Foreword

The projectto produce this book odrinished Vehicle Logistics by Rail in Eurdpe w a s edidurimgtthie a t
ECGLand Transport Working Group meeting in January 2014, Frankfurt am Main. Initiags suggested

by the members of the groupat Oleh Shchurylprepare a short briefing paper about the curretatus quo

of rail trarsport and=VLsby rail in Europelt wasto be aconcisedocument explaininthecomplex nature of

rail, its difficulties and challenges, main playessdtheir rolesand r esponsi bilities
membersHowever,it rapidly grew way beyond #se simple objectives as you vaée

The first draft of the project was presented at the followizgd Transport WG meeting whidimok place in
May 2014, Frankfuram Main. Itreceived further sumpt fromthe group and in order to gain more knowledge
on specific rail technical issues it was decided that Efi@ldorganise site visita/ith rail technical experts
of ECG member companies dheir raiway operation sites. These were held witlbB SchenkerRail
Automotivein Frankfurt am MainBLG Automotive in Bremerhaven, ARS Aftann in Wolnzach, and STVA
in Valenton and Parif\s a result of these collaborat®mandcontinuousresearclon various rail issues, the
doaument was extensively enlarged.

The documentonsists of several parts, namalyistoricalsectionthat cosersrailway development in Europe
and specific EU countries;a technicalsectionthat discussethe different technical issues of the railway
(gaugs, electrification,controlling and signallig systems, etc.); a section on fimeralisation process in
Europe a section othekey rail players anda setion on logistics services praledby rail. A substantial part
of the document is also dedicatidtypesof FVL wagons,various types ofocomotivesand their technical
specifications It also indudes a section that tackl#fse question of Europearegulation of rail. i briefly
presents the current EUgpects and initiatives forail transport. fiere is asectionthat discussethe key
railway organisatios and associations, and, finallthe additional supportive materials such as maps,
glossaryyarious tables and chartsseful links, etchave beemdded

This documenthas been reviewedeveal timessinceits first publication The current versiol® of the
O6Fini shed Vehicl e L owasgdvised and boynpleRenied wilinew clapter op e 6
ATransport damudprepeed forpublicationrineDedernb@017.

This detaileddocument ond-inished Vehicle Logistics by Rail in Eurdpis relevantnot anly to E C G 6
members, but also the whole FVL sector in Europe. It representmaueundertakingo approachtherail
transport sector from the perspectofe=VL, taking intoaccountthe complexity of European ralt can be
used as an instructive manual for those who wishinderstandhe European railcomplexity from the
standpoint of FVLleven if they have no prior knowledge

It is sincerely hopedhat this document wilbe supported by everyone active in FVL in Europe whether as
LSP, customer or any other capacity

It will require regular updating and improving so we welcome yoput in helping us to achieve this.

Oleh Shchuryk 06.12.2017
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Abbreviations

A
ABs
ABCL
ABS
AC
ACS
ADD
ADIF
AEIF
AERA
AFC
AHB
ALE
ALSN
AOCL
AOCR
ARS
ASFA
ATB
ATC
ATM
ATO
ATP
ATR
ATS
AVI
AWS
BACCC
BBO
BDG
CAWS
CBB
CBTC
LD
CEF
CER
CFL
CFM
CFR
CIM
CIT
CLECAT
CMK
COTIF
CP
CT
CTC
DB
dB
DC
DEMU
DG ENV

Additive (in measurement of noise

Allocation Bodies

Automatic Barrier Crossing Locally monitored

Automatic Block Signalling

Alternative current

Automatic Cab Signal System

Automatic Detection and Dropping Devices

Railway Infrastructure ManageAdminigrador de Infrestructuras FerroviariakeS)
European Association for Railway Interoperability

Association of European Rail Agents

Automatic Fare Collection

Automatic Half Barrier crossing

Autonome Machinistenbond Europa

Continuous Automatic Train SignallingrU)

Automatic Open Crossing, Locally monitored

Automatic Open Crossing, Remotely monitored

Automatic Route Setting (System)

Automatic Brakingand Announcement of Signals (ES

Automatic Brakingand Announcement of Signal&\.utomatische TreinBeinvioediiyL)
Automatic Train Control

Automatic Train Monitoring

Automatic Train Operation

Automatic Train Protection

Automatic Train Regulation

Automatic Train Supervision

Automatic Vehicle Identification

Automatic Warning System

Automatic Block System with Codifiedu€rentsBlocco automatico a correnti codificatdl)
Osterreichische Bundesbahng@efore WWII and after renamed into OBB)
Bulgarian State RailwaysBalgarski darzhavni zheleznif®G)

Continuous Automatic Warning System

Composite brake blocks

CommunicationdBased Train Control

Czech RailwayslL e s k ® (GBy 8§ hy

Connecting Europe Facility

Community of European Railways and Infrastructure Companies
Luxembourg Railways Chemins de Fer Luxembourgedid))

Moldovan RailwayCal ea Fer at @¢MDdi n Mol dov a
State Railway CompamyC L i | e Fer ate Rom©ne ( RO)
Uniform Rules conerning the Contract of International Carriage of Goods by Rail
International Rail Transport Committee

European Association for Forwarding, Transport, Logistics and Custom Services
Central Trunk Line

Convention concerning Internati@nCarriage by Rail

Portuguese RailwaysCaminhos de ferro portugues@r)

Combined Transport

Centralised Traffic Control

German Railway Deutsche BundesbaliDE)

Decibel fneasurement of noise

Direct current

DieselElectic Multiple Unit

DirectorateGeneral Environment

11



DG MOVE
DGPS
DMI
DMU
DR
DRA
DRG
DSB
DTC
EAD
EC
ECM
EEA
EIM
EIRENE
EMU
END
EP
EPTTOLA
ERA
ERC
ERFA
ERFCP
ERRAC
ERTMS
ETCS
FCR
FCT
FGC
FGV
FIATA
FOCs
FRA
FTE
FP7

FS

FVL
HSH

Hz

HG
IARO
IC

ICE
IECC
IMs
ISO
GEPGIS
GIS
GKW
GPRS
GPS
GSM-R
KsOd
KVB
LDz

DirectorateGeneral for Mobility and Transport

Differential Global Positioning by Satellite

Driver Machine Interface

Diesel Multiple Unit

German State RailwayDeutscheReichsbahi{DE)

Driver Reminder Appliance

German State Railway Companieutsche ReichsbakBesellschaf{DE)
Danish State RailwaysDanske Statsban€ébK)

Direct Traffic Control

Bulgarian State Railway®G)

European Comrssion

Entity in Charge of Maintenance

European Environmental Agency

European Rail Infrastructure Managers

European Integrated Railways Radio Enhanced Network
Electric Multiple Unit

Environmental Noise Directive

EuropearParliament

European Passenger Train and Traction Oper e
European Railway Agency

European Rail Circle

European Rail Freight Association

European Rail Freight Customers Platform

European Rail Resezh Advisory Council

European Rail Traffic Management System

European Train Control System

Forwar der sobReCiptr t i fi cat e
Forwarder sobTRGwpot i fi cat e
Railway of the Generalitat of Cataluny&errocarrils de la Genalitat de CatalunydES)
Railways of the Generalitat of Valenci&errocarrils de la Generalitat de ValenciafjgS)
International Federation of Freight Forwarders Associations
Freight Operating Companies

Federal Railroad Administriain

Forum Train Europe

European Union Seventh Framework Programme

Ferrovie dello StatgIT)

Finished Vehicle Logistics

Albanian Railways Hekurudha Shqgiptar@AL)

Herz {n measurement of noise

Croatian RailwaysHrvatske ¢gel (HR)zni ce
International Air Rail Organisation

Inter City

Inter City Express

Integrated Electronic Control Centre

Infrastructure Managers

International Standards Organisation

Geographic and Infrastructure System

Geographic Information System

Upper Silesian Narrow Gauge Railwayé- r no S| Nski e K¢lL)ej e WNskot
General Purpose Radio System

Global Positioning by Satellite

Global System for Mobile Communication®Railway
KashauOderberg Railway

Contréle de Vitesse par Balis@sR)

Latvian Railway-L at vi j agLVd z el zce Ng
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LEU Lineside Electronics Unit

LG Lithuanian RailwaysL i et uvos @Bl egi nkel i ai

LHS Polish abbreviation for Broad Gauge Metallurgy Line

LOA Length over all

LRV Light rail vehicles

LS Continuous SystemLiniovy SysteniCS

LSPs Logistic Service Providers

LZB Linienzugbeeinflussung

MA Movement Authority

MAV Hungarian State RailwaysMagyar AllamvasutakHU)

MT Main Track

MU Multiple unit

NDTAC Noise Differentiated Track Access Charges

NMBS National Belgian Railway CompanyNationale Maatschappij der Belgische Spoorwegen
(NL)

NOI Noise TSI

NS Dutch Railways Nederlandse Spoorweg@NL)

NSA/NSARE National Skills Academy for Railay Engineering

NSB Norwegian State RailwaydNorges Statsbaner ASIO)

NVR National Vehicle Register

OBB Austrian State Railway Osterreichische Bundesbahngenamed from BBO to OBB after
WWII)

OLE/OHLE  Overhead line

OTIF Intergovernmental OrganiZah for International Carriage by Rail

OSE Greek Railways OrganizaticrHellenic Railways OrganisatiofEL)

0OSJD/OSShD Organization for Capperation of Railways

OSSB Oberschlesische Schmalspurbahn

OTIF Intergovernmental Organization for Internationalr@age by Rail

PKP Polish State RailwayPo | s ki e Kol @f)e PaEst wowe

PSS Packet Switch System

RBC Radio Block Centre

REF Réseau Ferré de France

REFE Ferrocarriles de Via Estrech@dT)

RENEFE National Network of Spanish Railwayfed Nacional deok Ferrocarriles EspafiolgES)

RhB Rhaetian Railway

RFCs Rail Freight Corridors

RFE Rail Forum Europe

RFF French Rail Network Réseau ferré de Fran¢E)

RFI Italian Rail Network- Rete Ferroviaria ItaliangIT)

RID Regulation concerning the Imtetional Carriage of Dangerous Goods by Rail

RNE Rail Net Europe

RSSB Railway Safety and Standards Board

RU Rail Undertaking

RZhD Russian Railway{ simMmd2mMSdj Yddzjrdzr j HBtesdRU) Rossi ys

SAD Single Administrative Document

SBB Swiss State RailwaySchweizerische Bundesbahr{Bit)

SCB Schweizerische Centralbahn

SCMT Sistema di Controllo della Marcia del Tregi@)

SFAI Sociea per le strade ferrate dell'Alta Itali@T)

SFR Swiss Federal Railways

SFR Societa per le strade ferrate romafi€)

SFM Societa per le Strade Ferrate Meridiondll)

SJ Swedish State RailwaysStatens JarnvagaiSE)

SHP Samoczynne Hamowanie Pobl (PL)

SIRTS Association for Rail Transport Interoperability and Development
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SMGS
SNB
SNCB
SNCF
SWL
SG
SGD
SGDC

T&E
TAF
TAP
TBL
TEN-T
TGV
TOR
TOPS
TPWS
TSI
TVM
TWC
uiC
uIP
UIRR
UITP
uTI
uz
UNIFE
VBS
VGC
VR
VSB
ZSSK
GFBH

GRS
GS
GSR

Agreement on Direct International Goods Transport by Rail and Procedure Instruction
Schweizerische Nationalbali@wiss National Railway)
Nationd Railway Compan of Belgium- Société nationale des chemins de fer be(563
Société Nationale des Chemins de fer Fran(f@i)
Single Wagon Load
Slovenian RailwaysS| ovenskélgel ezni ce
Spr8va ¢gel efO8) | n2 dopravn?
Railway Infrastruture Administration, state organizatiespr 8va ¢gel ezni | n2 ¢
(CS)
European Federation for Transport and Environment
Telematics Applications for Freight services
Telematics Applications for Passenger services
Transmission Bacon Locomotive Transmissie Baken Locomot{&fL)
TransEuropean Transport Network
Train a Grande Vitesse
Top of rail
Total Operations Processing System
Train Protection & Warning System
Technical Specifications for feroperability
Trackto-train transmission Transmission Voidlachine(FR)
Train Warrant Control
International Union of RailwaysUnion Internationale des Chemins de KER)
International Union of Private Wagon Keepers
Intermational Union ér RoadRail Combined Transport
International Association of Public Transport
Intermodal Transport Unit
Ukrainian Railways Ukrzaliznytsia(UK)
Association of the European Rail Industry
Voice Broadcast Services
Voice Group Call
State Railway of Finland
Vereinigte Schweizerbahnen
Slovenian State RailwayGe |l ezni | n§8 spo$Slpl nosS Sl ovensko
Railways of the Federation of Bosnia and Herzegovitae | j ezni ce Feder ac
HercegovingBA)
Railways of Republika SrpskeGe | j ezni ce RBA)p ubl i ke Srpske
Serbian RaillwaysGe |l ezni (R® Sr bij e

The Railways of the Slovak RepubliGe |l ezni ce S| oBnskej Republ
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1. Brief History of the European Railways

The history of rail transport in Europe dates back to Gre|
Romart times where the firgprototypes of the modern railwa
sysem were createdThe use of wagons in Europe beca
common from about 1500 through 1800. They were mainly u
for transportation of coal in the mining industry. The fi
mechanised rail transport system that employed stg
locomotives dates back to th82Ds in the UK.

Talking about the early wagonwayso r 6t rtheyara |
believed tohavebeen develogd in Germany in the 1550s an
were used for transportatiom mining facilities. The first "
wagonways were made of wood amdreusedonwooden railg

The first real railway appeardzfore1605in the UK andwas a
funicular railway at Brosley in Shropshire Another of the
earliest documented railways in the UK was the Wollaf
Wagonway that was completed in 1604. It ran from Strelley
Wollaton rear Nottingham. Another railway constructed at tl}
time was a wagonway of Huntingdon Beaumdhat was laid
down near Newcastle upon Tyne.

By the 18" century such wagonwayaready existedn many
places and they were spreading rapiBiye to the fat that astiff
wheel rolling on a rigid rail requires le®nergy to move load
thanroad transport, railways became vefficientfor bulk goods
and it became a main reason for further development of rail

In 1760 the Coalbrookdale Compdmytroduceda fixed plate of
cast iron to the upper surface of the wooden rails. It used wa
that had flanged wheels as in modern railways. This compd
iron/wood rail was later replaced by all metal rails, which mg:
them durable, safer and stiffer.

1 The earliest evidence of a wagonway, a predecessor of the railway (6 to 8.5 km long), is found in Diolkos, Greece. This
railway was used for transportation of boats across the Isthmus of Corinth in Greece from around 606KB@uEhed

by slaves ran in grooves in limestone, which provided the track element. The Diolkos wagonway ran for over 600 years.
Other examples of the prail are found on the islands of Malta and Gozo.

http://en.wikipedia.org/wiki/History of rail transport

2 http://en.wikipedia.org/wiki/History of rail_transport

8 http://www.eoearth.org/view/article/150461/

4 http://www.gracesguide.co.uk/Coalbrookdale_Co
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The invention of a steam engine by James Watt in 1
revolutionsed thewhole railway system. The first steam ra
locomotive was constructed by John Fitch in the United St3
in

The first commercial steam locomotive was designed

Matthew Murray and was calleSalamana. It was built for |8
the narrow gauge Middleton Railway in 1812n 1813 |. B
Christopher Blacktt and William Hedley builPuffing Billy
for the Wylam Colliery Railway. It was first successfi
locomotive running by adhesion onty.

In 1815 a first stearpowered machine prototype of th
modern locomotive was built by George Stephenson.
machine was calIeBIucher(see piatire).® It was a flanged i

Railway, the first public steam railway in the wofld.

