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Portuguese English

AGETRANSP Agéncia Reguladora dos Servigos Regulatory agency of
Publicos Concedidos de Transportes | Concessioned Public Transport
Aquaviarios, Ferroviarios, Services (Water, Rail, Metro, and
Metroviarios e de Rodovias do Roads) of the state of Rio de
Estado do Rio de Janeiro Janeiro

ANAC Agéncia Nacional de Aviacao Civil National Agency of Civil Aviation

ANTT Agéncia Nacional de Transportes National Agency of Land (Ground)
Terrestres Transportation

ARTESP Agéncia Reguladora de Transporte Regulatory Transport Agency of the
do Estado de Sé&o Paulo state of S&o Paulo

BCR Benefit-Cost Ratio

BID Banco Interamericano de
Desenvolvimento

BNDES Banco Nacional de Desenvolvimento
Economico e Social

CAPEX Capital Expenditure

CBD Central Business District

CNT Confederagao Nacional do National Confederation of Transport
Transporte

CPTM Companhia Paulista de Trens Sao Paulo Metropolitan Train
Metropolitanos Company

DENATRAN Departamento Nacional de Transito National Department of Transport

DER-SP Departamento de Estradas de Department of Roads of the state of
Rodagem do Estado de S&o Paulo Séo Paulo

DETRO/RJ Departamento de Transportes .
Rodoviarios do Estado do Rio de Department Of Road Tra_nsport n

. the State of Rio de Janeiro

Janeiro

DfT UK Department for Transport

DNIT Departamento Nacional de Infra- National Department of Transport
Estrutura de Transportes Infrastructure

EMBRATUR Instituto Brasileiro de Turismo Brazilian Institute of Tourism

FEA Financial and Economic Appraisal

GDP Gross Domestic Product

HS/HSR High Speed Train/High Speed Rail

IBGE Instituto Brasileiro de Geografia e Brazilian Institute of Geography and
Estatistica Statistics

IBOPE Instituto Brasileiro de Opinido Brazilian Institute of Public Opinion
Publica e Estatistica and Statistics

INFRAERO Empresa Brasileira de Infra-estrutura | Airport Infrastructure Company of
Aeroportudria Brazil

IRR Internal Rate of Return

MCA Multi Criteria Analysis

NATA New Approach to Transport

Appraisal (UK Government)
NPV Net Present Value
OPEX Operating Expenditure
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PDDT-Vivo Plano Diretor de Desenvolvimento Transport Development Master
2000/2020 dos Transportes 2000/2020 Plan Study
PDTU-RMRJ Plano Diretor de Transportes Urban Transport Master Plan of the
Urbanos da Regido Metropolitana do | Metropolitan Region of Rio de
Rio de Janeiro Janeiro
PITU O Plano Integrado de Transportes Integrated U_rban Transport PJan for
the Metropolitan Region of S&o
Urbanos para 2020
Paulo
PPP Public-Private Partnership
PV Present Value
SEADE Fundacao Sistema Estadual de State Agency of Data Analysis of
Analise de Dados de Sao Paulo Séo Paulo
TAV Trem de Alta Velocidade High Speed Train
TOR Terms of Reference
ViM Value for Money
VOC Vehicle Operating Costs
VOT Value of Time
WEBTAG The Web-based version of the UK
DfT’s Transport Appraisal Guidance

THE CONSORTIUM DOES NOT ADVOCATE OR ENDORSE ANY SPECIFIC TYPE OF HIGH
SPEED TRAIN OR TECHNOLOGY; WHEREVER POSSIBLE GENERIC HIGH SPEED
RAILWAY SPECIFICATIONS AND STANDARDS HAVE BEEN USED TO DEVELOP ALL

INCLUDING THIS VOLUME.

IMPORTANT NOTICE

ASPECTS OF THIS FEASIBILITY STUDY

REFERENCE IS MADE TO A TYPE OF HIGH SPEED TRAIN OR TECHNOLOGY THIS
DOES NOT IMPLY A PREFERENCE OR RECOMMENDATION ON THE PART OF THE
CONSORTIUM. ALL JOURNEY TIMES ARE APPROXIMATE AND ARE BASED ON
SIMULATIONS UNDERTAKEN BY THE CONSORTIUM; THEY ARE SUBJECT TO

CHANGE DEPENDING ON THE FINAL ALIGNMENT ADOPTED.
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f1alcrow

I SINER

GIA

ESTUDOS E PROJETOS LTDA



Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report TAV-HA-OPE-REP-40034-01

1.1

111

11.2

113

Overview

Introduction to TAV Project

In 2008, the Inter-American Development Bank (IDB) commissioned Halcrow Group Ltd
and Sinergia Estudos e Projetos LTDA (together the “Consortium”) to prepare a feasibility
study for a 350km/h high speed railway line over 511 kilometres connecting the cities of Rio
de Janeiro, Sdo0 Paulo and Campinas® in Brazil.

The Consortium has undertaken detailed studies as follows:
Executive Summary;
Volume 1: Demand and Revenue Forecasts;
Volume 2: Alignment Optimisation;
Volume 3: Finance and economics including concessioning;
Volume 4: Operations and Technology;
Volume 5: TAV Capital Cost; and
Volume 6: Real Estate

Figure 1.1 shows the overall relationship between each volume.

! Throughout this Executive Summary the project is referred to generically as TAV (Trem de Alta
Velocidade in Portuguese)

l"‘l'alcrow Page 1 of 120
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Figure 1-1 TAV Study

. High Speed Rail
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1 e
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1.14 This volume presents the results of the work in Operations and Technology, and is
organised as follows:

Timetabling and Operations (see separate report);
OPEX estimates (see separate report); and
Rail Technology (This report).
1.15 This report is broadly split into the following areas:
Summary of key developments in high speed rail;
Summary of developments by individual country;
Summary of high speed train manufacturers; and

A brief review of other high speed technology.
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2.1

211

2.1.2

2.1.3

2.2

2.2.1

2.2.2

2.2.3

Introduction to High Speed Rail

Introduction

The technology of High Speed railways has advanced significantly in the last decade:

the extent of high speed lines has doubled from just less than 5,000 km in 1998 to
almost 10,000 km in 2008 and is expected to double again in the coming decade;

high speed rail services have established a dominant market share versus air for
city to-city distances of 300 to 600km due to convenient, reliable “turn-up-and-go”
services;

commercial speeds have risen from 270 to 300 km/h; and

rolling stock manufacturers are launching a next generation of trains, mostly
multiple units with improved power consumption and speed potential to 350 to 400
km/h.

This summary describes developments in the principal high-speed networks, trends in
system technology and then highlights some critical issues which need to be considered for
the TAV Rio de Janeiro to Sao Paulo.

The remaining parts of the report provide information in more detail about the development
of the principal high-speed networks, trends in track and system technology and the types
of rolling stock available from different manufacturers.

Developments in High Speed Rail Networks since 1998

Japan

Japan was the initiator of modern high speed railways, which have been continuously
developed with:

the network which now extends from end to end and of the Japanese archipelago
and includes 2,387 km of track;

faster trains have been introduced, up to 300 km/h and 350 km/h with tilt and older
models withdrawn;

service intensity has increased to the technical limits (3 min headway) on Japan
Central Railways route between Kyushu and Hokkaido; and

Japan Railways carried its 5 billionth passenger in 2007 and carries 820,000
passengers/day.

France

France was the second nation to introduce high speed railways and has also continued to
develop their TGV services:

intensity of traffic on the TGV has required the introduction of double-deck vehicles,
first on the Paris Lyon service and now on other LGV.

The network of dedicated LGV has extended to 1550 km as follows:
LGV Sud-Est (Paris-Lyon) — 1981;
LGV Atlantique (Paris-Le Mans and Tours) — 1990;
LGV Rhéne-Alpes (Lyon-Valence) — 1992;
LGV Nord (Paris-Lille/Channel Tunnel) — 1993;
LGV Méditerranée (Valence-Marseille) — 2001; and

l"‘l"alcrow Page 3 of 120
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2.2.4
225

2.2.6

2.2.7

2.2.8

2.2.9

2.2.10

2.2.11

2.2.12

2.2.13

2.3

23.1

LGV Est (Paris-Baudrecourt) — 2007.
Inter-running on conventional lines extends the TGV service to over 60 destinations.
SNCF has now carried its billionth passenger.
Germany

Since 2007, German ICE trains provide services across a network of 6,965 km in Germany,
of which 2125 km are new or up-graded lines with speeds in the range 160-300 km/h. The
HS network was developed predominantly as a mixed traffic network, but DB has a long
term plan to segregate high-speed passenger services from heavy freight to reduce
excessive maintenance costs on the high-speed tracks. DB and German contractors have
also developed high performance slab track systems and high speed turnout designs.

Italy

Italy was a pioneer of HS rail operations with the “Direttissima” service and developed the
Pendolino tilting train and was also one of the first railways to implement the ETCS level 2
system for train control

The high-speed network now extends over 562 km. The principal routes are:
Rome to Naples;
Rome to Florence;
Florence to Bologna; and
Milan to Bologna.

The mountainous topography required 74km of tunnels on the 79km route from Bologna to
Florence and plans for connections to France (Turin-Lyon) include tunnel of 52km length at
low level through the Alps.

Spain

Spain is currently constructing the largest HS network in Europe, using standard (1435mm)
gauge.

It was the first country to design a new HSL for 350 km/h running. Whilst commercial
operations are currently restricted to 300km/h there are plans to increase this to 350 km/h
later in 2009.

In 2007 the Velaro train set a world record speed of 404 km/h for a “production” train.
United Kingdom

In 2007, the second phase of the high speed line from the Channel Tunnel opened on time
and on budget. This privately financed project managed by the RLE consortium, of which
Halcrow is a member, brings TGV services into the newly renovated terminus of St Pancras
in central London.

Growth of European Network

In Europe the individual lines built by national railways are beginning to be linked to form an
international network, coordinated by the European Commission through the TEN
programme.

f1alcrow Page 4 of 120
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Figure 2-1: European High Speed Network
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Trends since 1998

2.3.2 The decade has seen some significant technological development and trends, which are
discussed briefly below.
Higher Speeds

2.3.3 The last two decades have seen steady increases in the speeds achievable by steel-
wheel/steel-rail high sped trains, as may be seen from the following selection of “record
speeds” show in Table 2.1.

Table 2-1: Record Speeds for High Speed Rail
Year Country Rail Vehicle Speed (km/h)
1985 West Germany ICE 300
1988 West Germany ICE 406
1990 France TGV 515.3
1992 Japan Shinkansen 350
1993 Japan Shinkansen 425
1996 Japan Shinkansen 446
2006 Spain Madrid-Zaragoza | AVE S 103 403.7
Production train set
2007 France TGV 574.8
Specially constructed

2.3.4 The French TGV has recently set a new world record for rail of 574.8km/h. However, this
was with a specially constructed train set which would not be commercially viable.

2.3.5 More importantly, commercial service speeds, which require compatible development of
both rolling stock and infrastructure, have also increased; 300 km/h was introduced on
Frankfurt/Cologne in Germany and 320 km/h is now achieved on the TGV Est in France.

y
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2.3.6 The Spanish Velaro demonstrated world record speed for a production train of 404 km/h.
Manufacturers are now introducing the latest generation of train sets capable of around
350-400 km/h.
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Figure 2-2: Evolution of maximum speeds
©UIC 2005

2.4 Competition with Air

24.1 The ability of high speed rail to compete effectively with short-haul airlines is confirmed by
the modal split ratios observed on many corridors in the 300-600 km interval, see Figure 2-

4 below.
100
Madrid-Sevilla, 471 km
= Tokyo-Osaka, 515 km
X
= 751 S £
g 3 s £
S g Q < e Stockholm-Goteborg, 455 km
3 % = g X
& x S ¢ 3
5 50 = R I
z o £ 5 g
b E K- 2 Paris-Amsterdam, 450 km
= & '% 3 Roma-Milano, 560 km
E < 3
25 =
]
04
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Journey Time (Hours)

Figure 2-3: Modal Split Rail/Air on corridors 300km - 600 km
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SourceBarron/UIC

2.4.2 High-Speed Rail is also able to capture significant modal share from the car on congested
inter-urban corridors, as demonstrated by the experience of the introduction of Thalys
services between Paris and Brussels.

m Coach
@ Plane
m Car
@ Train
50
24
Before Thalys After Thalys

Figure 2-4 Modal Split on Paris — Brussels Corridor
SourceBarron/UIC

2.4.3 More details about competition between TAV and air are given in Volume 1.

2.5 Energy Efficiency and CO, Emission

251 The recognition of the importance of global warming has given an emphasis on reducing
energy consumption and emission of carbon dioxide. Rail, even at high speed, is
considerably more advantageous than air, as shown in Table 2-2.

Table 2-2: Comparison of CO;emission between Shinkansen and Aircraft

Travel between Tokyo-Osaka

Mode Shinkansen Aircraft
Type 700 Nozomi type B777-200
Energy Consumption/seat 120 MJ 720 MJ
CO; Emission / seat 4.8 kg 48 kg
Source: JR Central Report on Environmental Impact 2007

2.5.2 The specific consumption of trains has also significantly reduced as designs have
improved, as illustrated by the following data from Japan Central Railways.
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2.6

26.1

2.6.2

2.6.3

2.7

2.7.1

2.7.2

BEnergy Consumption Levels of Shinkansen Trains

Serles 0
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Mote: Based on simulated test runs between Tokyo and Shin-Osaka

Figure 2-5: Energy Consumption Levels of Shinkansen Trains

Efficiency improvements have also been recorded in Sweden, on the Stockholm
Gothenburg service (455 km)

Table 2-3: Energy Efficiency Improvements in Sweden 1994 - 2004

1994 2004
Travel Time 4h 25m 3h 05m
Stops 10 4
Configuration Loco + 8 cars Power car + 6 Cars
Load Factor (%) 44 52
Energy per seat km (Wh) 48 42
Energy per Passenger km (Wh) 108 77

Safety

High Speed rail has a very good track record for safety, Japanese Shinkansen and TGV
operations have experienced zero fatalities in high speed operation.

Where trains have derailed the coach bodies have demonstrated very good crash
performance due to modern design standards, e.g. at Grayrigg, UK in 2007 a Pendolino
was derailed at 150 km/h due to a failed facing turnout and there was only one fatality.

The greatest death toll occurred in 1998 at Eschede, when an ICE derailed due to defective
wheels with rubber inserts and collided with an over bridge at 200 km/h, which then
collapsed onto the trains causing 100 fatalities. Wheels with rubber inserts are no longer
used in ICE trains.

Dual Use for High-Speed Intercity and Airport Shuttle services
For similar considerations, the dual use of high speed intercity and airport shuttle services
on the same line can be problematic for the following reasons:

The operating characteristics of a frequent city centre to airport shuttle block or
reduce trains paths available for the high speed intercity services; and

If many passengers use intercity trains for the short city centre-airport journey then
intercity trains may run at low utilisation over the bulk of the route, unless fare
policies provide a strong deterrent.

Examples are found around the world, including:-
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2.8.4

2.9

29.1

The TGV Nord Route in France calls at Charles de Gaulle airport and provides fast
links to and from Paris and also connects to international services to UK and
Belgium. The airport is also connected to the separate RER network which
provides slower links into Paris but a better connection with other public transport
routes. TGV services in France have captured the major share of demand (80%-+)
from the internal air market and also on the Paris to Brussels route. Eurostar
through the Channel Tunnel has captured about 75% of the London to Brussels
market and at least two thirds of the (larger) London to Paris market.

ICE high speed trains call at Frankfurt station and provide a fast connection into the
centre of Frankfurt city. It is on the 177 km Cologne to Frankfurt high speed line,
between which Lufthansa now operates inter-ticketing with DB. Because of the
comparative shortness of the route competition will be from car rather than air
services. Again there is a separate S-Bahn metro link from the airport to the station
on separate tracks and a major interchange station between local and inter-city
high-speed train services.

In Holland the new high speed line provides connections with Schipol airport and
will compete with international air services. A separate NS rail link to the airport
runs from various locations in Holland.

Full details of the problems associated with running a service between Campo de Marte
and Guarulhos International Airport are given in Appendix A of this Volume Part 1.

Location of terminal stations and access

It is important that a high speed rail link has both a "central" terminus which is well located
with good public transport access for onward connections to other parts of the city and a
"peripheral” location with good access to the principal road network and access parking
facilities.

HS1 in the UK is a very good example of this; it has a premier downtown location in central
London at St Pancras which is probably the best rail/metro connected mainline station in
the capital, and has recently undergone a £800 million refurbishment. Ebbsfleet station 23
miles (37 km) from St Pancras is close to the main orbital motorway around London (M25)
and to the main trunk road south of the River Thames (A2), giving a very wide catchment
area for those who prefer to drive rather than access the downtown station at St Pancras.
Ebbsfleet is designed for up to 9000 car parking spaces.

The location of stations must also take into account the plans of municipalities for urban
land-use planning and economic regeneration. Again HS1 is a good example with a station
at Stratford only a few kilometres from St Pancras. This station will act as a focus for urban
regeneration after the 2012 Olympic Games, together with Ebbsfleet.

In many countries the principal city centre terminal stations have been adapted to provide
access to the high speed trains. Some have involved adapting the existing tracks and
lengthening platforms. Others have involved constructing the new high speed line route
right up to the station or even through it. Constructing elevated or underground
platforms/tracks are significantly more expensive than adapting an existing ground level
station. An underground station costs approximately five times as much to construct as an
at-grade station.

Ballasted Track

Experience in the construction and maintenance of ballasted track for high speed lines over
several decades confirms;

satisfactory performance depends on careful design, optimisation of wheel / rail
performance, highest quality components and construction and intensive
maintenance;
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2.10.2
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the need for stronger rails (UIC 60), heavier monobloc sleepers (H75) and larger
grading of ballast; and

the vital importance of highly stable and very uniform support conditions from
earthworks and structures.

Standards are sufficiently well-developed to deliver adequate performance.

Problems have been experienced with “ballast fly”; air turbulence caused by high-speed
trains has been sufficient to lift individual ballast stones from the ballast bed. This stone is
then accelerated by the air currents which impact the ballast bed and dislodge other stones,
leading to a chain reaction. Ballast stones ejected at high velocity cause serious damage to
track, trains and persons or objects in the vicinity. Whilst the French claim to be able to
manage this problem, the Koreans have decided to use non-ballasted track to extend their
high speed network.

Slab Track
There has been an expansion in the amount of non-ballasted slab track used for high speed
lines and a number are built substantially on non-ballasted track, including;
HSL - Zuid, Holland
Frankfurt — Cologne, Germany
Taipei- Kaoishung, Taiwan
Beijing-Tianjin China,
Nurnberg — Ingoldstatt, Germany
Takasaki to Nagano, Japan
Slab track has a number of operational advantages over ballasted track;
very good alignment quality, leading to excellent ride and low loads on rolling stock;
stability of alignment over long term;
low wear of rail and fastenings;

both factors above reduce maintenance costs and increasing availability of
operations; and

minimises deterioration of track support (earthworks and bridges).
More importantly, the use of slab track also offers advantages in terms of operation:

ability to permit greater cant deficiency for speeds between 250 Km/h and 300
Km/h which means curves with restricted speed can be increased and/or sharper
curves can be used; and

ability to accommodate un-restricted eddy-current braking and greater longitudinal
forces means steeper gradients can be used.

This means that more aggressive parameters may be used, as illustrated in the comparison
Table 2-4 between the new lines between Frankfurt-Cologne (slab track) and Hanover
Wirzberg (ballasted track), which were both designed for 300 Km/h.

Halcr ow Page 10 of 120

ESTUDOS E PROJETOS LTDA



Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report TAV-HA-OPE-REP-40034-01

2.10.5

Table 2-4: Ballasted versus Slab Track

Parameter NBS Frankfurt-Cologne Wurzberg
(Slab Track) (Ballasted Track)
Maximum gradient 40/1000 20/1000
Minimum curve radius 3350 m 7000 m
Maximum cant 170 mm 65 mm
Proportion of bridges 9% 3%
Proportion of tunnels 37% 21.5%

The choice of slab track allowed the proportion of tunnels and bridges to be reduced -
which lead to substantial cost savings. The design engineers estimated in 1992 that this
would lead to an overall saving of 15% of the total construction cost. However, this was only
possible because these lines were designed to a maximum speed of between 250 Km/h
and 300 Km/h. For a maximum design speed of 350 Km/h, there is currently no
improvement allowed in the TSI's for slab track over ballasted track in terms of the
maximum allowable cant deficiency values.

2.11

2111

2.12

2.12.1

NBS Kbin - Rhein/Main (2001): High Speed 300 km/h

Figure 2-6: Use of Ballasted Track in Germany
Source RailOne AG

Earthworks

Traversing the coastal plain outside Rio de Janeiro and the river basins approaching Sao
Paulo are likely to encounter poor ground conditions, which will require settlements to be
carefully controlled to ensure the alignment standards are maintained. Experience of
similar conditions on High-Speed 1, HSL Zuid and in Beijing-Tianjin shows that piled raft
structures can be designed and installed to provide a stable support for high speed
railways.

Tunnels

There is now substantial experience of building HSL through long tunnels. Design
standards have been upgraded to ensure safety in the case of fire. This would now
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2.14.3

2.14.4
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2.151

normally require any long rail tunnel to be constructed as twin bore, with regular cross
passages which allow escape and rescue/fire fighting.

Tunnels should also be used for access into the densely populated conurbations, as
designed for the High Speed 1 connection to St Pancras in the heart of London and
planned for Stuttgart new ICE connection

The choice of tunnelling method and choice of machinery will depend on the results of the
investigation of ground conditions. There are three main types of construction methods —
cut and cover, tunnel boring machines (TBM) and hand constructed using a variety of
mechanical equipment. The most cost effective method and design will vary by location
and by country. Safety and constructability will be key determinants in the choice of
method. Appendix A provides a brief description on the different technologies available for
tunnelling.

Cut and cover tunnels are shallow near the surface and can also be used in the lead into
deeper bored tunnels. Some stations can also be constructed using this technique. Deep
bored railway tunnels can be two single-track bores or one, much larger, twin-track bore.
Tunnel boring machines are expensive to design and build but are justifiable if there are
long tunnels to construct or a number of shorter tunnels of similar design. There are a
variety of TBMs for different ground conditions.

The New Austrian Tunnelling Method (NATM) is a philosophy of tunnel construction using
hand construction/mechanical equipment. The main idea is to use the geological stress of
the surrounding rock mass to stabilise the tunnel itself. Different types of tunnel lining can
be used and the design can be changed as engineers monitor the tunnel’s progress. This
method can lead to a cheaper cost for short tunnels.

Traction and Power Source

For the speeds required, and bearing in mind the likely medium term price increases of
hydrocarbon fuels, electric traction is presently the recommended option on both
commercial, technical and sustainability grounds.

Most high speed lines have adopted 25 kV, 50 Hz AC, overhead line supply systems as the
standard for electrification. This is recommended as providing economic and well proven
solutions for delivering the high power required for high speed operation in mountainous
terrain.

