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Introduction

Turnouts ,make’ the network

They define the operating efficiency and service capability of the whole system (e.g. availability / speed)

The investment cost of a turnout is on average 4 times higher compared to the regular track

Turnouts cause much higher maintenance expenses (11-13 times higher per meter of track, TUG)

Number of Turnouts in ...
Germany - 78.000
Austria - 13.400
Switzerland - 14.000

- For investment 1% of the total costs arise for turnouts, but ...

For maintenance >25% of total costs arise for turnouts



Indroduction

Why Elasticity? - To reduce dynamic forces and therefore prevent damages

Deterioration/Settling Crossing Nose Hanging Sleepers Cracks in Concrete Bearers

High potential for elastic elements (rail pads, base plate pads, ballast mats, etc.)
- Getzner has a special competence in Under Sleeper Pads ...



Configuration turnout

check rails
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Introduction

Turnout for rail vehicles — Afea of
discontinuitylin the track regarding




Finite Element Model (3D)
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Changing the bedding

Turnout area: Influence of the bedding modulus

main track
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» homogeneous bedding modulus # homogeneous vertical deflection

» Reducing the bedding modulus does not automatically lead to a smoother transition -
the differences in vertical deflection would increase!



Finite Element Modelling (FEM)
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Turnout Calculation Getzner Werkstoffe




Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Finite Element Modelling (FEM)
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Modelling
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Additional impact due to

crossing gap and wear.




FEM — Design — High performance solution (e.g. HSR)

Solution with = Under Sleeper Pads
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C=0.36 N/mm3-0.12 N/mm3



FEM — Optimisation of bedding

Results of optimisation
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Modelling

Sector 1: Verification of the dynamic structural behavior on part model

Rail deflection

Railfoot stress

Turnout bearers with Under Sleeper Pads in slab of Sittenbergtunnel
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Benefits

Elasticity in Turnouts - Biggest Benefits:

* Improvement of track quality

* Reduction of maintenance, longer tamping intervals in ballast
«  Optimisation due to changing geometry

« Improvement of track stability

« Reduction of rail corrugation in tight curves

 Reduction of vibrations



Example:
Measurement at a padded turnout in Austria (Baden)








Schwelleneinsenkung.AVI
sleeper_deflection.AVI

References: Austria/ Baden

Example of a turnout in

/' A
0 B B USP Austria (Baden)

INFRA
W102 W103 : :
EW UIC60-1200-1:18,5 Fz(Be)Li EW UIC60-1200-1:18,5 Fz(Be)Re Inside the turnout area: 4

Track 1 turnouts
UIC60 BE19A 1994

/ \ Track 1: 2 rigid frogs with
Track 2 uTP

UIC60 BE19A 1992 Track 2: 1 movable frog, 1

Movable Frog Single Block Frog single block frog
W101 W104
EW UIC60-1200-1:18,5 Fz(Be) HBS-HB,Li EW UIC60-1200-1:18,5 Fz(Be)Re
in service Parameters
m— newly installed Axle Loads of 25 to
with USP