In the beginning there were two types of locomotive, nam
a light fast passenger loco and slower more powerful go& _
engines. All of them had four wheels. Locomotion

Alongside the changes in

design of locos that becam{  gpeT RAILWAY LINE
lighter and quicker, the raill gy cOUNTRY
network was quickly

expanding, not only in the 1862

UK but also in other 1851
. 1854

European coukries. 1870

Construction of the rails and 1860
locomotives required large
guantities of heavy materials
which in its turn stimulated
coalmining, ironproduction

and construction industries

1862

1861

It reduced the costs of Puffing Billy
. . I 1s30%
travelling and increased ot gy —

personal mobility.

1856 1901 1850

1873
1917 1860's

) 1870%s

1900's

5> C. Hamilton Ellis, The Pictorial Encyclopaedia of Railways, New York, NY, 1968, p£220
6 http://www.steamindex.com/cyberspine/media/reed14.jpg
7 http://en.citizendium.org/wiki/Railway _history
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Spread of Railways in Ten EU Countrie$

1840 1860 1880 1900
|Austria-Hungary | 144 4549 18,50]| 36,33(
Belgium | 334 1,73( 4114 4,591
IFrance | 496 9,167 23,084 38,104
Germany | 469 11,084 33,83 51,674
|Great Britain | 2,39( 14,60]| 25,06(| 30,079
litaly | 20| 2,404 9,29( 16,429
[Netherlands | 17 33| 1,844 2,774
[Russia | 27 1,62 22,864 53,234
|Spain | | 1,917 7,49 13,214
Sweden | | 527 5,87 11,30

This table represents the length of railway in km by countries in different years

One of the leading countries ihe constuction of railways was Belgiupwhich wasa major contributor to

early rail development in Europe abdcame an important railway hub. After the separation of Belgium from

the Netherlands in 1830, the Belgian government decided to stimulate the industtyoducing a rail
network. Its rail system connected major cities, industrial areas, ports and neighbouring countries. The first
railway in Belgium was constructed froBrussels to Mechelen anlet line was completed in May 1835. It

was the first railwg in continental EuropeThe mamppositeshows the dates of the first railway lines in each
European country

The first electric tram line was introduced in Lichterfelde, near Berlin in 1881 and it was built by Werner von
Siemens. The electric railwapgcame popular in many large citafsEurope. In the course tilme the urban
electric railways grew beyond mmepolitan areas. This brouglitevebpment of the intercity network
connectios. One of thenost elaboratelectricrail systemgshat connectedvery town and city was developed

in Belgium.

The first dieseklectric locomotives were S
low-powered machines, yet they wel i { ui
cleaner, more efficient, and needed le
maintenance than steam locomotive
They became very popular after Worl
War 1l and by he 1970s they hac
completely replaced steam power on m
of t he wor ISekdhs pictuee bf
the Worl doés first

di stances SGD )Eel 2

Talking about the development of th
railway network in Eurpe, it is worth |
focusng here on two countries; Germany

8 http://www.fordham.edu/halsall/mod/indrev6.asp
9 http://www.ipukr.com/?cat=717
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and France. It is important to show wif@atures of both rail networks are shared by the two countries and at
the same time what are the characteristics of these networkiiftdantiate thenirom one another. It can be
stated that both countries have the most complex rail network systehes whole of Europe on one hand.

On the other hand these networks differ from one anoth#rdiystructurestrance has a centralised system,

or capitatoriented, whezas Germany hasdecentralisedr regionalised ondt is also crucial to understand

the socieeconomiepolitical settings that lay at the root of bo#il systems and that caused tlevelopment

of two suchdifferent models.

1.1.History of Rail in France

The history of rail in France datback tothe 19" century. The first rail hie in France became operatioiral
182 not long after the first line launched in tH€.*% [ Raiways in France Drarsueg
It connected Rouen with Paris. However, tf % e84 B°“'°9"° iy Mo
development of the French railway was not as ra| endof 1847 T
as it was in Belgium, Germany or Switzerlaaid S A Al
the main French railwasystem started to be buil M et
only after 1942 There were several obstacles th

hindered rail development in France, among thg
were economic issues, poor iron industry, destruct et
of the Napoleonic Wars (18a815), and strong
national opposition to thehanges that railways
would bring that it would be detrimental tg
agriculture and impinge uporhé business of the
canals and viers (There were serious investment
into waterborre transport andail was regarded ag
dangerous@mpetition.Moreover, theg o v e r n 1
sluggishinvolvementalso slowed down the proces;s
It took decads to start railway construction on 3
national scaleAfter a period of inactionthe French
government managed to combine two modelsonstruct its railway, on one haadfreemarket system
(laissezfaire) that existed inthe UK, andon the other handgovernment controlled and built railwasimilar
to that of Belgium. Fally thegovernment took control of it.
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In 1842 the state issued a law that allowed private compangarn@nd engineer work for the new lines. It
subsidised these companies to construct railways linking Paris with other major cities in Fnaneeench
government ensured that the lamasavailableand agreed to pay infrastructurests, building bridgg track

bed and tunnels. At the same time the private companies had to furnish the tracks, stations and rolling stock
and pay the operatiahcosts. The most successful companies, sucoaspagnie du Noravould build the

lines, avoidinggovernmental comjations. The original agreement of 1842 leased the railway lines to the
companies for only 36 years, extended to 99 years by Napold@80 1873) Under the social government

of the 1930s, the French rail lines became nationalised.

Under heavy bumicracy andiarious overlappingnfluences, the French rail system had failed to geowd
required government intervention. The government guaranteed the dividends of the railway operating
companies and in exchange it took 2/3 of any profits. The govetahaspartment of thBonts et Chaussées

had close control over the construction of transport infrastructure in Faadé@ok rail under its control.

10 A, Mitchell, The Great Train Race: Railways and the Frai@@erman Rivaly, 18151914, New York, NY, 2000, p. 4.
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The first completed railay lines streamed out of Paris azwhnectedanajor cities withthe French cajal. The

major backbone of the French rail infrastructure was completethbyl860s, but the minor lines were still
being constructed By 1855 a number of small firms coalesced into six large companies with regional
monopoliesChemi n de ,Eke midre d E B €heminde Fdr du Qor€lemins de Fer de
Paris & Lyon et a la Méditerrane€hemin de Fer Pari®©rléansand Chemin de Fer du Midli Theselines
divided the nation into strict corridors of control. However the arrangeroétite Fench lines were not very
efficient, which hurt the economy. It led to inflation of shipping costs between regional centres. All lines were
leading to the heart of France, Paris, yet there were many placeghbadid not have railway infrastructure

or the connection had to be done through Paris, prolonging theandtncreasing costs.

By 1914 the French railway system had become one of the densest and most highly devéepediial
with 1/3 d it comprisingnarrow gauge

By the1930s manyarow gaugdineswere closed and ke 1950s they became extinch ' Januaryl 938
the socialist government completely nationalised the railway system and form8ddigéeé Nationale des
Chemins de fer Franca{SNCF)with its headquarters in the Paais suburb of SaiAbenis!?

Since 198%hehigh-speed TGV Train & Grande Vites3dines were constructed, linking the most important
areas withthe capital, starting with Parkyon. In 1994 the Channel Tunnel was oper¢dw the French
railway system ighe second largest one in Europe, comprising 29,901 km of railway and rail transport in
France is mostly operated by SNEF

TheFrench railway network is admingsed byRéseau Ferré de Fran¢RFF)* which became gvernment

owned and controlled 1997 It comprisesa network of commercially usable lin@s29,901km, out of which
15,140km iselectrified at 1,500 \DC (5,905km).1# 1,876km of those are high speedédisdignes a grande
vitess®(LGV); 16,445km is compriseaf two or more tracks. 5,908n are supplied with,500 V DC; 9,113
km with 25 kV AC at 50 Hz. 126 km are electrified dthird rail or other mean'$

As can be seen on the map, historically the French railway network iscBatig. This capitabriented rail
system has certain aahtages as well as disadvantages. The key advantage is that there is a direct connection
between the capital and other main cities of France. The big disadvantage is that in ordel fimitneone
city to another, the route oftdras to pass through Parwhich prolongs the trip and increases the costs.

1 hitp://en.wikipedia.org/wiki/SNCF

12 hitp://fr.wikipedia.org/wiki/Groupe SNCF

13 hitp://en.wikipedia.org/wiki/R%C3%A9seau_Ferr%C3%A9 de France

14 hitp://en.wikipedia.org/wiki/Rail_transport_in_France

15 hitp://www.rff.fr/en/thenetwork/thenetworktoday/awide-reachingnetwork
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1.2.History of Rail in Germany

Thehistory of German railway starts wWith c..oamer
the launching of the steahauled

Bavarian Ludwig Railwaygoing from

Nuremberg to Furth on "7 December
1835with the Adler (Eagle) locomotive
running between Nuremberg and Firt
The first longrailway was the Leipzig

Dresden lin&, which was finished on'7

April 183917

The period between 1835 and 1870 | = ¢
marked by political disunitthat hindered |..
construction of therailways. In 1840
major links between big cities werd
constructed Each German state too
responsibility for building the line within|:
its borders. The initiative was largely
supported by the middle class who saw

the benefits from rail infrastructure fure development of tradén the 1840s government companies copied
many of the pri vaandkstructoraspani esd met hods

The first specialists wi built the rail
infrastructure were Britishyet the skills
and experience were quickly acquired
the Gernans. Bythe1850s Germany was
self-sufficient in meeting various railroad
construction demands. Railway became
key factor for the growth of the new ste¢
industry.

Eisenbahnen 85 ‘
|

im Deutschen Reich 31.12.18i

By the middle of the 1850s several |
railvay lines became operationain | -
Germany, suchas te Prince William |
Railway was a horséauled m@arrow
gauge (82 cm) railway thatan for a
Prussian mile (7,532 metres) along tk
Deilbach valley from Hinsbeck neaj
Essen to Nierenhof. It was opened on |
September 1831 amperated as a horse
drawn railwaycarrying coal until 1844, but from 1833 it also carried passengers. In 1847, it was converted to
standard gauge afcame a steatmauled railway.

16 http://en.wikipedia.org/wiki/List_of the_first German_railways_to 1870
17 http://en.wikipedia.org/wiki/History of rail_transport_in_Germany
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The third German railway was theipzigDresderrailway, opened from Leipzig to Althen on*2April 1837
and completed to Dresden off April 1839. It was the first longlistance lindn Germany with a length of
120 km and it alsancludedthe first railway tunnel in Germany.

By 1845, there were already more than 2,000 km of railroads in Germany, tenageathdt number was
above 8,000m. The majority of German states had stawened railway companies, but there were several
large private companies as well. One of these private companies, the Rhenish RRtikeimaig¢he Eisenbahn
constructed the first @v international railway lineeonnecting Cologne to Antwerp in Belgium. It was opened
in 1843.

After unification of Germanyn 1871, the German railway grew rapidly. The impetus for this quick expansion
of the railway system was a need to suppioidustialisation. Heavy lines crisscrossed the Ruhr and other
industrial districts, providing good connections to the major mditlamburg and Bremen. By 188&&rmany

had increased its number of locomosite 9,400 with43,000carriagesand 30,000 tons dfeight, and forged
ahead of France.

With consolidation of the railway system, the network was expanded into the hinterland. It was a time of the
branch line oNebenbahn ¢ aSekurddrbaldin( i s e ¢ o n §l izigmlbdhidb(nferbei ghbodr hood
o rLokélbahro( i | o ¢ adepemdinghom docal laws and usage. Some states operated their own railways,

k nown lkirderbahnea nétate railways).

After WWIt h ledndérbahned wer e uni t Redtschedeidhshal@hAdc d@er ddi ng t o t h
Pl afom@0"August 1924 it wewsche ReichsbdiBeselisehafi i(nDiRoG, 6 Ger m
State Railway Company§ a private company

The GermarState Railway Wagon Associatjoasponsible for the standardisation of gowdgons, that had
produced he Verbandsbauart( 6 As s oci af iwagons, censnueg naddew designs using
interchangeable components were introduced from about 19B@&se werethe Austauschbauart

( idterchangeabld e s ) wagons. Inthe 1930s many changes in design took plaag, the introduction of

welded construction and solid wheels replacing spoked wheealsw goods wagons. New types aedigns

of wagons were dict aKriegkbabay toirmevaand mree ads, gea.sg.f od
large quantities oftanks vehicles, troops and supplies arsandard passenger coaches called
donnerbichsem

After WWII Germany (and the DRG) was divided into 4 zones: US, British, French and Soviet. The first three
eventually combined to form theederal Republic of Geramy (the West) and the Russian zone became the
German Demaocratic Republfthe East). German territories beyond the Oder were ceded to Poland except for
the northern part of East Prussia, which was ceded to the Soviet Union iril1845. [B BuGo@ssors we
namedDeutsche Bundesbal{pB, German Federal Railways) in West Germany, Radtsche Reichsbahn

(DR, German State Railways) in East Germany kept the old name to hold tracking rights in western Berlin.
Both the DB and the DR were federal state instingj directly controlled by their respective transportation
ministries. Railway service between East and West was restricted; there were around-teatnaled and

secure checkpoints between West and East Germany, and about the same number bet@esndfgsand

West Berlin. Four transit routes existed between West Germany and West Berlin.

18 http://en.wikipedia.org/wiki/Deutsche Reichsbahn
19 http://www.frankeronline.de/stefan.arold/bakdrg.html
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In 1968DB started to use locomotive and passenger car serial numbers according to the UIC norm. In 1970
DR did the same.

After the reunification of Germany orf ®ctober 1990, Germany faced a challenging problem of howvrto

two systems into one. There were many administrative and organisational problems whichdethpdete

reor gani sation of Ge r-kmaovBahwéfornd i ( Ra iy Is w aandiroeefiea bnin)
BP'January 1994, wh PeutschehBand&babnt eDedtsehe Reicaspain dver e f or me
reunited to form the current German Railway Corporatizeufsche Bahn

Since 200%he German railway network compriseghproximaely 41,315 km of which 34,211 km belady
to the national railwaynd 19,857 km waslectrified. Today the total track length constitutes approximately
76,476km.%°

In contrast to the French rail network which is centralised, the German rail netwark systeloped from
the local or regional level into a vast state network combining various regions. It has advantages as all the big
cities are interconnected which makes this system very efficient for freight transportation.

1.3. History of Rail in Switzedand

The first rail line in Switzerland was opened in 1847 and it run from Zirich to Batewas 16 km in length.
Already by 1860 railways connected western and northern parts of Switzerland. The first Alpine railway line
was opened under the Gotth&asss in 1882, and the second one was operational under the Simplon Pass since
1906. By 1913 the construction of railway lines in the western Alps, the Loétschberg railway line, was
completed. However it was not a federal project, but it was an initiatitteeafanton of Bern. Th@haetian
Railway(RhB) opened the Albula line in 1903 and Bernina Railwaycompleted the Bernina line in 1910,
providing a link to Italy. These lines were initially built for tourists, but they were later also used for freight.

The first Railway Act of 1852 iSSUEC | Eisenbahnnetz schweiz
by the Swiss government passe __
responsibility for administering policy
in relation to the construction ani——
operation of railways to the canton:
including licensing of companies, cc
ordination  of lines, technical
spedfications and pricing policy. / :
Railways were to be built by private Tl X
limited-liability companies. This Act %
also mandated the 1,435 mm standz N e
gauge. P T

In 1853 the Swiss Central Railwa

(German: Schweizerische

Centralbahn SCB) began to build the Bag@lten line through the Hauenstein pass, with branches from Olten

to Aarau and Lucerne, Bern and Thun and from Herzogenbuchsee to Solothurn and Biel. At the same time the
Swiss Northeastern Railwag¢hweizerische NordostbgHdOB) concentrated on eastern Seitand in the

20 hitp://en.wikipedia.org/wiki/Rail_transport_in_Germany
21 http://en.wikipedia.org/wiki/History of rail transport _in_Switzerland
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cantons of Zurich and Thurgau; its network covered the lines from Zirich to Lake Constance and to
Schaffhausen and later to Lucerne. The United Swiss Railways (VSB) built lines from Winterthur to Rorschach
and from Wallisellen to Rapperswiargans and Chur. There were contracts for sharing the interlinked VSB
line between Weesen and Glarus and the NOB line between Ziegelbriicke, Nafels, Glarus ant Linthal.