Overhead Line Equipment and Pantograph

The limiting factor to speed of operation is no longer the wheel/track interaction, but rather
the pantograph/catenary interaction. The limiting criterion is that the running speed must
not exceed 70% of the wave propagation velocity in the catenary.

Catenary designs are available for running up to 350 km/h, further significant increases are
expected to require improved metallurgical/mechanical properties for the contact wire.

At high speeds the noise caused by pantographs can become a major nuisance which
requires amelioration.

Volume 5 Appendix F includes a report prepared by Halcrow specialists, which describes
the characteristics of the Electrification system that is being proposed for the TAV. The
Capital Cost described in Volume 5 is based on this study.

Control

For speeds exceeding 300 km/h, in-cab signalling and automatic trains control are
essential. There are well-developed systems available from both Japanese and European
system manufacturers.
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2.16

2.16.1
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2.17

2.17.1

2.17.2

2.17.3

2.18

2.18.1

2.18.2

Volume 5 Appendix E includes a report prepared by the German specialist firm ISV, which
describes the characteristics of the Signalling and Telecommunications system that is being
proposed for the TAV. The Capital Cost described in Volume 5 is based on this study.

High Speed Rolling Stock

There is a range of high speed trains in different formations available from manufacturers in
Europe, Japan and elsewhere, as illustrated in Table 2.3 below. This means that there is a
choice of configuration to suit the service requirements which will be determined from the
economic studies

Whilst in the past high speed trains have generally been built with power cars at each end,
most of the leading manufacturers are introducing a new generation of trains based on
multiple units, offering improved speed and passenger utilisation and flexible formations.

The new generation of train sets is marked by the adoption of distributed traction, rather
than concentrated traction in power cars. This has several advantages:

the distribution of drive and braking power over more axles allows higher traction
effort within the friction limitation of steel wheel on steel rail;

allows a greater portion of energy to be recovered through regenerative braking;

a greater portion of the train length can be used for passenger accommodation and
revenue earning; and

lower axle loads.

The disadvantage is that the different traction components are distributed along the length
of the train, so that individual coaches are not identical and feasible train formations depend
on the technical solutions of different manufacturers. For instance the new AGV trains to
be built by Alstom can be configured with 7, 8, 11 or 14 carriages, which would provide
capacities from 250 to 650 passengers. The operations analysis presented in Part 1 of this
volume recommend two types of train with a capacity of 458 for Express services and 600
for Regional services. The recommendation of multiple unit configuration will depend on the
degree of flexibility which is required to cope with predicted traffic growth

Appendix B illustrates a selection of HSTs from various manufacturers, in terms of their
configuration, performance and power consumption.

Axle load and Unsprung mass

Damage to track depends on axle load, but is even more sensitive to unsprung mass of the
wheelset/bogie system (Tanaka has demonstrated that a reduction of 1 kN in unsprung
mass is as beneficial as a reduction of 10 kN in axle load)

Improved design now means that new generations of trains are able to run at 350 km/h
without increasing track impact loads and rates of deterioration.

We recommend that when setting the performance specifications for rolling stock the
dynamic effects of unsprung mass should be one of the assessment criteria, as well as axle
load.

Double deck passenger coaches

The majority of the current high speed trains available are single deck versions; however
the Alstom TGV Duplex is a double deck train. This version of the TGV operates at speeds
up to 320km/h and has a seating capacity of 545, which is 168 more than some of the
single deck versions.

The only other double deck high speed/intercity version available is the Talgo 22. This train
has a top speed of 200km/h and has a capacity of 350 seated and 240 standing
passengers.
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2.19.3

2.20

2.20.1
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2.21.1
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2.21.3

2.22
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The requirement for double-deck trains will depend on the outcome of traffic forecasts and
passenger perception studies but could be an option for TAV Regional services which are
serving high capacity flows.

Articulation

Articulated vehicles have a single bogie positioned between adjacent carriages instead of
having one under each end of the individual vehicles. Due to resulting position away from
the passenger area this arrangement potentially eliminates most of the vibrations and noise
caused inside the carriages by the train running on the tracks.

There are further major benefits from this arrangement of vehicle suspension are:

unlike conventional vehicles where suspension systems have to be fitted into the
restricted underfloor area, the vehicle suspension arrangements on these trains are
located between the vehicle bodies, which provide space for every adequate air
suspension units, further improving the ride performance;

this arrangement allows for a lower passenger area floor, giving a spacious
compartment and a lower centre of gravity, further enhancing ride and stability; and

as both vehicles are mechanically fastened to the common suspension point, the
train formation is effectively locked together, greatly improving performance in
stability and crashworthiness. The train pull-away and braking performance is also
better from the passenger perspective as the lack of inter-vehicle couplings
excludes longitudinal shocks.

The use of an articulated architecture means that there is a reduction of the amount of
bogies required for the train. In a typical 8 car formation a separate carriage train has 16
bogies where as with the articulated train there are 13 bogies. By reducing the amount of
bogies this gives a reasonable maintenance cost saving.

Braking

Due to the considerable gain in elevation in traversing the Sierra das Arraras, long steep
descents are inevitable. Safety requirements demand highly reliable braking in these
circumstances. We recommend that multiple redundant braking systems (in addition to
regenerative braking) be required in the performance specifications for the trains and
proven through RAMS analysis.

Regenerative Braking

Experience in the UK has found energy savings of between 15% & 17% for vehicles using
regenerative braking. By utilizing this system there is also less wear on friction braking
components, thereby extending replacement frequencies and lowering maintenance costs.

In order to obtain the best returns from regenerative braking, the whole system should be
designed to accommodate the power returned by braking trains. This will include the ability
of the distribution system to accept the reverse feed as well as the sectioning of the system
to ensure, as far as is possible, that loads are available to accept the regenerated energy.

We recommend that when setting the performance specifications for power systems and
rolling stock, regenerative braking should be required and the overall optimisation of power
consumption should be achieved through the system integration requirements.

Maglev

Two systems have been developed for medium-long distance, high speed use, the German
Transrapid and the Japanese JR Maglev. Magnetic levitation systems have also increased
in speed progressively, as shown in Table 2-6.
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Table 2-5: Maglev Speeds

Year Country Maglev Speed (km/h)
1987 Japan MLUOO1 (manned) 400.8
1988 West Germany TR-06 412.6
1989 West Germany TR 07 436
1993 Germany TR 07 450
1994 Japan MLUOO2N 431
1997 Japan MLXO01 550 km/h
1999 Japan MLXO01 552 km/h
2003 Germany TR 08 501 km/h
2003 Japan MLX01 581 km/h

2.22.2 The Transrapid system has been built and put into commercial service as a shuttle running
between Long Yang Road Station in Shanghai’'s new financial district and Pudong
International Airport, as shown in Figure 2-8.

Figure 2-7 Shanghai Maglev
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2.22.4

2.22.5

2.22.6

2.22.7

2.22.8

Route length 30 km

Trip time 8 minutes
Headway 10 minutes
Stations 2

Vehicles 3 (5 sections each)

Source Transrapid AG

4,29 Mio
4,04 Mio

3,13 Mio

2,16 Mio

Million Passenger
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Figure 2-8: Cumulative Passenger Traffic of Shanghai Maglev (Source: Transrapid)

According to the operator, SMTDC, the number of passengers using the first world-wide
system in commercial operation Airport has increased continuously since start of
commercial operation on 1st July 2004, a shown in Figure 2-9. An operational availability of
99.94 % is reported to have been achieved.

Two projects in Germany for TransRapid Maglev connections between Berlin and Hamburg
and Munich — Munich Joseph Strauss Airport have reached advanced planning stage but
have then been cancelled due to cost escalations.

The Japanese system now has an extended test track at Yamanashi, which it is proposed
to extend to provide a shuttle link between Tokyo and Nagoya, which may ultimately be
extended to Osaka.

A Maglev train can follow an alignment which is much steeper (up to 100 %) and negotiate
tighter curves (from 855 m radius at 200 km/h to 6455 m radius at 550 km/h - source
Transrapid). This means that a maglev alignment would be completely different to that for a
steel wheel/steel rail TAV and would require a different procedure for design and planning
approval. For this reasons Maglev was not actively considered in the development of TAV.

The advantages of Maglev are:
h@gh acceleration and deceleration, with point to point journey times comparable to
air;
low noise and environmental impact;
high capacity; and

alignments can avoid environmentally sensitive areas and reduce lengths of tunnel
and bridges.

There are also significant drawbacks to Maglev systems:

operational limitations of building shuttle lines;
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2.23

2.23.1

2.23.2

difficulty of achieving connectivity;
capital cost; and

access to centres of conurbations still requires either elevated track or long
tunnels for which there no previous service experience.

Safety Assurance

The introduction of high speed railways requires safety to be independently verified before
authorising service. The public legal/administrative arrangements for safety assurance have
varied: in some instances (Germany, UK) safety approval has been delivered under the
auspices of the existing approval bodies, in other cases (Taiwan, Channel Tunnel) special
administrative arrangements have been set up.

It is important to ensure that the assurance arrangements provide effective assurance of
safety, but do not impose unnecessarily onerous technical demands or bureaucratic
burdens upon the companies constructing and operating the new high-speed lines, as
happened in the case of both Channel Tunnel and HSL Zuid.
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3.1
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3.1.2

Belgium

Summary and Lessons learned

The following sections detail high speed rail developments in individual countries, starting
with Belgium. The Belgian high speed lines interconnect with several other European high-
speed railways, as shown in Figure 3-1 and Table 3-1.

Figure 3-1: Belgium High Speed Lines

© Infrabel

Table 3-1: Belgium Lines under Operation and Construction

Maximum Speed

Date of Commencement

Line km/h of operation Length km
In operation
Brussels - French Border 300 1997 72
Leuven — Liege 300 2002 65

Total km =137
Under construction
Liége - German Border 260 2008 36
Antwerp - Dutch border 300 2008 36

Total km =72

The TGV Est between Brussels and the German border is 139 km long. Between Brussels
and Louvain, the line has been quadrupled, allowing ICE and TGV services to travel at
speeds up to 200 km/h using the inner tracks, whilst local services use the outer tracks.
From Louvain to Bierset a new line has been constructed alongside the E40 motorway.
From Liege the 6.5 km long, twin track, Soumagne tunnel leads up onto the Herve plateau,
where trains reach 260 km/h on the section to the German border. The TGV Nord runs
along the existing alignment from Brussels to Antwerp (Anvers).
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3.1.3 To avoid reversing trains in the terminus of Antwerp station and to increase capacity a
tunnel was bored beneath the city of Antwerp and two new levels of underground platforms
created below the existing architecture of Amsterdam station.
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331
3.3.2

From Antwerp to the Dutch border a new line was constructed connecting to the HSL Zuid
in the Netherlands and allows train speeds of up to 300 km/h.

Signalling & Control

Belgium® high-speed railways use the French TVM430 system, dispensing with the need
for lineside signals. Train drivers receive information about the route ahead and the
maximum speed they can run at from in-cab equipment. However, on classic routes
standard lineside signalling is used.

Thalys PBKA use a mixture of new and classic routes and are equipped to operate on
seven different signalling systems on their journeys between Paris, Belgium, Holland and
Germany.

To accommodate the use of Thalys sets on the new HSL Zuid line, all trains are to be fitted
with European Train Control System Level 2 (ETCS), the first in 2007. PBA sets will be
equipped first, the remainder, including the PBKA sets, by 2009.

Rolling Stock Fleet

Thalys operates a fleet of 27 TGV based trains, all built by Alstom.

There are 17 four-voltage trains designated PBKA (Paris-Brussels-KdIn-Amsterdam), dating
from the late 1990s. Six belong to SNCF, seven to SNCB, two to NS and two to DB. They
combine new generation TGV Duplex style power cars with standard TGV articulated
trailers.
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PBKA train:
supply voltages ( 25kV 50Hz AC, 1.5kV DC, 3kV DC and 15kV 16.7Hz AC);
seven signalling systems (TVM, KVB, ATB, TBL, TBL2, INDUSI, LZB); and

every train has eight synchronous AC traction engines producing 8.800 kW, weigh
385 tons, are 200 meters long and have a seating capacity of 377.

In addition, ten second-generation tri-voltage TGV Réseau sets (with 25kV AC, 3kV DC and
1.5kV DC capability), called PBA (Paris-Brussels-Amsterdam) trains, were reallocated to
the service from SNCF® own fleet. As with other TGV trains, Thalys run at 300kmh
(186mph). Each 200m-long set has 377 seats (120 in Confort 1/first class), and can run in
coupled formation.

PBA train:
three supply voltages ( 25kV 50Hz AC, 1.5kV DC, 3kV DC); and
four signalling systems (TVM, KVB, ATB, TBL).

DB Class 406 ICE3M multi-voltage EMUs have linked Brussels with Kdln and Frankfurt
several times a day since December 2002, replacing traditional locomotive-hauled
international trains.

Traction

Power supply on Infrabel infrastructure is 3 kV dc, necessitating multi-voltage trains on
international services.

Plans to extend Paris Thalys services through to Frankfurt via the Koln-Frankfurt
Neubaustrecke, which opened in December 2002, were shelved because TGV trains could
not maintain 300km/h line speeds using 15kV AC on the steeply-graded route.
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Operations
With the completion of the 88km (55 mile) LGV Belge high-speed line, the centres of Paris
and Brussels were brought within 90 minutes of each other by rail.

The Leuven-Liege section opened in 2003 and is used by Thalys trains, two-hourly ICE3
services from Germany to Brussels and, unusually for this type of line, certain conventional
locomotive-hauled SNCB InterCity trains on the Oostende-Liége-European route.

The Paris-Brussels Thalys service is the most intensive between two European capitals,
with 28 trains in each direction per day, half-hourly on weekdays.

Distribution of passengers by route:

Paris-Brussels 55.6%
Paris-Belgium (except Brussels) : 8.9%
Paris Belgium-Netherlands : 21.3%
Paris Belgium-Germany : 11.8%
Other 2.4%

Customer profile:

52 % "Leisure" travellers

48 % "Business" travellers
44 % women,

56 % men

39 % 35 years old or younger

79 % able passengers

Operators

Brussels Midi is the hub for Thalys operations, with frequent services to Amsterdam,
Cologne and Paris. Thalys is a cross-border high-speed passenger operation centred on
Brussels Midi station, jointly offered by Belgian, French, Dutch and German railways.
Thalys is jointly owned by SNCF (62%), SNCB (28%) and DB (10%). Costs of construction
are shown in Table 3-2.

Table 3-2: Costs of construction

Line Section Construction Cost
(€; millions)
LGV Est Quadrupling Bruxelles-Louvain & LGV Louvain-Liege 1,350
LGV Liege-German border 850
LGV Nord Upgrade Bruxelles — Antwerp 130
Antwerp — Netherlands border 460
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China

Introduction

China® railway system has been going through a massive phase of upgrading and
expansion under the Chinese Ministry of Railway’'s 2006 — 10 plan. It has prompted the
construction of added rapid transit links in the capital, but in addition high speed lines are
now under construction and development, including the Beijing-Tianjin corridor, as part of a
project to build 17,000km (10,500 miles) of new railway.

http://en.wikipedia.org/wiki/lmage:Maglev_june2005.jpgln addition, the Transrapid maglev
train in Shanghai is the world’'s fastest commercial train, the first, fastest and largest
commercial operation of a maglev. It was a turnkey Transrapid maglev project imported
from Germany, capable of a top operational speed of 430 km/h and of a top non-
commercial speed of 501 km/h. It connects Shanghai Longyang Road Station and
Shanghai Pudong International Airport since March, 2004.

Development of High Speed Rail in China

The People’s Republic of China introduced high speed train services on mainlines in April
2007, when the sixth national speed-up made it possible to use 6000 km of tracks at
speeds up to 200km/h. The main operator of high speed train services in the People’s
Republic of China is China Railway High-Speed (CRH).

Nationwide, 250 trains can now operate at 200km/h or more. Officials from the Ministry of
Railways report that 850km of track from 18 main lines have been approved for 250km/h
operation. Often high speed lines are shared with heavy freight, with as little as 5 minute
headways.

China High Speed Rail Network

China® high-speed railway plans are based on four categories.

Page 23 of 120



Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report

TAV-HA-OPE-REP-40034-01

4.4

441

Passenger Dedicated Line (PDL), synonymous with High-Speed Rail. There are
four east-west PDL lines and four north-south PDL lines, totalling 7000 km project
in the plan. This will become the biggest network of high-speed rail network in the
world. There are two levels of PDL in China. Firstly 200~250 km/h, is for both
passengers and freight used mainly in the important corridors where no railway
exists. Long-term plans envisage new freight dedicated lines allowing the PDLs to
be update to the maximum speed 300 km/h. Secondly, 350 km/h without any
freight.

Intercity Line, with the maximum speed 200-250 km/h, built in between major
conurbations.

Updated conventional railways, some of the main lines of conventional tracks are
already updated to the maximum speed 200 km/h, at least three sections are
capable to the maximum speed 250 km/h.

Other railways are for mixed traffic with standard 200~250 km/h, which are not

included in the long-term PDL plan

Table 4-1: Chinese High Speed Rail Operations and Future Plans

Date of
Line Sl\élsgijmkumn}h COoT?pe;rZ?i?r?nt Length km
In Operation
Qinhuangdao — Shenyang 200 2003 442
Jinan — Qingdao 200 2006 (test) 330
Jinan — Qingdao 250 2006 (test) 60
Total km =832
[6003 km for 200 km/h]
Under Construction
Beijing — Tianjing 300 2008 115
Wuhan - G Guangzhou - Shenzhen 300 2010 1045
fir;]igdzhuang - Tai Yuan (She-Tai 250 2010 190
Zhengzhou — Xian 250 2010 454
gﬁgg;ﬁgr‘: - Ningbo - Fuzhou — 250 2010 1600
Total km = 3,404
Planned
Beijing — Shanghai 350 2010 1320
Beijing — Wuhan 300 2010 1100
Harbin — Dalian 250 2010 905
Tianjin — Qinhuandao 250 2010 260
Nanjung — Wuhan 250 2010 490
Total km = 4,075

Passenger Dedicated Line Network

Except for the Qinshen Passenger Railway from Qinhuangdao to Shenyang, other sections
of this mega network still under construction or planned as of 2007 are as follows:
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45.3
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Four north-south lines: (PDL)

Beijing-Harbin Line via Tianjin, Qinhuangdao, Shenyang. Branch: Shenyang-
Dalian. Qinghuangdao-Shenyang line, track was upgraded to 250 km/h capable in
2003

Beijing-Shanghai Line via Tianjin, Jinan, Xuzhou, Bengbu, Nanjing. Branch:
Bengbu-Hefei. Bengbu-Hefei tracks are designed for MOR of 200-250 km/h for both
passengers and freight, main line of 350 km/h

Beijing-Hong Kong Line via Shijiazhuang, Zhengzhou, Wuhan, Changsha,
Guangzhou, Shenzhen, infrastructure designed for future operations at 350 km/h

Shanghai-Shenzhen Line via Hangzhou, Ningbo, Wenzhou, Fuzhou, Xiamen;
Shanghai-Hangzhou-Ningbo part is designed for 50 km/h, rest is designed for
200~250 km/h for both passengers and freight.

Four east-west lines (PDL)

Qingdao-Taiyuan Line via Jinan, Shijiazhuang, Shijiazhuang, Taiyuan line is
designed for MOR of 200~250 km/h for both passengers and freight, others are
designed of 200~250 km/h for passengers.

Xuzhou-Lanzhou via Zhengzhou, Xi@n, Baoji, Tracks 350 km/h

Shanghai-Chengdu Line, via Nanjing, Hefei, Wuhan, Chongqing; Shanghai-Nanijing
is section is part of Beijing-Shanghai line with 350 km/h tracks, Nanjing-Chengdu
line is designed for MOR 200~250 km/h for both passengers and freight;
Chongging-Chengdu section is designed for 350 km/h.

Hangzhou-Nanchang-Changsha, 350 km/h.
These 8 Lines total 7000 km.

Besides those lines under construction, the lines follows are at the preparation stage for
construction:

Beijing-Shanghai

Harbin-Shenyang-Dalian

Beijing-Wuhan via Shijiazhuang, Zhengzhou
Xian-Baoji

Hefei-Bengbu

Hangzhou-Ningbo

Wuhan-Chongging

Xiamen-Shenzhen

Tianjin-Qinhuangdao

Beijing and Tianjin PDL Project

The new railway corridor between the two major centres Beijing and Tianjin, 115km (72
miles) long, will cut journey times to just 30 minutes,

The Beijing-Tianjin corridor uses conventional railway technology, but is the fastest railway
of its kind in the country. When services start in 2009 (it was hoped to open to coincide with
the staging of the Olympic Games in 2008), trains will be permitted to run at 300km/h, but
the maximum line speed is planned to be raised to 350km/h.

Construction began in July 2005, with a 2007 completion date in mind.

Initially, three stations are being built with services starting from an improved and upgraded
Beijing Nan railway station. There are intermediate stations at Yizhuang and Wuging, with a
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third planned for Yongle. At Tianjin, the line will use the existing station in the town, which is
also used by trains on the Beijing-Harbin and Beijing-Shanghai lines. There will be
additional platforms for the high speed trains.

To assist with funding, the Chinese Ministry of Railways launched a ¥16m railway bond
issue in October 2006. This funding is to be invested throughout the 2006—-10 network
expansion plans, and the Beijing-Tianjin route is also to benefit from it.

Infrastructure

The 116km line is being built for 350km/h operation and runs over alluvial soil that is
sensitive to ground settlement. This demands long elevated sections of track and more than
50 bridges

Due to the poor quality subsoil, more than 100km of the total track will run on pile-supported
single-span girder bridges.

The whole line is laid with 60kg/m rail on slab-track constructed according to the design of
Bagl.

In order to accommodate intensive service of the new high-speed line, Beijing Nan station
is being redeveloped with five additional platforms specifically for the Beijing-Tianjin line. At
Beijing Nan a direct connection will be made with Metro Line 4.

For passengers arriving at Beijing Capital International Airport, a connection will be made
with the express metro, currently under construction, at Yizhuang station. A branch from the
high speed line may provide a direct connection with Beijing city centre.

Rolling Stock

Siemens Transportation Systems is carrying out the contract for new high speed trains.
They are based on the ICE 3 trains, which are in service with DB (German Railways) and in
Spain with RENFE. Construction of the first three trains began at Siemens plant in
Germany in October 2006, and from December 2006 production of the remaining 57 sets
will take place in China at the Tangshan Locomotive and Rolling Stock Works. The contract
is worth €1.3bn. Each will be capable of 300km/h and each set will be 200m long with
seating for up to 600 passengers in eight cars.

The new trains will have 3,625mm wide bodies — wider than the ICE 3 trains — allowing 3+2
seating to be installed in standard class cars and 2+2 seating in first class. The Velaro
CHR3 trains will have a distributed traction package with half of the axles powered and a
maximum output of 8.8MW.

To cope with the extreme temperatures of China, the CHR3 trains are being designed to
operate in temperatures ranging from -25°C to +40°C. The first new train is due to be
delivered in March 2008 for testing and driver training before the planned 2009 opening
date.