Speed of up to 275 km/h >

Transition zone (12 sleepers) with USP _ _
turnout crossing time ~1s



il REETLETT W104 - USt Baden2
" il i 2053 Gleis2
f i ] WA km 26,893
[ REERLIGT e} Messwagen EM250
U IHHEF Messfahrt | 09.11.2006
WA km 26,893 s - e = ] EW UIC60E1-1200-1:18,5 Fz(BelRe
GBB Infrastruktur
g 7Ad15|agerbescmeu“igu“g — linke Schiene — rechte Schiene  — Messgeschwindigkeit ki
. 1 1 / 1 -
T T T T
26.880 -26.875 -26.870 -26.865 -26.860 -26.855 -26.850 -26.845 -26.840 -26.835 -26.830 -26.825 -26.820 -26.815 -26.810 -26.805
cross level " g
° I i I C
04— ¢ ! = f——t
.sﬁ__\/—f‘—\f—'—r'\'nil---- LEE L NN e
-10 v_\_'-’T/.-r_T ~ F ig
-15 T T T \ \ T T -
-26.815 -26.810 -26.805
mm - - - mm
H ket 20
: longitudinal rail level 2
2 I — -5
0 - E‘——"’—"‘; ] e — \/7\,§_ o
.5_/....: = s = N -
-10 -10
15 1 -15
20 T T T T T -20
S it -26.890 26 885 26,880 26875 26 870 -26.865_ -26.860 -26.855._ -26.850 -26. 26,820 26815 26810 -26.805
mm 20 purweite — Spurweite 14mm unter SOK_— Spurweite B52  — Uberwalzung links Uberwalzung rechts L mm a0
154 = 25
10 ! -
5 P 15
0 10
-5 5
10 T T i T I 0
- R 26,885 26,880 26,875 26,870 26,865 -26.860 26,855 -26.850 -26.845 26,840 -26.835 26830 26,825 -26.820 26815 26810 26,805
: dquivalente Konizitit
15 . e 15
1.0 1.0
05 | 05
00 \ T T \ T \ \ \ T \ T \ \ 00
. . - -26.890 -26.885 -26.880 -26.875 -26.870 -26.865 -26.860 -26.855 -26.850 -26.845 -26.840 -26.835 -26.830 -26.825 -26.820 -26.815 -26.810 -26.805 .
rl o5 Schienenneigung — linke Schiene — rechte Schiene LN 2e
78 | ' -oos
10 10
05 05
00 09
-0.5 05
1.0 | | o0
-1 T \ 1 T 15
. -26.890 -26.885 -26.880 -26.875 -26.870 -26.865 -26.860 -26.855 -26.850 -26.845 -26.840 -26.835 -26.830 -26.825 -26.820 -26.815 -26.810 -26.805
mm 15 ﬁRl‘:htungﬂage — linke Schiene  — rechte Schiene
10
5 ] ] ]
0 | — e
10 -] |
-5 ; :
i = -26.890 -26.885 -26.880 -26.875 -26.870 -26.865 -26
s Schienenoberfliche — linke Schiene — rechte Schiene 05
0.4+ 0.4
0.3 | i 03
* | ff £ USP
W104 stiff frog, no
00 00
-26.900 -26.895 -26.890 -26.885 -26.880 -26.875 -26.870 -26.865 -26.860 -26.855 -26.850 -26.845 -26.840 -26.835 -26.830 -26.825 -26.820 -26.815 -26.810 -26.805
Kkm



Austria/ Baden
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""""""""""""""""" W101 - Ust Baden2
gpoag
R E 2053 Gleis2
1 i peia WA km 26,582
g AR IALEAREER) T HTIRT T
I AL ] e | e ul AR IRARAREREAN Messfahrt | 09.11.2006
" WA km 26,582 s R EW UICEDE1-1200-1:18,5 Fz(Be)L
OBB Infrastruktur
) Weiche gespiegelt dargestellt!
g Achslagerbeschleunigung  — jinke Schiene — rechte Schiene  — Messgeschwindigkeit kmth
- FE— -
T T T T T 1 T T
e 6610 26615 26.620 26.625 26.630 26,635 26.640 26.645 26.650 26.655 26.660 26.665 26.670 mdm
cross level o
; | | | _
LB B B N e | SSS==== E — g
—_— i SENEEEEGN Eo%
-15 T T ! T T T T T L :g
26620 26625 26630 26 665 26670

"o itudinal rail | | "

P o 2
. longitudinal rail leve :
1 10
5 ; - - - - -5
-10 | ! ! - -0
-15 | : : : : -5
-20 T T T T T T -20
Spurweite 26585 26590 26595 26 600 26 605 26610 26615 26620 26625 26630 26 665 26670

mm 2 P — Spurweite 14mm unter SOK_— Spurweite B52  — Uberwalzung links Uberwalzung rechts L, mm 20
15 25
10 20

5 — 15

0 10
5 : -5
-10 T T 1 T T T 1 1 0

squivalente Konizitat 26590 26595 26,600 26 605 26610 26615 26620 26625 26630 26635 26640 26645 26,650 26 655 26 660 26 665 26670

15 : 15
10 | - 10
0.5 i ] - 05
00— T T T T T T \ T i T 00

: . . 26585 ‘ 26595 26,600 26.605 26610 26615 26.620 26625 26630 26,635 26.640 26.645 26,650 26,655 26,660 26,665 26,670 :

Il 33 Schienenneigung — linke Schiene — rechte Schiene 1 28
13 13
05 F o5
00 00
028 i ! ! E A3
A5 T T T T T T T T A5

; 26585 26590 26595 26,600 26,605 26610 26615 26620 26625 26630 26635 26640 26.645 26.650 26,655 26,660 26,665 26670

mm 15 Richtungslage — linke Schiene — rechte Schiene L mm s
104 = i === L 10
o] o — = .
5 L5

-10 10
-15 T T T T 15

i = 26.585 26.590 26.595 26.600 26.605 26610 26.€

s _SCh'enenObemaChe — linke Schiene — rechte Schiene 15
0.4 )4
03 )3
02+ )2
W101 moveable frog, no USP
00 T T T 1 0