During the time of financial difficultiesnany of the original companies merged vitie Swiss Nortkeastern
Railway Schweizerische Nordostbghand with the United Swiss Railway¥dreinigte Schweizerbahnen
VSB) in the east and with the Ju&mplon Railway (FrenchCompagnie du JuiieBimplon JS) in the west.
Despite the financial dii€ulties, by 1860 a continuous line extended from Geneva to Lake Constance, and by
1870 other main routes were completed.

The second Railway Act of 187
that was issued right after th&
FrancePrussian War (18701),
transferred control of constructio
operation, tariffs and accounting
the railways and the licensing @
railway companies from the canto
to the federal government. Th
possibility of the federal
government  nationalising  thes
railways also became part of t
political agend&’ This documat
allowed local and mountain railway $8
to be built with different gauges.

Rhaetian Raihay, Albula/Bernina

In 1879 the federal government established a new Department of Post and Railways which had power over the
railways together with the postal sector. The bankruptcy of several railwaganies during the 1870s, rall

strikes and opposition to foreign ownership of the railways led to support for the nationalisation of the railways.
In 1891, the nationalisation of the SCB was rejected in a referendum, but it was approved by the Federal
Council in 1897. Between 1900 and 1909, the Swiss Confederation acquired the five big railway companies,
Jurd Simplon Railway (JS, 937 km), Swiss Northeastern Railway (NOB, 771 km), Swiss Central Railway
(SCB, 398 km), United Swiss Railways (VSB, 269 kmil dhe Gotthard Railway (273 km), forming the
Schweizerische Bundesbahi{€BB) (Swiss Federal Railways). In 1903 the SBB network took over the metre
gauge Brinig Railway (GermaBrinigbahr) opened in 1888 and the Swiss shipping line on Lake Constance.

It acquired another four small private railways between 1913 and?4948.

In the 1870s, branch lines began to be built. Thitds of them were built as narrow gauge lines to reduce
costs. Fifty branch lines were built in the period from 1874 to 1877, inguti|m Gau Railway (German:
Géaubahn between Solothurn and Olten (completed in 1876) and the Broye valley lines near Freiburg (1877),
both originally planned by th&chweizerische Nationalbal®NB) (Swiss National Railway). Also built

during this period we the Emmental railway (GermaBmmentalbahnfrom Solothurn to Burgdorf and
Langnau im Emmental (opened 183%) and the WadenswiE i ns i e d e | pilgriReiwayway op B ned

22 HansPeter, Bartsdh(1998 2009).Eisenbahnen, 2Die Bauperiode 1852870 (Railways, construction period 1850
1870)
2 bid.
24 HansPeter, Bartschi; Dubler, AnrAdarie (1998 2009).Konzentrationsprozess im Bereich der Hauptlinien (Merging
of the mainlines)
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1877). Also opened between 1874 and 1881 was the Aargau Southern Railmeufyperswil to Rotkreuz,
which later became a freight feeder line to the Gotthard ra#tvay.

In 1901 the major railwawere nationalised by SBB.The electrification and upgrading of the lines took
place in the first half of the twentieth century. Thearity of the railway network was single track and its
equipment and rolling stock was mostly in poor condition and unable to cope with increasing traffic. The
difficult financial situation during the first half of the 2@entury limited the modernisaticof the Swiss rail
network. The main work carried out was electrification, duplication and safety improvements. Electrification
started on an experimental basis in 1888 and was completed in 1960.

Regarding private railways, they were built to connede<iwvith suburbs, beginning with the metre gauge
BernMuri-Worb Railway opened in 1898 (now part of B&alothurn Regional Transport). Additional
standard gauge suburban lines were built to connect Bern with Thun via the Girbe Valley (the Girbe Valley
Raiway) and with Schwarzenburg and the metre gauge lines were extended to Zollikofen and Sdlothurn.

After many investments in roads in the pastr period, the share of rail in the total passenger market in
Switzerland had been significantly reduced byehe of the 1960s. SFR decided to increase train frequencies.

In 1972 it introduced a regular time table, so that the trains arrive and leave each station at the same minute
past every hour. Services at Zurich station were reorganised so that trairgs @mreech line before the hour

or halfhour and left after the hour or hdlbur, making it easier to change to trains on other lines.

Total length ofthe Swiss railway system constitutes 5,063 km (including all gauges: standard, metre, 800 and
750 mm gages), 3,652 km of standard gauge; 3,641 km of railway lines are electrified (standard gauge) with
15kV 16.7 Hz.

Rail links to other countrie®:

Austriad same voltage 15 kV, 16.7 Hz AC

Franced voltage change 15 kV, 16.7 Hz AC/ 25 kV, 50 Hz AC or 1,8aDC
Germanyd same voltage 15 kV, 16.7 Hz AC

Italy 8 voltage change 15 kV, 16.7 Hz AC/ 3 kV DC

Liechtensteird same voltage 15 kV, 16.7 Hz AC.

25 HansPeter, Birtschi; Dubler, AnnéVarie (1998 2009).Konzentrationsprozess im Bereich der Hauptlinien (Merging
of the mainlines)
26 hitp://en.wikipedia.org/wiki/Swiss_Federal_Railways
27 Krauchi, Chrstian; Stockli, Ueli (2004Mehr Zug fur die Schweikie Bahr2000-Story (More train for Switzerland.
The Rail 20065tory)(in German)Zurich: ASVerlag, p. 14
28 http://en.wikipeda.org/wiki/Rail_transport_in_Switzerland
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1.4. History of Rail in South Europe

1.4.1. ltaly

The history of rail in Italy dates bat& timeswhen
the country was still divided. The first rail line wa
the NaplesPortici (the Kingdom of the Two Sicilies
18161860,%° which was built bythe Bayard
Company and itvas a double track line @f25km.

It was opened on '8 October 189 In the
following year the Holzammer company from
Bolzano obtainegermission to build the Milano
Monza line (12 km) (the Kingdom of Lombardy
Venetia). Then the MilanVenice line was
constructed.The PaduaMestre line was 32 km,
which was constructed in 1842, then MHal
Treviglio at32 km (1846) and Padwdicenza aB90
km (1846). In the Kingdom of Sardinia the Turir Portici

Genoa railway was completed in 1853. Lateron t.._

lines connecting Italy with France, Switzerland and Lombaveyetia were constructed. The Ansaldo
locomotive fctory was opened in Genwal853to avoidan English monopoly afail transport. In Tuscany
the LuccaPisa line was inaugurated and then two other lines towards Piacenza and MotterRahal State
the first lines appeared under Pius IX (pope betwi61878): theravere the Rome and Frascati Rail Road
and the Rome and Civitavecchia Rail Road.

After the unification of Italy(1815)there weres main lines
constructed?iedmont (850 km), Lombareyenetia (522 km), T &
Tuscaly (257 km), Papal State (31#k1870) and Kingdom of| _ 1i =LAk
the Two Sicilies (128 kmyith a total of 2064 km. To promote| —4° "" >
the industrial development of the country, the governm
entrusted the existing lines to five concessions: SBAtieta
per le strade ferrate dell'Alta ltallaSFR Scieta per le strade
ferrate roman®y SFM Societa per le Strade Ferratq
Meridionali), Societa Vittorio Emanuele, Societa Reale de
ferrovie sardeln 1872 there were about®0 km of rail tracks
Many small lines were opated byprivate companies. The
unification of Italy brought rapigrowth inthe railway sector
and nany other lines were opened.

In 1884 the Italian Parliament issueed 0 ¢ u nGC@nvenciard
(concessions), according to which 3 main private compatr
obtaired rail concessiosfor 60 years.SFM was assigned the Nework as of 17 March 1861

lines on the Adriatic SeaRéte Adriatica, Italian for Adriatic

NetworR, while theSocieta per le Strade Ferrate del Mediterrameal theSocieta delle Ferrovia della Sicilia
received, respectively, ttieete Mediterrane@Meditaranean Network, lines facing the Ligurian, lonian and

29 http://en.wikipedia.org/wiki/Kingdom_of the Two_Sicilies
30 http://en.wikipedia.org/wiki/Naples%E2%80%93Portici_railway#mavigation
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Tyrrhenian Seas) and tlikete SiculgSicilian Network). The
companies received in total580 km of railway¥. This

movement did not help to resuscitate the situation of the Ita]
railway. In 1905 he state bought the private companies g :
created th&errovie dello StatgFS).Italian rail at that time had < = = 7=
10557 km intotal length. s

Under the Piedmontese engineer Riccardo Bianchi, who ;

appointed a General Director of the @& Italian railwg was R :

quickly modernised. He introducealsemaphore system an RN
centralized hydrodynamic switches and signals were addeg R
the main stations. He also expanded electrification of SN
railways particularly in the north of Italy, using the three pha
AC sydem.

During the Fascist era (192339) electrification of 3,000 V
DC was introduced, which later supplanted the existing thr
phase system. Other improvements included automatic blc
light signals, construction of numerous main stations (Milan @entiapoli Mergellina, Roma Ostiense and
others) and other technical modernisations.

Network as of 20 September 1870

After WWII the ltalian railway was ira dilapidated state.hnks tothe Marshall Plan it was rebuilt in the
following years. The threphase lines were gradualtyrnedinto standard 3,000 V D@Gnes. The steam
locomotives were replaced by electric or diesel ones.

In the 1960s the FS started an innovatproject for high speed trains and introduced th&HE84electric
locomotives Theywere the first standard locomeis capable of 200 km/tvhile a FSALe 601 EMU reached

a speed of 240 km/h during a test. Other EMUSs, such as the ETR 220, ETR 250 and ETR 300 were a@so update
for speeds up to 200 km/hh@& braking systems of cars were updated to fit the increasetlingagpeeds. On

June 2%, 1970, works for the FlorencRomeDirettissima the first highspeed line in Italy, were started.

1.42. Spain

The history of rail transport in Spain starts in 18«
with the opening of the line between Barcelona a | B
Matard®? The main railway developments arrive <
quite late to Spain. It was due to economic difficulti R ™
in the country and geographical complications. ( m ;
mountainous terrain did not allow &asily corstruct i g :

=

railway in thesderritories.The Spanish railway was

R

built with an unusual broad track gauge of 1,672 m ==
or six Castilian feet)lt is believed that the choicé ¢ } )
gauge was i nfl 8echostliydto | L\
neighbouring France durinthe 1850s. Mking the |
Spanish railway network incompatible with that (.

France would hindeany French invasion. Others say thatdkeision was taketo allow bigger engines that

31 http://en.wikipedia.org/wiki/History of rail_transport_in_Italy
32 http://en.wikipedia.org/wiki/History of rail transport_in_Spain
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would have enough power to climb the steep passes in the second most mountainous country iAsaurope.
result, Portuguese railways were also buailatbroad gauge (roughly the same, 1,664 mm, but rounded to a
Portuguese unit). In 1955 Spain and Portugal decided to halve this difference of 8 mm, and defined their gauge
to be 1,668 mm, calleerian gauge Apart from the widespread brogduge linesa large system of narrow

gauge railways was built in the more mountaig parts of Spain, especially the north coast of the country,

where narrow gauge was the mssitableoption. The main lines were completediie 1870s.

In 1852 the first narrowyauge line was constructe
In 1863 a line reached the Portuguese border. A
by 1864 the Madridrun line wasopered, which

reached the Frenclborder. In 1911 thefirst

electrified line the GergalSanta Fe linebecame
operational The last steam locomgd was

removed from use in 1975 and in 1986 ti
maximum speed on the Spanish railway was rais
to 160 km/h. In 1992 the Madki8eville high speed| *
line was opened.

During the civil war in the 1930s many lines wer
severely damaged. Fraricegime natioalised the
broad gauge network and in 1941 REN (Red |
Nacional de los Ferrocarriles Espafio@edNational
Network of Spanish Railway8)was founded. Narrow gauge lines were nationalized in the 1950s, later being
grouped to form FEVERerrocarriles de ViaEsacha Spani sh-ghaoged N#i t weawy s d)

RED DE FERROCARRILES]
SITUACION ACTUAL

During the deentralisation of Spain after 18
those narrow gauge lines which did not cross 1
limits of autonomous communities of Spain we| 4=
taken out of the control of FEVE and transferred| ¥
the regionalgovernments, which formed, among
others, Eusko Trenbidealand Ferrocarrils de la
Generalitat de Cataluny@GC). Madrid (Madrid
Metro), Barcelona, Valencia and Bilbao (Metr
Bilbao) all have autonomous metro services.

The Railway Sector Act of 2003 smated the
management, maintenance and construction of
infrastructure from train operatio® new public A .
company, Administrador de Infrestructuras . Q ,
Ferroviarias  (ADIF) is  responsible  for| Femcsmes e e ' oW
managemenwhile Renfg Renfe Operadodeowns =

the rollingstockand remains responsible for the planning, marketing and operation of passenger and freight
services.

33 http://en.wikipedia.org/wiki/Renfe Operadora
34 hittp://en.wikipedia.org/wiki/FEVE
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In 1992, a standard gauge higipeed rail line (AVE) was built between Madrid and Seville. In 2803gh-
speed service was inaugurated on a new line iamrid to Lleida and extended to Barcelona in 2008. The
same year, the lines from Madrid to Valladolid and from Cérdoba to Mélaga were inaugurated.

Major operatas in the Spanish railways are: RERE, FEVE, EuskoTren, FGC and FGV. Total length of
railway network constitutes 15,288 km, of whicl8&7 km iselectrified; the broad gauge 668 mm)- 11 829
km, Standard gauge @85 mm)- 998 km, Mete gauge (DO0Omm)i 1,926 km and Narrow gauge (914 mm)
- 28 km. The main etwork is electrified with XV DC and highspeed lines 25 kV AC. The longest tunisel
Sierra de Guadarrama of 28.4 Km

1.5. History of Rail in Central and Eastern Europe

In this sectionwve will focuson several countries from Eastern and Central Europe, suthsasa, Poland,
Ukraine RomaniaBulgariaandRussia

1.5.1 Austria

The history of rail in Austria starts with a 22 km long hedsawn line that was built in 1810 at the Eisenerz
mine in Styria for the transporg : : 5
of iron stones$® In 1832 a
wagonway between Austria
Linz andLes k® Bu
(Budweis) in Bohemia wasg
opened. It stretched for 128.4

Tamswen

,,,,,,

French  SainEtienne t
Andrézieux Railway line |

section of a new stean]
locomotive railway from the f ._ AR E
Austrian capital Vienna tollSi e : n s
Krakow in the Kingdom of Galicia and Lodomeria operated by the Emperor Ferdinand Northern Railway
Company opened in 1837, designed by Franz Xaver Riepl.

In 1854, 994 km out of 1,443 km of railway lines wergetowned (ca. 70%). The Southern Railway from
Vienna to the seaport at Trieste via the Semmering Pass opened in 1857 and was operated by the private
Austrian Southern Railway company.