Signalling and Communications
A control centre will be built to oversee operations. The Ministry of Railways is planning to
install a system-wide Chinese Train Control System, which will be designed to be

compatible with future developments elsewhere in the country and incorporates many of the
principles of ETCS.

Power supply

Three sub-stations will provide the overhead centenary with 25kV AC.

Operations
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A train every three minutes is to be a feature of the new line, with 180 trains per day
between the two cities to encourage high-speed commuter travel.

Rolling Stock Fleet
China Railway High-speed will run different trainsets, the designs of which all are imported
from other nations, CRH-1 through CRH-5.

The CRH-1 through CRH-5 refers to a series of electric multiple units (trainsets) in China.
CRH are intended to provide fast and convenient travel between cities.

CRH-1 derived from Bombardier Regina

CRH-2 derived from E2 Series 1000 Shinkansen

CRH-3 derived from Siemens ICE3

CRH-4 designation reserved for future local build of 300 km/h CRH-2
CRH-5 derived from Alstom Pendolino ETR600

CRH1 and CRH5 are designed for maximum operating speed of 200 km/h. CRH3 and
CRH2 designs have a maximum operating speed of 300 km/h.

In 2006, China unveiled CRH2, a modified version of the Japanese Shinkansen E2-1000
series. An order for 60 8-car sets was placed in 2004, with the first few built in Japan, the
rest in China. During the sixth railway speed improvements in April 18th 2007, 280 CRH
trains (CRH1, CRH2 and CRH5) were introduced into service and 514 CRH trains were in
operation by the end of 2007.

Some of the trainsets will be manufactured locally through technology transfer, a key
requirement for China. The signalling, track and support structures, control software, station
design have been developed locally with foreign expertise, so the system is claimed to be
Chinese.

Operations

Travel Times

The new trains and the high standard rails of Qinshen Passenger Railway makes trains
D24 and D28 between Shenyang and Qinhuangdao the fastest (non- Maglev) rail service in
China, which have a start to stop average speed of 197.1 km/h.

The new trains have reduced travel times:-

Beijing to Shanghai by two hours, with a journey time of just under 10 hours for the
1,463km trip;

Shanghai to Changsha (the capital of Hunan province) by 90 minutes to 7 hours 30
minutes for the 1,199km trip;

Shanghai to Nanchang (the capital of Jiangxi province) journey times have been
halved;

A new non-stop express train between Beijing and Fuzhou, Fujian Province has
reduced travel times from 33hours 29min to less than 20 hours; and

China also plans to introduce seven more non-stop intercity services, increasing the
number of non-stop express trains to 26.
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Finland

Network

The most important railway project in Finland for over two decades, the 63km (39 mile)
Kerava to Lahti direct high speed line opened in September 2006, becoming incorporated
into the Pendolino network. In the longer term it will be part of a high speed Helsinki-St.
Petersburg service

Infrastructure

An entirely new stretch of railway line running directly between Lahti and Kerava was
inaugurated on 1 September. The new “shortcut” is the biggest railway project in Finland for
more than two decades. It is 63 kilometres long and two new passenger stations are being
built alongside it.

The new track will also serve passenger and freight traffic between Finland and Russia. It
will be able to take the high-speed trains that are expected to start operating between
Helsinki and St Petersburg in the next few years.

The direct track reduces travelling time from Helsinki to Lahti from 82 minutes to 48
minutes. The maximum speed for tilting trains is 220 km/h and other passenger trains will
have a maximum speed of 160 km/h.

Considerable time savings will also be made by trains running between eastern Finland and
Helsinki. At the same time, use of the direct track will free up capacity for new traffic on the
main lines from Helsinki to the north.

The new track is built to Russian broad gauge 1525 mm.

The total cost of the project is about 330 million Euros.

Rolling Stock

The Pendolino S220 represents the third generation of the Italian-designed and developed
variant of tilting train. An electric multiple unit offering low axle loading, the S220 was
developed by Fiat (later Alstom) Ferroviaria. It was an adaptation of the ETR 460 design as
used in ltaly for use in Finland by that country® Oy Transtech (Talgo). Ordered in three
batches (1992, 1997 and 2002), VR® Pendolino fleet now consists of 18 sets

Train Formation

Each train consists of six cars, with a traction unit at either end. Of the four trailer coaches,
one contains the high voltage electrical equipment which picks up the 25kV, 50Hz electric
current from the overhead wires, and traction transformer which turns that current into the
power for the train and its internal systems.

Seats, in standard and first class coaches, are in two + one arrangement, originally giving a
total capacity of 264 passengers, with two for wheelchair-bound users (later increased to a
total of 309).
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5.5 Operations

55.1 June 2003 marked the start of 200km/h running between Kerava and Tampere. The
Pendolino network scheduled from 2007 is:

Helsinki-Oulu

Helsinki-Turku
Helsinki-Jyvéaskyla-Kuopio
Helsinki-Kouvola-lisalmi-Kajaani

Helsinki-Joensuu
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France

Development of TGV in France

The idea of the TGV was first proposed in the 1960s, after Japan had begun construction of
the Shinkansen in 1959. In 1976 the French government funded the TGV project, and
construction of the ligne a grande vitesse (LGV) Sud-Est, the first high-speed line, began
shortly afterwards. The line was given the designation LN1, Ligne Nouvelle 1. The TGV
service opened to the public between Paris and Lyon on 27 September 1981.

The success of the first line led to an expansion of the network, with new LGV built in the
south, west, north and east of the country including:

the LGV Atlantique (LN2) to Tours/Le Mans (construction begun 1985, in operation
1989);

the LGV Nord-Europe (LN3) to Calais and the Belgian border (construction begun
1989, in operation 1993);

the LGV Rhéne-Alpes (LN4), extending the LGV Sud-Est to Valence (construction
begun 1990, in operation 1992);

and the LGV Méditerranée (LN5) to Marseille (construction begun 1996, in
operation 2001);

the LGV Est from Paris to Strasbourg was inaugurated on 15 March 2007, and
opened to the public in the summer of 2007. In its first month of operation, more
than 1.000.000 passengers travelled on the line; and

high speed lines based on LGV technology connecting with the French network
have also been built in Belgium, the Netherlands and the United Kingdom.

These LGVs are built without sharp curves and use high-powered electric motors, low axle
weight, articulated carriages and in-cab signalling. TGVs services link with Switzerland
through the French network, with Belgium, Germany and the Netherlands through the
Thalys network, and the Eurostar network links France and Belgium with the United
Kingdom. Several lines are planned, including extensions within France and to surrounding
countries.

Travel by TGV has largely replaced air travel between connected cities, due to shorter
travel times (especially for trips taking less than three hours), reduced check-in, security
and boarding formalities, and the convenient location of stations in the hearts of cities. On
28 November 2003 the TGV carried its one-billionth passenger.

The Eurostar service began operation in 1994, connecting continental Europe to London via
the Channel Tunnel with a version of the TGV designed for use in the tunnel and in the
United Kingdom. The line used the LGV Nord-Europe in France from the outset. The first
phase of the British High Speed 1 line, or Channel Tunnel Rail Link, was completed in
2003, and the second phase was completed on Wednesday 14 November 2007. The
fastest trains take 2 hours 15 minutes on the London-Paris and 1 hour 51 minutes on the
London-Brussels

Network

The French high-speed rail network now comprises de 1800 km of LGV (lignes ferroviaires
a grande vitesse) in the ownership of RFF (Réseau Ferré de France)

The characteristics of the individual lines are summarised in Table 6-1 below.
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Table 6-1: Characteristics of Individual Lines

Maximum Speed Date of
_ km/h Commencement of Length km
Line operation
In operation
LGV Paris Sud Est 300 1981/1983 418
LGV Atlantique 300 1989/1990 294
LGV Contournement Lyon 300 1992/1994 121
LGV Nord — Europe 300 1994/1996 346
LGV Interconnection IDF 300 1994/1996 104
LGV Méditerranée 320 2001 257
LGV Est 320 2007 300
Total km = 1840
Under construction
(Figueres ) Frontiére - Perpignan 300 2009 24
Haut-Bugey (amélioration LC) 2009 65
7
LGV Dijon — Mulhouse 320 2012 140
Total km - 299
Planned
LGV Sud Europe Atlantique S 2013 120
LGV Bretagne - Pays de la Loire 2013 188
Ir;ﬁ;z;/sleE)St - Européenne (Second 2014/2015 100
LGV Poitiers — Limoges 2015 115
LGV Sud Europe Atlantique N 2016 180
LGV Bordeaux - Toulouse 2016 230
'(ge\é;rg”p;‘;he‘;”e Br East 2015/ 2020 48
LGV PACA 2020 200
Interconnection Sud IDF 2020 40
LGV Bordeaux - Espagne 2020 230
LGV Lyon — Turin 2020 150
LGV Montpellier - Perpignan 2022 150
LGV Picardie 2022 250
LGV Rhin- Rhone Branche S 2022 100
LGV Rhin - Rhéne Branche Quest 2022 85
LGV Paris - Lyon 2025 430
Total km = 2616

6.2.3 Originally, LGVs were defined as lines permitting speeds greater than 200 km/h (125 mph).
This threshold was subsequently revised to 250 km/h (155 mph). The newest high-speed
lines allow speeds of up to 320 km/h (200 mph) in normal operation.
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TGVs also run on conventional track, at the normal maximum safe speed for those lines, up
to a maximum of 220 km/h (137 mph), which is a significant advantage over maglev. By
connecting with existing lines TGVs can serve many more destinations and can access city-
centre stations. They now serve around 200 destinations in France and abroad.

Lines under construction

LGV Perpighan-Figueres (due to open 2009, TGV service 2012)
LGV Rhin-Rhbéne (Lyon-Dijon-Mulhouse) (due to open 2011)

HSL-Zuid (Brussels to Amsterdam) (although the track has been completed, it will
not be operational until late 2008 at the earliest)

Haut-Bugey line- reconstruction of the Bellegarde - Bourg-en-Bresse line to reduce
Paris-Geneva by 47 km and 20 minutes. Due to open in 2009.

Planned lines

Lyon Turin Ferroviaire (Lyon-Chambéry-Turin), connecting to the Italian TAV
network

LGV Sud Europe Atlantique Tours-Bordeaux and LGV Bretagne-Pays de la Loire
Le Mans-Rennes, extending the LGV Atlantique (also called LGV Sud-Ouest)

Bordeaux-Toulouse-Narbonne
Bordeaux-Spanish border-Vitoria-Gasteiz and Irun
LGV Poitiers-Limoges

LGV Picardie (Paris - Amiens - Calais), cutting off the corner of the LGV Nord-
Europe via Lille.
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Figure 6-1: TGV Network
Source: UIC HighSpeed 2008

On the HSL network, the maximum speed is 300 km/h, although some sections are limited
to 270 km/h. The speed of 300 km/h is also attained in Spain, Belgium, Japan, Great Britain
and Germany and will also be possible in Italy, the Netherlands, South Korea and Taiwan
by 2007.

The next stage will be an increase to 320 km/h on the East European HSL, equivalent to
200 mph.

LGV East European High-Speed Line, France

“LGV Est Européen” opened in June 2007 after 20 years in development.

The Project

The 300km (186 mile) high-speed line, constituting the first phase, ends at Baudrecourt,
south-east of Metz. The remaining 106km (65.9 miles) to Strasbourg will remain an
upgraded 160km/h-limited conventional track, pending any future decision on the second
phase which would see virtually the whole route become LGV.

From the outset, the TGV format meant that high-speed trains were compatible with
existing infrastructure as well as LGV. This feature allowed the project to be split into two
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phases, yet able to accrue substantial benefits from the first section alone. Paris-Strasbourg
TGV through-services run over conventional track for 22.5km from Paris Gare de L&st to
Vaires, where the LGV formation begins.

It is expected that it will take at least 15 years of operations for LGV Est to repay the
investment of €5.5bn. LGV is now perceived as the western end of the @&uropean
Magistrale€high-speed line through Europe.

Construction

The new line is 1,435mm twin-track, electrified at 25kV ac and built for a maximum of
350km/h, although trains will run at 320km/h. To provide connections with pre-existing
heavy rail lines, including the north-south LGV Junction Est between Roissy-Charles de
Gaulle and Marne-la-Vallée (for Disneyland Paris), an extra 44km of track has been
installed.

With passing loops for the platforms plus through tracks, three stations have been built on
LGV Est itself. Developed on green field sites, the stations are intended to act as park-and-
ride railheads for the surrounding areas.

Infrastructure

LGV design is similar to that of normal railway lines, but with a few key differences. The
radii of curves are larger so that trains can traverse them at higher speeds without
increasing the centrifugal force felt by passengers. The radii of LGV curves have historically
been greater than 4 km. New lines have minimum radii of 7 km to allow for future increases
in speed, as does TAV. LGVs are entirely fenced to avoid trespassers. Level crossings are
not permitted and bridges over the line have sensors to detect objects that fall onto the
track. All LGV junctions are grade-separated using flyovers or tunnels.

Lines used only for high-speed traffic can incorporate steeper grades than normal which
facilitates the planning of LGVs and reduces the cost of line construction. The Paris-Sud-
Est LGV features line grades of up to 3.5%. The considerable momentum of TGVs at high
speed allows them to climb steep slopes without greatly increasing their energy
consumption and they can also coast on downward slopes.

Track alignment is more precise than on normal railway lines, and ballast is in a deeper
than normal profile, resulting in increased load-bearing capacity and track stability. LGV
track is anchored by more concrete sleepers per kilometre than usual, either mono- or twin-
bloc. Heavy rail (UIC 60) is used. Maintenance on LGVs is carried out at night, when no
TGVs are running.

The diameter of tunnels is greater than normally required by the size of the trains,
especially at entrances. This limits the effects of air pressure changes, which could be
problematic at TGV speeds.

Power supply

25,000 V AC system

Electrification at 25,000 V AC 50 Hz now covers 9138 km of the network, including the
whole TGV network. This system offers several advantages:

substations are much further apart (approximately every 80 kilometres); and

simple transformers connected directly to the national electricity grid and lighter
catenary are sufficient as the currents supplied are lower.

For the Speed Record run on LGV Est, the supply voltage had to be increased to 33kV to
deliver sufficient powered to the train.
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1500 V DC system

This system covers 5,904 km of line mainly located to the south of Paris. This system is
expensive and reached its technological limits in the 1950s, and is not a candidate for new
HSL'’s. Consequently all TGVs are at least bi-current, which means that they can operate at
25kV, 50 Hz AC on newer lines (including LGVs) and at 1.5 kV DC on the older lines.
Trains crossing the border into Germany, Switzerland, Belgium, the Netherlands and the
United Kingdom must accommodate other voltages, requiring tri-current and quadri-current
TGVs.

TGVs have two pairs of pantographs, two for AC use and two for DC use. When passing
between areas of different supply voltage, marker boards remind the driver to switch power
and pantographs. Pantographs and pantograph height control are selected automatically
based on the voltage system chosen by the driver. The train coasts across the boundary
between different power voltages.

In addition a pool of 19 Alsthom TGV POS (Paris-Ostfrankreich-Suddeutschland) sets is
being created for routes extending beyond France. Formed from 8-car refitted TGV
Reseau single deck coaches with new 3-system power cars, they feature an increased
power-to-weight ration compared with previous TGV sets

Catenary wires are kept at a greater mechanical tension than normal lines because the
pantograph causes oscillations in the wire. On LGVs, only the rear pantograph is raised,
avoiding amplification of the oscillations created by the front pantograph. The front power
car is supplied by a cable running along the roof of the train.

Eurostar trains are sufficiently long (400 metres) that oscillations are damped sufficiently
between the front and rear power cars, so both pantographs can be raised and there is no
interconnecting high-voltage cable.

Signalling

TVM (Transmission Voie-Machine, or track-to-train transmission) is used for signalling.
Information is transmitted to trains via electrical pulses sent through the rails, providing
speed, target speed, and stop/go indications directly to the driver via in-cab instruments.

The line is divided into signal blocks of about 1500 metres, with the boundaries marked by
blue boards with a yellow triangle. Dashboard instruments show the maximum permitted
speed for the train® current block and a target speed based on the profile of the line ahead.
The maximum permitted speed is based on factors such as the proximity of trains ahead,
junction placement, speed restrictions, the top speed of the train and distance from the end
of the LGV. As trains cannot usually stop within one signal block drivers are alerted to slow
gradually several blocks before a required stop.

Two versions of TVM signalling, TVM-430 and TVM-300, are in use on LGV. TVM-430, a
newer system, was first installed on the LGV Nord to the Channel Tunnel and Belgium, and
supplies trains with more information than TVM-300. Among other benefits, TVM-430
allows a train® on-board computer system to generate a continuous speed control curve in
the event of an emergency brake activation, effectively forcing the driver to reduce speed
safely without releasing the brake.

The signalling system is normally permissive: the driver of a train is permitted to proceed
into an occupied block section without first obtaining authorization. Speed is limited to
30 km/h (19 mph) and if speed exceeds 35 km/h (22 mph) the emergency brake is applied.
When trains enter or leave LGVs from lignes classiques, they pass over a ground loop that
automatically switches the driver® dashboard indicators to the appropriate signalling
system.

Stations

TGVs often use intra-city tracks and stations built for lower speed trains. LGV route
designers have tended to build new intermediate stations in suburban areas or in the open
countryside several kilometres away from cities which allows TGVs to stop without incurring
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6.12

6.12.1

too great a time penalty. LGV services are regarded as an economic advantage and
provincial towns have been keen to have stations located near them, although in some
cases, stations have been built halfway between two communities.

Rolling Stock Fleet

SNCF operates a fleet of more than 400 TGVs. Seven types of TGV or TGV derivative
currently operate on the French network; these are as follows and summarised in Table 6-
2.

TGV Sud-Est (passengers) between Paris and Lyon, and La Poste (freight),
TGV Atlantique (with 10 rather than 8 carriages)

TGV Réseau (similar to Atlantique, but only 8 carriages)

Eurostar (London — Paris/Brussels),

TGV Duplex (two floors for greater passenger capacity),

Thalys PBA and PBKA (Benelux countries, derived from Réseau and Duplex
respectively),

TGV POS (Paris-Ostfrankreich-Studdeutschland, or Paris-Eastern France-Southern
Germany).
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Table 6-2: TGV Trains in Operation

. Overall . Weight | Power (at .

Train Type Top Speed Seats Length Width (tonnes) 25 kV) Power/Weight

270 km/h
168 mph) as built 200.2m | 2.81m
TGV Sud-Est ( 345 385 6,450 kW 16.7 W/k
ue-es 300 km/h 657 1) | (9.2 ) g
(186 mph) rebuilt
. 300 km/h 237.5m 2.90m
TGV Atlantique (186 mph) 485 (780 ft) (9.5 i 444 8,800 kW 19.8 W/kg
2 300 km/h 200 m 290m
TGV Réseau (186 mph) 377 (656 ft) 9.5 ft) 383 8,800 kW 23.0 W/kg
300 km/h 393.7m 281m
Eurostar (186 mph) 750 (1,293 f1) 9.2 ft 752 12,240 kW 16.3 W/kg
320 km/h 200 m 2.90m
TGV Duplex (199 mph) 512 | Gsefy | (951 380 8,800 kW 23.2 Wikg
300 km/h 200 m 290 m
Thalys PBKA (186 mph) 377 (656 ft) 9.5 ft) 385 8,800 kW 22.9 W/kg
320 km/h 200 m 290 m

TGV POS (199 mph) 357 ©561) | (9.5 383 9,280 kW 24.2 Wikg

6.13 Formation and Articulation

6.13.1 TGVs are semi-permanently coupled articulated multiple units, with bogies between the
carriages, supporting both of them. Power cars at each end of the trains have their own
bogies. Trains can be lengthened by coupling two TGVs together, using couplers hidden in
the noses of the power cars.

6.13.2 The advantages claimed for articulation are

Improved comfort as the bogies are not below any of the passenger
accommodation;

improved stability when running at high speed because of the steering effect of the
articulation upon the bogies; and

reduced cost, due to fewer bogies/axles.

6.13.3 A disadvantage of articulation is that it is difficult to split sets of carriages. While TGV power
cars can be removed from trains via standard uncoupling procedures, specialized depot
equipment is needed to split carriages, by lifting the entire train at once.

6.14 Future TGVs

6.14.1 SNCF and Alstom are investigating new technology that could be used for high-speed
transport in the form of the AGV, automotrice a grande vitesse (high speed multiple unit).
The AGV design has motors under each carriage. Investigations are being carried out with
the aim of producing trains at the same cost as existing TGVs with the same safety
standards. AGVs of the same length as TGVs could have up to 450 seats. The target speed
is 360 km/h. The prototype AGV was unveiled by Alstom on February 5, 2008.

