ; = 74.133 m|, = 0)
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7. The plot of horizontal ordinates along the lengttithe designated turning track of the
turnout R = 3526 mJ; = 74.133 m|, = 0, on the contaminated scale)

Summary

In the turning track of a typical railway (ordindrfurnout, a single circular arc without
transition curves is used. As a result, there &@ees of rapid, abrupt change in the ordinates
of the curvature plot at the beginning and endhefturnout. Recently, in some countries, in
order to smooth the curve of curvature in theserey the so-called 'Sections of clothoid' on
either side of the circular arc in which the cuwatvaries linearly.

As a result of the dynamic analysis carried oJiLih 17], it was shown that the turnout return
path with a non-linear course of curvature in tméal zone and the end zone as well as zero
curvature values at the extreme points of the gémensystem has the most favorable
properties. At the same time, doubts arose as tetheh the application of the so-called
"Clothoid sections"” with non-zero curvature valwasthe start and endpoints of the return
path.

This paper presents the analytical method of sgltime problem, which is general and
complete. The model adopted was the solution withir@ular arc in the middle zone, and
non-linear curvature sections of the same lengtherextreme zones. The most advantageous
type of curvature was selected from the point efwof kinematic conditions. The analytical
record of the curvature and the angle of the tangkpe along the length of the turnout
return track and the Cartesian coordinates oftthak was presented.

The final part of the work is devoted to the anialyd the geometric parameters of the return
track for a given train speed. The proposed desigthod made it possible to analyze the
value of the circular arc radius and to obtain ibguired final ordinate of the return track.
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The criterion of minimizing the length of the eptiurnout at a given final ordinate of its turn
track was followed.

Source materials

[1]
[2]

[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]
[19]

[20]

Alfi S., Bruni S.: Mathematical modelling of tratnfnout interaction. Vehicle System
Dynamics, Vol. 47, No. 5, pp. 551-574, 2009

Bugarin M. R., Garcia Diaz-de-Villegas. M.: Improvements in railway switches.
Proceedings of the Institution of Mechanical Engnse Part F: Rail and Rapid Transit,
Vol. 216, No. 4, pp. 275-286, 2002

Bugarin M., Orro A., Novales M.: Geometry of highegd turnouts. Transportation
Research Record: Journal of the TransportationdRelseBoard, Dec. 2011, Vol. 2261,
pp. 64-72, 2011

Esveld C.: Modern railway track, second ed. MRTdrions, Zaltbommel,
Netherlands, 2001

Koc W.: Design of rail-track geometric systems layeflite measurement. Journal of
Transportation Engineering, Vol 138, No. 1, pp.-1P2, 2012

Koc W.: Design of reverse curves adapted to thelléatmeasurements. Advances in
Civil Engineering, Vol. 2016, Article ID 6503962

Koc W.: The analytical design method of railwayoute’s main directions
intersection area. Open Engineering, Vol. 6, Ngpl 1-9, 2016

Koc W.: Ksztaltowanie toru zwrotnego rozjazdu zciolami krzywizny liniowej.
Problemy Kolejnictwa, Tom 61, Zesz.. 174, s. 39:4®Bl7

Koc W.: Modelowanie zmiennej krzywizny na dhégo toru zwrotnego rozjazdu.
Przeghd Komunikacyjny, Rok 72, Nr 8, s. 9-12, 2017

Koc W.: Shaping of the turnout diverging track wiiariable curvature sections.
International Journal of Rail Transportation,|\V® No. 4, pp. 229-249, 2017

Koc W.: Zastosowanie odcinkdéw nieliniowej krzywizmy torze zwrotnym rozjazdu
kolejowego. Przeg Komunikacyjny, Rok 72, Nr 7, s. 27-31, 2017

Koc W.: Rozjazdy z nieliniow krzywizng toru zwrotnego dla tych pedkosci jazdy
pociggow. Problemy Kolejnictwa, Tom 62, Zesz.. 1813%41, 2018

Koc W.: Optimum shape of turnout diverging trackhwaegments of variable curvature.
Journal of Transportation Engineering, Part A: 8ys, Vol. 145, Iss. 1, pp. 04018077,
2019

Koc W.: New transition curve adapted to railway r@p@nal requirements. Journal of
Surveying Engineering, Vol. 145, Iss. 3, pp. 040®¥®019

Koc W.: Wygtadzona krzywa przgiowa dla drog kolejowych. Przegl
Komunikacyjny, Rok 74, Nr 7, s. 12-17, 2019

Koc W., Palikowska K.: Dynamic analysis of the tomh diverging track for HSR with
variable curvature sections. World Journal of Eegihimg and Technology, Vol. 5, pp.
42-57, 2017

Koc W., Palikowska K.: Wyznaczanie optymalnej krizmy toru zwrotnego w
rozjazdach dla kolei diych prdkosci na podstawie analizy dynamicznej. Przdgl
Komunikacyjny, Rok 72, Nr 10, s. 2-7, 2017

Lichtberger B.: Track Compendium. Formation, PeremnWay, Maintenance,
Economics. Eurailpress Tetzlaff-Hestra GmbH & Gtamburg, Germany, 2005
Maxima, a Computer Algebra System. [Dpst 30 marca 2020], daginy na
http://maksima.sourceforge.net

Ping W.: Design of high-speed railway turnouts. diiyeand Applications. Elsevier
Science & Technology, Oxford, United Kingdom, 2015

29



Transportation Overview - Przegl Komunikacyjny 8/2021

[21]
[22]
[23]

[24]

[25]

Ping W., Xueyi L.: Computing theories and desigrthnds of CWR turnout. Southwest
Jiaotong University Press, Chengdu, China, 2007

Plank B.: Linie daych prdkosci realizowane przez VAE. Prezentacja firmy
Voestalpine GmbH, 2007

Prasad A.: Turnout design: higher diverging speetthé same footprint. Proceedings of
the AREMA 2011 Annual Conference, September 18P11, Minneapolis, USA
Sadeghi J., Masnabadi A., Mazraeh A.: Correlatiam®ng railway track geometry,
safety and speeds. Proceedings of the Institutfo@ival Engineers — Transport, Vol.
169, No. 4, pp. 219-229, 2016

Technical Memorandum: Alignment design standardshigh-speed train operation.
Parsons Brinckerhoff for the California High-Spd®ail Authority, USA, 2009

[26] Weizhu F.: Major technical characteristics of hgpgeed turnout in France. Journal of

Railway Engineering Society, Vol. 26, No. 9, pB-35, 2009

30