During the financial crisis in 1854, many Austrian railway lines vgedd to foreign investors. For instance

the Imperial Royal Privileged Austrian State Railway Company to French investors. After the- Austro
Hungarian Compromise of 1867, thieansleithanian(Hungarian) lines were nationalized as the Hungarian
State Railway¢MAV). The Long Depression, started by the Vienna stock market crash in 1873, resulted in
the bankruptcy of several Austrian railways, and the state took them over. In 1882 the nationalisation of the

35 http://en.wikipedia.org/wiki/Rail_transport_in_Spain
36 http://en.wikipedia.org/wiki/lmperial_Royal Austrian_State_Railways
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railway network of the Austrblungarian Monarchy intohe Imperial Royal Austrian State Railways
(Kaiserlich-kdnigliche dsterreichische Staatsbahpstarted. In 1923 the independent, commercial enterprise,
the Austrian Federal Railway®s$terreichische BundesbahngBBO) was founded. After thanschlusof
Austria into the German Empire in 1938, BBO was taken over bpe¢gsche Reichsbah®uring WWII
about 41% of the Austrian railway network was destroyed. In 1947 BBO were reformed asowiséate
company and it changed natoeOBB.

In 1969 0BB became aoni ndependent , economic entity that wa:
industrial programme and remained entirely within the Federal budget. In 1992 the OBB was broken out of
the federal budget and turned into a company with its own legal stattgsgabetween @mbHand anAGin

Austrian commercial terms). It was aiming at conforming to EU rules on the admission of Austria into the
European Union as well as improving efficiency and the pressure of competition.

In 2004 another reorganisation tqalkce: the company was reorganised into OBB Holding AG and a number

of operating subsidiaries. The holding company was to oversee the operations of the companies assigned to it,
coordinate a coherent strategic approach and allocate tasks for the whigdgsent&nd in 2005 it became
autonomous and independent operationally.

The Austrian rail system is largely electrified. Electrification of the system began in 1912 but did not reach an
advanced state until the 1950s. The last steam locomotive in regmlége on the standard gauge network
was retired in 1978.

According to the Annual Report 2013, OBB Holding AG employs 39pdble. The OBB has 4,859 km,
72% electrified; 1,128 train stations, 1,093 locomotives, 2,799 passeEngesind 26,518 freightagons.

1.5.2 Czech Republic

Rail transport in the
territory of the present _ - ; ; R -
day CZeCh RepUbIIC n | |C€ﬂii republika CZECH REPUBLIC Tchechische Republik
dates back to the Austro
Hungarian Monarchy’
The first locomotive
hauled railway from

Vienna eclav
opened in 1839. After
WWI and the
independence of
Czechoslovakia, the
company

Leskosl oven

drahy  (Czechoslovak
state railways) was
founded. In the aftermath
of the Velvet Revolution in 4B the crossing points with Austria and West Germany became strictly
controlled. Following the fall of communism the railways with the West were reopened.

37 http://en.wikipedia.org/wiki/Rail _transport_in_the Czech_Republic
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The majority of passenger services nowadays are operated by the state cturank ® (QzecB h'y

Ral ways), which until 2007 also managed cargo seryv
had 9,420km of standard gauge track, 3,153km of which was electrified. The railway network has same gauge
links to all four countries bordering the @heRepublic (Slovakia, Austria, Germany and Poland).

The company that was responsible for the infrastructure in the countiwas8va gel ezni | n2
(SGDC) . In 2011 the Czech ¢go vleersnkng todarsifgheyompmmsie d mer
2011, RegioJet, a subsidiary of Student Agency, became the first company to actively compete with ®
drdhyon a rout e, l aunching a service between Prague
rights to run services on certain lines.

The rail in Czech Republic has links to adjacent countries of the same gauge, yet sometimegfesitnt
voltage system: Austria voltage change 25 kV AC/15 kV AC, Germahyoltage change 3 kV DC/15 kV
AC, Poland same voltage 3 kV DC, Slovakiasane voltage 3 kV DC (north) and 25 kV AC (south)

The Czech Republic is a member of the UIC.

1.5.3 Slovakia

The first railway line in L.
Slovakia dates back tg 3

1848. It  connected ; Lens

Bratislava with Vienna. o e Dy TS

The modern Ge |l e z O el R e B 3
Slovenske;j republiky IS W . v N
company was establishe N . - | PR
in 1993 as a successor ¢ AN i )
theLeskos| ovVel e o . oy — S~
drahy in Slovakia. Until : —_— '

1996 it held a monopoly o
on railroad transport in Mo oSt e
the country. The private operators entered the network only in the edidg.2Private passenger service
operators include Regioldet, whi ch operates train:¢
Komarno- Dunajska Streda Bratislava routé® Si nce 2002 the company was di
infrastructure maimnancewhile passenger and cargo trans@Gedretzznwé o &
spol &l nas s.0 (ZSSK).Gdlne2mi0l5n§ ts wals®lsPp&SE K$ Indw e rii <
passenger tr anGeploerztnislenr Saigu@osk oabnpdo siS s . 0 ( ZSSK Car g
services. Freight transport is operated by ZSCS and around 30 private companies. Slovakia is a member of the
UIC.

In 2006 btallength of lines constitute8, 658 km, of which single track: 2,639 km, double or nirek: 1,019

km. Regarding the gauges: 1,520 mm broad gauge had 99 km and 1,435 mm standard gauge: 3,509 km; narrow
gauge: 50 km, 45 km of 1,000 mm gauge; 5 km of 750 mm gauge. It had 1,577 km of electrified lines. Since
December 2010 it has 75 tunnels swing 43 km, B21 railway bridges measuring 52 km anti2® sets of

points.

38 http://en.wikipedia.org/wiki/Rail_transport_in_Slovakia
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Slovakia has links with adjacent countries: same gauge 1,435 mm: Augbitage change 25 kV AC/15 kV
AC, Czech Republi¢ same voltage 3 kV DC or 25 kV AC, Hungdrgame vtiage 25 kV AC and Polarid
same vtiage 3 kV DC.

1.5.4 Hungary

The history of rail in Hungary
datesback to the middle of the

19th century. The first stean o < e 4\/ N o™

locomotive  railway  was ‘ g ,, S TN ASS
launched on 15 July 1846 Sl A TONN e ey T _l< l:?’
between Pest and V&tin the S AT 22N, O

1850s as a eailt of the Austre
Sardinian War all Hungarian
lines were sold to Austrian
private companies. During thig
time the company of Abrahan
Ganz invented a method o
6crcuasstt i ngo t
cheap yet sturdy iron railway
wheels, which greatly
contributed to riway development in Central Europe. After the Audttangarian Compromise of 1867

Magyarorszag vastiti térképe

I

transport issues became the responsibility of the Hungarian Government, which also inherited duties to support

local railway companies. This led the Hungarian Parliameobtsider founding a State Rallway in 1868.
Hungarian State Railways (Hungarian: Magy T
Allamvasutak or MAV) is the Hungarian national railwa

company, with divisions f 5 L yda S s en

transpor@®p®sizMGV Zr t .0 20(4n
the wWMCargo Zrto (freight
The purpose of it was to take over and operate the Hung
main lines. The small branches were constructed by pri
companiesbut they did not own locomotives or the rolling
stock which belonged to MAMAYV gavecontracts to the
private companies only if their equipment and buildin
were constructed to MAV standards. This helped to b
standard station buildings, sheds, and accessories, all tc ¥~
MAV rules. In 1890 most large private railway compzmi
were nationalized as a consequence of their poor management, except the strongdwseibKaschau
Oderberg Railway (KsOd) and the Austrdnngarian Southern Railway (SB/DV).

MAV Class M44

In 1910 MAV became one of the largest European railway companies regaatim its network and its
finances.

After the peace treaty of Trianon that followed the end of WWI and which reduced Hungarian territory by

72%, the railway network was cut from around 22,000 km to 8,141 km (the 7,784 km IongoMM

39 http://en.wikipedia.org/wiki/Hungarian_State Railways
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network decreased 2,822 km). During WWII the Hungarian railway suffegrdatdestruction, but by 1948
most of the railway network was restored. The first electrified section came into use in October 1945.

During Soviet times the rail system was dilapidated, overloaideas were hauled by badly maintained
locomotives on poor quality tracks. In 1958 steam locomotive manufacturing stopped in Hungary. 600 HP
dieselelectric locomotives (Class M44) and 450 HP diesel hydraulic switchers (Class M31) were
manufactured. To th day 120 km/h remains the maximum railway speed in Hungary, but EU funds became
available to upgrade the network, especially tracks that form part of theHuamgean Transport Networks
(TEN-T).

In the period 2002010 many lines were abandoned oselb by the government. However since 2010 when

the new government came to power, ten rural railway lines, previously closed due to low revenues, were
reopened. In February 2013, for the first time in its history, the railway started to train women“*@rivers.

The Hungarian railway network hag606 km and it operates on thargiard track gauge of 1,435 mm

1.5.5 Poland
The history of Polish railway dates back to tlf roLanp raiLymar Russia > HTIUANA A
first half of the 19 century. It was built under}.: .- e s Ry \i

Prussan, Russian and Austrian ruksfter the BALTIC SEA J
proclamation of Polish independence off' 1
November 1918, the independent Polish st/
administered its own railways until contrq \:
was surrendered to German and Sov
occupiers during WWII. During the wa
major changes took place in the Polis
railway, with shifting of the Polish borders
westward in 1945, when many parts of tk
German railways came under Polish conttol

WinclawekPlock D,
. g _, Reaw
N I sail
‘&
AY B B e
Slegg ™" <~ \Radom 7

Copyright @ 2012-13 mapsofworld com

Under Prussian rule, two of the oldest Polism———
railways were launched in 1842: the Upper Silesian Railway Company, licensed 80, opened the first

two sections of its main | ine "Mapand®Hlaa o Brigg(Brzeg)ina w)
August. These two lines were progressivelyence d, j oi ni ng with Katowi ce, M
Upper Silesian Reiway Company built a | ine from Breslau (W

standard gauge main line, the Upper Silesian Railway Company started to build a narrow gauge network,
connecting local mining trams. THberschlesische Schmalspurbgd@8SB) survived the nationalization of

the standard gauge lines, and in two steps 1920 and 1945 became presént dag o S| Ns ki e t
WN's k ot @KW)w the same time other lines were constructed including the Lower Sildsidn

Railway (1843)William Railway(18461848), Silesian Mountain Railway from Gorlitz via Lauban (Polish:
Luba® and Hirschberg (1880), the Prussian Easter
day Kaliningrad) (ca. 1848), GladelnaiiOs t r - w | i inQdolahowi OstréwsSWielkopalski (1910),

the WarsawVienna Railway (1845), Krakéw and Upper Silesian Railway (1847) etc. The first link to the
1,524 mm system was the Saint Petersibbuiprsaw Railway, completed in 1862.

40 http://www.bbj.hu/life/hunganstartstrainingwomento-be-enginedrivers 64719
4L http://en.wikipedia.org/wiki/History of rail _transport_in_Poland
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In 1893, the Prussian state raifygantroduced the
first modern fast trains using the new stec
locomotives (S2/PKP class Pd1) which cou
reach a speed of 100 km/h (62 mph). The tra
also included <xle bogie coaches witt
compartments and side corridors and covel
gangways (Corridor r ai ns, i-Ahu ¢
After annexing Polish areas, the German rail
army readjusted the railway from Russian (bro
gauge) to 1,435 mm. In 1915, the German &% Aol
Austrian armies completed adapting a significe= SRR

portion of broad gauge track to stiand gauge. PKP class OK1, fdrmer PrussiarsP

In 1918 the Regency Council transferred theagement of the state railway frahe former Congress Poland
(Krélestwo Kongresowé to the Ministry of Business and Industry. Of"&lctober 1918, Polish railwaymen

took over the Railway Directate in Krakéw and railways in Galicia asdl Ns k  C,ibegmring s K i
takeover of railways in the former Russian and Austrian sectors. Polish railwaymen took over the management
of railways in the Warsaw district on the same day.

After the independence of Poland ori"November 1918 Polan@claimed the former Russian and Austrian
sectors from military railways. The Railway Department in the Ministry of Communication was created and
the Polish railways were officially namé&do | s ki e Kol @¢ligh Stata Radways)o knavn as PKP.

In 1922 Polish railway administration took over the railways in Upper Silesia and it was decided to divide
railway in Poland into nine administrative districts.

The government of Paderewski purchased 150 Consolidation type steam locomotives from the USA in 19
The same year the French authorities offered one hundred captured German steam locomotives and two
thousand cargo vehicles. Twetftye items of PKP class Tr20 locomotives were ordered from the USA in
1920. In 1923 the First Polish Locomotive FactanyGhrzanéw was constructed. The same year, local
production began in the Warszawa Steam Locomotive Joint Stock Company. The first Polish steam
locomotives in Germany and Belgium (PKP class Tr21, PKP class Ok22, PKP class Ty23) were ordered.

In 1945, the Nhistry of Transport was created, as well as the Regional Directorate of National Railways.
Many prewar locomotives were sent to the Soviet Union. Poland received many German locomotives as a
compensation for war losses. Polish railways regainedvardocomotives from Hungary, Czechosloiak

and Yugoslavia (in 1947), bunits from the eastern parts of Poland were taken over by USSR and rebuilt to
operate on a wide gauge.

The Polish rdway network consists df9,599 km of track as of 2008, of which theest majority is electrified

at 3 kV DC overhead. Large parts of the Polish rail network were built before WWII when its territory belonged
to different countries, where it was a part of Brutsche Reichsbatamd Russian Imperial State Railways or

by the Communist authorities from 1946 onwards. Due to the age of the lines and bad maintenance of them
many sections are limited to speeds below 100 km/h even on trunk lines. There are-speéidimes and

some 500 knallow 160 km/h, most notably the Cerntfaunk Line (CMK), which links Warsaw to Katowice

and Krakéw, with some sectiomghich could permit 200 km/h bwtrenot operated at that speed. In 2000 the

42 http://en.wikipedia.org/wiki/Congress Poland
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Polish government launched the construction of a dedicated high speed line based on the FrenoddIGV
and using TGV style train sets. The project is planned to be comple®@P0.

PKP is a statewned

corporate group, which is the
main provider of railway
services, holding an almos
complete monopoly in rail
services as it is both
supported angbartly funded

by the government. There
are three main PKP
companies: PKP PLK (owns
and maintains infrastructure
including lines and stations)
PKP Intercity (provides
long-distance connections of
the most popular routes) and

PKP Cargo (provides cargo raiansport).

Polish railway has standard gauge (1,435 mm). The Broad Gauge Metallurgy Line (known by its Polish
abbreviation LHS) is broad gauge (1,520 mm) with a few short stretches near border crossings. The LHS to
Sgawk-w i s t he rdckdaraneost 400 km frore the Ukraimag boeder just east of Hrubieszow.

It is the westernmost broad gauge line connected to the system of the former Soviesémibie (ngp

1.5.6 Romania

The first railway in the Kingdom of Romanig
was constructedin 1869° and linked | aollr s Tl
Bucharest and Giurgiu. The first railway o e TR e M

current Romanian territory opened in 185 g o e %, . W

bet ween Oravi $Sa an| ..
however that region was part of the Austr{

Hungarian Empire at the time. Since ttiate S Y chlc 1Ny

the Romanian rail network hasraglually bl N T v s 2 O

expandedNow it is the fourth largest railway Sy 3

network in Europe by total track length q <<% ¢ '* TN e S

22,298 km, out of which 8,585 km ar PN o, AW
electrified. ~xbg S "

43 http://en.wkipedia.org/wiki/Rail _transport_in_Romania
34



http://en.wikipedia.org/wiki/Rail_transport_in_Romania

As for the operators of the Romanian railways, t
network was previously monopolized Byt i | e
Ramane the state railway company, but since 1998
number of private companies began operations, bot:
passenger and/or freight transpdregiotrans Grup *
Feroviar Roman Servtrans Transferoviar Grupand
Unifertrans Romanais a member of the UIC.