6.14.2 In the short term, plans are being considered to increase the capacity of TGVs by 10% by

replacing the central two power cars of a double TGV with passenger carriages. These
carriages would have motorized bogies underneath them, as would the first and last
carriage of the train, to make up for the lost power.
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6.15 TGV technology outside France

6.15.1 TGV technology has been adopted in a number of other countries separately from the
French network:

AVE (Alta Velocidad Espafiola), in Spain;
Korea Train Express (KTX), in South Korea;

Acela Express, a high-speed tilting train built by TGV participant Bombardier for the
United States, which uses TGV motor technology (though the rest of the train is
unrelated);

The Moroccan government agreed to a €2 billion contract for the French
construction firm Alstom to build a TGV-line between Tangier and Casablanca. The
train is to be operational in 2013;

The Buenos Aires-Rosario-Cérdoba high-speed railway in Argentina, will feature
French double-decker TGV (TGV duplex), running at 320km/h; and

Italian open-access high-speed operator Nuovo Trasporto Viaggiatori have signed
up with Alstom to purchase twenty-five AGV eleven car multiple-units (TGV 4th
generation, running at 360km/h) for delivery starting in 2009.
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v

7.1

7.1.1

Germany

Introduction

Germany has an extensive network of High-Speed Rail services, as follows:

Hanover-Wirzburg: 327km (203 miles), the first and longest NBS. With the later
NurnbergMinchen upgrades, this creates a largely high speed route for Hamburg-
Munchen services;

Stuttgart-Mannheim: 100km (62 miles). Mannheim’s approaches and a terminus
layout at Stuttgart restrict acceleration of end-to-end timings for through services;

Hanover-Berlin: 185km (115 miles) of new build, via Wolfsburg rather than the
‘classic’ route through Magdeburg. A symbolic piece of engineering following
reunification;

Cologne-Frankfurt am Main: 177km (110 miles). Severe gradients assume ICE3
capability or better. Shorter than the sinuous Rhine route via Koblenz that it partly
replaces, this NBS also links KdéIn/Bonn and Frankfurt Main's airports. Some
services have code shares with airlines offering through flight connections. The new
KdIn/Bonn Airport link and station was part of the overall project but is not on a high
speed section; and

Nurnberg-Ingolstadt: 89km (55 miles). Almost entirely built with slab track, this is a
shorter route than existing lines and offers reduced timings in conjunction with the
200km/h upgrade of Ingolstadt-Miinchen. From December 2006 the line featured
the first Regional Express services (operated by DB Regio) operating at up to
200km/h. Using Class 101 former IC coaches, it cuts 48 minutes off the previous
fastest NuUrnberg-Minchen RE timings.
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Table 7-1: German High Speed Network

Date of
Maximum Speed | Commencement
Line km/h of operation Length km
Fulda - Wirzburg 280 1988 90
Hannover - Fulda 280 1991 /1994 248
Mannheim - Stuttgart 280 1985/ 1991 109
Hannover (Wolfsburg) - Berlin 250 1998 189
KolIn - Frankfurt 300 2002 / 2004 197
KolIn - Duren 250 2003 42
(Karlsruhe-) Rastatt - Offenburg 250 2004 44
Leipzig - Grobers ( - Erfurt) 250 2004 24
Hamburg - Berlin 230 2004 253
Nurenberg - Ingolstadt 300 2006 89
Total km = 1285

Under Construction
Munchen - Augsburg 230 2010 62
(Leipzig/Halle-) Grobers - Erfurt 300 2015 98
Nurnberg - Erfurt 250 2017 218

Total km =378
Planned
(Karlsruhe -) Offenburg - Basel 250 112
Frankfurt - Mannheim 300 81
Stuttgart - Ulm - Augsburg 250 166
Hamburg/Bremen - Hannover 300 114
(Hannover - ) Seelze - Minden 230 71
(Frankfurt -) Hanau -
Fulda/Wirzburg 300 126

Total km =670
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7.2

7.2.1

7.2.2

Figure 7-1: German High Speed (ICE) Network
Source: Hochgeschwindigkeitsverkehr in Deutschland — 15 Jahre Erfolg

Eberhard Jansch

Infrastructure

Only a small proportion of the German HS network is dedicated to high speed passenger
services; the “High Speed Network” consists of a mixture of new (NBS), upgrade (ABS) and
existing lines

Because the mixed nature of the German network, only a limited portion of the HS network
is actually capable of high speed running, as illustrated below
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Figure 7-2: Speed Capacity of German ICE Network
Source: Jansch

7.2.3 Since 1985, over 1300 km of new line have been constructed, as illustrated.

Figure 7-3: Construction of new lines (NBS) on German ICE Network
Source: Jansch
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Table 7-2: Summary of key data about high speed lines constructed in Germany
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Length km 327 99 Emységg g gg Etcoct’;f; 122 89 38 61,3
> 250 km/h

'(\{'(‘31"};’)‘“"1 Speed s 250 250 300 300 300 250 250
”Max. Gradient ”1,25 % ”k.A. ”k.A. ||4,o % ”k.A. ||2,o % ”k.A. ”k.A. |
Completed 1991 k.A. 1997 2001 im Bau 2006 2003 k.A.
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. \Wurzburg |[Mannheim ([Hannover FUELS Ebensfeld [[Nurnberg Colgne SIACLTs
Line . aM - t
Hannover |[Stuttgart ([Berlin Erfurt Ingolstadt Duren
Cologne Ulm
Source Andre Werske
7.3 NBS Cologne Frankfurt
Figure 7-5: View of Frankfurt
Cologne NBS
Figure 7-4. Route of Frankfurt
Cologne NBS

©Eisenbahingenieur20
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7.3.1

7.3.2

7.3.3

7.4

7.4.1

7.4.2

7.4.3

7.5

7.5.1

This new line departed from the alignment of the previous routes which were constrained
by the meandering topography of the Rhine gorge and it was decided to follow closely an
existing motorway corridor across the wooded uplands of the Taunus Mountains.

To achieve this ambitious alignment parameters were selected, based on the use of slab
track rather than ballasted

Table 7-3: Use of Ballasted versus Slab Track

Parameter NBS Frankfurt-Cologne NBS Hanover Wurzberg
(Slab Track) (Ballasted Track)
Maximum gradient 40/1000 20/1000
Minimum curve radius 3350 m 7000 m
Maximum cant 170 mm 65 mm
Proportion of bridges 3% 9%
Proportion of tunnels 21.5% 37%

This allowed the proportion of tunnels and bridges to be reduced compared with a
conventional mixed traffic railway. As can be seen in Table 7-4 above, the proportion of
track in tunnels and bridges is lower than other NBS and the proportion of line at grade is
higher. The design engineers estimated in 1992 that this would lead to an overall saving
of 15% of the construction cost.

Track

For conventional lines (speeds less than 250 km/h) DB mandates the use of UIC 60
section rails on heavy mono-block sleepers (Type B60)

Following extensive research and optimisation of whole life costs, DB have adopted slab-
track as mandatory for all new high speed lines for speeds in excess of 250 km/h- the
increased capital cost is expected to be recovered in maintenance savings over the 60
year life of the track. The savings arise from not only from the elimination of track
maintenance (tamping and rail grinding) but also the reduction of maintenance to vehicles
(wheel grinding to correct polygonalization of wheels).

Around 800 track-km of slabtrack have been constructed for the HS network in Germany,
of which the complete Frankfurt-Cologne line is constructed as slabtrack. This was
considered to be an economically advantageous decision for the overall Project, as
discussed above.

Rolling Stock Fleet

The ICE fleet has seen significant developments since production versions entered fleet
service in 1991, as follows:

ICE 1 (Class 401) Max speed 280km/h (174mph). Two power cars plus 10-14
coaches with distinctive taller ‘Bord Restaurant’. Wheel modifications were made
following the Eschede disaster in June 1998. There has been internal
refurbishment to match the standards of later stock.

ICE 2 (Class 402) introduced 1995. Max speed 280km/h (174mph). One power
car plus seven coaches, including driving trailer. Two such formations allow for
splitting services for separate destinations after joint running over core routes.

ICE 3 (Class 403) introduced 1998. Max speed 330km/h (205mph). Eight coach
multiple unit. This is part of the Siemens Velaro family that has attracted export
orders from Spain, Russia and China. Improvements introduced on ICE3 include
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7.5.2

7.6

7.6.1

7.6.2

7.7

7.7.1

7.8

7.8.1

7.9

7.9.1

7.9.2

7.9.3

bogie skirts and fairings to screen brake discs and axleboxes aimed at a 10%
reduction in rolling resistance.

Each ICE3 has three types of braking equipment (regenerative, disc and eddy-current)
with axle-mounted disc brakes on unpowered bogies and wheel-mounted discs on each
powered axle. Internal innovations include the first air-conditioning system not to use
chemicals in the cooling process.

Tilting Trains

ICE-T (Classes 411 and 415) introduced 1998. Max speed 230km/h (143mph). Seven
and five coaches respectively. Visually similar to ICE3, but with less sharply raked ends.
The T2 series has increased seating capacity and reduced catering provision. Tilt
capability lends itself to curvaceous conventional routes such Stuttgart—Zirich and parts
of the former DDR.

ICE-TD (Class 605) introduced 1998. Max speed 200km/h (124mph). Four coach tilting
diesel multiple unit intended to bring extend the ICE network to non-electrified low-density
routes. All withdrawn by 2003 due to reliability problems, these units were offered for sale
abroad but have been re-introduced intermittently in Germany.

Power Supply

The power supply on DB infrastructure is 15 kV ac at 16 Hz.

OLE

A 100 km portion of the Géttingen — Hannover section of NBS was re-equipped with a
novel catenary system. The catenary design is intended to cause lower wear — instead of
copper a bronze contact wire is used, permitting a greater tension on the Catenary. In
turn catenary stiffness is increased, reducing resonance effects. Test trains are permitted
to run on this section at up to 400 km/h.

Operations

The first high-speed line, from Hanover to Wirzberg was originally planned for mixed
passenger and goods traffic operation. Shortly before commissioning, this was changed
and a temporal segregation of goods and passenger traffic introduced. From 06:00-22:00
passenger trains run and goods traffic is restricted to 23:00-05:00, which allows greater
utilisation of the HS route by HS passenger services, without having inter-running with
slower goods traffic.

Since then DB Netz has concluded that mixed traffic running is undesirable:
network capacity is reduced,;
expensive overtaking loops are necessary; and

heavy goods wagons cause more rapid degradation of track quality and increase
costs of maintaining the high quality of track alignment, which is necessary for
HS passenger running, but not for freight running

In 1998 DB published a proposal to enhance the capacity and reliability of the DB network
under the title “Network 21", which would segregate the network according to traffic type

H-Netz with 3.500 km for HS passenger traffic
G-Netz with 4.500 km for freight traffic
S-Netz with 2.000 km for sub-urban traffic
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M-Netz mit 10.000 km for mixed traffic
R-Netz mit 18.500 km for Regional services

7.9.4 Although this has not been fully agreed and funded, it remains a part of DB’s long-term
strategy for their network.

Figure 7-6: Growth in Passenger.km conveyed by ICE trains (Billions per annum)
Source Jansch
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8 Italy

8.1 Network

8.1.1 Italy was a European pioneer in high-speed rail and the original home of the ®endolino©
family of tilting trains that have been widely adopted in several countries to make best use
of conventional (as opposed to purpose-built high-speed) tracks.

8.1.2 Opening of the Milano — Bologna and Bologna — Firenze Alta Velocita lines will largely
complete the north-south leg of Italy’s national high speed network, adding much-needed
extra capacity. Expansion continues in the major conurbations and investment in new
rolling stock is helping Trenitalia face up to competition in both the freight and passenger
sector.

8.1.3 The Italian high-speed era began with the 252km (157-mile) Rome-Florence @irettissima®
the first dedicated high-speed line in Europe when opened in 1978. However, this
pioneering line has required heavy upgrading for 300km/h (186mph) operation, including
changing electrification from 3kV DC to 25kN AC

8.1.4 In early 2006 the western section of high-speed line between the key northern cities of
Turin and Milan opened.

Table 8-1: Italian High Speed Network
Date of
Maximum Speed Commencement

Line km/h of operation Length km
In Operation
Rome - Florence (First section) 250 1981 150
Rome - Florence (Second section) 250 1984 74
Rome - Florence (Third section) 250 1992 24
Rome - Naples 300 2006 220
Turin - Novara 300 2006 94

Total km =562
Under construction
Milan - Bologna 300 2008 182
Novara - Milan 300 2008 55
Florence - Bologna 300 2009 77

Total km =314
Planned
Milan - Venice 245
Genoa - Milan 150

Total km =395

8.1.5

8.1.6

It is projected that by 2009 a continuous High speed corridor will be available from Turin

to Salerno, around 60 kilometres south of Naples. Further works include Milan-Genoa and

extensions in the far south of Italy.

The Italian high-speed lines will gain better connection with the evolving European

network, with completion of the new Turin - Lyon line that includes a 52 kilometre base
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8.2
8.2.1

8.2.2

8.3

8.3.1

tunnel beneath the Alps. Although for mixed traffic use, the line will greatly accelerate
passenger services compared with the existing route.
Infrastructure

Italian rail infrastructure is under the care of state body Rete Ferroviaria Italiana (RFI),
within which is Treno Alta Velocitd SpA (TAV) specifically to develop the high-speed
network, of new lines. TAV has core routes under various stages of development.

north-south: Milan-Bologna-Florence-Rome; and
east-west: Novara-Milan-Verona-Venice-Trieste.

Florence-Bologna is due to open in 2008 and from that December, Milan and Bologna are
due to gain a 60 minute service.

Table 8-2: Technical Characteristics of Italian Network

Technical characteristics Turin Milan Rome Milan Bologna
Naples Salae Florence
Length (km) 125 km 204 182 78.5
Cuttings and embankments (km) 99.5 km 126 146.5 3.6
Viaducts and bridges (km) 21.5km 39 32 11
Tunnels (km) 4.4 km 39 3.5 74
Speed (km/h) 300Km/h 300 300 300
Maximum gradient: 15/1000 18/1000 15/1000 18/1000
Minimum curve radius 5,450 m 5450 5450 5450
Power supply 25kV a.c. 50Hz
Journey time
Previous: 1h 30m 1h 45m 1h 42m 0Oh 59m
Future: 50 min 1h 05m 1m 00m 0Oh 30m

Planning parameters

The following design parameters are to be applied to future developments of High speed
line in Italy:

Mixed passenger/freight

Maximum speed 300 Km/h
Minimum curvature radius 5,450 m
Maximum gradient in open 18 %o
Maximum gradient in tunnels 15 %o
Maximum cant 105 mm
Mimimum vertical radius 20,000 m
Maximum load per axle 25 tonne

Distance between tracks centres 5-4.5m
Tunnel cross section 82 m2

Power supply of new lines 25 kV ac 50 Hz
Power supply on urban sections 3 kV dc

Train control ETCS level 2
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8.4

8.4.1

8.5

8.6

8.6.1

8.7

8.7.1

Rolling Stock Fleet

The high-speed fleet includes both non-tilting and tilting. There are several tilting variants
deriving from the pioneering work of FIAT Ferroviaria. These were a response to a need
to increase speeds over curvaceous routes of the original network that had to contend
with many lines that linked coastal settlements, plus penetrating the mountains of the
Alpine system to the north and the Apennines along the country® spine.

Train Types

Table 8-3: Italian Train Types

Rolling Stock

ETR 500 (non tilt)

Builders Trevi Consortium
Original No. 60

Seats (vary) 671

Formation (varies) 2 power cars/12 coaches
Max. speed 300km/h

ETR 460 (tilt)

Builders FIAT Ferroviaria /Alstom
Original No. 60

Seats (vary) 480

Formation (varies) EMU /9 coaches

Max. speed 250km/h

Tilting

The first generation of high-speed stock was the tilting ETR450 Pendolino, built by Fiat
Ferroviaria, followed by the ETR460 single voltage EMU, the tri-voltage ETR470 for
Cisalpino services to France, Switzerland and Germany and the dual-voltage (3kV
DC/25kV AC) ETR480. The latter was developed with high-speed lines in mind, although
its tilt capability is used to best advantage on classic lines with frequent curves, such as
the coastal Genoa-Rome line.

Non-tilting

The product of a consortium of manufacturers, the non-tilting ETR500 was designed for
operation on the new high-speed lines. Formed of two power cars and 12 coaches it was
similar in concept to European trains such as ICE and TGV. The 60-strong fleet entered
commercial service during 2000, forming the basis of the @alia Eurostar©branded
premium service linking the country® major cities.
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8.8

8.8.1

8.9

8.9.1

8.10

8.10.1

8.11

8.11.1

8.12

8.12.1

8.12.2

8.13

8.13.1

Signalling/Communications

ETR500s are fitted with automatic train control and protection systems. However, the
ETR460-480 runs on conventional absolute block signalling, with in-cab warning system.
It is planned that Naples-Rome will use signalling to the highest specification, Level 2
ERTMS. Traincrew are in constant contact with control centre staff and there is two-way
communication between driver, guard and other traincrew.

Power Supply

Power supply is 3kv dc and 25kV ac on all new lines. The second batch of ETR500s
features dual-voltage power cars (3kV DC / 25kV AC) for operation on 25kV AC high-
speed lines.

Operations

High-speed operations have become synonymous with the Eurostar Italia brand, now
modified to “Eurostar Italia Alta Velocitd” branding for services specifically over high-
speed lines. The use of the Eurostar name predates its application for Paris-Brussels-
London Channel Tunnel services and the operations are not connected. Class ETR485
are used for the business-targeted “T-Biz” service taking 4 hours 5 minutes between Milan

and Rome, with one intermediate stop at Bologna.

Trenitalia

Principal train operator under the public sector Ferrovie dello Stato (FS) umbrella is
Trenitalia, which has been operator since 2000. State bodies have created the prevailing
system.

Nuovo Trasporto Viaggiatori

Nuovo Trasporto Viaggiatori is attempting to become the first open access operator of
high speed trains

In January 2008, Alstom announced that it had been chosen to supply private company
Nuovo Trasporto Viaggiatori (NTV) with 25 new 11-car AGV (Automotrice Grande
Vitesse) with distributed power) high-speed train sets for use on the lItalian network. The
€650 million order is for an initial three-route service featuring 300 km/hour running due to
begin in 2011. A separate 30-year maintenance contract with Alstom will cover the fleet,
which could be extended by another ten sets.

Commercial

SIPAX (Systema Informativo Passaggeri), an integrated ticketing and reservation system,
which includes associated operators, such as car hire, ferry, hotel and airline companies,
has also been introduced. Trenitalia offers several versions of ticket-less travel options for
many of its brands, including the high-speed “Eurostar” and “T-Biz”, also Intercity and
Cisalpino over domestic sectors.
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9 Japan

9.1 Introduction

9.1.1 Japan was the first nation to construct a high speed rail network on a dedicated, purpose-
built infrastructure. The Tokaido Shinkansen opened in 1964 for the Tokyo Olympic
games. It was an immediate success, carrying 10 million passengers within 3 years and
the network has been progressively extended across the entire Japanese archipelago,
serving the populous areas which are concentrated in the coastal fringes.

Figure 9-1: Tokaido Shinkansen

Green: Operated by JR East
Yellow: Operated by JR Central
Blue: Operated by JR West
Red: Operated by JR Ky sh
Grey: Planned

9.2 Network

Table 9-1: Shinkansen Network
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Date of
Maximum Speed Commencement

Line km/h of operation Length km
In operation
Tokyo - Osaka (Tokaido) 270 1964 515
Osaka - Okayama (San-yo) 270 1972 161
Okayama - Hakata (San-yo) 300 1975 393
Omiiya - Morioka (Tohoku) 275 1982 465
Omiya - Niigata (Joetsu) 240 1982 270
Ueno - Omiya 110 1985 27
Tokyo - Ueno 110 1991 4
[Fukushima - Yamagata (Yamagata) 130 1992 MINI 87]
[Morioka - Akita (Akita) 130 1997 MINI 127]
Takasaki- Nagano (Hokuriku) 260 1997 117
[Yamagata - Shinjo (Yamagata) 130 1999 MINI 62]
Morioka - Hachinohe (Tohoku) 260 2002 97
Yatsuhiro - Kagoshima Chuo (Kyushu) 260 2004 127

Total km = 2452
Under construction
Hachinohe - Shin Aomor (Tohoku) 2011 82
Hakata - Shin Yatsuhiro (Kyushu) 2011 130
Nagano - Kanazawa (Hokuriku) 2015 229
Shin Aomori - Shin Hakodate (Hokkaido) 2016 149

Total km =590
Planned
Shin Hakodate - Sapporo (hokkaido) 211
Kanazawa - Osaka (hokuriku) 254
Hakata - Nagasaki (kyushu) 118

Total km =583
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Infrastructure

Table 9-2: Shinkansen Specifications

Shinkansen Route Tokaido Sanyo Tohoku — Joetsu
Commencement of operations 1964 1972 1982
Gauge (mm) 1,435 1,435 1,435
Maximum operating speed (km/h) 270 300 275
Maximum gradient (%) 20 15 20
Minimum curve radius (m) 2,500 4,000 4,000
Minimum vertical curve radius (m) 10,000 15,000 15,000
Cant (mm) 200 180 200
Distance between track centres 4.2 4.3 4.3

Source : Central Japan Railway Company Data Book 2007

Gauge

The Shinkansen lines are all constructed as standard gauge lines, instead of 1067 mm
(3ft 6in) of previous lines.

Track/Substructure
The bulk of Shinkansen lines have been constructed on concrete structures, with
relatively little constructed on earthworks.

A pre-cast slab track system has been developed and is used as the standard track-form
for Shinkansen railways Precast slabs are 5.0 m long x 2.3 m wide and 16-19cm thick,
with partial prestressing. The track is levelled and the (nominal) 40mm gap is fitted with a
purpose developed bitumen/cement grout.

At the joint between each slab unit a 400cm diameter bollard transfers longitudinal and
transverse shear loads into the supporting structure.

For applications in urban areas, a variant with 25mm rubber isolation mat has also been
employed.

Rolling Stock

Shinkansen trains can be up to sixteen cars long. With each car measuring 25 m (82 ft) in
length, the longest trains are 400 m (1/4 mile) from front to back. Stations are similarly
long to accommodate these trains:

Series 300 (1992) (JR Central: JR West:)

Series 300 for Nozomi service on Tokaido and Sanyo Shinkansen with speed up
to 270 km/h

Series 400 (1992) (JR East:)

Series 400 mini-Shinkansen with shorter (20 m) body for Yamagata-bound
Tsubasa services

Series 500 (1997) (JR West:)
Series 500 developed for Japan’s first 300-km/h operation on Sanyo Shinkansen.

Series 700 (1997) (JR Central: JR West:)

Page 54 of 120




Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report TAV-HA-OPE-REP-40034-01

9.6.2

9.6.3

9.6.4

9.6.5

9.6.6

9.6.7

9.6.8

Series 700 for Tokaido and Sanyo Shinkansen to succeed Series 300 Nozomi
services.

Series 700 Rail Star (2000) (JR West:)

Series 700 Rail Star for Hikari service on Sanyo Shinkansen between Shin-Osaka
and Hakata modified from Series 700 as 8 car train set.

Series N700 (2007) (JR Central: JR West:)

Newest Shinkansen, Series N700, on Tokaido and Sanyo Shinkansen with upgraded
features jointly developed by JR Central and JR West entered service on 1 July 2007

Series 800 (2004) (JR Kyushu:)

Series 800 for Tsubame services on Kyushu Shinkansen between Kagoshima-Chuo and
Shin-Yatsushiro.

Series E1 (1994) (JR East:)

All-double-decker Series Max E1 for both commuter and long-distance intercity services
on Tohoku and Joetsu Shinkansen.

Series E2 (1997) (JR East:)

Series E2 for Asama services on Nagano Shinkansen and faster Yamabiko services
(max. 275 km/h) on Tohoku Shinkansen.

Series E2 Hayate (2002) (JR East:)
Series E2 for Hayate services on Tohoku Shinkansen between Tokyo and Hachinohe
Series E3 (1997) (JR East:)

Series E3 mini-Shinkansen for Komachi services (max. 130 km/h) on Akita Shinkansen
between Akita and Morioka directly connected to Tohoku Shinkansen with speed up to
275 km/h.

Series E4 (1997) (JR East:)

All-double-decker Series Max E4 with increased seating capacity for Tokyo commuters
from north of Tokyo.

400 Series 500 Series 700 Series N700 Series

800 Series
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Operations

From an operating speed of 210km/h the bullet train has steadily increased in speed
through line improvements and newer stock. For Tokyo-Osaka passengers, this has led to
a reduction from four to two-and-a-half hours since 1964.

The highest operating speeds, 300km/h, are on the Sanyo Shinkansen by 500 and N700
series trains. The 554km between Shin-Osaka and Hakata have been scheduled at
242.5km/h (152mph) for over a decade.

In 2007 JR East announced that 320km/h-capable trains will enter service on the Tohoku
Shinkansen in 2011. Similar developments may take place on the Sanyo route.

Safety

During the Shinkansen’'s 40-year, 6 billion passenger history, there have been no
passenger fatalities due to derailments or collisions (including earthquakes and
typhoons). Some injuries and a single fatality have been caused by doors closing on
passengers or their belongings. There have, however, been suicides by passengers
jumping both from and in front of moving trains. Japan is highly seismic area, which
suffers frequent and strong tremors. Japan railways deploy motion detection, which
triggers braking of the trains.