26575 26.580 26585 26590 26535 26600 26,605 26610 26615 26,620 26625 26630 26635 26640 26,645 26.650 26,655 26.660 26.665 26670

km




LN E ARG W102 - Ust Baden2
g el 2l T 2053 Gleis1
L
1 Nl T P RO WA km 26,734
‘ UBHaE S i H
e 1L E D ? ? ; i ; ;I HH = __ﬂé__w ‘Iﬂg’ E‘H | Messwagen EM250
L - [ o) HIFE R R TE ) FREE RS 4y Messfahrt | 06.11.2006
i i ] pm H -
| [ bl e Lzt T ] MALLLIERE EW UICGOE1-1200-1:18,5 Fa(BelL:
WA km 26,734 [ R— B e |
OBB  Infrastruktur
) Weiche gespiegelt dargestellt!
g Achslagerbeschleunigung  — jinke Schiene — rechte Schiene  — Messgeschwindigkeit kmth
L\
\
- \\ | — - —— e | | 1 I~
T T T T T T T T
-26.720 -26.715 -26.710 -26.705 -26.700 -26.695 -26.690 -26.685 -26.680 -26.675 -26.670 -26.665 -26.660 -26.655 -26.650 -26.645
cross level o L
5 i i { R g
e = " " C C S E R EE R 9
e e ———— —— 3
0 B g
-15 T T T T T T T T T I I I h
- - - -26.695 -26.690 -26.685 26680 26675 26,670 -26.665 -26.660 -26.655 -26.650 26645

mm mm
. fm 20
: longitudinal rail level 2
1 ‘ ) — 10

2] | ! | ‘ "W p= = _M r s
g _M T T ~ e } ! - g
7
-10 | | | ! | | - -0
15 | ! ! ! ! ! ] ! ! ‘ ] ] -5
-20 T T T T T T T T T T T T -20
Spurweite 26730 26725 26720 26715 26710 -26.705 -26.700 26,695 -26.690 26,685 26680 26675 26,670 -26.665 26,660 26,655 -26.650 26645

mm 2 P — Spurweite 14mm unter SOK_— Spurweite B52  — Uberwalzung links Uberwalzung rechts L, mm 20
15 | == : : / \ =
10 ! : ==\ / \ 20

5 T\ | 4 i 15

P T e b e e S | Fiae—— 0 s Tt e —— 10

f = T —~— — ==

5 | ! ! ! = ! ! - 5

-10 1 T T 1 1 1 \ \ \ \ \ \ 0
squivalente Konizitt 26725 26720 26715 26710 -26.705 -26.700 -26.695 -26.690 26,685 26680 26675 26,670 -26.665 26,660 26,655 26,650 265645

15 15
10 - 1o
0.5 t - 05
00 T \ 1 \ T T \ \ \ T \ \ 00

3 . . 26730 26725 26720 26715 26710 -26.705 26,700 26,695 -26.690 26685 26680 26675 26,670 26,665 26,660 -26.655 -26.650 26645

Il 33 SCh'e_nennelgung — linke Schiene — rechte Schiene 1 28
ESS | | | \ \ ===
i~ it = ~ . == - ;:—__—J"__;j—’/’y- oD

b ] ] == ! i ! ‘ = s ] ] ] E A3
A5 T T T T \ \ \ \ \ \ A5
: 26,730 26725 26720 26715 26710 -26.705 -26.700 -26.695 -26.690 -26.685 26680 26675 26,670 26,665 -26.660 -26.655 -26.650 26,645

mm 15 Richtungslage — linke Schiene — rechte Schiene L mm s

10— ! - 10
5| - s
0 0

5 L5

-10 - - 10
15 ! ! ! 5
i = -26.730 -26.725 -26.720 -26.715 -26.710 -26.705 -

s _SCh'enenOberﬂaChe — linke Schiene — rechte Schiene 15
0.4 )4
s : : :
W102 stiff frog, with USP
00 | | : )0

26740 26735 26,730 26725 26720 26715 26710 26705 -26.700 26,605 -26.690 26,685 -26.680 26675 26670 -26.665 -26.660 26,655 26,650 26,645
km