CFR Class 60 Diesel electric locomotive

1.5.7 Russian Federation

In the early 1830s Russian imters father and son Cherepanbuwuit the first Russian steam locomotive. The
first railway line was built in Russia in 1837 between SBietersburg and Tsarskoye S#ldt. was 17 km
long andlinked the Imperial Palaces at Tsarskoye Selo and Pavldtektrack gauge was830 mm.The
first majorrailwayin theRussian Empire appeared in 185ider the Russian tsar Nichola$ e first railvay
connectedst Petersburg and Moscawith atrack gauge of 1,524 mm andngie that time it becamaown as
the 6Russiand standard gauge

i ae ga -
Lesosibirgk USEimsk ] \

Uisanbaatar
Bajling Pyongyang

In the 1880s and 1890s theansCaspian railway was bujlby 1906 Central Asia was connectedtbg Trans

Aral Railway with European Russia via Kazahstan. The T&imsrian Railway connecting European Russia

with the Russian Far East provinces on the Sea of Japan was built between 1891 and 1916. THeuRussian
system included the Chinese Eastern Railway, shartt t i ng acr oss Chinadsn Manct
branch was connected with other Chinese railways.

44 http://en.wikipedia.org/wiki/History of rail transport_in_Russia
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By 1880 all railways were private companies, &itier having had financial difficulties, the government took

over some of them. It resulted &amixed system of private and government railways. The govent had
guaranteed payment of interest and dividends on the securities of the private railroads resulting in a strong
incentive for governmnt takeover of failing railway The resii was that the Russian railwaypecame the

most economicd} operatedn the world the profit of which was over 100 million gold rubles. However, i

was not until 1917 thatail traffic boomed rapidly under the Soviet Uniokiter the revolution railway

became completely owned by thevit state. The USSR rebuilt its raitstem and industrialized with five

year plans.

During Soviettimes the rail system waalectrified, new lines were built, doubieacking and automatic
couplers, brakes and signalling were introduced. During this pdreRailway University was fouretl as

well. The railway systerdeclined after the collapse of the Soviet Union, when the Russian Federation declared
it to be its main inheritor, the other parts of the railroads broke up into national railway systems of various
Soviet republis.

Nowadayghe Russian systeisithe big@st railway in the world witB50,000employees anitlis state owned
The total length of it constituse35,500 km exceeded only by the United States.

In 2003 vast structural refoswere introduced by the Russian Governirte preserve the unity of the railway
network and separate the functions of state regulation from opedatianagement. It was done Bgcree

585 of t he RuwhchestablisBed the Russiare Railways RuGorporation withthe state

holding 100% of the shares. In 2007 Russian Railways establtbleddrst Freight Company which holds a

large number of freight wagons; in 2010, it was announcedthiegbecond Freight Company would be
established, anthe remaining freight wagonsvere transfered to that. In July 2010Russian Railway
tsmMmMd2MSdi MJjdziLdz j HBstes (RZD) Sgned anagresrkentavittBiemens ®z ny e
provide rolling stock (240 EMUs) and upgrade 22 marshalling yards.

1.5.8 Ukraine ‘

‘ UKRAINE RAILMAP _
Ukrzaliznytsia (Ukrainian: [/~ o
LS toL Ody Labtk YKrMown as BELARUS J
Ukrainian Railvays, is the State _ L & et
Administration ~ of  Railroad {’ N T s B e i, 5
Transportation in  Ukraine, 3 R ra‘cher'ka‘;y e Lk g :,H?}umr
monopoly that controls the vas\{ g PR 4'W'M 1 AL
majority of the railroad transportatior = LI a o . B e 4

in the country’® It has a total length| 5 < Sons ,W'W“*‘Y
of track of over 23,000 km. It is thd /- P )
14" largest rail network in thevorld. Tan
Ukrzaliznytsia is also the world's 6t~ 7" /"<
largest rail passenger transporter al_ ..
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State Administration of Railroad Transportation is subordinated to the Ministry of Infrastructure, administering
the railways though the 6 territorial railway compi@s: Donetsk Railway, Lviv RailwayOdesa Railway,
Southern RailwayKharkiv), Southwestern Railway (Kyi) and NeaDnipro Railway Dnipropetrovsk

The first rail line was built under|
the rule of the Austridtdungaian
Monarchy (western territories) and
later under Russian Empire
territories. Since the moment of
breaking up of Ukraine from the
Soviet Union in 1991, all railroadq
located on the territory of the
country became the property df
Ukraine. On 1% Decemberl1991
the Cabinet of Ministers of
Ukraine issueddeclaration No.
356 Al n creati NGar Dripro
Administration ~ of  Railroad Donetsk
Transportation |[im_Ukraineo whi &dl

proclaimed Ukrzaliznytsia a

government body in administering railroad transportation uniting thetadie railroad companiés.

The Ukrainian railway systenfiesen s
accountsfor 23,00 km of which TP |
9,752 km (44.3%) is fully electrified:
with the use of overhead wire. Th
network is fully interconnected 55
centraldispatched and consists ¢ S
1,648 stations of all sés spread
throughout the country. The large
stations are Nyzhnodniprovakuzol
(in the city of Dnipropetrovsk) anc
Darnytsia (in the capital Kiew)both
freight.

Ukrzaliznytsia possesses: 174,9
freight wagons, 8,429 passenger
wagons, 2,718 locomotds, 1,796 electric locomotives, 1,443 electric multiple units, 186 diesel multiple units,
375,900 employees, 62 specially branded passenger trains.

1.5.9. Bulgaria

The largest railway carrier in Bulgaria tise Bulgarian State Railways (Bulgariani dzé Otef S d HI toy
N ddzj L, dzdByal gar s ki dar zhavni z h el e z nwhiclsis g state bomparyv i a t

47 See the document issued by the Cabinet of Ministers of Ukraitg//zakonO.rada.gov.ua/laws/show/3%6
%D0%BF
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with headquartexin Sofia. It was founded in 1888During the period 1994 to 2010 there was a significant
drop in the market share the passenger and freight services. In 2002 a new state company, the National
Railway Infrastructure Company, was founded and became the owner of the infrastructure. Bulgaria is a
member of UIC.

In 1864 constructiorof the
RuseVarna railway line
beguwn. It was
commissioned by the
Turkish government to an
English company manageg
by William Gladstone and
the Barkley brother to
build the line. The whole
line was officially opened
in 1866. In 1870Baron
Maurice de Hirsch started
construction of the
Constatinople 7 Belovo

railway line, which was BULGARIAN RAILROAD NETWORK
openedin 1873. In 1885 th

national Assembly passélle Railway Act, accordingtwhich railways in Bulgaria wergtate property and
are operated by the state. In
1912 an  independen’
Ministry of Railways, Post
Offices and Telegraphs wa
established. In 1952 the suk
Balkan railvay line was

launched. he first
electrified  line, Sofia =
Plovdivwas bui | t».

and itbecame operationai
1963 In 1964 the first &
double track line betweer=
Sindel and Varna was
finished On 1 January 2002
the new Railway Transport
Act entered into force,
passed by the Nationa
Assembly, according t
which the National
Company Bulgarian State Bulgarian Rail ways BDG

Railways is split into two Electric locomotive

separate enterprisdsa railway carrier (Bulgarian State Railways BAand an infrastructure enterprise
(Railway Infrastructure National Company). In October 2010 further restructueeg nnounced, wi t
EAD becoming a holding company, and all rajlistock allocated to passenger &might subsidiaries.

:
iy |
Vi ¥
T LI
:
b
;
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Since 2007 a new organisational structure appear e
Republic of Bulgaria). Thers BDG Put ni ¢ h e s kesponBibleefor the passdngedservices. The
company carried 836 million passengers in 200B;D G Tov ar ni. - feiglet wmemtions lartd d
expedition with subsidiar8DZ SPED Ltd The company carried 13.3 million toes of freight in 2009.
Privatisation was attempted in 2012, but called off il20ue to financial problem8 DG Tr akt zi o
Podvizhen Sustav Ltdloconotive management and serviciiyD ®oncarinc-j oi nt venture be
EAD and KONL ARCroatia withgsmainisampe of work locomotive repairs and modernization.

There are many problems with the organizational structure of the holdiegnain goal of the Ministry of
Transport, Information Technologies and Telecommunication is to makegany profitable.

There are several narrow gauge railways in Bulgaria: Septdéotmiinishte narrow gauge line was finished

in 1945. The line is 76hm gauge, unelectrified, and is primarily served by diesel power locomotives. It has
the highest railwagtationin the Balkans at,267 m. Bulgaria has track gauge of 1,435 mm &0 mm

with Ukrainei voltage 3 kV DC

1.6. Rail Links with Adjacent C ountries

Crossing points between countries with the same gauge

Bulgariai Romania crossings at Cafaa t |, Giurgiu and Negru Vodt. Dai |
beyond (Athens and Istanbul) from Bucharest. No voltage issues (currently no electrified crossings, Calafat
Vidin crossing electrification is planned, same voltage, 25 kV, 50 Hz AC.

Hungaryi Romania multiple crossinggrom North to South Carei, Valea lui Mihai, Episcopia Bihor,
Salonta, Curtici. Multiple daily passenger frequencies to Budapest and beyond (Vienna, Prague) from
Bucharest and from many cities within Tralvsyia. No voltag issuestailroad systems electrified at 25 kV,

50 Hz AC (electrified crossing at Curtici/Lokoshaza only).

Serbiai Romaniacr ossi ngs at Ji mbolia and Stamora Moravi $:
Timi koar a. No voltage issues (crossings are not e

Ukrainei Romania dual gauge crossing at Halmeu. No voltage issues (crossing is not electrifiedhti@urr
freight only.

Ukrainei Slovakia/Hungarya dual gauge line enables standard gauge connections with Hungary and Slovakia
through Chop.

Crossing points between countries with breafof-gauge

Ukraine i Romania breakof-gauge 1,435 mm/1,520 mm. €8 si ng s at Vickani , V.
Campulunga-Tisa (including bogie conversion systems). Dual gauge (4 rail) track exists between Tereseva
(Ukraine)/Campulunga-Tisa-Si ghet u -Mad maSiVéikeul ui, going back i
(both freight and passenger services) occasionally use this route without stopping within Romania.
I nternational passenger services exists between

49 http://en.wikipedia.org/wiki/Rail transport_in_Romania
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(operated by CFR, with UZ and RZD cars) and between Bighe Mar ma $Si ei and Ter esva
voltage issues (crossings are not electrified).

Moldovai Romania breakof-gauge 1,435 mm/1,520 mm. Crossings and bogie changers exist at Ungheni

Prut a AReni. Savolade iissues. None of the trackshef Moldovan Railways are electrified. Daily
passenger service to Chikintu from Bucharest. Mu |
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2. European RailwaysTechnical Specifications

2.1. Introduction

One of the most complex aspedf rail in Europe is its tecival specifications. Historically the first real
European railway appeared in the UK. It was created to facilitate the transportation of coaminitige
industry andhad a very strong impact on the economy of the country. Since the first appearaaitetof r
became one of the important factors that stimulated industrialisation. The railways not only boosted economic
development, but also played an important role in the construction of the new modern world.

After the appearance of railways in the UKgy spread very quickly across Europe. In less than three decades
the network covered all major parts of continental Europe. However, each country, depending on its economic
needs, geographic specifications, and certain ideologies, developed their dway raystems and
infrastructure, preserving original technical specifications to a certain degree. As a result, the national railways
differ from one another in several technical aspects. The most significant differences between the national
railway systera are: traffic direction; various types of gauges; electrification systems; train protection systems,
etc. This makes the European railway system very heterogeneous. Therefore, to make the European rail
network work as one consolidated mechanism withdatriaption is one of the most challenging tasks on the

EU agenda. Let us have a quick look at these rail technical specifications.

2.1.1. The Tacks

There are different types of tracks to serve different purg8gerack with a spot at the station todrd and
disembark trains is callestation trackor house trackegardless of whether it ismaain lineor loop line If
such track is served by a platform, the track may be galdefibrm track A loop linewithout a platform which
is used to allow a &in to clear the main line at the station only, it is catlasising trackA track at the station
without a platform which is used for trains to pass the station withoutistpigcalledthrough track

There may be otheidingsat the station which atower speed track®r other purposes. faintenance track
or amaintenance sidingusually connected to @assing trackis used for parking maintenance equipment,
trains not in service, autacks or sleepers. fefuge trackis a deaeend siding thats connected to a station
track as a temporary storage of a disabled train.

2.1.1.1.Single / Double track

There two types ofailways: asingletrack railway and adouble
track railway.

2 ]

The doubletrack railway involves one track in each directior ‘_D_
whereas thesingletrack means that a train uses the same track

both directions?! The single track is usually used on lesssed lines IIl

(branch lines), where the traffic is not deP&SEhe single tracks have

passing loopsor passing siding / crossing lpg to allow trains

running in different directions to pass each other, or to overtake trains in the same dise€titre picture
1-main lineand 2passing loop In some places only one train operates in the single track. One of the biggest

50 hitp://enwikipedia.org/wiki/Train_station
51 http://en.wikipedia.org/wiki/Double track
52 hitp://en.wikipedia.org/wiki/Single_track (rail)
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risks in te traffic on the singléracks isheadon collisions A special form of signalling system is required
(like atoken system)?

In the USA however, since early days the lines were built as singbd for reasons of cost. At the same time
aworking timetable system was managed in saglay that any colli®n on the linesvasavoided.

2.1.1.2. Track Gentres

Another important measure thatused in a doublrack line istrack centreslt is the distance between the
centref each of the two track#t makesadifference in cost and performeanof a doubldrack line. Narrow

track centres can be as narrow and as cheap as possible, yet the maintenance must be done on the side. In th
case the signals for-directional working cannot be placed betwésmtracks, so it has to be mounted on the

6wr ongd si de agaidnal bridge. Theitrack cemtres ae nvider on high speed trains, because of
pressure waves that knock each other when the train pass. The distavemrthe narrow track centsenight

be 4m or even less.

2.1.2. Traffic D irection

Generally speaking rail traffic on 4
doubletrack line is lefthandedasthe RAIL TRAFFIC DIRECTION
first railways were built by British IN EUROPE
engineers, keeping the same systq Ml rishandedniltatic

as it was for the road in the UK. If| B termnssmiic
other wordstrans oO6dr i ve
in the UK>*

Initially most steam engines wers

right-handed, with the enginee

sitting on the right and theréman on

the left (agt is easier for the fireman '
to shovel coal from the right to thg _‘

left) and it was never converteglyen
when trains switched to rigiiand
drive running. However, somg
railwvays adopted the leftanded
traffic which became common on th

UK mainline railways. Both leftand
right-handed rail systems were adopted by European countries

/
R

|

The countriesthatare using théeft-handed linesystem in continental Europe afeustria, Belgjum, France
(except the former German Alsabtoselleand Lorraine)lreland, Italy, PortugalSweden, Switzerlanénd
UK.

Countries usingthe right -handed rail traffic: Denmark Estonia, Finland, Georgia, Germany Greece,
Hungary,Latvia, LithuaniaNetherlands, Norwayroland, RomanidRussia Slovakia, Spain, Serbia, Turkey,
and Ukraine

53 http://en.wikipedia.org/wiki/Token_(railway_signalling)
54 http://en.wikipedia.org/wiki/Right and_lefthand_taffic
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To switch from one sidéo another one at the crossing point between two countries iffighedt traffic
systens, for instance, Germarlyrance, special infrastructure was developed. They are ¢igitaerswhich
help the train moving on the right in Germany to switch to the left side in France and giae ver

It is important that road traff be consistently on the same side of the road, but since railarayhighly
contr ol | teakvaysintetcorthect tbere are many exceptions to the general rules of train operation.

Most trains in the Ukoperate on the left, and the driver sits ba left, allowing a better view of trackside

signalsand h e
the other track.

possi bi | ishead oatfthe windowcwithout iy getting kndcked off by a train on

In France, trains run on the left as a legacy from the days when they warerfssticted by English engineers

with equipment imported from England.