The only derailment of a Shinkansen train in passenger service occurred during the
Niigata-Chuetsu Eathquake on October 23, 2004. Eight of ten cars of the Toki No. 325
train on the Joetsu Shinkansen derailed near Nagaoka Station. The epicentre of
earthquake, magnitude 6.8 Richter, was only 13km from the point of derailments.

The train developed sway oscillations due to the earthquake motions which were
sufficient to cause a derailment by flange-climbing

Parts of the bogie construction caught on the rails, constraining the train to continue in a
straight line and there were no casualties among the 154 passengers.

As a result, Japanese railways will be effecting additional safety measures, including:
derailment containment by brackets on bogies and/or modifications to rack; and

strengthening of structures and tunnels.
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Netherlands

Network

HSL Zuid (Hogesnelheidslijn Zuid — High-Speed Line South) is a dedicated 125km high-
speed rail line, forming part of a new route between Antwerp, Belgium and Amsterdam, as
shown in Table 10-1.

Table 10-1: Dutch High Speed Network

Under construction
Maximum Speed Date of Commencement of
Line km/h operation Length km
Schiphol - Rotterdam -
Belgian Border 300 2008 120

Infrastructure

The HSL Zuid was constructed by the INFRASPEED consortium, which comprised
3 construction partners, Siemens, Fluor Daniel, NBM/BAM and 2 financiers, Charterhouse
and Innisfree.

Major engineering features include:,

7.2km (4.5 miles) Leiderdorp-Hazerswoude tunnel under the Groene Haart
(Green Heart) open country between the country® four largest cities, Amsterdam,
Rotterdam, Den Haag and Utrecht. Work started in October 2001 and uses the
world® largest boring machine known as @urora®120m long, 14.87m in diameter
and weighing 3,300t;

Hollandsch Diep waterway is bridged by a structure 2km long, including access
ramps;

Bleiswijk viaduct (6km);

nine-track covered way at Barendrecht to be shared with the new Betuwe freight
line; and

two immersed tube tunnels under waterways near Dordrecht.

To reduce environmental impact, the line is bundled with motorway alignments for 33km
(20.5 miles). Of the total route length, 75% is on elevated structures, the remainder at
ground level with extensive use of transparent noise screening.

Due to the generally poor ground conditions on the route, substructure design criteria
were onerous, divided into three distinct categories:

Category 1 criteria permit maximum settlement of 30mm, differential of just two
mm and gradients of 1 in 2,000. These structures are described as ‘settlement
free’. From Amsterdam’s Schipol Airport southwards to Rotterdam, category 1
structures were stipulated. For these, support structure piles have been used to
penetrate through the five metre deep layer of peat into the sand layer beneath
the piled areas, a combination of short viaduct spans, one per track, and
‘settlement free slabs’ have been used.

Category 2 applies to the south of the Breda, where the sand layer comes to the
surface and embankments rather than support structures have been used with
permissible settlement of up to 30mm, and a gradient limit of no more than 1 in
500.
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Category 3 is specified for the bridge Hollandsch Diep and the immersed tube
tunnels between Rotterdam and Breda. These areas are described as ‘settlement
sensitive’, needing special structures. In this area the peat layer is up to 20m
thick, with a maximum permitted settlement of 50mm, differential 2mm, but a
gradient of 1 in 350.

Track

There are 100 kms of new double track, of which 80% is constructed as Rheda 2000 slab
track with a contracted 25 year maintenance period. This system was chosen, despite its
higher installation costs, as a way of reducing total cost and minimising future
maintenance costs.

Vossloh 300-1 track fastenings are used with DFF 300-1 fastening system for special
areas. Generally the fastening system is installed with stiffness of 22.5 kN/mm.

Turnouts are designed for 140km/h diverging speed, with swing nose.
There are 15 with 1 in 34 angle crossings and a single one with a 1 in 39 angle

Signalling and control

Signalling standards on the Netherlands high-speed line will conform to the standard
European Rail Traffic Management System (ERTMS). It incorporates a high-speed
communication link between trackside and train, enabling continuous transmission of
information from interlocking and traffic management systems directly into train cabs.

Lineside and in-cab signalling will control movements, and a form of automatic train
protection (ATP) is fitted to trains.

At the project inception it was determined to install ETCS signalling with no alternative
system as fall back. The decision to deploy the European Train Control System was
intended to facilitate cross-border operations. Unfortunately incompatibilities between the
Netherlands and Belgian interpretation of the ETCS specification has lead to significant
delays in the commissioning and revenue service of the line

The Unisig standard for ETCS, TSI version 2.0.0 as well as 2.2.2 did not define the
technical interfaces for hand-over from RBC-RBC at a signalling boundary between two
countries in sufficient detail.

However, the ETCS L2-L2 border crossing at 300 km/h was a contractual requirement in
both contracts. This is now being intensively worked on by a group including Infraspeed,
Bombardier, ProRail, the Department of Public Works and the Inspectorate for Transport
and Water Affairs.

A ministerial announcement in December 2007 indicated that HSL Zuid could not be
handed over for passenger service operations until at least October 2008.

In addition the TSI definition of trackside assembly defines a larger scope than had been
contracted to Infraspeed, with the result that technical specifications and details had to be
clarified after the contract had been signed, including Real Configuration Tests (RCT) and
Safety Qualification Tests (SQT).

Rolling Stock Fleet

The planned HSL services will feature several forms of motive power. New V250 trains
made up of two coupled @alf-setsdrom Ansaldobreda SpA of Italy and operated as a pool
by owners NS and SNCF/NMBS will provide internal Dutch services as far south as
Breda, also between Amsterdam and Brussels Midi.
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Table 10-2: Dutch Domestic High Speed Trains

Manufacturer Ansaldobreda, S.P.A
Formations 2 power cars, 8 trailers
Fleet NS: 8
NMBS/SNCB: 2
Speed 250km/h (155mph)

By late 2007 it had become clear that the V250 delays would continue as the first set was
only then approaching completion. Given the required testing of this new design, mid-
2009 now looks a more likely time for their introduction to fleet service.

It was planned to replace the long-established Benelux service (now marketed by
Hispeed as InterCity Brussels) using the classic route via Roosendaal, although high
demand and concerns about enforced higher charges for trains over the new lines may
lead to their retention in some form. TGV-based Thalys stock which already serves
Amsterdam is being fitted with signalling compatible with HSL Zuid and internally
refurbished for services to Belgium and France. German and Dutch ICE3 sets on the
Amsterdam-Koln line are now promoted as part of NS Hispeed operations.

Power Supply

HSL Zuid and its Belgian counterpart is equipped with a 25kV ac supply. This is different
from the rest of NS electrified routes at 1,500V dc.

Operations
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The HSL Zuid will convey a mixture of internal traffic between principal cities of the
Netherlands and international connections with Brussels, Paris and Germany

In 2007 NS Hispeed was projecting time reductions from Amsterdam: to Rotterdam, from
1hr 3min to 36min; to Brussels, from 2hr 54min to 1hr 46min; to Paris from 4hr 9min to 3hr
13min.

Operators

In December 2001 High-Speed Alliance was granted the concession to operate the High-
Speed Line South.

HSA is a joint venture by NS and KLM and will run high-speed trains to destinations at
home and abroad.

In order to be able to serve the international destinations directly, HSA has started a joint
venture with the Belgian railway company NMBS.

Tariff

Yield management will be applied, so that off-peak prices will be very competitive with
those of the conventional train but during peak hours, travelling on the high-speed train
will be attract a premium, justified by significant time savings, high punctuality, high travel
comfort levels, Seat guarantees will be offered for all passengers on international routes
and in first class on domestic routes. HSA is also aiming for 100% seat assurance for
domestic passengers in second class.

HSA will use electronic reservation and ticketing systems, both online and at the stations,
and for @st minute©ticket sales. Tickets will be available at the stations from ticket
machines, but eventually, half of all passengers are expected to book their tickets online.

In addition to on-line credit card purchase, HSA will join the public transport smart card
network, which will be introduced nationally by NS shortly.

Costs of infrastructure

At 2006 prices, projects costs for the line are estimated at €6.9bn. After several delays, it
is expected that commercial services will start in early 2008.

The line to the Belgian border is being financed through a public private partnership (PPP)
scheme led by the Infraspeed BV consortium. It will remain the property of the Dutch
government, which will pay an annual performance fee of around NLG230m in return for
over 99% availability. The contract covers a four-year construction period and
maintenance up to 2030.
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11  South Korea

11.1 Network

Table 11-1: South Korean Network

In operation
Date of
Maximum Speed Commencement
Line km/h of operation Length km
Seoul — Daegu 300 2004 330
Under construction
Daegu — Pusan 300 82

Phase 1 (1992 — 2004)
Seoul — Cheonan — Daejon — Daegu
Journey line 2h 40m
Phase 2 (2004-2010)
Daegu Gyeongju — Busan
Journey line 1h 50m

Inter-running is used over existing lines until Phase 2 complete

11.2 Rolling Stock Fleet

11.2.1 40 KTX trainsets (TGV derivative).

11.3 Train Formation

20 car (2 Power Cars, 2 motor trailers + 16 coaches)
935 seats (127 first class, 808 2nd class)

13.6 MW installed ppwer

TVM 430 train controls

11.4 Operations

train operations have increased from 128/day (2004) to 180 tpd (2008)

passengers carried have increased from 19.8 million p.a. (2004) to 37.3 million
p.p.a. (2008).

punctuality has achieved 94% with 89% availability.
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Spain

Introduction

Spain is currently working to expand its high-speed rail network to become the biggest in
Europe by 2010 The strategic intention is to link all their major cities and to have 90% of
population within 50km of a HSR station. The Spanish attribute a 2.1% increase in GDP to
implementation of HSR improvements in Spain. The Spanish were the first country to
design a new HSR (Madrid Barcelona) for 350 km/h operation. The Velaro, designed and
built by Siemens Mobility, set the world record of 404km/h for a series production train on
Spanish tracks in September 2006.

Figure 12-1: Spanish High Speed Network

Madrid-Barcelona AVE Velaro high-speed train has commenced operation across Spain
in February 2008, reaching speeds of 300km.The trains will run every hour on the 630km
route, cutting journey time between the Spanish cities from six hours to two hours and 38
minutes. The line is now one of the world’s fastest long distance train services.

The route was opened in phases starting in October 2003 (at 200 km/h), and then speeds
increased to 250 km/h in May 2006, to 280 km/h in October 2006, and finally to 300 km/h
in May 2007. The original goal of reaching 350 km/h was scaled back to 300 km/h in
common with other AVE services on the other high speed lines, although there are plans
to reach 350 km/h later in 2009 The extension to Barcelona was delayed several times
due to technical problems, finally reaching there in February 2008.

It was forecast that the AVE would replace air traffic on the Barcelona to Madrid route in a
similar was TGV, Eurostar and Thalys services have done. Now more than 80% of
travellers use the train, with fewer than 20% remaining with air.

Network
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Table 12-1: Spanish High Speed Network

Date of
Maximum Speed Commencement

Line km/h of operation Length km
In Operation
Madrid — Seville 270 1992 471
Madrid - Lleida 300 2003 519
Zaragoza - Huesca 200 2003 79
(Madrid -) La Sagra - Toledo 250 2005 21
Cordoba - Antequera 300 2006 100
Lleida - Camp de Tarragona 300 2006 82
Madrid - Seville - Valladolid 300 2007 179
Anterquera - Malaga 300 2007 55
Camp de Tarragona - Barcelona 300 2008 88

Total km = 1594
Under Construction
Figueres - Frontera (- Perpignan) 300 2009 20
Barcelona - Figueres 300 2010 /2012 132
Madrid - Valencia / Alicante / Murcia 300 2010/ 2012 902
Vitoria - Bilbao - San Sebastian 250 2012 175
Variante de Pajares 250 2012 50
Ourense - Santiago 300 2012 88
Bobadilla - Granada 250 2012 109
La Corunna - Vigo 250 2012 158
Navalmoral - Caceres - Badajoz - Fr.
Port 300 278
Seville - Cadiz 250 152
Hellin - Cieza (Variante de Camariallas) 250 27
Seville - Antequera 300 128

Total km =2219
Planned
Valladolid - Burgos - Vitoria 300 211
Vental de Banos - Leon - Asturias 238
Madrid - Navalmoral de la Mata 300 191
Almeria - Murcia 190
Valencia - Castellon 64
Olmedo - Zamora - Orense 300 2012 323
Palencia - Santander 300 201
Zaragoza - Castejon - Logrono 250 149
Castejon - Pamplona 300 75
Orense - Vigo (via Cerdedo) 250 60

Total km =1702
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Infrastructure

The topography of Spain presents severe challenges to construction of railways, with a
central upland (The Meseta) and abrupt descents of 300-700 m to the coastal plans.

This has meant that to achieve alignments suitable for 300-330 km/h a substantial part of
the HSL has had to adopt new routes.

Gauge

The first high speed line were constructed at standard gauge (1435) and Spain made the
decision to have all new rail lines, the high-speed lines, built at the European gauge width
to facilitate movement between countries. In order to enable through-running into the
existing Iberian Gauge network variable gauge rolling stock Talgo has been developed,
which allows gauge change to take place at up to 30 km/h.

In January 1993 the Talgo 200 Madrid-Malaga service, which used AVE lines as far as
Cordoba and then Spanish gauge conventional track to reach Malaga. Later in 1993 the
mixed-method services, Talgo 200 Madrid-Cadiz and Talgo 200 Madrid-Huelva, began.

Power supply

25kV ac overhead supply

Rolling Stock

Unusual in European high-speed rail, Renfe® AVE deploys rolling stock derived from both
major sources, the French Alstom TGV (desighated S-100) being used at the outset, and
subsequently Siemens Velaro ICE-based equipment (S-103) from Germany. Adding to
the mix is Bombardier working with domestic supplier CAF with the S-102. To match the
standards of later types, the original S-100 fleet has been subject to a refurbishment
programme.

Currently, there are several series of High speed trains that run the AVE service:
S/100, manufactured by Alstom
S/102, manufactured by Talgo and Bombardier

S/103, manufactured by Siemens, marketed globally under the brand Siemens
Velaro. These also include a maintenance agreement contract

There are also other series of trains that are considered high speed which run
under the brand Alvia. Some are variable gauge trains. They can run on high
speed lines at a maximum of 250 km/h, and can also change between standard
and Iberian gauge lines without stopping. The trains that are operated under the
Alvia brand are:

S/104, manufactured by Alstom and CAF
S/120, manufactured by CAF and Alstom
S/130, manufactured by Talgo and Bombardier
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Gauge Changing

Talgo developed an automatic gauge-switching system that works in the following way.
The train slows down to about 15 km/h when it reaches the switching station, which
contains the original track and the new gauge alongside. At the station, there are lateral
guides alongside the track. When the train encounters these guides, its weight transfers,
freeing up the wheels and unlocking the bolts that hold the wheel system in place. The
wheels automatically move to the newer gauge, and the locks set once again, transferring
the weight back to the wheels and off the guides.

CAF trains also operate with a proprietary system developed along the same principles.
The guides take the weight of the train and unlock the wheels. As the train slides along
the guides, loosening the axles within the system, the wheels readjust to the new gauge
and are locked into place; then the train once again picks up speed. In both systems, a
gauge change—uwhich in the past took up to an hour—takes only about four seconds.
Talgo has been operating gauge-switching trains between Barcelona and Geneva since
1968 and between Madrid and Paris since 1980.

Operations

A number of new lines have commenced operations since 2003, as follows:

Madrid-Zaragoza-Lleida: Commenced operations at 200km/h, due to problems
with ERTMS implementations, nevertheless the journey time improvements led to
the withdrawal of the air service between Madrid and Zaragoza. Operating speed
was increased to 250 km/h in May 2006 and new stock has been procured for
350 km/h

Lleida-Taragonna-Barcelona: The further extension of 176km is to be opened in
two stages, and Lleida-Taragonna has been operational since December 2006.
Following much delay including technical and legal challenges connected with
passage through the city, Barcelona Sants became linked with Madrid Atocha
with a 630km (391 mile) high-speed rail link in February 2008. Centre-to-centre
timings as low as 2 hours 38 minutes.

Madrid Toledo: A new spur from the Madrid-Seville line enabled a new high-
speed service from Madrid-Toledo, with a total journey time 30 min (75km).

Madrid —Valladolid: This new line of 180 km is nearly 70km shorter than the old
route and includes the 28.7km twin bore Guaddarrama tunnel. The line entered
service in Dec 2007 and reduces journey time from 2h 24m to less than 1 hour.
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Valladolid will become the hub for all AVE lines connecting the north and the
north west of Spain with the rest of the country and is expected to have an
economic impact on the whole of northern Spain. Trainsets used on this line
include S120 (max speed 250 km/h), Talgo S130 (Patito, max speed 250 km/h)
and the S102 (Pato, max speed 320 km/h).

Commercial Operations

The introduction of AVE on the service Madrid - Seville was a great success. In 1991 the
modal share was 20:80 in favour of air; this was reversed in 2 years to 80:20.

Table 12-2: AVE versus Air Tariffs

Tariff AVE Flight
1st Class 95-105€ 242€
2nd Class 63-70€ 213€
Modal Share 84% 16%

Predictions for the modal share to be expected after introduction of the HSR service
between Madrid and Barcelona have been estimated by Iberia and Prof Lopez Pita as

follows:

Table 12-3: Forecast Mode Share for AVE High Speed Line

Share At Present Forecast with New High-Speed Line
Mode Lopez Pita Iberia
Railway 11% 63.5% 52.5%
Plane 89% 36.5% 47.5%
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13 Sweden

13.1 Summary and Lessons learned

13.1.1  Since its population density did not warrant major investment in new lines, Sweden
decided to upgrade existing lines to accommodate speeds of around 200 km/h at a
reasonable cost using tilt-body technology. Journey times on the Stockholm-Gothenburg
line (455 km) came down to three hours, with four hours for Stockholm-Malmd (610 km).

Table 13-1: Swedish Network

Planned
Date of
Maximum Speed Commencement of
Line km/h operation Length km
Stockholm - Malmo /
Goteborg 300 N/A 750

Swedish tilting train X2000
©ulicC
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Switzerland

Summary and Lessons learned

Table 14-1: Swiss Network

In operation
Maximum Date of
Speed Commencement

Line km/h of operation Length km
Frrutigen - Visp (L6étschberg base tunnel) 250 2007 35
Under construction
Erstfeld Biasca (Gotthard base tunnel) 250 2017 57
Giubiasco - Lugano (Generi base tunnel) 250 2019 15

Total km =72

The Swiss have been responsible for two key technical developments relevant to the TAV
Rio de Janeiro-Sao Paulo.

implementation of ETCS level 2 as part of their main line network between
Rothrist and Mattsteten and resolving practical difficulties of implementing the
TSI; and

proofing the feasibility of design and practicability of construction of very long
(>50km) rail tunnel through extremely demanding rock conditions.
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15

15.1

15.1.1

15.1.2

15.1.3

15.2

15.2.1

15.3

15.3.1

15.3.2

15.3.3

Taiwan

Summary and Lessons learned

Construction of the all new high-speed line began in 2000, a 345km (220 mile) route with
trains capable of 300km/h (186mph), leading to massive travel time reductions between
eight major cities along the Taipei-Kaohshing corridor. With the opening of the high-speed
line, journey times have been slashed from four hours to just 90 minutes between the two
major cities.

Table 15-1: Taiwan Network

In operation
Date of
Maximum Commencement
Line Speed km/h of operation Length km
Taipei - Kaohsiung 300 2007 345

The project is one of the largest privately-funded rail construction projects in the world.
The total project is valued at $13bn and is being funded by the Taiwan High Speed Rail
Corporation (THSPC) under a 35-year concession agreement, signed in 1998.

Taiwan already has a network of 2,615km (1,635 miles) with 216 stations connecting
small and remote towns and cities. The old network will continue to link the smaller towns,
whilst the high-speed line will only connect major cities.

Infrastructure

The new high-speed line was one of the largest construction projects of its kind. There are
ten new stations, along with a large number of new bridges, tunnels and viaducts, so as to
avoid conflicts with other forms of transport wherever possible. No less than 300km of the
line® total 345km length has been built either in tunnel or on viaducts. The route includes
steep gradients to cross the terrain.

Signalling/Communications

A central control room has been built to monitor and operate the entire 345km line using
state-of-the-art artificial intelligence. As well as keeping the main line running, the control
room also controls access to and from depots.

In-cab ATP and interlocking allow route-setting and locking functions to be performed at
the stations and depots along the route. Specialist wayside systems detect unusual
operating conditions such as earthquakes, high winds, flooding and landslides.

One communication system has been designed for the transfer of voice, video and data
information using fibre-optic based equipment. Additional systems include telephone,
radio, public address, CCTV and passenger information.
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16

16.1

16.1.1

16.2

16.2.1

16.2.2

16.2.3

16.2.4

United Kingdom

Network

High Speed 1 (previously Channel Tunnel Rail Link) provides a high-speed connection
from the Channel Tunnel to London, St. Pancras. The project was authorised by
Parliament with the passage of the Channel Tunnel Rail Link Act in 1996 and was built in
two sections. Construction of Section 1 began in October 1998. It was completed in
November 2007.and runs between the Channel Tunnel and Gravesend in north Kent.

Table 16-1: UK Network

In operation
Date of
Maximum Commencement
Line Speed km/h of operation Length km
Fawkham Junction - Tunnel 300 2003 74
London - Southfleet Junction 300 2007 39
Total km =113
Infrastructure

Section 1 opened on schedule in October 2003.

Construction of Section 1 (74km) began in October 1998 and runs between the Channel
Tunnel and Gravesend in north Kent. This first Section opened on schedule in October
2003 and enabled four Eurostars per hour to operate with a journey saving of 15 minutes
between London and the Channel Tunnel.

Key features of Section 1 comprised working close to existing transport routes, including
the existing railway, the M20 and A2/M2, and environmental mitigation through Kent, the
‘Garden of England’.

In the period October 2003 to the opening of Section 2 in November 2007, trains used
new and existing rail infrastructure from Gravesend to a terminus at Waterloo
International.

Section 2 completed the new line into London's St Pancras Station.

Work on Section 2 began in July 2001 and opened for service on schedule on the 14th
November 2007.
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16.2.5

16.2.6

16.2.7

16.2.8

16.3

16.4

16.5

16.5.1

16.5.2

16.5.3

16.5.4

16.5.5

Section 2 runs from Fawkeham Junction in North Kent to St Pancras Station in central
London. The London Tunnels Section is 19 Km long, running from St Pancras lands in
the west to Ripple Lane Portal Barking in the east of London. The 35Km of bored, pre-
cast concrete lined tunnels were driven using six Earth Pressure Balance Tunnel boring
machines. The surface section from the north side of the Thames Tunnel to Dagenham
required extensive use of piling water under the trackbed to ensure stability.

HS1 was planned to be mixed-traffic high-speed line, with provision on Section 1 for loop
lines capable of holding freight trains while passenger trains pass. The route is suitable
for continental loading gauge wagon, too big for operation on conventional UK lines,
although the steep gradients (as much as 1:40) would pose a stiff challenge for heavy
trains. However, since the line opened in 2003, no freight has been carried.

