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1. Introduction

An increment in speed and traffic means:
* Additional forces to the railway
* Need for higher quality standards

* Need to optimize the maintenance

Therefore, High Speed means a change for
track design:

* Change in track geometry design

* Change in superstructure
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The type of traffic becomes more relevant than ever
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3. Superstructure

High Speed means 2 possibilities for the superstructure:

European standard

for slab track:

Improved ballasted track Slab track solutions EN-16432-2
* Rail and switches  Precast concrete slab

» Sleepers - Shinkansen

* Fastening system and rail pads - Bogl (FFB)

* Track bed layers - OBB Porr

* Sleeper or blocks encased in concrete

- RHEDA 2000




3.1. Improvements in ballasted track

Movable point frog switches Rails
e Uninterrupted running rail, check rails no * CWR, heat-treated profiles, 60E1, 1:20
longer required * Higher resistance against contact and fatigue wear
* Can allow speeds up to 250km/h on straight * Higher quality welding needed (electrical welding
section and 220km/h on diverted section on-site can be used)

Source: Voest Alpine website
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3.1. Improvements in ballasted track

Sleepers

Prestressed concrete monoblock
solutions

Bigger effective surface area and
heavier solutions

Efective surface area (sleeper) cm2
Country Conventional railway High Speed railway
Germany 2565 2850
Spain 2088 3125
France 1972 2436
Italy 2430 3150

Fastening systems and rail pads

* Higher speed > higher stress over
rail fastening system

» All forces need to be cushioned -
rail pads thicker and more elastic

j Rail fastening systems
for slab track

System 300

5 Rail fastening systems
for ballasted track

1

Pandrol Fastclip Vossloh fastening systems

System W 14

€D AFRY



3.1. Improvements in ballasted track: bituminous subballast

Rail Sleepers

AN Characteristics
- e

* Min. 12 to 14 cm bituminous subballast

* Low maintenance need

* Higher initial cost (depending on material
availability) but savings in other materials
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Source: Improvements in High-Speed ballasted track design, P.F. Texeira et al. 2006 @
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3.2. Slab track. Highlights and Challenges

Highlights Challenges
* More stability due to higher lateral track resistance * Bigger initial cost than ballasted track
* Lower maintenance need and higher availability * Slab track doesn’t allow differential settlements

L clec track * Track geometry corrections are difficult after

e Smaller tunnel section required construction
* Solution for the flying ballast phenomenon * Transition between slab track and ballasted track
sections

Flying ballast phenomenon representation




3.2. Slab Track and when to use it

TABLE 1 Percentage of Tunnels and Viaducts on Selected Japanese and European High-Speed Lines

Slab track is a good solution for the following cases:

. . . % Bridges Main Track Type
*H |gh percentage of tun nels; brldges and viaducts % Tunnels or Viaducts Total? (Ballasted or Slab)
* Lines with high volume of traffic Japanese high-speed lines

R S . ) Tokaido: Tokyo—Osaka (515 km) . 46 Ballasted
 Significant presence of freight traffic Sanyo: Osaka—Hakata (554 km) 5 _ _ Slab

Tohoku: Tokyo—Morioka (497 km) 2¢ 5 Slab
Joetsu: Tokyo—Niigata (270 km) - 60 Slab

 Lines where is difficult to obtain ballast with
required quality

European high-speed lines

Paris—Lyon (480 km) . 0.7 S Ballasted
TGV Atlantique (280 km) 4. . 5.4 Ballasted
Valence—Marseille (295 km) . Ballasted
Hannover—Wiirzburg (326 km) 29.7 Ballasted
Kbln—Frankfurt (177 km) . 26 Slab
Roma-Napoli (220 km) 5. 27. Ballasted
Madrid—Sevilla (471 km) . Ballasted
Madrid—Lleida (481 km) 5.4 ). § J Ballasted

“Total = % tunnels + % bridges/viaducts

Source: Improvements in High-Speed ballasted track design, P.F.
Texeira et al. 2006




Shinkansen slab track
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Concrete dowel

Concrete base slab




OBB Porr
slab track

Source: Porr website
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FFB slab track

FFB - Slab
Track Bogl

. Frost protection layer

. Hydraulically bound
layer

Grouting mass

Slab track

Design cracking joint
Rail support point

Opening for grouting
mass

8. High-tensile steel bar
9. Pre-stressed steel ‘
10.Turnbuckles and nuts P
11.Construction joints
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Source: FFB Slab track Bégl catalog and website




RHEDA 2000 slab track |
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4. Mixed traffic

Things to consider about mixed traffic in High Speed
Lines:

* Impactin the line capacity
* Different geometry requirements
* Track maintenance costs

* Aerodynamic problem when high speed train pass
freight train

e 30 by 30 European goal: 30% of road freight to be
shifted to rail or waterborne transport by 2030




4. Freight traffic in HSR is evolving

Appearance of light freight traffic: low density-
high value and time-sensitive cargo concepts
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Conclusions
and advice for
new HS lines

Useful sources for track design of new High-Speed lines

* Design of new lines for speeds of 300 — 350 km/h, UIC, 2001
* High-Speed railway track technical options, UIC, 2014

e HSR fast track to sustainable mobility, UIC, 2018

* HSR System implementation handbook, UIC, 2012

e Slab track design for High-Speed, Esveld, 2006

e 1.- Track design for High-Speed lines is equal but at the same time
different from track design for conventional lines

e 2.-There is not a universal solution for track design in HSR

e 3.- The speed increment means a change for the whole track
system: geometry and superstructure

e 4.- Lifecycle cost should be optimized, starting by the design

* 5.- Freight traffic should be considered and a decision about the
type of traffic should be taken, after the necessary studies
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