In Russia, most trains run on the right, except for the line between Moscow and Ryazan, which was designed
and built by British engineeréSee the map above

2.1.3.Electrification System

One of the most varied specification
that is found amongst EU nationg
railway systems is the electrificatiof

system. Almost every EU country US§ g ssovoc
its own electrification system with itg =1-swvc
3kvDC

EUROPEAN RAIL
ELECTRIFICATION SYSTEMS

. Non electrified

own specific constraints. It is one of th
most challengig barriers to making the
European rail network operate as of
systent®

[Tl 15kv, 167 HZ AC
25 k¥, 50 hZ AC

Electrification systems are classified b
three main parametergoltage current
andcontact system

There are six commonly used voltag
systems in Europe and they al
independent ofhe contact system useg
(See the table belgw

There are also two current systemisect current(DC) andalternating currentAC) (seethe map. In order

that trainspass easily between countriggh different systemsvithout interruption they havetwo options.

They either need to change the locos, but this procedure is very costly and time consuming, or another solution
is that the locos are equipped with migligistem units that allow them to switch between various electrification
systems withouttepping the train and losing precious time.

There are three contact systems commonly used in Europe, nanetyead systenthird andfourth rails.

55 http://en.wikipedia.org/wiki/Railway electrification system
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Third and fourth rail contadystems use voltage below 1 kV for safety reasons, while overhead suedlyu

use high voltage for efficiencypC has often less loss# powerthan AC. DC avoids the electromagnetic
radiation inherent with AC, which can interfere with signalisation and communication. It also avoids the power
factor problems of AC. DC can suggonstant power with a single ungrounded wire.

Electrification - Voltage
system Min. non- Min. permanent Nominal Max. permanent Max. non-
permanent permanent
600V DC 400 V 400 V 600 V 720 V 800 V
750V DC 500 V 500 V 750 V 900 V 1,000 V
1,500 V DC 1,000 V 1,000 V 1,500 V 1,800 V 1,950 V
3kV DC 2 kv 2 kV 3kV 3.6 kV 3.9kV
15kV AC, 16.7 Hz |11 kV 12 kV 15 kV 17.25 kv 18 kV
25kV AC, 50 Hz 17.5 kV 19 kV 25 kV 27.5 kV 29 kV

Constant power with AC requires thrpkase transmission witt least two ungrounded wires.

Overhead systesrusel,500 V DC andreused in the Netherlands, Republic of Ireland, France (also using 25
kV 50 Hz AC). In Portugal, it is usedhahe Cascais Line and in Denmark on the suburb@aissystem. 3

kv DC is used in Belgium, Italy, Spain, Poland, the northern Czech Republic, Slovakia, Slovenia, western
Croatia, and former Soviet Union countr{@so using 25 kV 50 Hz ACY¥.

Third rail is an option up to about 1,200 V. @@dcan carry approximately 41% more power than an AC
system operating at the same peak voltage. Third rail is more compact than overhead wires and can be used in
smallerdiametertunnels, an important factor for subway systems. DC systems (especially third rail systems)
are limited to relatively low voltages and this can limit the size and speed of trains and cannotlasellow
platforms and also limit the amount of adonditioring that the trains can provide. This may be a factor
favouring overhead wires and high voltage AC, even for urban usage. Fourth rail contact system was
introduced because of the problems of return currents, intended to be carried by the earthed (guonintpd)

rail, flowing through the iron tunnel linings instead. This can cause electrolytic damage and even arcing if the
tunnel segments are not electrically bonded together.

Fourthrail is the additional rail carryinghe electrical return that, on tbirail and overhead networks, is
provided by ke running rails. On the London Underground, a-doptact third rail is beside the track,
energized at +420VDC,andatopont act fourth rail is |l ocated cent
DC, which combine to provide a traction voltage of &3DC.

Because AC implies very high voltages, it is only used on overhead wires, never on third rails. Power is voltage
times current (Watts = Volts x Amps), so the higher the voltage, the lower the current for the same power.
Lower current means lowenk loss and/or the ability to use lighter and less expensive conductors.

The issue of electrification of the rail networks remains one of the most challenging ones. It still needs more
time and extra investments to make it function as one system.

56 http://enwikipedia.org/wiki/List of current _systems_for electric_rail traction
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2.14. Gauges

Gauge means the distance between the inner running faces (gauge lines) of the two rails, on the same track.
Al so used to describe the fenyveilthisséehe structure gaugg Swhi ¢

spelling gagey’

There ae three major typesf gauges that are usedrail terminology:
- loading gauge maximum dimensiosiof the wagon
- track gauge (width of tracK;
- structure gauge constraint dimension of frastructure €.g.tunnel andbridge).

2.1.4.1 L oading Gauge

Loading gauge is the crasection profile within which rail vehicles and their loads must be contained. It
defines the maximum height and width for rail wagons and their loads to pass safely through tunnels, bridges,
railway station platforms and othstructures on the netwark

The loading gauge is the maximum size of loaded rolling stock, whereas the structure gauge is the minimum
size of infrastructure (tunnels, bridges, éfaghich has to be larger to allow for engineering tolerance. The

differene between both gauges is calelarance

The termslynamic enveloper kinematic envelopare used instead of loadigguge which mean suspension
travel, overhead on curves, lateral motion on track.

R

|

While carrying largeoutof-gaugeloads other neasures are taken into account, such as operation at low
speed, crossover from track with inadequate clearance to another one with greater clearance, preventing
operation of other trains on adjacent tracks, using refuge loops to allow trains to opether tnacks, using

of Schnabel cargsee the pictunethat manipulate the load up and down or left and right to clear obstacles,
removing/replacing obstacles, usigguntlet tracko shift the trairto side or centre

57 http://www.railwaytechnical.com/RaiLexicon-Mk24.pdf
58 http://myweb.tiscali.co.uk/gansgtPack/02track3.htm
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The UIC® has developed a staad series of

loading gauges named: ';fgﬂi?g gauge : !

- PPI (the predecessor of the UIC gaugs uIC A
with max. dimswidth 3.15 byheight4.28 A %E
m) Bcc . r

- UIC A (max. dins 3.15 by 4.32 m) | cB+ 28

- UIC B (max. dims. 3.15 by 4.32 m) | |eB S

- UIC B+ (max. dims. 4.28 m by 2.50 m) [ =

_ UIC C (max. dims. 3.15 by 4.65)m || universal gt

In Europe, the UIC directiwwere supplanted by] | AF" s
ERA Technical Specifications for Interoperabilit] [ S5
(TSI) oftheEuropean Union in 2002t embraced

a number of recommendations to harmonise L as 1
train systerf’. The TSI Rolling Stock - 3150 .
(2002/735/EC) hasaken over the UIC Gauge ™ 40 e, st sk e

definitions defining Kinematic Gauges with a referemmefile such that GauggsA andGB, both havmga
height of 4.35 m (they differ in shape) wiaugeGC rising to 4.70 m allowing for a widtbf 3.08 m of the
flat roof. All wagors must fallwithin an envelope of 3.15 m wide on a 250adius curve. The TGVs, which
are 2.9 m widefall within this limit.

All  covered wagons
featuring theG1 (3.15
m by 4.28 m) profile 4001400 £90_| €90 N
. . : 1000 1000 1395 1395
(international  profile) ' !
1%
can be wused freely o
throughout Europe. 1575 1575 1575 1575
Largevolume wagons |
featuring theG2 (3.15
by 4.65 m) profile do
not have a permit for |
being used in France | G1
Italy, Belgium and
Switzerland and so they
camot be deployed
there.

845

30

4280
w
[N
=
4550

4000
3500

=
15—
)
2175

g |

The designation of &B+ loading gauge refers to the plan to create afamopean freight network for ISO
containers and trailers witbaded I1SO containers.

These container trainpifjgy-backtrains) fit into the B envelope with a flat top so that only mincamges are
required for the widespread sttures built to loading gauge B continental Europe.

There areGA, GB, GB1, GB2, GB+, GC andG13.

S9UIC is the International Union of Railways. It includes 197 members across all 5 continents. It promotes rail transport
at world level and addresses the challenges of mobility sstdirable development. Sewvw.uic.org
80 http://www.era.europa.eu/DocumeRegister/Pages/HRST-TSI-repealed.aspx
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Swedenusesasimilar gaugeto the Central European loading gauge but trains are wider. There are three main
classes in use (width x heighd):

- ClassSE-A is 3.40 by 4.65n.
- ClassSE-B is 3.40 by 4.30n.
- ClassSE-C is 3.60 by 4.83n.

In UK a W loading gauge classification of freight transport is used, which runs from W6A (smallest) through
W7, W8, W9, W9PIus, W10, \M toW12 (largest). There are al€d. for standard coach stock, C3 for longer
MKIII coaching stock and UK1 for highpeed rail.

Depending on the size of the load that can be conveyed and the design of the rolling stock, the British system
for load gaugelistinguish several types:

- W6a (the majority of the British rail network)

- W8 (2.6 m high shipping containers to be carried on standard wagons)

- W9R29mhighHiCube shipping containers to be carriec
deck height wittreduced capacity. At 2.6 m wide it allows for 2.5 m wide Euro shipping containers
which are designed to carry Etpallets efficiently)

- W10 (2.9 m high HiCube shipping containers to be carried on standard wagons and also allows 2.5
m wide Euro shipping cdainers. Larger than UIC A)

- W11 (larger than UIC B)

- W12 (slightly wider than W10 at 2.6 m to accommodate refrigerated containers. Recommended
clearance for new structures, such as bridges and tunnels)

- UIC GC (Channel Tunnel and Channel Tunnel Rail Link-tmdon; with proposals to enable GB+
northwards from London via an upgraded Midland Main Line).

Height and width of containers that can be carried on GB gauges:
- W9 (2.74 m by 2.6 m)
- W10(2.90 m by 2.5 m)
- W11(2.90 m by 2.55 m)
- W12(2.90 m by 2.6 m)

British Rail code  Rail track code UIC height
equivalent
W6 W6 3320 2700
WG6A w7 3448 2500
(Freightliner 8"
WG6A w8 3600 2500
(Freightliner 8'
6")
SBlc W9 3715 2600
n/a W10 > UIC "A" 3896 2500
n/a W10w > UIC "A" 3896 2600
n/a W11l > UIC "B" 4130 2500
n/a W1llw > UIC "B" 4130 2600

61 http://www.transportstyrelsen.se/Global/Jarnvag/Vagledning/Godkannande/bilaga_7_bvf 586 20.pdf
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In the Netherlands a similar shape to the UIC C is used that rises to 4.70 m in height. The trains are wider
allowing for 3.40 m widthsimilar to Sweden. About one third of the Dutch passengastuase doublelecker
railcars.

2.1.4.2 Track Gauge

The 6track gauged is the distance between the i
track®?

1676 mm 56"
1668 mm 5'5 2/3"
1600 mm 5'3"
1520 mm 4'11 5/6"
1435 mm 4'8 1/2"
1372 mm 4'6"
1067 mm 3'6"
1000 mm 3'3 3/8"
914 mm 3'

762 mm 2'6"

600 mm 1'11 5/8"

There are different rail track widths between the lines.
They aredivided into three main groups:

- Broad

- Standard

- Narrow. EUROPEAN TRACK GAUGES
All three types are presernn 1435 mm
Europe . 1520 / 1524 mm

. 1600 mm

[ 2668/ 1676 mm

Broad: Iberiani 1.668m (Spain
and Portugal); lIrish (including
Northern Ireland) 7  1.6m; f
Russiani 1.524m (Finland) and
1.52m (Russian Federation an
postSovet Countries)

Standard: 1.435m (most of EU
countries including UK)

V-

Narrow: Scdtishi 1.372m.

62 http://www.railwaytechnical.com/RaiLexiconMk24.pdf
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2.14.3. Structure Gauge

Structure gaugeor asit is also called theninimum clearance outlinedescribes the crosection envelope
into which new or altexd structure (bridge, inside equipment etc.) must not encroach.

1445 150

It is the minimum height and widtr LI e
of tunnels and bridges as well as tt e '
minimum height and width of doors a1/ Y
that allowa rail siding access into ¢ ..;'5’ = "
warehouse. Y .
Lol w1

This term may also apply to ¢h ; 7 F =
minimum distance to rail platforms b 1Sk S SE
(passenger or freight), buildings O (2} o 1| "
electrical equipment boxes, railwa  _| B i 2200 o3 ; ;
signal equipment, third rail or tc i N x4 | &
support for overhead catenaries Lo T s
overhead lines from track. ; 1) : . ,;: | I

LT NP e J

Oversized loadbermissions can be
requested fromail networks in case of transport of cars above the normal gauge limit, depending on the route
used

2.1.5.Additional Parameter

2.1.5.1 Platform H eight

The height of platform is another important parameter which is taken into consideration togdthiae wit
loading gaugePlatform height refers to the height of a railway platform Above Top of RaiR}AT

Another important term iérain

floor height 6 wh i cdthei
height of the floor of the rail
vehicle. When the two are not
compatible then spsor platform
ramps are required to be placed
for loadingunloading.

The width of a wagon is alsan
important dimension. To aid
both large gaps andhechanical
interference this parameter has to
be considered as wel(Platform
height impacts bothhe loading
gauge and must be within
structure g@uge. Many train
systems emplog lower platform
and steps on the train to the
train)s floor




Application of the EU standard heights for new construction; Green = 550 mm, P8I0 #mm, Yellow =
both, dark gey = New builds in other heights than the EU standards.

On 30" May 2002 (2002/735/EE€) the European Commission issued TSI (Technical Specification for
Intergperability) which sets standapthtform heights for passenger steps on {sigéed rail. They ar550mm

and 760 mm. The minimum platform length shall be 400 m. In Germany EBO standard (Ordinance on the
Construction and Operation of Railways) set an allowable range of 380 enmawimunm®60 mm. In Ireland

all platforms are 915 mm aboteerail. In the Netherlands the platform height is 760 mm. In Poteggdical

platform is 550 mm high, as it is in France, Denmark, Austria, Switzerland and Czech Kdp\#jiain older
platforms aré5680 mm above rail. Swedaenerallyhas380 to 580 mm platforsffor mainline trains, yet it

also has 1150 mm platform height with floor at platform level. In the UK the standard height is 915 mm, yet
new platforms are expected to be built to dimensions coirigrtaEU technical standards for interoperability

for high-speed rail (EU Directive 96/48/EE€jwhich is either 550 mm af60 mm.

2.1.5.2 Train Protection Systems

Another complex issue in thd
European rail networks the train
protection system, whicis a railway
technical installation that ensure :jj:“;""”"’

safe operon by preventing| M wses

accidents due to a human failurg ::;:f;f:’ e
There are more than 20 incompatib =m]

train protection systems existing il m rw.u

the European rail network today  ioo= s

whichinclude®

EVM (Mirel)

TRAIN PROTECTION SYSTEMS IN EUROPE

LS (Miral)

Train stop W e

ALSN
ZuB 123

EBICAB 700

The earliest system wahe 0t r
stopd system. iBag| M rmemnsme
moveable clamp, which touches
valve on a passing train if the signar
is red and opens the brake line, applying the emergency brake. If the signal shows green, the clamp is turned
away.

Inductive system

The system data is transmitted magnetidaditfiveen the track and locomotive by magnets mounted beside the
rails and on the locomotive. In th&egra Signumsystem the trains are influenced only at given locations, the
emergency brakesr e appl i ed asmndotors bAre shut dowm Thetadit recrite the driver to
confirm distant signals (e.g. CAWSee the table after this sect)jamat show stop or cautidnfailure to do

so results in the train stopping. This gives sufficient braking distance for trains following each other, however

63 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2002:245:0402:0506:EN:PDF
64 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31996L0048:en:HTML
55 http://en.wikipedia.org/wiki/Train_protection_system

50



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:245:0402:0506:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31996L0048:en:HTML
http://en.wikipedia.org/wiki/Train_protection_system

it cannot always prevent accidents in stations where trains cross paths, because the distance from the red signal
to the next obstacle may be too short for the train to brake to a halt.