Connections were also included to accommodate a new high-speed domestic service
from North Kent to St. Pancras.

Intermediate stations are at:

Ashford, Ebbsfleet, with parking close to the M23 London peripheral motorway;
and

Stratford, close to the site of the 2012 Olympic games and an area in need of
regeneration.

Rolling Stock

Eurostar.

Power Supply

25kV AC supply

Operations

The completed high speed link has cut the journey time from London to Paris to 2hrs
15mins with trains travelling at up to 300km/h and from 2009 will support high-speed
commuter trains (Javelin services) from Kent to London.

Eurostar, the high-speed passenger train service that links the UK and mainland
Europe, saw record traveller numbers and record revenues from ticket sales in
2007.

2007 ticket sales of £599 milion - up 155% on 2006
A record 8.26 million travellers carried in 2007 — up 5.1%.

The launch of Eurostar services on High Speed 1 on 14 November boosted the number of
travellers. Between 14 November and 31 December Eurostar saw an 11% increase in
passengers against the same period in 2006.

Increased traveller demand following the launch of faster services from St Pancras
International saw ticket sales grow by a fifth (20%) during the period 14 November to 31
December.

The business travel market continued to perform strongly in 2007 with an 11.9% increase
in the volume of business ticket sales. Since 2005, the volume of business ticket sales
has grown 31.4%. Corporate travellers continue to switch to high-speed rail for short-haul
travel between London and the Continent, to reduce their carbon footprint and to
maximise productivity by taking advantage of a 10-minute check-in time.

The move to St Pancras International has opened up high-speed rail services to millions
more people across the UK. The new station, together with next door King’'s Cross and
nearby Euston, is linked to towns and cities both north and south of the capital, with
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16.5.6

16.6

16.6.1

16.6.2

16.6.3

16.7

16.7.1

16.8

16.8.1

connections to seven mainline services and six London Underground lines. Through
tickets from just £67 return went on sale from 14 November, from 68 UK towns and cities
to Paris, Disneyland Resort Paris, Brussels (as well as any station in Belgium) and 75
connecting destinations across France.

Eurostar’'s punctuality continued at a very high level throughout the year with 91.5% of
trains arriving on time or early in 2007. By contrast, the latest available 2007 UK
arrival/departure punctuality figures for airlines competing on Eurostar’s routes is 68.8%.

Commercial Operations

In 1996 London & Continental Railways (LCR) was selected by the Government to build
and operate the CTRL and to own and run Eurostar (UK) Limited, the UK arm of the
Eurostar train service.

The CTRL is a major element of the British Government’s Private-Public Partnership,
which enables important infrastructure to be provided for the benefit of the public sector,
whilst taking advantage of private sector management and efficiency.

It has also attracted £10.5bn of investment in regeneration sites adjacent to the route.

Costs of construction

The total cost of the CTRL (HS1) route was £5.8 billion and reflects the cost of that
scheme. Examples of unit costs (in 2008 prices) are illustrated in Table 16-2. These costs
are very dependent on economic conditions, legislative arrangements, procurement
details, forms of contract, environmental requirements, availability of materials and human
resources, ground conditions, access to site and logistics etc.

Table 16-2: Costs of CTRL

Stations £ Million Comment

Terminal 500 - 1000 Depends on complexity and standard

Surface 50 - 100 Depends on complexity and standard

Underground 250 - 500 Depends on complexity and standard

Civil Route Structures £ Million/Route Km

Elevated 10-20 Depends on nature of surface built
environment

Tunnelled 25-75 Depends on ground conditions and nature of
surface built environment

Rail Systems £ Million/Route Km

Permanent Way 5-10 Includes overhead catenary, but excludes
any costs of power supply transmission lines
and sub stations.

Signalling 2-4 Included communications, radio, telephones
CCTV etc

Mechanical & Electrical 1-2

Project Management 7.5-15.0% Includes planning, design, procurement,

. contract administration, site surveillance etc.
Of Construction Costs

New Routes or Upgraded Lines

For more than 20 years there has been a debate in Britain about the efficacy of building
new high speed lines against upgrading the existing rail routes. The preference in Britain
until recently has been for the latter, with slow but tangible upgrades so that the principal
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16.8.2

16.8.3

16.8.4

16.8.5

16.8.6

inter-city main lines now operate at up to 200 km/h for much of their length. Significant
upgrading (£9 billion) to the main London to Birmingham/ Manchester/Liverpool/Glasgow
main line has recently been completed, with major time savings achieved through tilting
trains and a small increase (25 km/h) in maximum speed.

HS1 described above is a departure from this, linked with providing a high speed (300
km/h) route for the international Eurostar trains to match the equivalent routes in France
and Belgium. HS1 will also be used for domestic high speed commuter services into
London from 2009, operating at 225 km/h.

The high density of population in Britain, particularly in the London & South East area,
makes it very difficult to identify suitable new route alignments. A significant proportion
(41%) of HS1 is underground, making it relatively costly. In contrast, the populations in
France and Spain are more dispersed, making it easier to identify new route alignments.

One of the arguments in favour of upgrading existing main lines is that the planning and
environmental considerations for a new route are lengthy and require several years
before permission is granted. This is a significant and expensive hurdle. The planning
process to upgrade existing routes is less onerous. In the end, however, the recent
upgrading of the London — Glasgow route mentioned above was significantly more
expensive (more than double) than originally estimated, and took much longer than
expected to complete.

A contrasting argument in favour of new lines is that most of the construction can occur
easily as a “green field” site. It is not necessary to cause major disruption to train services
and to passengers when existing main lines are upgraded. Some significant disruption
will occur during the construction of new rail routes when they are connected with existing
rail lines and stations to allow the high speed trains access to existing terminals in the
centre of major cities.

One of the principal arguments in favour of new high speed lines is the finite capacity of
the existing rail routes which carry a mixture of fast and slower passenger services and
freight trains. Building new high speed lines relieves the existing routes of fast inter-city
trains which require significant track capacity, allowing that capacity to be used for the
growth in slower passenger and freight services. This benefit to the wider rail network has
been particularly important in justifying the LGV routes in France. In Britain it is
recognised that the capacity of the upgraded existing main lines will be used up within 10
- 15 years and the UK Government is reconsidering the case for a new high speed rail line
from London to the Midlands and to northern Britain. This was last considered in January
2006.
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17  High Speed Rail System Issues

17.1 Vehicle Cross Section and structure gauge

17.1.1  High Speed Trains operating across Europe have to comply with the Technical
Specification for Interoperability (TSI) for High Speed Trains. This TSI defines a number of
parameters including the loading gauge of the vehicles, which are UIC 505-1, GA, GB or
GC gauges (see below).
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17.1.2

17.1.3

17.1.4

As a comparison detailed in Table 17-1 below is some of the train manufacturers’ vehicle
dimensions:

Table 17-1: Typical Train Dimensions

Vehicle Width Height
Alstom TGV 2.81mor 2.9m

Alstom Pendolino 2.83m

Bombardier Acela Express 3.1m

Bombardier Zefiro 2.9mor 3.4m 3.89m
Caf ATPRD S/120 2.92m 4.23m
Hitachi A-Train 2.81m 3.82m
Siemens ICE3 2.95m 3.89m
Talgo 350 2.96m 4m

A recommendation for the vehicle gauge for TAV RdJ-SP will depend on the future
decision whether inter-working with existing railways is required and detailed
consideration of what may be necessary to achieve compatibility with existing platforms
(stepping distances as well as clearances), bridges and tunnels (clearances and
aerodynamic “blockage”).

Selection of a vehicle gauge corresponding to one of the recognised standards would be
anticipated to attract lower prices for the manufacture of rolling stock, and would normally
be recommended
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18

18.1

18.1.1

18.1.2

18.1.3

18.2

18.2.1

High Speed Track Systems

Ballasted Track

Experience in the construction and maintenance of ballasted track for high speed lines
over several decades has shown the vital importance of highly stable and very uniform
sub grade. Research by various railway administrations and UIC collaborations have
established standards for the strength and stiffness of the earthworks formation below the
ballast. Theoretical optimisation and practical experience have confirmed the need for
heavier monobloc sleepers and larger grading of ballast.

High speed trains cause dynamic loads which are transferred to the ballast, which cause
degradation of the ballast by two mechanisms:-

Attrition or breaking of the asperities of the ballast stones, can be significantly
reduced by introducing resilient mats on the underside of the sleeper, which we
would recommend. Attrition is particularly a problem on bridges and in tunnels,
where resilient mats are recommended to be introduced below the ballast to avoid
rapid destruction of the ballast; and

Re-orientation of the ballast stones if vibrations are strong enough to disrupt the
interlocking of the ballast stones with one another. Research by DB has shown
that maximum particle velocity within the ballast layer ought not to exceed 15-18
mm/sec if rapid deterioration is to be avoided.

Problems have been experienced on bridges with vertical accelerations leading to loss of
stiffness of the ballast layers. UIC criteria have now been established to avoid these
problems.

Flying Ballast

Problems have been experienced with “ballast fly” — the air turbulence caused by high-
speed trains may be sufficient to lift individual ballast stones from the ballast bed - this
stone is then accelerated by the air currents, impacts the ballast bed and dislodges other
stones, which then leads to a chain reaction. Ballast stones are ejected at high velocity,
which results in serious damage, either:

damage to the railhead when stones are trapped between rail and wheel: or

damage to anything in the vicinity as the stone are expelled at high velocity.

Figure 18-1: Damage to rail running surface Figure 18-2: Damage to sound Barrier
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Image courtesy of RailOne

18.2.2  The problem can be ameliorated by either:
keeping the finished level of the ballast cribs below the surface of the sleeper;
using dynamic track stabilisation after tamping to induce settlement and reduce
voids in the crib ballast;
and/or
carefully designing the vehicle underneath and inter-vehicle spaces to reduce air
turbulence.

18.2.3  Whilst the French claim to be able to manage the problem, the Koreans have experienced
severe problems and consequently have decided to use non-ballasted track to extend
their high speed network.

18.3 Non Ballasted or Slab Track

18.3.1 A number of railway administrations and construction companies have developed non-
ballasted trackforms. A general classification is given below in Figure 18-3.

Figure 18-3: Classification of Slab Track systems
Source: Bachmann, RailOne AG
18.3.2 Some types have proven more reliable in service than others; the most important types

are the in situ construction of Rheda and the prefabricated construction principle of J-Slab
and Bogl. Other systems are available and these are two are presented for reference
only. As more experience has been collected and confidence has been established in
the durability and advantages of slab track, considerably more slab track has been laid in
the last decade, as shown below in Figure 18-4.
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18.3.3

18.3.4

18.3.5

18.3.6

18.3.7

800 km

1980 1985 1990 1995 2000 2002 2006

B km (single track)

Figure 18-4: Total length of Slab Track installed
Source: RailOne AG

National standards in Germany and Japan have now been established for the design and
construction of ballastless slab track. Experience shows that:

the performance of slab track is excellent, especially under high speed conditions;
availability and reliability of slab track are excellent;

the defined and high elasticity of slab track will contribute to a good life
expectation for the rails and all track components; and

slab track plays an important role in the field of high performance tracks (heavy
haul and high speed tracks).

The initial capital cost of all ballastless track systems is considerably higher than for
ballasted. Figures from Japan indicate this is 30-50% higher and for European systems
50-75% higher.

Track maintenance costs are considerably lower with ballastless track. In Germany, with
mixed-traffic passenger/freight high speed lines, DB claimed such costs reduced by 85-
90%. In Japan, with passenger-only high speed lines, the reduction in costs is estimated
at a lower 30%. The higher the percentage of freight, the higher will be the maintenance
costs and the strength of the business case for non-ballastless track. With increased
mechanisation and automation using on-track machines, the real cost of maintaining
ballasted track has fallen over time, and has allowed a higher standard of accuracy and
performance to be achieved.

Another advantage of ballastless track is that it will allow a more intensive train service by
reducing the time required to maintain it. This has the converse affect of increasing train
revenue, as opposed to reducing track costs. Whilst the economics of installing
ballastless track along the whole route may not be worthwhile, this could be justified at
specific locations where maintenance is known to be difficult e.g. in tunnels and along
certain structures. Trackbed defects, however will require it to be broken up and repaired,
and can be significantly more expensive to correct than on ballasted track.

If designed and constructed in accordance with the recognised standards, ballastless
track can offer significant advantages which are summarised in Table 18-1.
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18.4

184.1

Table 18-1: Slab Track Summary

Advantages of slab track

Disadvantages of ballasted track

Design and Alignment

Homogeneity and durability of track geometry are
excellent

High values for cant and cant deficiency allow smaller
horizontal radii

Steeper gradients allowable

Improved load distribution-thus reduced dynamic load
of subsoil

Homogeneous and high track elasticity-reduces
contact forces wheel/rall

Very high lateral and longitudinal track stability (no
risk of track buckling, thus unconditioned application
of Eddy Current Brake)

Reduced construction height (savings in tunnels and
on bridges can be realized)

Traffic ability by road vehicles, especially important
for intervention/rescue vehicles in tunnels

Inhomogeneous settlement caused by
reorientation of ballast particles

Limited lateral resistance, thus use of eddy-
current-braking limited

Irregular elasticity especially in case of voids
under sleepers

Ballast attrition on bridges and tunnel inverts
requires installation of sub-ballast mats

Flying ballast causes damage to rail surface and
vehicles

Maintenance

Durability of very good geometrical track quality-
significantly reduced maintenance

Very good long term behaviour of components-
fastenings and rails

Very low maintenance requirement

Vertical adjustability up to +76 mm for isolated
defects (caused by settlements)

Progressive deterioration of track geometry

Regular maintenance of track alignment
necessary with traffic interruption for the works

Wear of material (especially ballast)

High importance of inspection (particularly track
geometry)

Reduced lateral track stability after maintenance,
requires temporary speed restrictions after
tamping works

General

Excellent reliability and availability, thus reduced
traffic interruption for maintenance

Excellent riding comfort with reduced strain on track
and vehicles

Significant reduced dynamic stress on subsaoil

Eliminates flying ballast (aerodynamically caused or
by falling ice)

Reduced lateral track stability after maintenance,
speed restrictions after tamping works
necessary

Slab Track In-Situ Construction (Rheda)

The first slabtrack constructed in 1972 by Pfleiderer Rail Systems, now RailOne was in

Rheda station, which gave its name to a slabtrack
developed and optimised. Rheda 2000 is a syst

system which has been systematically
em with a modified, i.e. low height bi-

block sleeper with protruding lattice truss reinforcement along the entire length of sleeper

thus providing:

high durability due to continuously improved composite action effect between

sleeper and structural concrete;

accurate track geometry;
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a high level flexibility enabling combination with other types of rail fastening and
other device fixations;

a reduction in construction height;

facilitates and improves construction performance thanks to lighter track grid and
mechanisation of assembly procedures; and

system technology offers a consistent solution throughout for all track situations,
including earthwork constructions, bridges and tunnels as well as turnouts and
expansion joints.

18.4.2

18.5

18.5.1

Figure 18-5: Typical Cross Section of Rheda Track on earthworks
Source: RailOne AG

Recent major applications of Rheda track include:
Table 18-2: Use of Rheda Slab Track

Frankfurt- Cologne > 50 km

Taipei Kaoishung 65,000 linear metres of turnout sleepers
Nurnberg Ingoldstadt 48 km

HSL Zuid 54 km on engineered structures

13 km in tunnels
13 km on embankments

11,500 linear metres of turnout sleepers

Guadaramma Tunnel 28 km

Eje Atlantico 15 km ( twin gauge, convertible from Iberian to standard
gauge)

Wuhan — Guangzhou 980 km (in construction)

Prefabricated Construction (Bogl)

The FF Bogl Slab Track System consists of longitudinally and transversely prestressed
pre-cast concrete slabs, which are coupled together longitudinally with pre-loaded
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18.5.2

connectors. This design results in a monolithic track support structure, with excellent long-
term performance characteristics and extremely high displacement resistance — both
longitudinally and transversely.

The slabs are manufactured in a steel mould and consist of standard structural concrete
with a strength of C45/55 and can include steel fibre reinforcement. Plinths are cast into
the slabs to match the rail fastenings. Vossloh, Pandrol or Krupp fasteners have been
used.

Removing Slabs from casting moulds Bogl Slab Track on Nirnberg - Ingolstadt NBS

18.5.3

18.6

After shrinkage and creeping deformations have subsided the rail support points are
machined by a computer-controlled grinding machine according to the coordinates
necessary for the track alignment. Extremely high levels of precision are thus possible,
minimising expensive on-site adjustment. Slab alignment on site is performed using
defined measurement points on the rail support points, thus dispensing with temporary
construction rails. The individual concrete slabs are placed on a cement-bound base
course which distributes loads into the sub-grade formation. The slabs are adjusted to
precise line and level and then grouted with a cement/bitumen grouted.

Major Commercial Applications

Nurnberg - Ingolstadt NBS
High-Speed passenger line

Design Speed 330 km/h)
Constructed: Oktober 1998 - Méarz 2006
Length: 70 km, including earth works, long- and short bridges, and

tunnels and turnouts
Achieved a world record for precision track geometry
Output achieved 400-500 m of complete track in a 10hr shift, 5 days /week
Beijing — Tianjin, Republic of China

Dedicated high-speed passenger line

Constructed: September 2005 — June 2007
Length: 232km
Design speed 350km/h.
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18.7

18.7.1

18.7.2

18.7.3

18.8

Over 200km on elevated structures
Output achieved: 3500 m of complete track per day, with 24-hour working

Built by local construction companies under a technology transfer agreement signed in
November 2005 and May 2006, as well as another contract for overall responsibility and
consultation for the entire 116km line.

High Speed Turnouts

The technical requirements on turnouts for high-speed railways way be summarised as

eliminate angle of attack at the switch tips by the use of clothoidal machined switch
blades (lanca de agulha) to reduce the lateral jerk experienced when following the
diverging route through the turnout at high speed. Designs are now available
allowing diverging speeds of up to 220-250 km/h;

swing-nose crossings (crossima movel) to provide continuous support and
guidance to wheels passing through the crossing zone of the turnout;

uniform vertical stiffness throughout the transit of the wheel across the stock rall,
switch and crossing areas, which also matches the vertical stiffness of the adjacent
plain line;

high integrity multiple actuators for long switches; and
high integrity actuators for swing-nose crossings.

Manufacture of turnouts of the necessary geometry requires high precision and factory
prefabrication is recommended.

High quality rail steel is also required to cope with the high stresses and repeated
dynamic loads. High manganese steel is preferred for crossings due to its work-
hardening characteristics and good fatigue resistance.

Figure 18-6: Construction of Turnout in slab track, showing swing-nose crossing

Swing-nose crossings in Japan
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18.8.1

Swing-nose crossings are used for all turnouts in the main line of the very high speed train
(Shinkansen) tracks. There are about 250 sets in JR East, installed on ballasted tracks
and also on slab tracks. The maximum speed for through running is 275 km/h in JR East
lines and 300km/h in other JR company lines. The speed of the divergent side of the
turnout is up to 160 km/h depending on the radius of the divergent curve.
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19

19.1

19.1.1

19.1.2

19.1.3

19.1.4

19.1.5

Rolling Stock

Train Formation

Articulation

The majority of the current high speed trains available are based around conventional
separate caches, each with 2 bogies. However Alstom and Talgo have developed
articulated architecture for some of their high speed trains. See Table 19-1 below:

Table 19-1: Train Articulation

Articulated Separate Carriages
Alstom TGV's Alstom Pendolino
Alstom AGV Bombardier Acela Express
KTX Bombardier Zefiro
Talgo 350 Hitachi A-Train
CAF S/120
Shinkansen
HSR350X
Rotem KTX I
Siemens Velaro

Articulated vehicles have a single bogie positioned between adjacent carriages instead of
having one under each end of the individual vehicles. Due to the resulting disposition
away from the passenger area, this arrangement potentially eliminates most of the
vibrations and noise caused inside the carriages by the train running on the tracks.

In our opinion there are further major benefits from this arrangement of vehicle
suspension, these being:

unlike conventional vehicles where suspension systems have to be fitted into the
restricted underfloor area, the vehicle suspension arrangements on these trains
are located between the vehicle bodies, which provides space for very adequate
air suspension units, further improving the ride performance;

this arrangement allows for a lower passenger area floor, giving a spacious
compartment and a lower centre of gravity, further enhancing ride and stability;
and

as both vehicles are mechanically fastened to the common suspension point, the
train formation is effectively locked together, greatly improving performance in
stability and crashworthiness. The train pull-away and braking performance is
also better from the passenger perspective as the lack of inter-vehicle couplings
excludes longitudinal shocks.

The use of an articulated architecture means that there is a reduction of the amount of
bogies required for the train. In a typical 8 car formation a separate carriage train has 16
bogies where as with the articulated train there are 13 bogies. By reducing the amount of
bogies this gives a reasonable maintenance cost saving.

There are disadvantages of articulated trainsets in maintenance: individual coaches
cannot be simply decoupled; which means that to lift a vehicle for replacement of wheels,
bogies or under floor mounted equipment, requires special facilities, either:

lifting facilities capable of lifting entire multiple unit train sets

Page 84 of 120



Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report TAV-HA-OPE-REP-40034-01

19.2

19.2.1

19.2.2

19.2.3

19.2.4

19.3

19.3.1

bogie drop facilities and under-track jacking equipment for engine replacement;
and

ancillary support arrangements to allow articulated sets to be disconnected.

Single/Double Deck Trains

The majority of the current high speed trains available are single deck vehicles; however
the Alstom TGV Duplex is a double deck train. This version of the TGV operates at
speeds up to 320km/h and has a seating capacity of 545, which is 168 more than some of
the single deck versions.

The only other double deck high speed/intercity version available is the Talgo 22. This
train has a top speed of 200km/h and has a capacity of 350 seated and 240 standing
passengers.

Our recommendation regarding use of single/double deck stock will depend on traffic
predictions and also the time required for passengers to board or alight from busy
stations.

Customer preferences can also be significant; in some countries passengers associate
double-deck trains with intensive suburban services and consequently perceive the
travelling experience as not compatible with a premium high-speed service.

Tilt Mechanisms

Tilting trains are used to improve passenger comfort in curves at speeds beyond those
normally compensated by cant of the track. The coach body is tilted relative to the
bogies, either by a passive mechanism, which depends on the tilt centre being above the
centre of gravity of the loaded coach body, or by an active system, which relies on an
actuator driven by a controller, for example:

The Alstom Pendolino trains utilize an electro-hydraulically or electro-
mechanically actuated ‘Tiltronix’ active tilting system, which is fully integrated in
the bogie. The system allows the coach body to tilt up to a maximum of 8
degrees, which allows a speed on bends up to 30 percent higher than for
conventional trains while assuring the same level of passenger comfort; and

The Talgo built vehicles have their own Pendular system which provides a
passive tilting of the carbodies on curves. This is a simple system based on the
elevation of the support plane of the suspension springs above the centre of
gravity of the carbodies. This system is used to reduce the lateral forces that
affect passengers when travelling on curves. This system enables a 25%
increase in travel speed when travelling on a curve.
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Table 19-2: Tilting Mechanisms

The Bombardier Acela Express passenger cars are fitted with an active tilt system based
on Bombardier® proven LRC (Light, Rapid, Comfortable) technology. The tilt system
compensates a maximum of 75% of the lateral force felt by the passengers when running
through a curve and becomes fully active above 60 mph. The tilt system is
accommodated by a tilting bolster, which is suspended from the truck frame by four swing
arms. The tilting is hydraulically actuated by an under floor hydraulic power unit. Each car
has a tilt control processing unit and tilts independently of the others by up to 6.5 degrees
either side of vertical; tilt functions are controlled by the tilting master sensor and master
controller located in the power car. The power cars themselves do not tilt.