km

; PP T r e D TF T LT BT T TR AT Tl el 3 W103 - USt Baden2
i T TREREe Ay bt AR A AyTatiaitigy) { 2053 Gleis1
‘ i £ L i
i : e LA ﬁ wakm | 26,741
{ TCHEd DDLEﬂgUE L i (M sdagi, it Messwagen EM250
HEHHHHHIIOTT i Messfahrt | 06.11.2006
: . Lol a WAL i e AL
[ T S R EW UICG0ET-1200-1:18,5 Fz(BelRe
: WAkm2e741 —
OBE Infrastruktur
9 _ Achslagerbeschleunigung  — jinke schiene — rechte Schiene  — Messgeschwindigkeit kmih
~
EE=—= i == - r——— == =—a=
T T T T T T T T
3755 26.760 26.765 26.770 26775 26.780 26.785 26.790 26.795 26.800 26.805 26.810 26.815 26.820 26.825 26.830
cross level @ e "
5 | ! ] I — -
o m—mmm‘mm -
5 - . - .
ba EEE== | =
-18 - . - T T T T T T T -
26.780 26.785 26.790 26.795 26.800 26.805 26.810 26.815 26.820 26.825 26.830
mm mm
. longitudinal rail level o™
15 ) 15
10 | 10
5 i | i i i ! — | i i | = i - ! | = i ! ! 1 ____‘qa_ 5
s fﬁwwmwpﬁ : r s
10 10
-15 -15
-20 T T T T 1 T 1 T 1 T 1 20
Spurweite 26.745 26.750 26755 26.760 26765 26.770 26775 26.780 26,785 26.790 26.795 26,800 26.805 26810 26815 26.820 26.825 26,830
mm 2 P — Spurweite 14mm unter SOK Spurweite B52  — Uberwalzung links Uberwalzung rechts L mm -
15 ! ‘ 25
10 / \\ : 20
5 R ) [ g g - 15
0 ! - = {7 ~— 10
54— ! 1 5
-10 T T T T T T T T T T T 0
squivalente Konizitit 26,750 26,755 26.760 26.765 26,770 26775 26,780 26.785 26.790 26,795 26.800 26.805 26.810 26815 26.820 26.825 26.830
15 ke 15
10 1.0
05 ! 05
0o T T T \ \ 0o
. N - 26.745 26.750 26.755 26.760 26.765 26.770 26.775 26.780 26.785 26.790 26.795 26.800 26.805 26.810 26.815 26,820 26.825 26.830 .
Il s Schienenneigung — linke Schiene — rechte Schiene I 08
584 === === === e - " %
13 I I ——a—" }-g
I g= - =
93 i — i . ! . i F 53
5 1 T T T T T \ T f -5
- 26.745 26.750 26.755 26.760 26.765 26.770 26775 26.780 26.785 26.790 26.795 26.800 26.805 26.810 26.815 26.820 26.825 26.830
mm 15_R|chtungslage — linke Schiene — rechte Schiene . mm 15
10— | - =10
] —_— — -3
5 1 -5
10 !
-15 T T T T
] - 26.745 26.750 26.755 26.760 26.765 26.770 267
mm 05 Schienenoberfliche — linke Schiene — rechte Schiene ;
04 '
03 . . 3
W103 stiff f th USP :
stiff frog, wi
00 T T T T T T . , . . . . } . . } )
26.735 26.740 26.745 26.750 26.755 26.760 26.765 26770 26775 26.780 26.785 26.790 26.795 26.800 26.805 26.810 26815 26.820 26.825 26,830




References: Austria/ Baden After 9 months
, (]
0 B B Track Quality Turpout 102. and 103
INFRA e equipped with USP
e S - Turnout 101 and 103 without
10 ! e - USP

15 |

» Track quality of track with
USP ist better than track
e [ e [ Time without USP.

- W 103 USP | 20,0028 20,0034 “0.0080 [ -0,0064

20 | S

» Less track settlement 274
days after installation




References: Austria/ Baden

Reference measurement: 21st of October 2002

First measurment: 4th, 5th and 6th of November 2002
Second measurement: 2nd, 3rd and 4th of Dezember 2002
Third measurement: 1st and 2nd of April 2003

Fourth measuremente: 22nd and 23rd of Juli 2003 Vertical deflection

0.0000 m

i—-___'_-u——l"n‘—

e

Track section ,center”

Track section ,Baden® Turnout 102 Turnout 103

a0

100 200 250 300

EW UIC60-1200-1:18,5 Fz(Be)Li EW UIC60-1200-1:18,5 Fz(Be)Re

Regular Track
Turnouts with Sleeper Pads
Transition Zones with adjusted stiffness

Track section ,Bad Voslau®

400

440

* More constant vertical
deflection at padded turnouts

* More constant vertical
deflection leads to increased
passanger comfort
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References: Austria/ Baden
« Lower vibration velocity at

* Vibration velocity padded turnouts

» This leads to increased
passanger comfort

4 @ 16 315 B3 125 240 bozow @y me s 2 "1 2 4 & 16 315 635 125 240
Terz-Mittenfrequenz [Hz] Terz-Mitienfequenz [He] Terz-Mittenfrequenz [Hz]

vertical across the track in direction of track

Vibration velocity Turnout with Sleeper Pads
Messung: Stidbahn bei Baden, 15 m neben Gleisachse Turnout without Sleeper Pads




References: Austria/ Baden

Optimierte Instandhaltungsstrategien
im Bereich der Kostentreiber — Weichen

Without UTP

2: tamplng — tamping :: tamping

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

16

tamplng — tamplng —

-

%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

 Less maintenance effort due
to ballast protection
(enhanced tamping cycles)
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