There are more advanced systems (e.g. PZB, and #dBgalculate a brakig curve that determines if the

train can stop before the next red signal, and if not they brake the train. They require that the train driver enter
the weight and the type of brakes into ¢meboardcomputer. One disadvantage of this kind of systemais th

the train cannot speed up before the signal if the signal has switched to green, becatsedide o mp st er 0
information can only be updated at the next magnet. To overcome that problem, some systems allow additional
magnets to be placed betweertalis and home signals, or data transfer from the signalling systemdo-the
boardcomputer is continuous (e.g. LZB).

Radio-based system

Prior to a standard train protection system in Eutmpegdeveloped, there were many incompatible systems.
Locomotives crossing the boarders needed to be equipped with multiple systems, or the locomotive needed to
be replaced. The European Train Control System standard was developed which offered different levels of
functionality. This has been in operation since 2@l uses GSM digital radio with continuous connectivity.

Cab signalling

The system is based on the principle that the trains constantly receivedtifor regarding their position
relativeto the other trains. donboard computer indi¢as how fast th&ain can moveinstead of relying on
exterior signals. This system is commonly used in France and Germany. These aystaatoratic, they
not only prevenaccidents, but also support the train driwéth necessary information

Control systems usedy EU countries:

System Definition Country
ALSN It i s Continuous Aut omat i <| Russian
Qo lssdizOIsd yd Ms¢ Ow dzs € sdi3tsils d © dzOW | Federation,
Hj2fMmlseadw) used wi del-$ovietstatds.ltasg Belarus,
modulated pulses inducted into rails similar to the Italian RS4 C( Estonia,
and Anerican Pulse Code Cab Signaling. On kégleed Ines the| Latvia,
variant ALSE N ( 4 [{ #b used which takes advantage of a doy Lithuania,
phase difference modulation carrier frequendse of several distind Ukraine
pulse train patterns of alternating current flowing througtraak
circuit to convey an aspect of the next signal. The circuit comp
the feedpoint at the next signal, one running rail, first locomotive
another running rail and back to the signal feedpoint. The resy
electromagnetic field is picked upy bbeceiver coils located just frot
of the first axle of the locomotive. The signal is then amplified, filtg
and evaluateff
ASFA Anuncio de Sefiales y Frenado Automatico (Automatic Bopkind| Spain
Announcement of Signals) is an Automatic Warning Systen
consists of a mechanism that stops a train if the driver doe
properly heed signafs.

66 hitp://en.wikipedia.org/wiki/ALSN
57 http://en.wikipedia.org/vi/Anuncio _de Se%C3%Blales y Frenado Autom%C3%Altico
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ATB

Automatische TreinBeinvloeding or ATB is a Dutch train protec
system developed in thE950s. Its installation was spurred by 1{
Harmelen train disaster of 1962.

Netherlands

ATC

Automatic Train Control is the term for a general class of t
protection systems for railways that involves some sort of s
control mechanism in responseéxternal inputs. ATC systems te
to integrate various cab signalling teclogies anduse more gradug
deceleration patterns in lieu of the rigid stops encountered wit
older Automatic Train Stop technology. ATC can also be used
Automatic trainoperation (ATO) and is usually considered to be
safetycritical part of the systeff.

Sweden,
Denmark,
Norway

ATP

Automatic train protection refers to either of two implementation
a train protection system installed in some trains in order to
preve n t col | i si onsfailardto obsegvh a signat
speed restrictionATP can also refer to automatic train protect
systems in general, as implemented in other parts of Europg
elsewherg?®

UK and
Ireland

AWS

The Automatic Warningystem is a form of limited cab signallir
and train protection system introduced in 1956 in the UK to help
drivers observe and obey signals. It was based on a 1930 g
devel oped by Al fred Ernest H
Huddo sy ®arlierntontach aystem, installed on the Gi
Western Railway since 1906 and known as Automatic Train Co
(ATC), was gradually supplanted by AWS within the Western Re
of British Railways’!

UK

BACC

It is a train protection system used in Italyrailway lines using 3kV/
DC electrification. The term is an abbreviationBdcco automaticg
a correnti codificate (automatic block system with codifig
currents)?

Italy

CAWS

The Continuous Automatic Warning System is a form of
signalling and trairprotection system used in Ireland to help tr
drivers observe and obey lineside sigrals.

Ireland

CBTC

CommunicationdBased Train Control is a railwasignallingsystem
that makes use of the telecommunications between the train ang
equipment forhe traffic management and infrastructure control.
means of the CBTC systems, the exact position of a train is k
more accurately than with the traditionsignalling systems. Thig
results in a more efficient and safe way to manage the railway ir

Spain

CONVEL

EBICAB comes in two versions, EBICAB 700 in Sweden, Norw
Portugal and Bulgaria and EBICAB 900 installed in the Mediterral
Corridor (vmax= 220 km/h). The EBICAB 900 is also used in Finl
under the name ATRR/RHK. In Portugal it is kown as Convel (th
contraction ofControlo de Velocidadeneaning Speed Contrdf).

Portugal

Crocodile/Memor

A crocodile is a component of a train protection system used in Fr
Belgium and Luxembourg. It is functionally similar to the Automg

Warning System (AWS) used in United Kingdom.

Belgium,
France and
Luxemburg

68 http://en.wikipedia.org/wiki/Automatische_treinbe%C3%AFnvloeding
69 http://en.wikipedia.org/wiki/Automatic_Train_Control

0 http://en.wikipedia.org/wiki/Automatic_Train_Protection

1 http://en.wikipedia.org/wiki/Automatic_Warning_System

72 http://en.wikipedia.org/wiki/Blocco Automatico_a_Correnti_Codificate
73 http://en.wikipedia.org/wiki/Continuous Automatic_Warning_System
“ http://en.wikipedia.org/wiki/ CONVEL
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EBICAB

EBICAB is a trade mark registered by Bombardier for the equipt
on board a train used as a part of an Automatic Train Control sy
EBICAB was originally derived from EricssenSLR system ir
Sweden. Most trains in Sweden and Norway use a simikdnoand
system, Ansaldo L10000 (more known as AZXfrom Bombardierg
competitor Ansaldo. AT was also developed in Sweden. These
board systems use pairs of balises mounted ®sléepers. The pai
of balises distinguish signals in one direction from the other dire
with semicontinuous speed supervision, using a wayside to
punctual transmission using wayside transpon@ers.

Bulgaria,
Finland,
Norway,
Portugal,
Spain,
Sweden

EVM 120

Information is not available

Hungary

HKT

Information is not available

Denmark

Integra-Signum

IntegraSignum is a Swiss train protection system introduced in 1
Originally it was called Signum; the name Integra was added lat
transmis data inductively and isimple, robust and reliable evam
snow!®

Switzerland

KVB

KVB or Controle de Vitesse par Balisé$ could be translated 3
Speed control by beacons) is a train protection system used in F
and in London St Pancras statittnchecks and controls the speed
moving trains’’

France

LZB

Linienzugbeeinflussung is a cab signalling and train protection sy
used on selected German and Austrian railway lines as well g
AVE in Spain. In Germany, the system is mandatorylidmas where
trains exceed speeds of 160 km/h (99 mph) (200 km/h or 120 m
Spain), but it is used on some slower lines to increase capacity
German Linienzugbeeinflussung translates to continuous train cg
literally: linear train influencing It is also called linienférmigg
Zugbeeinflussuné®

Germany,
Austria and
Spain

LS

LS (stands for #ALiniovl Syst
English) is a cab signalling and a train protection system used ¢
main lines of the Czech and Slovalilways (on all lines which trac
speed exceeds 100 km/h in the Czech republic or 120 km
Slovakia). This system continuously transmits and shows a s
aspect of the next main signgi
activity is needed (e.gerducti on of traind
checks the driverds vigilanc
else the emergency brake is applied). This is the main functicme
onboard part of the LSystem (continuous cab signalling a
checking he driverds vi‘gil ance wh

Czech
republic and
Slovakia

PZB Indusi

PZB or Indusi is an intermittent cab signalling system and 1
protection system which was developed in Germamythe historic
short name Indusi was derived from German ktisdke Zugsicherung
(Ai nduct i ve )tlLater igamerationsodf thec slystem mvs
named PZB shortfor German Punktférmige Zugbeeinflussun
(iftermittent aub mat i ¢ t r ai n) as PLBANUsigs 3
family of intermittent train control systesyand it is a predecessor
the German Linienzugbeeinfls s u n g (LzB, f
pr ot e)cdystem.n Originally Indusi provided warnings a

enforced braking only if the warning was not acknowledged (sin

Germany,
Austria,
Romania,
Slovenia,
Croatia,
Bosnia
Herzegovina,
Serbia,
Montenegro,

5 hitp://len.wikipedia.org/wiki/EBICAB

8 http://en.wikipedia.org/wiki/IntegeSignum
7 http://en.wikipedia.org/wiki/K\VB

8 http://en.wikipedia.org/wiki/LZB

79 http://en.wikipedia.org/wiki/LS 90
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to traditional automatic train stop) bedirrent developments of PZ and

provide more enforcemeff. Macedonia
SHP SHP (Samoczynne Hamowani e PoPoland
SCMT Sistema di Controllo della Marcia del Treno (SCMT) is| ltaly

discontinuous train Cab signalling system used in Italy. It shares
features with the Ripetizione Segnali (RS) system, the two systen
existing aad working together. The main purpose of SCMT ig
control the respect of the speed limit imposed by the signal aspe
the line condition.

SCMT is divided in two parts:

SSB: Sottosistema di bordo (1
SST: Sottosi stnedmaS udbi ytsetrernad )( f
TBL Transmission baliseocomotive  (Dutch: Transmissie Ban | Belgium
Locomotief) (TBL) (English)f$
a train protection systefiThere are TBL1, TBL2+ and TBL2/Fhe
TBL system is designed to stop a traingiag a red signal, with
operating speeds of up to 160 km/h. In 2006 13% of the Belgium
network used the original TBL system, introduced in 1982.
system requires the train driver to manually acknowledge a wa
when passing a double yellow sign@imilar to the Memor/Lg
Crocodile system), as well as stopping a train automatically if it p
a red signal.

TPWS The Train Protection & Warning System (TPWS) is a train prote¢ UK
system throughout the two UK passenger nliai@ railway netvorks,
and in Victoria, Australia. It automatically activates brakes on a
that has passed a signal at danger or is overspeeding. It is fit
selected sites, including some lines where automatic train prote
(ATP) is installed.

TVM Transmsgsion  VoieMachine (TVM, English: tracko-train | France
transmission) is a form of ioab signalling originally deployed i
France and used on higpeed railway lines. TVMO0O was the firs
version, followed by TVM430. TVM-300 was developed in the 197
as partof the TGV project. At speeds of above 220 kilometres
hour, TGV trains run only on dedicated tracks designated as lig
grande vitesse (LGV). At highpeeds it is not possible for a driver
accurately see colodight based railway signals alotige trackside.
Signalling information is instead transmitted to the train and displ
as part of the train controls. The driver is shown the safe opel
speed, displayed in kilometres per hour. The 1988&loped TVM
430 system transmits more infaation than traditional signallin
would allow, including gradient profiles and information about
state of signalling blocks further ahead. This high degreg
automation does not remove the train from driver control, althq
there are safeguards tlwain safely bring the train to a stop in the e\
of driver error.
ZUB 123 Information is not available Denmark
ZUB 262 Information is not available Switzerland

The various rail technical specifications that exist in Europe seriously hindaotlenent of trainOnly the
traffic direction, electrification systems, various types of gauges, or train protesgtd@msconstitute

80 http://en.wikipedia.org/wiki/PZB

81 http://en.wikipedia.org/wiki/SCMT

82 http://en.wikipedia.org/wiki/Transmission Beacbacomotive
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obstacles, butlso different loal and national regulatiof@amper movement between the EU Member States.
Therefore, he European rail network with its numerous technical specifications represents one big mechanism
which needs more work towards synchronisation, not only on the level of regulations but also from the side of
technical adjustments in order that it may eveltyudunction in a consolidated way.
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3. Rail Network and its Liberalisation
3.1.Brief history of Rail Liberalis ation in Europe

In the 1980s many railway companies became gradually dependent on public funding. European national
governments felt a pressuto introduce reforms in the national railway networks that Wweagly subsidised.

As Vinh Phansaysi n hi' s thesis on 06The Li bEeurreolpiesaathe fisini oonfd
changes in terms of national rail transport liberalisatiok pace inSweden®® It started with the adoption of

the Transport Policy Act in 1988. The Swedish government established Barashational infrastructure
manager. SJ AB became a service operator, paying infrastructure usage fees to Banvekertngpacdl tra
authorities took over SJ AB6s ownership of region:
on these routes. These changes brought a lower level of public subsidies and a price reduction in the operations
of regional lines.

This separation between infrastructure management and service operations in Swettherirenelase of
competitionin other Member States provided the regulatory framework fan BU reform aiming at
liberalisation of national railway networks in Europe.

The Swedish model of liberalisation of railways in whichtihe ownership of infrastructure management
is separated from network servicess also found in the national railways of Bulgaria, Denmark, Spain,
Finland, Greece, the Netherlands, Norway, Portugal,d®dism Slovakia anthe UK.

There is another scheme of liberalisation which features a legal and functional separation of
infrastructure and services where both parts exist under one umbrell&* This model is found in such EU
countries as Austria, Belgiungwitzerland, Denmark, Germany, Estonia, Hungary, Ireland, Italy, Latvia,
Luxembourg, Lithuania, Poland and Slovenia.

Thet hi rd model , which i s a c¢omhtiyrbatiidddexistifeFrandée@andot h e
the Czech Republidtderean ndependent infrastructure manager delegates its tasks back to the incumbent
train service operator as part of an agency agreement.

The separation between infrastructure management and service opgaaiibiie increase gbmpetition in

other Member ttes provided the regulatory framework for an EU reform aiming at the liberalisation of
national railway networks in Europe. Several EU directives were issued by the European Commission to pave
the way for the liberalisation of thvehole EU railway networkThis process is still ongoing as the European
Commission proposed, in January 2013, a Fourth Railway Patkage

The EU Directivel 991/4058% setout the framework and requirements for railways in the IEpermits open
access operations on railway linesdoynpanies other than those who own the rail infrastructure. It was further
supplemented by directives that included cross border transit of freight. The European Commission is

8 Pham, Vinh,The Liberalization of Raillransport in the European Union. An Honors Thesis to the Economics
Department of Connecticut College in partial fulfillment of the requirements for Honors in the Majari¥aeid_ondon,
Connecticut, 2013. 1.
84Vinh Pham, The Liberalization of Rail Tmaport in the European Union, p. 33.
%For more detailed information on the EU Rail Packages
Rail . 6
86 http://eu-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:31991L.0440
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convinced that opening the rail transport market and privatising existing wle@gpvill promote rail
net worksoé6 efficiency. Privatisation of public mon
the public sector and reducing public subsidies in the future

It is supposed to involve a separation between infrasieiananagement and service operations. The
European Commission requires separation of accounting systems between both levels, which is supposed to
enhance competition in the sector by providing equal rail capacity allocation, fair infrastructure chadging a
easy licensing for new rail operators, which has to be separated from the operation of transport services in a
neutral fashion to give new rail operators access to the n¥arket

Directive 1991/440EC was complemented by three reform pagés andservies legislationsDirective
1995/18/E8 specified a universal licensing process for new railway undertakings

Directive 1995/19/EC®° provided the framework for fair allocation and infrastructure capacity charging for
railway undertakings.