All actively tilted trains need a control system, which uses reference data from
transducers either in the coach body or bogie to detect components of motion (lateral
acceleration, yaw velocity and/or roll velocity) and then applies a mathematical algorithm
in real time to drive the actuators to tilt the coach body to compensate for the sideways
acceleration perceived by passengers. Japanese tilting trains also use wayside
information to improve the performance and CAF have demonstrated a system using
stored data about the track alignment.

There is now a better understanding of the factors affecting passenger comfort and how
to design tilting systems to avoid nausea — some degree of under-compensation appears
to be less disturbing than full compensation.

Regenerative Braking

During braking, the traction motor connections are altered to turn them into electrical
generators. The motor fields are connected across the main traction generator (MG) and
the motor armatures are connected across the load. The MG now excites the motor fields.
The rolling stock wheels turn the motor armatures, and the motors act as generators,
either sending the generated current through onboard resistors for braking performance
(dynamic braking) or back into the supply (regenerative braking).

For a given direction of travel current flow through the motor armatures during braking will
be opposite to that during motoring. Therefore, the motor exerts torque in a direction that
is opposite from the rolling direction. Braking effort is proportional to the product of the
magnetic strength of the field windings, times that of the armature windings.

Experience in the UK has found energy savings of between 15% & 17% for vehicles using
regenerative braking. By utilizing this system there is also less wear on friction braking
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components, thereby extending replacement frequencies and lowering maintenance
costs.

We recommend that to obtain the best returns from regenerative braking, the whole
system should be designed to accommodate the power returned by braking trains, and
the sectioning of the system be arranged to ensure that loads are available to accept the
regenerated energy as far as is possible.

Further investigation will be necessary to assess the ability of the distribution system to
accept the reverse feed.

Rheostatic or Dynamic Braking

Dynamic brakes ("rheostatic brakes" in the UK), unlike regenerative brakes, dissipate the
electric energy as heat by passing the current through large banks of variable resistors.
Vehicles that use dynamic brakes include Diesel-electric locomotives and streetcars. If
designed appropriately, this heat can be used to warm the vehicle interior. If dissipated
externally, large radiator-like cowls are employed to house the resistor banks.

Blended Brakes

Dynamic braking alone is insufficient to stop a locomotive, as its braking effect rapidly
diminishes below 10 - 12 mph (16 - 19 km/h) Therefore it is always used in conjunction
with the regular Air Brake. This combined system is called blended braking.

Although blended braking combines both dynamic and air braking, the resulting braking
force is designed to be the same as what the air brakes on their own provide. This is
achieved by maximizing the dynamic brake portion and automatically regulating the air
brake portion as the main purpose of dynamic braking is to reduce the amount of air
braking required. This conserves air and minimizes the risks of over-heated wheels. One
locomotive manufacturer, EMD, estimates that dynamic braking provides between 50% to
70% of the braking force during blended braking.

Eddy Current Braking

Breaking of the vehicle, whether by electrical or disc brakes generates reacting forces at
the wheellrail interface, which leads to wear of the rails and wheels. Eddy current
breaking employs an electromagnet in the vehicle bogie, close to the head of the rail.
When energized, this induces eddy currents in the rail which react against the magnetic
field from the moving train and slow the train without any force at the wheel/rail interface.
This has the advantage of saving wear of rails and wheels, but the kinetic energy of the
train is converted to heat energy in the rail. If ballasted track is used, this may increase
the risk of rail buckling in hot weather and operational restrictions are generally necessary
to control this risk. If slab track is used, its lateral stiffness is so great that unrestricted
use of eddy current braking is permitted.
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Table 19-3: HSR Brake Specifications

Vehicle Brake Type

Alstom TGV Current TGV trainsets use three brake systems: disks,
dynamic brakes on powered axles, and in some cases
tread brakes for emergencies.

Alstom AGV The AGV has blended rheostatic (dynamic) and
regenerative braking. The dynamic brakes are
complemented by three brake discs on each trailing axle.
These are intended for use only during the last stage of

braking.
Alstom Pendolino Regenerative, Rheostatic, Disc
Bombardier Acela Express Regenerative and dynamic braking. Under regenerative

braking each power car can provide 3000 kW of braking
power. Should the catenary not be receptive to the
regenerated power, a chopper modulated resistor grid is
used to dissipate the energy (the "dynamic brake").

Bombardier Zefiro The Zefiro EMU is equipped with a directly acting electro
pneumatic braking system. It has wheel mounted disc
brakes on powered axles, axle mounted disc brakes on
trailing axles and regenerative electro-dynamic brake.

Caf ATPRD S/120 Regenerative and rheostatic electric brakes, supplemented
with pneumatically operated disc brakes with a wheel slide
protection system.

Hitachi 800 Series Shinkansen Regenerative braking

Hitachi A-Train Regenerative braking

Siemens Velaro Regenerative, Rheostatic, pneumatic
Talgo 350 Regenerative and Rheostatic

Crashworthiness

Crashworthiness is the ability of a structure to protect its occupants during an impact. This
is generally tested when demonstrating the compliance of the vehicles to the relevant
structural standards.

Depending on the nature of the impact and the vehicle involved, different criteria are used
to determine the crashworthiness of the structure. Crashworthiness may be assessed
either prospectively, using computer models or experiments, or retrospectively by
analyzing crash outcomes. Several criteria are used to assess crashworthiness
prospectively, including the deformation patterns of the vehicle structure, the acceleration
experienced by the vehicle during an impact, and the probability of injury predicted by
human body models. Injury probability is defined using injury criteria, which are
mechanical parameters (e.g., force, acceleration, or deformation) that correlate with injury
risk. A common injury criterion is the head impact criterion (HIC). Crashworthiness is
assessed retrospectively by analyzing injury risk in real-world crashes, often using
regression or other statistical techniques to control the myriad of confounders that are
present in crashes.

Any new High Speed Trains which are to operate across Europe now have to comply with
the Technical Specification for Interoperability (TSI) for High Speed Trains. This TSI
defines a number of parameters including the crashworthiness requirements for new
vehicles, which include the following:

detailed mechanical boundary characteristics for the static resistance;

detailed mechanical boundary characteristics for passive safety strength;
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detailed specification for passive safety;
acceptance criteria;
validation method; and

obstacle definitions.

Table 19-4: HSR Crashworthiness

Vehicle Crashworthiness

Alstom TGV Duplex Crush zones and rigid passenger compartments ensure maximum
safety in the event of a collision. The power units@rame is designed
to take a (steady-state) 500 metric tonnes of force frontal load, and
features structural fuses to absorb impact energy. Heavy damping
between adjacent vehicles aids the ability to stay in-line and upright
in the event of derailment. These trains have performed extremely
well in actual operational incidents, including high speed
derailments with no injuries caused.

Alstom AGV AGYV has the same crashworthiness as the TGV Duplex and is able
to absorb up to 6MJ of energy.

This train has been design to the requirements of the TSI for High
Speed Trains.

Bombardier Acela Express Crash energy management techniques based on 3rd generation
TGV technology control the structural deformations in the event of
an accident, to increase the safety of the passengers. The Acela
Express is the first train to comply with the USA’s Federal Railroad
Administration® Tier |l crashworthiness standards, which are
potentially the toughest in the world.

Bombardier Zefiro This train would have been designed to the requirements of the TSI
for High Speed Trains.

Hitachi Class 395 Javelin This vehicle is an A-Train derivative and will have been designed to
the requirements of the TSI for High Speed Trains.

Seimens Velaro This train would have been designed to the requirements of the TSI
for High Speed Trains.
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Alstom Transport

TGV

Alstom Transport have three types of rail vehicles that operate at High Speeds, these are
the TGV and AGV, which are Very High Speed Trains, and the Pendolino, which is a High
Speed Train.

Figure 20-1: Alstom TGV

The TGV (train a grande vitesse) is France® high-speed train developed by GEC-Alsthom
(now Alstom) and SNCF, the French national rail operator. Following the inaugural TGV
service between Paris and Lyon in 1981, the TGV network, centred on Paris, has
expanded to connect cities across France and in adjacent countries. It holds the record
for the fastest wheeled train, having reached 574.8km/h (357mph) on 3 April 2007, and
also holds the world® highest average speed for a regular passenger service.

TGVs are semi-permanently coupled articulated multiple units, with Jacobs bogies
between the carriages, supporting both of them. Power cars at each end of the trains
have their own bogies. Trains can be lengthened by coupling two TGVs together, using
couplers hidden in the noses of the power cars.

SNCF operates a fleet of about 400 TGVs. Seven types of TGV or TGV derivative
currently operate on the French network; these are:

TGV Sud-Est (passengers) and La Poste (freight),

TGV Atlantique (10 rather than 8 carriages)

TGV Réseau (similar to Atlantique, but only 8 carriages)
Eurostar (Three Capitals and North of London),

TGV Duplex (two floors for greater passenger capacity),

Thalys PBA and PBKA (Benelux countries, derived from Réseau and Duplex
respectively),

TGV POS (Paris-Ostfrankreich-Studdeutschland, or Paris-Eastern France-
Southern Germany).
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20.1.4 All TGVs are at least bi-current, which means that they can operate at 25kV, 50Hz AC on
newer lines (including LGVs) and at 1.5kV DC on older lines (such as the 1.5kV lignes
classiques that are common around Paris). Trains crossing the border into Germany,
Switzerland, Belgium, the Netherlands and the United Kingdom must accommodate other
voltages, requiring tri-current and quadri-current TGVs. TGVs have two pairs of
pantographs, two for AC use and two for DC use.

Technical Summary
Table 20-1: Alstom Train Specification
. . Power
Equipment Top speed Seating Overall Width Weight  |(under Power-to-
type capacity length 25 kV) weight
270km/h
(168mph) as
built
TGV Sud-Est 300 km/h 345 200.2m 2.81m 385t 6,450kW 16.7W/kg
(186 mph)
rebuilt
. 300km/h
*TGV Atlantique (186mph) 485 237.5m 2.90m 444t 8,800kW 19.8W/kg
TGV Réseau UG 377 200m 2.90m 383t 8,800kW 23.0W/kg
(186mph)
Eurostar
ELUT 750 393.7m | 2.81m | 752t | 12,240kW | 16.3Wikg
Three Capitals (186mph)
Eurostar
3%%km/2 596 318.9m 2.81m 665t 12,240kW | 18.4W/kg
North of London (186mph)
320km/h

TGV Duplex (199mph) 512 200m 2.90m 380t 8,800kW 23.2W/kg

300km/h

Thalys PBKA (186mph) 377 200m 2.90m 385t 8,800kW 22.9W/kg

TGV POS LT 357 200m 290m | 383t | 9,280kw | 24.2Wikg

(199mph)
20.1.5 TGV technology has been adopted in a number of other countries separately from the

French network:

AVE (Alta Velocidad Espafiola), in Spain;

Korea Train Express (KTX), in South Korea;

Acela Express, a high-speed tilting train built by TGV participant Bombardier for
the United States, which uses TGV motor technology (though the rest of the train

is unrelated);

The Moroccan government agreed to a €2 billion contract for Alstom to build a
TGV-line between Tangier and Casablanca. The train is to be operational in 2013;

and

The Buenos Aires-Rosario-Cordoba high-speed railway , in Argentina, will feature
double-decker TGV (TGV duplex), running at 320km/h
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AGV

Figure 20-2: Alstom AGV

In 2003, Alstom launched a project to develop a fourth generation very high speed train,
the AGV (Automotrice a Grande Vitesse). The 5th February 2008 saw the launch of the
new AGV, single deck, state-of-the-art train which incorporates articulated carriages and a
new distributed drive system. The AGV has been designed to reach a commercial speed
of 360 km/h. Italian open-access high-speed operator Nuovo Trasporto Viaggiatori are the
first company to have signed up to purchase twenty-five AGV eleven car multiple-units
and will start taking delivery in 2009.

The articulated architecture used on the AGV is based on the same principles
successfully utilized on the TGV trains and involves positioning the bogies between the
carriages of a train. This positioning of the bogies eliminates most of the vibrations and
noise caused inside the carriages by the train running on the tracks, as well as damping
any movement between carriages.

The new distribution drive system sees the motors move from dedicated locomotives, at
the front and back of the trains, to under the floor of the carriages. By removing the need
for dedicated locomotives the AGV has an additional 20% more space available than
traditional trains, of an equal length, which can be adapted to meet individual train
operators needs by providing more seating or special facilities such as lounges and
working areas.

The AGV make use of synchronous permanent magnet motors to provide electro-dynamic
traction and braking. With six drive bogies installed in its 11 car configuration, the AGV
generates power of 22.6kW/ton.

The AGV has been designed to be modular, to enable it to be adaptable to the specific
requirements of train operators and to the characteristics of the lines on which it will have
to run. Train operators can alter the length of the AGV trains, to train lengths of 7, 8, 11 or
14 carriages, which would provide capacities from 250 to 650 passengers.

Table 20-2: AGV Specification
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Operator Nuovo Trasporto Viaggiatori
Date of Introduction 2009

Design Speed 360km/h

Power Supply 25kV ac, 15kV ac, 3kV dc, 1.5kV dc
Formation 7 to 14 cars

Tilt n/a

Dimensions 130m to 250m

Weight 270 to 510 tnnes

Capacity 250 to 650 passengers

Power 6,000 to 12,000 kW
Pendolino

Figure 20-3: UK Pendolino

The Pendolino is an Italian family of tilting trains used in Italy, Spain, Portugal, Slovenia,
Finland, the Czech Republic, Slovakia, the United Kingdom, Switzerland and China. It
was developed and manufactured by Fiat Ferroviaria, which was taken over by Alstom in
2002.

In Italy a number of prototypes were built and tested, and in 1975 a prototype Pendolino,
the ETR 401, was put into public service, built by Fiat and operated by Italian State
Railways. In 1987 operation began of a full fleet of updated Pendolinos (ETR 450), which
incorporated some technologies from British Rail® ill-fated APT project. In 1993 the next
generation, the ETR 460, began service. Later two new models were produced: ETR 480
and ETR 600.

The Finnish model, the S220, is based on the ETR 460, adapted to the specific
requirements of VR (Valtionrautatiet, Finnish State Railways) and to the cold climatic
conditions. Currently there are a total of 18 units operating.

In 2004 Virgin Trains in the UK began operating custom-designed Pendolino trains known
as the Class 390 on its West Coast Main Line (WCML) franchise.

In Portugal the Pendolino is named Alfa Pendular and is operated by the Portuguese
state railway company CP. It connects the cities of Braga, Porto, Aveiro, Coimbra,
Santarém, Lisbon, Albufeira and Faro, among others, and has a top speed of 220km/h
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(136.7mph). The bogies had to be redesigned for operation on Portugal® broad gauge
track, and the trains were assembled by Alstom at the Portuguese Amadora plant.

Slovenian Railways operates a Pendolino tilting train similar to the Italian model on its
main lines.

In 2000 Fiat Ferroviaria undertook an order of construction of Czech tilting train and
changed it to Pendolino. The first set was delivered in 2004 as Pendolino D 680. While
testing from B eclav to Brno on November 18, 2004, the Pendolino reached a speed of
237 km/h and created a new Czech railway speed record.

China Railway High-speed (CRH) have purchased technologies from Alstom to assemble
60 sets of high speed EMU trains, which have been named CRH5 and are based on
Pendolino trains used in Finland. The CRH5 are non-tilting trains.

Currently, a number of countries in Central and Eastern Europe have ordered Pendolino
trainsets. This includes Russia (Oy Karelian Trains Ltd who is a joint venture between
Russian Railways (RZhD) and VR (Finnish Railways), who in August 2007 ordered four
1520 mm gauge seven-car Pendolinos for use on the 220 km/h St Petersburg - Helsinki
services expected to start in 2010.
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Bombardier Transportation

Acela Express

Bombardier Transportation has some experience of building High Speed Trains, mainly in
conjunction with other manufacturers. For example, the ICE3 in Germany (covered under
the Siemens section of this report) and the TGV in France (covered under the Alstom
section of this report).

Bombardiers Acela Express is a 265km/h design operating in North America. They have
also have a design for a Jet Train and have recently launched a new 200km/h to 350km/h
high speed train called Zefiro.

Figure 21-1: Acela Express

The Acela Express is the name used by Amtrak for the high-speed tilting train service
operating between Washington, D.C. and Boston via Baltimore, Philadelphia, and New
York along the Northeast Corridor (NEC) in the Northeast United States. The tilting design
allows the train to travel at higher speeds on the sharply curved NEC without disturbing
passengers, by lowering lateral G-forces. Acela Express trains are the only true high-
speed trainsets in the United States. This has made the trains very popular, and by some
reckoning, Amtrak has captured over half of the market share of travelers between
Washington and New York. Outside of stations, Acela runs at speeds between 75 mph
(120km/h) and 150 mph (241km/h), depending on track conditions.

The Acela Express trains were a joint project set up by Bombardier (75%) and Alstom
(25%). Although the design of the trains, with identical 6,000 horsepower (4,474 kW)
power cars at each end which operate on a voltage of 11,000 volts AC, 25 Hertz
frequency, resemble France® TGV, the only components directly derived from the TGV
are the 4 asynchronous AC traction electric motors (per power car). The tilting carriages
are based upon Bombardier® earlier LRC trains rather than the TGV® articulated trailers,
and the locomotives and passenger cars are much heavier than those of the TGV in order
to meet North America® different approach to rail crash standards.
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Figure 21-2: Acela Layout
Bombardier has since used the Acela Express® carriage design and a non-electric variant
of the power car for their experimental JetTrain.

Table 21-1: Acela Technical Summary

Operator Amtrak
Date of Introduction Dec 2000
Design Speed 265km/h
Gauge 1,435mm
Power Supply 12kV and 25kV a.c. (auto change over)
Formation 2 power cars, 6 coaches
Tilt Hydraulic. Max 6.50
Dimensions Length: 20m

Width: 3.1m
Weight 624 tons
Number 20
Capacity First Class: 44

Business Class: 260
Power 9200 kW (2 x 4600kW)
JetTrain

The JetTrain is an experimental high-speed passenger train built by Bombardier
Transportation in an attempt to make European-style high-speed service more financially
appealing to passenger railways in North America. It uses the same LRC-derived tilting
carriages as the Acela Express trains that Bombardier sold to Amtrak in the 1990s and a
similar locomotive, but instead of being powered by an overhead catenary as is the Acela
and most other high-speed trains, it uses a 3,750 kW (5,000 hp) Pratt & Whitney Canada
PW150 gas turbine.

Like the Acela trains, it is capable of speeds in the range of 240 km/h (150 mph)
depending on tracks and signalling.

In the early 2000s, Bombardier aggressively marketed the JetTrain to a number of
customers in North America as a less-expensive way to build high-speed railways, but no
such systems have yet been constructed.

Zefiro

The Zefiro family of high speed trains was designed using proven components and
technologies from around the world and are suited for operation on electrified high-speed
lines worldwide. Bombardier received their first order for a Zefiro type train in October
2007 for 20 EMU sleeper trains, capable of speeds up to 250km/h for operation in China.
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General description

The Zefiro trains are built up using three types of cars, Motorized end cars (Mc),
Intermediate trailer cars with pantograph (Tp) & without pantograph (T), Intermediate
motorized cars (M). These cars are combined to create two train base units, as follows:

Version for 250km/h Version for 300km/h
Mcl-Tpl-T1-M1
Mc2 —-Tp2-T2-T3 Mc2 —Tp2 -T2 - M2

Train Unit 1:
Train Unit 2:

Two of the above base units form a fixed 8 car train set.

Each train base unit has its own complete system for propulsion, 400V AC auxiliary
supply and 110V battery supply. The high voltage supply is connected between the train
base units, one pantograph at a time feeds all the main transformers. The Mc and M cars
have the same electrical system structure and equipment except for the additional
equipment in the end car for the driver’s cab and ATP antennas. All four axles are driven
in the motorized cars. The Tp cars contain the high voltage equipment.

Table 21-2: Zefiro Layout and Dimensions

Length (over coupler face) from 100m (4 car EMU) to 400m (16 car EMU)

Length end cars (over coupler face) 26,390mm
Length intermediate cars 24,775mm
(over coupler face)

Bogie Centre distance 17,375mm

Floor Height (passenger area)

1,250mm (tor)

Entrance floor

1,250mm (tor)

Roof height from top of rail (tor), new wheels

3,890mm

Carbody width

2,900mm or 3,400mm

Pantograph working height

5,300 — 6,500mm (tor)

External doors, Opening Width

900mm, 2 per car and side

Opening Height 2,000mm
Height of automatic coupler 880mm (tor)
Wheel diameter new/worn 915/835mm
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Table 21-3: Zefiro General Performance Data

Zefiro 250 Zefiro 300+
Max Operating Speed 250km/h 300km/h
Max Test speed 300km/h 350km/h
Design Life 25 years
Max stopping distance from 250km/h at max <3,000m
load & on levelled grade track
Max stopping distance from 160km/h at max <1,400m
load & on levelled grade track
Acceleration at start with full load 0.57m/s2 (up to 50km/h)
Residual acceleration at max operating speed 0.07 m/s? 0.06 m/s?
Service Brake 0.6 m/s2 250km/h 0.6 m/s2300km/h
- 200km/h - 200km/h

0.8 m/s2200km/h — Okm/h

Parking Brake, ensure stopping of a maximum
normal weighted train on 30% gradient.

Max Power

6,150Kw 8,200Kw

Voltage/frequency nom.

25Kv 50Hz

Min 17.5Kv

Max 30Kv, continuous

Max 31Kv, transient <1s

Short circuit current

25Ka, 100ms

Capacity of the main circuit breaker

20Ka, 100ms

Multiple Operation

Up to 16 cars (2 x 8 Cars)

Traction System

AC 1 phase / DC / AC 3 phase

Auxiliary Power Supply

Internal

3 x 400V 50Hz

External

3 x 380V 50Hz

Battery System

110V DC, nominal

Computer System

Distributed system

Brake System

EP-direct (disc brakes) and Electrodynamics

Couplers

automatic coupling within 3 mins
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22

22.1

22.11

22.1.2

22.2

22.2.1

CAF (Construcciones y Auxiliar de Ferrocarriles)

Introduction

C}AF has manufactured rail cars for the USA market and Northern Ireland. larnréd
Eireann, the state rail company of the Republic of Ireland, procured a large order for
coaches and DVTs.

In February 2004, RENFE placed orders for 45 CAF/Alstom 25 kV AC/ 3kV DC, variable
gauge EMUs for 250 km/h regional services, between October 2006 and May 2009. CAF
are currently manufacturing the train sets for the high speed rail line between Istanbul and
Ankara, which is expected to open this year.

ATPRD S/120

The ATPRD S/120 is a 250 km/h self-propelled, dual voltage electric train unit fitted with a
variable gauge system. The units consist of four cars: MCT-MIT-MIP-MCP, whereby two
units can be coupled together, giving an eight car train. Two electric motors per car,
carbody mounted and controlled by IGBT, which drive one of the axles of each bogie via a
cardan joint. Regenerative and rheostatic electric brakes are also supplied, supplemented
with pneumatically operated disc brakes with a wheel slide protection system.

Table 22-1: CAF Dimensions

MCT and MCP End car length 27.7m
MIT and MIP Intermediate Cars Length 25.78m
Maximum Exterior Width 2.92m
Maximum Height above Rail 4.23m
Distance between bogies 19m
Bogie Wheelbase 2.8m
New Wheel Diameter 850mm
Floor to Rail Height 1.3m

Table 22-2:CAF Characteristics

Supply Voltage 25Kv AC / 3000V DC

Track Gauge 1,435mm / 1,668mm
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Table 22-3: CAF Performance
Maximum Speed
25Kv ac 250km/h

3000V DC 220km/h

Maximum Traction Power

25Kv ac AMW
3000V DC 2.7TMW

Maximum Tractive effort 150Kn
Maximum Electric Braking effort 150Kn

Table 22-4. CAF Passenger Capacity

MCT 80
MIT 76
MIP 27
MCP 55
Train 238

Page 100 of 120



Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report TAV-HA-OPE-REP-40034-01

23

23.1

23.11

23.2

23.2.1

23.2.2

Hitachi

Introduction

Hitachi’'s high speed trains consist of the Shinkansen series of High Speed Trains
operating in Japan. The most recent of these is the 800 series with a design speed of
285km/h. The A train design is flexible design capable of operating at speeds upto
225km/h and the Javelin, which is based on the A train and bullet train technology is
capable of speeds up to 225km/h.

800 Series Shinkansen

Figure 23-1 The 800 Series Shinkansen

The 800 Series Shinkansen train was developed by Hitachi for use on the Kyushu
Shinkansen high-speed rail line in Japan. The trains were introduced on the Tsubame
services in March 2004.

The 800 series is slightly slower than its predecessors, the 500 Series Shinkansen and
700 Series Shinkansen: it will only reach a maximum speed of 260 km/h (160 mph) in
service, although its design speed is up to 285 km/h (180 mph).
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Table 23-1: Technical Summary Shinkansen

800 Series 700 Series 500 Series
Operator Kyushu Railway Central Japan West Japan Railway
Company Railway Company Company
Date of Introduction Mar 2004 Mar 1999 Mar 1997
Max Speed 260km/h 285km/h 300km/h
Design Speed 285km/h 285km/h 320km/h
Gauge 1,435mm 1,435mm 1,435mm
Power Supply 25kV AC, 60Hz 25kV AC, 60Hz 25kV AC, 60Hz
Formation 6 cars: 16 cars: 16 cars:
All motored. 12 Motored All motored
4 Trailers
Tilt n/a n/a n/a
Dimensions Length: Length: Length:
27.35m end cars 27.35m end cars 27m end cars
25m intermediate cars 25m intermediate 25m intermediate cars
Width: 3.38m cars Width: 3.38m
Width: 3.38m
Weight
Capacity 392 passengers 1323 passengers 1324 passengers
Power 6,600kW 13,200kw 17,600kw
(24x275KW) (48x275KW) (64x275kW)
23.3 A —Train
23.3.1 Hitachi's new A-Train design concept is based on the creation of a flexible system

capable of adapting to all kinds of rail vehicle. There are four variants currently proposed
these being the Commuter, Suburban, Express and High Speed. Some of the technology
used in the A-Train is based on the Shinkansen trains. The basic information for the A-
Train High Speed trains are as follows in Table 23-2.

Page 102 of 120




Brazil TAV: Vol 4 — Rail Operations & Technology — Pt 2 — Final Report

TAV-HA-OPE-REP-40034-01

23.4

23.4.1

23.4.2

Table 23-2: A-Train Specification

Track Gauge 1,435mm
Train Configuration DPT-M-M-M-M-DPT
Train Length 121.8m
Car Length
End Car 20.9m
Intermediate Car 20.0m
Distance between bogie centres 14.17m
Car width 2,810mm
Car Height 3,820mm
Top Speed
AC Voltage 225km/h
DC Voltage 160km/h
Power Voltage
AC Voltage 25Kv 50Hz
DC Voltage 750V
Tractive Power
AC Voltage 3,360kw
DC Voltage 3,360kw
Acceleration
AC Voltage 0.7m/s2
DC Voltage 0.7m/s?

Wheel Diameter New/Worn

870mm / 790mm

Tare Weight 266t
No. of Seats
1st Class 53
2nd Class 220

Class 395 Javelin

The Class 395 Javelin vehicles have been purchased by HSBC Rail in the UK to run on
the Channel Tunnel Rail Link. A total of 29 six car units have been purchased, in normally
operation it is planned to run them as 12 car formations. These vehicles are based on the
A-Train and Bullet Train technology, of an aero-dynamic design for speed and comfort,
and high crashworthiness. Speeds will be up to 225km/h.

These vehicles are dual voltage, 750V DC and 25Kv AC overhead, with a total of 16
traction motors fitted to the four intermediate cars, which have all axles powered. The
brakes are dynamic and regenerative for saving energy.
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Figure 23-2: Javelin Layout
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24

24.1

24.1.1

24.1.2

24.2

24.2.1

Rotem

Introduction

Designated as a Rolling Stock supplier in the France—Korea TG Consortium (KTGVC),
Rotem has demonstrated its engineering expertise and technical capability in
implementing High Speed Trains. Following on from this collaboration, Rotem and 11
other R&D consortium members in Korea developed the new type of Korean High Speed
Train (HSR 350X), which is designed to operate at a maximum speed of 300km/h.

Figure 24-1: Rotem HS Train

Due to its success in developing new high speed trains, Rotem was awarded the contract
to supply KTX-II.

KTX 1l

The KTX Il is currently being manufactured, 10 trainsets being produced, each consisting
of 10 cars. The manufacture of the first vehicles was due for completion in April 2008, with
testing and commissioning taking place between April 2008 and March 2009. Delivery is
to take place in two phases, Phase 1 which is 60 cars by June 2009 and Phase 2 which is
the remaining 40 cars by June 2010.
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25

25.1

25.1.1

25.2

25.2.1

25.2.2

25.2.3

25.2.4

25.2.5

25.2.6

25.2.7

25.2.8

Siemens

Velaro Concept

Siemens Velaro is a family of high-speed EMUs. It includes Deutsche Bahn® classes 403
and 406, which are known as ICE 3 and ICE 3M respectively. Four multisystem trains,
known as ICE International are owned by Nederlandse Spoorwegen. Spanish RENFE has
ordered a more powerful version, known as Velaro E for their AVE network. Wider
versions were ordered from China for the Beijing-Tianjin high-speed rail (CRH 3) and from
Russia for the Moscow - Saint Petersburg and the Moscow - Nizhny Novgorod route
(Velaro RUS).

ICE Series

The ICE series of train sets started with the German government state funded ICE-V
which was the prototype version of this family on is based on a track gauge of 1435mm.
From this prototype the ICE-1 was developed which has a maximum speed of 280km/h
but are limited to 250km/h due to infrastructure limitations. Each power car (two per
trainset) has a mass of 77.5t, a power rating of 9,600kW and a tractive effort of 200kN.
The total train mass is 795t and the length of 358m.

ICE-2 was then developed but it is more like a conventional push-pull train as it has only
one power car but the train rake is shorter at 205.36m long. These can be coupled
together to form a longer train rake. The maximum speed is 280km/h but they operate at
280/250km/h powered from the one power car which has the same output as a ICE-1
power car.

The ICE-3 is the third generation with a higher top speed of 330 km/h. To improve traction
over high speed lines with greater gradients the ICE-3 has powered axles distributed
along the length of the train, rather than concentrating it in one or two power units. The
ICE 3 is an eight-car with 16 powered axles which can operate in multiple like the ICE 2 or
even together with it.

The ICE 3 is an 8-car train and the carriages are
shorter and narrower than those of the earlier ICE
versions and the front is more streamlined.

It is designed to be operated internationally unlike

ICE-1 and ICE-2 versions. Therefore it has to conform

to the Technical Specifications of Interoperability -

which means that two coupled ICE-3 trainsets (full

train) cannot be longer than 400m and the axle load

may not exceed 17t. Doorways must be easily

accessible from 0.55 m and 0.76 m high platforms, the profile must fit into the UIC 505
loading gauge. Additionally the train has to be compatible to the electricity, signalling and
communication systems of the lines that it will use.

The drive of the 8 powered bogies follows the principle used in the Japanese Shinkansen
trains. The 1st, 3rd, 6th and 8th carriage are each driven by four 500 kW traction motors,
giving a total power of 8 MW in AC systems. Each powered car is supplied by one water-
cooled GTO inverter for all four traction motors, these are installed in the 3rd and 6th
carriage.

The bogies have a primary suspension with two coil springs per axle and a secondary
suspension with two pneumatic springs per bogie.

The train is equipped with an eddy-current brake that ensures braking the train mostly free
of wear. Also, thanks to the higher number of powered axles, the regenerative electric
brake can be used more efficiently. Additionally it is still equipped with disc brakes.
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25.2.9

There are versions for AC only, for multiple current systems for AC/DC and DC only. To
help reduce wind noise and air resistance they are fitted with
http://www.railfaneurope.net/pix/de/electric/emu/ICE/ICE-3/ICE787 HH3.jpgaerodynamic
shrouding of the pantographs which is similar to Japanese Shinkansen trains.

Figure 25-1: ICE Pantograph
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Figure 25-2: Typical layout of an ICE-3 trainset
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Table 25-1: ICE Technical Summary
‘ end car |middle car |train (403) train (406)

‘Iength 25.835m 24.775m 200.32 m ‘
‘Width 2.95m ‘
‘height 3.89m ‘
mass (empty) 409t 4351
seats (total) 415 404
8000 kW (AC)
power (cont.) 8000 kw 4300 KW (DC)
‘tractive effort 300 kN ‘
330 km/h (AC)
top speed 330 km/h 220 km/h (DC)
‘mass/length 2.042 t/m 2.172 t/m ‘
‘mass/seat 0.986 t/seat |1.077 t/seat ‘
18.39 kW/t (AC)
power/mass 19.56 kWit 9.89 kWit (DC)
21.05 kW/seat (AC)
power/seat 20.46 kW/seat 11.32 KW/seat (DC)
Total area 509 m2
Passenger area 342.36 m2
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26

26.1

26.1.1

26.1.2

26.1.3

26.2

26.2.1

26.2.2

Talgo

Introduction

Talgo is a Spanish manufacturer of railway vehicles. It is best known for a design of
articulated railway passenger cars in which the wheels are mounted in pairs, but not
joined by an axle, and being between rather than underneath the individual coaches.
Another feature of the design is the suspension, which allows the vehicle to passively tilt
into curves, aiding passenger comfort

Talgo passenger cars are used in the Amtrak Cascades services from Vancouver, British
Columbia south to Seattle, Washington, continuing south via Portland, Oregon to Eugene,
Oregon

Talgo has also entered the high-speed train manufacturing market. "Talgo 350" trains
have been operating at a top commercial speed of 330 km/h on the Madrid-Barcelona and
Madrid-Valladolid line since December 22nd, 2007. This series of trains are designed to
reach a speed of 365 Km/h, although present lines and commercial services limit the
speed at 330 km/h.

Talgo 350

Figure 26-1: Talgo 350

The Talgo 350 built for the AVE Madrid — Barcelona line is a joint venture between Talgo
and Bombardier, who supplied the electrical equipment. These trains have integrated
traction, formed by two identical High Speed Talgo locomotives, and a High Speed Talgo
trainset, made up of a variable number of passenger coaches with a maximum of twelve.

Talgo can also offer trains at Iberian gauge (1.66 m), to run at 350 km/h, with passive
tilting up to 1 m/s2 uncompensated lateral acceleration
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Table 26-1: Talgo General Characteristics

Maximum Commercial Speed 350km/h
Maximium lateral acceleration in 1.2m/s?
curve

Maximum Cant deficiency 7.2 inches
Track Gauge 1435mm
Power Supply 25Kv 50Hz
Power Installed 4000Kw
Maximum axle weight 17 tons
Maximum train length 200m

Table 26-2: Talgo Traction Unit S

ecific Characteristics

Length 20m
Width 2.96m
Height 4m
Wheelbase 2.65m

Pneumatic Brake Equipment

Three disc brakes per axle (two of
them on the wheels)

Electric Brake Equipment

Regenerative (4200 Kw) and
rheostatic (3200Kw)
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27

27.1

27.11

27.1.2

27.1.3

27.1.4

27.1.5

Tangshan, China

Introduction

On April 11 Tangshan Locomotive & Rolling Stock Works rolled out the first CRH3 high
speed train to be produced in China. According to the manufacturer, the CRH3 is the first
Chinese-built train to be designed for a top speed of 350 km/h.

Part of the China Northern group, Tangshan is supplying the Ministry of Railways with 60
eight-car CRH3 trainsets in partnership with Siemens under a €1-3bn contract signed in
November 2005.

The first three trains were built in Germany and shipped to China in December 2007. The
remainder are to be built in China, with Siemens supplying some components under a
technology transfer deal.

The welded aluminium bodyshell of the CRH3 is around 300 mm wider than on previous
Velaro designs, permitting 3+2 seating in second class. The total capacity is 557
passengers, including one first class car and first class areas behind the cabs. The seat
reservation system and catering facilities have been adapted to meet local requirements.

The first five trainsets are expected to enter service on the Beijing — Tianjin high speed
line in time for this summer® Olympic Games, and all 60 will be delivered by the end of
20009.
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28

28.1

28.1.1

28.2

28.2.1

28.2.2

28.2.3

28.2.4

28.3

28.3.1

28.3.2
28.3.3

28.3.4

Traction & Power

Introduction

Most high speed lines have adopted 25 kV, 50 Hz AC., overhead line supply systems as
the standard for electrification. Exceptions include Germany, Sweden, Norway and
Switzerland (15 kV AC) and the first high speed lines in Italy (3000 V DC), which are to be
re-equipped to 25kV AC. Transmission at lower voltages or with DC requires larger
conductors (and therefore more expensive catenary installations) and/or more frequent
substations to feed the overhead line equipment. 25 kV AC systems provide economic
and well proven solutions for delivering the high power required for high speed operation
in mountainous terrain and are recommended. Full details are given in Volume 5
Appendix F.

Distributed Power

Whilst in the past HST’s have generally been built with power cars at each end, most of
the leading manufacturers are introducing new generation of trains based on multiple
units, offering improved speed and passenger utilisation and flexible formations.

The new generation of train sets is marked by the adoption of distributed traction, rather
than concentrated traction in power cars. This has several advantages:

the distribution of drive and braking power over more axles allows higher traction
effort within the friction limitation of steel wheel on steel ralil;

allows a greater portion of energy to be recovered through regenerative braking;

a greater portion of the train length can be used for passenger accommodation
and revenue earning; and

lower axle loads.

The disadvantage is that the different traction components are distributed along the length
of the train, so that individual coaches are not identical and feasible train formations
depend on the technical solutions of different manufacturers.

The recommendation of multiple unit configuration will depend on the degree of flexibility
which is required to cope with predicted traffic growth.

Overhead Line Equipment and Pantograph

The limiting factor to speed of operation is no longer the wheel/track interaction, but rather
the pantograph/catenary interaction. The limiting criterion is that the running speed must
not exceed 70% of the wave propagation velocity in the catenary.

Catenary designs are available for normal service at line-speeds up to 350 km/h.

Further significant increases are expected to require improved metallurgical/mechanical
properties for the contact wire.

At high speeds the noise caused by pantographs can become a major nuisance which
requires amelioration. In Japan noise shields are fitted to the roofs of some Shinkansen
trains to reduce noise radiation at high speed.
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29  Control & Signalling

29.1 ETCS

29.1.1 ETCS is being deployed nationally on specific routes, as a first step to aligning with other
national plans along specific international corridors, in accordance with the European
MoU six-corridor strategy.

From the infrastructure point of view, - in 2007 — about 2,000 km of lines are in commercial
operation in ETCS lev.1 and lev.2 configuration and about 25,000 km are contracted or planned in
the next 13 years
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29.1.2 There are six main suppliers of ERTMS equipment in Europe, Alstom, Bombardier,
Ansaldo, Siemens, Thales and Invensys. US&S supply cab signalling systems for the US
market. A review of systems by country as follows:

Belgium: Cab signalling TBL2 and 150 km of TVM430 on high speed route.

China: There are about 300km of level 1 and level 2 ERTMS lines under
construction in China an the lines Shijiazhuang — Taiyuan and Beijing — Tianjin.

France: 8000 km fitted with continuous speed supervision and about 3000 km
fitted with TVM cab signalling.

Germany: Most of the system is fitted with PZB discrete speed supervision and
about 3800 km fitted with cab signalling. 135km of ETCS level 2 has been
commissioned on the Berlin- Halle/Leipzig line.

Italy: About 8100 km are fitted with discrete speed supervision or continuous
speed supervision. 290km has been fitted with ETCS level 2 on the Torino-
Novara and Roma — Napoli sections of line.

Netherlands: About 6000km of discrete or continuous speed supervision. 140
km Level 2 ETCS on the Betuwe line Rotterdam- Zevenaar and Amsterdam
Utrecht.

Spain: 15,000 km of continuous or discrete speed supervision using a variety of
systems AFSA, Ebicab and LZB with about 1000 km fitted with cab signalling.
The Madrid Lerida Roda de Bara line and Almdovar del Rio — Atequera/ Santa
Ana line are fitted with ETCS level 1 and 2 about 670 km in total.

United Kingdom: Most of the UK is fitted with a discrete speed supervision
system AWS/TPWS. The Channel Tunnel Rail Link is fitted with cab signalling
TVM 430. A variation of speed supervision is also installed on the West Coast
Mainline which is associated with the Tilting Pendolino Trains. A small pilot ETCS
level 2 scheme is underway on the Cambrian Coast.
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30

30.1

30.1.1

30.1.2

30.1.3

Maglev

Principles of Magnetic Levitation

For levitation two effects of magnets can be used: repulsive forces of identical or
attraction of opposite magnetic poles. Both principles are in use worldwide for high speed
systems. Thegerman Transrapid uses the attractive principle for levitation, which
requires an active control system to maintain a constant gap between vehicle and
guideway.

_—skd

— Guidance

Magnet cuidance Guidance/
T Levitation Rail Magnets
Magnet
Levitation

Longstator

Guidance Rail

Longstator—

Magnets

Figure 30-1: Transrapid Components for Levitation, Guidance, Braking, and Propulsion

The Japanese MLX 01 uses superconducting magnets to generate repulsive levitation,
with an air-gap of 100 mm, requiring no active control system. Propulsion is achieved by
linear motors built into the side walls of the concrete trough guideway.

According to simulation data presented by Japan Central Railways, the MLX 01 can
achieve higher performance
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30.2

30.2.1

30.2.2

30.2.3

30.2.4

Japan

Japanese Maglev

An automated "Urban Maglev" system commenced operation in March 2005 in Aichi,
Japan. This is the nine-station 8.9 km long Tobu-kyuryo Line, commonly known as the
Linimo. The line has a minimum operating radius of 75 m and a maximum gradient of 6%.
The linear-motor magnetic-levitated train has a top speed of 100 km/h. The line serves
the local community as well as the Expo 2005 fair site. The trains were designed by the
Chubu HSST Development Corporation, which also operates a test track in Nagoya.

Japan has been testing high speed maglev vehicles for over 25 years although no actual
routes have yet been constructed. Maglev speeds on the Miyazaki test track had
regularly hit 517 km/h by 1979, but after an accident that destroyed the train, a new
design was decided upon. Tests through the 1980s continued in Miyazaki before
transferring a far larger and elaborate test track (20 km long) in Yamanashi in the late
1990s.

JR-Maglev is a maglev system developed by the Central Japan Railway Company and
the Railway Technical Research Institute. JR-Maglev MLXO0L1 is one of the latest designs
of a series of maglev trains in development in Japan since the 1970s. It is composed of a
maximum 5 cars to run on the Yamanashi Maglev Test Line. The trainsets themselves are
popularly known in Japan as "Linear Motor Car" though there have been many technical
variations. On December 2, 2003, a three-car train set attained a maximum speed of 581
km/h (361 mph) which is still the world speed record for railed vehicles in a manned
vehicle run. These trains use superconducting magnets which allow for a larger gap, and
repulsive type Electro-Dynamic Suspension (EDS), whereas Germany’s Transrapid uses
conventional electromagnets and attractive-type Electro-Magnetic Suspension. JR
Central now operates the Yamanashi facilities and research.

A culmination of the maglev developments since the 1970® is the proposed Ch
Shinkansen maglev line connecting Tokyo, Nagoya, and Osaka, a government funded
project initiated by Japan Airlines and the former JNR. In April of 2007, JR Central
President Masayuki Matsumoto said that JR Central would aim to begin commercial
maglev service between Tokyo and Nagoya in the year 2025. On December 25, 2007, JR
Central announced that they would begin construction on the track from Tokyo to Nagoya,
costing about 5 trillion yen ($44 billion) and scheduled to be completed by 2025.

Figure 30-2: Proposed Chuo Shinkansen route in grey, existing Tokaido Shinkansen route in
gold.
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30.3

30.3.1

30.3.2

30.3.3

30.3.4

30.3.5

30.3.6

30.3.7

Korea

The ultimate goal of the Maglev programme in Korea is to develop super-high-speed
MagLev technology through basic technology research and low to medium speed
development.

However, until now Korea's proposed maglev system is designed for the urban context
rather than for high speed intercity services.

Korea has selected one of the proposed systems to be launched for commercial service
at one of its international airports (Incheon International) in 2012.

The Ministry of Homeland and Maritime Affairs selected on the three proposed systems
based on a survey of design experts, operators and the general public. It features
traditional Korean designs and modern conveniences.

In addition to this a maglev train line has been
proposed to link a futuristic business district in
downtown Seoul with a new urban
development project on the city’s outskirts.
Samsung Corp., the head of the consortium
that is moving to rebuild part of Seoul's
Yongsan district by injecting 28-trillion won
($29.6 billion) into the area, and has submitted
the maglev route to the Seoul Metropolitan
government for approval.

The Yongsan project is the largest urban

development project to date in the country and

calls for a 152-story office tower and residential apartments that can be transformed into
an international business hub.

The construction on the train line could begin in 2010 for completion in 2013. The total
cost is estimated at 840 billion won, ($890 million) with Samsung consortium funding 60
percent of the expense. The remainder, the company said, could be paid by Seoul and
the central government.
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Appendix A — Tunnelling Technologies - Brief Description
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Appendix B — Rolling Stock Comparison
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