The subsequentifzctives 2001/12/E¥ (extended the original DirectivE991/440EC, focused on breaking

down the vertical bound by establishing clear requirements for the relationship between the state and the
infrastructure manager, and between the infrastructure marsagkrservice operation)2001/13/E€}
(additional license requirements introduced 1895/18/EC)and 2001/14/E& (discussed advancing the
framework for nordiscriminatory allocation and charging of infrastructurel®5/19/EC; infrastructure

access fees toe set and collected by an independent efttityhich are known as the First Railway Package.

In September 21D a process of merging of thér&tives into one piece of legislation was started.

Thus a process of liberalisati of European railwaywas nitiated in the 1980t eliminate thenonopolyof
the national stes over the railways, boost competition, andertak rail market more open for new funding
and more efficient in providing its services. It is expected that liberalisation will bringtéomgeconomic
benefits for the European railways.

87 European Commission, Modern rail, modern Europe: towards an integrated European railway area. DiEssterate
of Energy and Transport, Brussels, 2008.
http://ec.europa.eu/transport/media/publications/doc/modern_rail_en.pdf

88 http://eurlex.europa.eu/LexUriServ/i@riServ.do?uri=CELEX:31995L0018:EN:HTML

89 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31995L0019:EN:HTML

90 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32001L0012:EN:HTML

9 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2001:075:0026:0028:EN:PDF

92 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32001L0014:en:HTML

% Pham, Vinh, The Liberalization of Rail Transport in the European Union. An Honors Thesis to the Economics
Department of Connecticut College in partial fulfillment of the requirements for Honors in the Majar¥aeid_ondon,
Connecticut, 2013p. 56.
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3.2.The networks

3.2.1.National Rail Networks

The European Rail network consisté national railways which are stabevned These companieare
responsible for national rail infrastructures.

Country Name of the compan$f Length of
network (km)®®
Albania HSH (Hekurudha ShqiptareAlbanian Railways) 423
Austria OBB (Osterreichische Bundesbahnehustrian Federal Railways) 5,919
Belarus BCh( Bel arusian: 1 j&Otkzm¢ Ow yr d 5,512
Russian: 1 jdztstelz i 8alarusian Rathyay)dz(
Belgium NMBS/SNCB (Dutch: Nationale Maatschappij der Belgische 3,513
Spoorwegen, French: Société nationale des chemins de fer bel
Geaman: Nationale Gesellschaft der Belgischen Eisenbahnen
Bosnia G F B HRailways of the Federation of Bosnia and Herzegovina 1,103
Herzegovina| Gel jeznice Feder aci jGR $Bawapsef |
Republika SrpskaGe | j ezni ce Republ
Bulgaria | BDZh (Bulgarian State Railwaysi | dz¢ Otem¢d 1 tey O 4,159
BtLl gar ski DLrzhavni Z h
Croatia H G(Croatian RailwaysHr vat ske gel j e 2,974
Czech SGDCSpr 8va gel ezni |-mRailway mipastectura 9,487
Republic Administration, state organization)

Denmark DSB (Danish State RailwaysDanske Statsbaner) 2,667
Estonia Eesti Raudtee(Estonian Railways, national raylway company; 816
privatized 2001, r@ationalized 20062007)

Finland VR or VR Group (Finnish: VRYhtyma Oy, Swedish: VRGroup Ab) 5,919
France RFF (Réseau ferré de France; French: French Rail Network) 29,640
Germany DB Netze(DB Network) 41,981
Greece OSE (Greek Railways OrganizatioB} o Us s le hd Eo 2,552

KoaYUUd, Or gamingléddas) Si di
Hungary MAV (Hungarian State RailwaysMagyar Allamvasutak) 7,942
Italy RFI (Rete Ferroviaria Italiana, Italian Rail Network) 24,179
Latvia LDz (Latvian Railway-L at vi | a s infhgtractue cmanbogr) 2,269
Lithuania LG (Lithuanian RailwaysL i et uvos gel eg 1,766
Luxembourg CFL (Luxembourg Railways Chemins de Fer Luxembourgeois) 274
Moldova CFM (Moldovan Railway Cal ea Feratt di 1,156
Netherlands NS (Dutch Railways Nederlandse Spoorwegen) 2,896
Norway NSB (Norges Statsbaner A\Norwegian State Railways) 4,114
Poland PKP (Polish State RailwaysP ol s ki e Kol ej e 19,627
Portugal CP (Portuguese RailwaysCaminhos de ferro portugueses) 2,794
Romania CFR( CL i | e F e rSate®RdiwayoQoiopare) 22,298
Russian | RZhD (Russian Railwaysf smmd 2 mSdj 4 dzj L dz 128,000
Federation Zheleznye Dorogi)

Serbia G JSerbian RailwaysGe |l ezni ce Sr bi 3,809
Slovakia GSR Gel ezni ce S| o VThe Ralkagsjof the Simku | 3,658
Republic)

Slovenia S @Slovenian RailwaysS|1 ovenske gel e 1,228

% http://en.wikipedia.org/wiki/List_of railway companies
9 http://en.wikipedia.org/wiki/List_ofcountries_by rail transport_network_size
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Spain Adif (Railway Infrastructure ManageAdministrador de 15,947
Infraestructura Ferroviaria)
Sweden SJ (Statens JarnvagaSwedish State Railways) 12,821
Switzerland SBB/CFF/FFSSwiss Federal Railways (German: Schweizerisch 5,232
Bundesbahnen, French: Chemins de fer fédéraux suisses, ltali
Ferrovie federali svizzere)
Turkey TCOD( Tur ki ye Cumhur i y e TurkisiDstate | 12,000
Railways)
Ukraine UZ (Ukrainian Railwayv € gL Odz' L dzgd yv, Uk 22,300
UK Network Rail 17,732

3.2.2 Rail I nfrastructure

The fundamental part of the railway
infrastructure is thetrack which

distinguistesrailway from daher forms | rence

of land transport angrovidesa fixed
guidance system. It represents tl
steering base for the train. @modern
railway is based on a steel whe
running on asteel rail.

The track is themain part of the
railway route, andit is supporédby a

Disch

Topsoil

Catanary
At

Cateniry
miast

Cable traugh

Foundation

Diagram showing cross section of double track railway
alignment including an overhead power supply system

Topsail

/ Embankment

sub-structure, which ensures a safe

and comfortable ride of the train and it

freight.

The total width across a twoack line is
about 15 nfor a modern desigimhe cesson
each side of the alignment is the area availa
for a walkway or refuge for staff working of

the track®®

This pat of thetrack consists of three main
elements: théormation, thesub-ballastand
theballast The formation is the ground upot

lexpansion
space

nut

tie plate

RAILROAD TRACK

rail

fishplate
bolt

which the track will be laid. The
formation under the track hascamber

rather like that seen awads The track

itself is syported orballast made up of
stone(basal}, below which is a layer of]
sand, which separates it from th
formation. Catenary mastsare located
outside thedrains and, beyond them,
there is avalkway areaNext to it there

is a cable trough Ballast is ued to

Concrete Steel
Block Bar

- 5

Twin block track form using a sleeper with two cast concrete blocks held to gauge
by a steel bar. The system is favoured by the French and is also known by the names
Sonneville block or Stedef track. It has the advantage of being lighter than standard
concrete sleepers and the four faces of the two blocks resist movement better.

% http://www.railwaytechnical.com/track.shtml
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provide support, load transfer and drainage to the track and it keeps water away from the rails andtsleepers.
also supports the weight of th@ack and considerable cycling loading of passing trainthividual loads on
rails can be as high as &fhnes and around 80 shorthes on a heavy haul freight line.

The track consists of the twateel rails secured on
sleepersso as to keep the raithe carect distance &
apartand capable ofupporting the weight of trains}.
There are various types ofespers and methodsf [+
securing the rails to thenSleepers are normallys
spaced at 650 mm to 760 mm intervals.

Sleepersare traditionally wood impregnated with
preservative (life span of 25 yeardNowadays,
concrete and steel sleepars used. Yet in $ne cases e
concrete sleepersip to 320 kgdo not perform well |
under the loads of heavy haul freight trains. They
less flexible than wooden ones. The spacing GEESScsaRts= T :
concrete sleepers is about 25% greater than Wog S - S e
Mixed concrete and wooden sleepers used on the Sheffield Supertram LRT system. The
Sleepers. concrete sleepers are of the twin block type, Note that the steel bar connectng the two
blocks is nonmally covered by the ballast, Wooden sleepers are used for the crossover
because the timber s easy to cut to the required size.
Therealsotwin block sleepergseepicture). They consist of two concrete blocks joined by a steel bar. They

are 30% lighter than the regulaoncrete sleepers, andn ke easily moved manually

The standard form of rail used around the world
theflat bottom rail. It has a widebase orffoot and
narrower top ohead In the UKBullhead rail is
used. Originally it was designed withe idea to
reuse them. Bullhead rail is mounted in a speci| ®"
chair made of cast iron and secured bykey
wedged betwen the railweb and thechair. The
chairsare secured to the sleepersdoyach screws
The rail is attached to the plate by a system of cl
or clamps

The wheels of trains
have a flange, or rim,
on the inside edge
that keeps the car
on the track.

Rail is welded into long lengths, which can be up

several hundred metres long
AdJUStment SWItCheS are aIS Pre-constructed Trackwork
provided to protecturnouts and at s

. . oure
locations where a change in the rg Sqreste nsulating Gy e

. . . ) al Pad
design or size occurgail tends to prain Q f - I
creep in the main direction of trave L] i T T
sorail anchors (anti-creepersn the '
US) are installechat intervals along Pl
the track.They are fitted under thg Tunnel afdiaguer £ M
rail against a bee plate to act as a sto sraetire

. Diagram of modern slab track system, showing the pre-consiructed track which is suspended in the tunnel
agalnst movement. Nowadays tracC| (orwviaduct structure) while concrete is poured around it. The earth mat is used to reduce stray Current corrosion.

work uses long welded rail length,
which ensures a better ride, redsieear, reducedamage to trains and eliminatie noise associated with
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rail joints. There are two main types of welding uked
rails: Thermit welding and Flash Butt welding Rails

are put in concrete base, which is cakdab trackor

non-ballastedtrack.

Along the linevarious locations are marked by a fixg ;= = .,
post in the track or a plate on a nearby structure}‘"ﬁ;fc"
indicatethe correctével or position of the track.hese L'
are callednonumentsor datum pIatesMeasurements*’
are taken from these to confirm the correct position[* 2
the track.

Cantis the name used to describe the crosslevelar S| ab t r ac k S ymrsNuremberd F
of track on a curve, whiclsiused to compensate fc Munich highspeed rail line

lateral forces generated by the
train & it passes through thg
curve. The sleepers are laid at a
angle so that theuter rail on the
curve ishigherthan the inner rail.
In the US, it is known as
superelevationCant is measured
either in degrees or in linear
dimensions.On standard gauge
track (1435 mm) 150 mm of can
is equal to 6 degree The 2
maximum amount of canf —
deficiency allowed is 110 mm. —

5 frog ——
check-rall Sfe—— —

=
=
—
J—
4
—

T i WrT]
1Vl
3 Il
o,
o

—
T
-

slide chair - —

Turnouts are referred to ag
switches and crossing work
They describe the junctionm
trackwork where lines diverge or converd@own agoints (UK) or switchesUS). The moving part of the
turnout is called thewitch bladeor point, one for eachail. The two blades are fixed to each other by a tie bar
to ensure that when one is ags its stock rail, the other is fully clear and will provide room for the wheel
flange to pass
through cleanly.
Either side of the
crossing area, wing
and check rails are
provided to assist
the guidance of the Toe Heel
wheelsets through
the crossing.

A crossing can be
cast or fabricad. Diagram of simple turnout showing the names of the principal parts.
Moving switch blades shown in red.

Point (Switch) Stock Rails ~ Crossing Running Rails
Blades Stretcher ' Check Rails

N

Wing Rails l

Running Rails

</

Rails are usually
made of steel with

Mot to scale
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largeiron content but a little manganese is added to crossings and some heavily used rails to increase resistance
to wear. There are several types of turnouts:

Left Hand Turnout \
Y Turnout Diamond Crossing

= s =

3\Way Turnout Single Slip Double Shp

3.2.21. Statins

A train station or arailway stationor arailroad station(US)®” or simply station, is a railway facility where

trains regularly stop to load or unload passengers and/or freight. It generally consists of at least-siake track
platform and a statiobuilding (depot) providing such ancillary services as ticket sales and waiting rooms. If

a station is on a singkeack line, it often has a passing loop to facilitate traffic movements. The smallest
stationsar e mo st of t en oria$oeea rreadr tt o afs télsd owasrdl d, as o0h

3.2.22. Marshalling and switchyards

Marshaling or classificationyards
can be classified into three type Fig.i FLAT YARD
depending on the kind of shuntin
they employ, namely: e

pris =7
- Flat yards S — DEPARTURE YARD
A B e —

) GraVity yards " SHUNTING NECK
- Hump yards N\ %
Each marshding yard consist of

RECEPTION YARD

SORTING YARD

three main components: th
reception yardtheclassificationor
sorting yardanddeparture yard

97 http://en.wikipedia.org/wiki/Train_station
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In theflat yard atrain is received in the
reception yardand the engine is sent t
the loco shed® Adjacent to the
recepton yard, there isthe sorting

mﬁ?ff"n? / Sear' Hum
yard, where each line is reserved f{ ————— "0,
wagons going in a particular directior] . .

e P I @
Master

- - . R -
During the process of sorting, a train \sgg\ue Master

broken up and the wagons al
deposited in the sorting yard on line
nominated for various destinations. T
sort a train that has arrived a shuntir

Dragging
Er:l?s nt NOTE: = Radar
Detector el

Detector

engine attaches to the train from the
left end and draws it out of the reception yard onto °
shunting neclAB. The firstwagons remote from the engin._
have to be deposited @xcertainline of sorting yard. The

engine pushes the train towards the sorting yard after wifSS=s ;

it draws back into theofd
wagons at the fronbave been set rolling move into t
nominated line where they are brought to rest by br
porters who run alongside ghwvagons pinning down thg
handbrakes. A second pughll operation will deposit
another set of wagons on the appropriate line in the so
yard. The pusipull method is employed in flat yards whe
the whole layout is built on

level ground.

ASST. YARD MASTER'S

In thegravity yarda gentle
slope on the shunting nec

falling towards thesorting P
lines assists wagon grasip SN——————  ruwe

in  rolling down by RECEPTION YARD
themséves without engine
assistance.Gravity yards

are considered ideal, bu

Fig.2 HUMPYARD SHOWING RECEPTION
AND CLASSIFICATION YARDS

B ey

SORTING YARD

CLASSIFICATION YARD

topographical features
often donot favour such an arrangent in which casef™
hump yard can be creatdd such yarddines join up

into a single line which slowly begins to ascend '
artificially made 0huaspil
risen to a height of around 2-:3m it levels off and
begins to descend tovetsrthe sorting yard. The descef
grade could be anywhere from 1 in 25to 1 in 35 up
the first point of divergence which is known as the Ki
point. Beyond this is a gentler grade (1 in 80 to 1
200) which eases off into a still gentler grade of 1
400 to 1 in 600 where the fans of lines commence.

98 http://www.irfca.org/docs/marshallingards.html
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entire sorting yard is thus laid on a downward grade. The yard doesn't have a shunting neck as in the flat yard

shown earlier. The shunting neck is not needed in this case as the reception and sdstarg yacontinuation

and a train can be directly pushed from the reception area onto the hump for sorting work.

The hump yardis the largest and most effectitigoe of yard, withthe largest shunting capacfThe heart
of these yards is the humptead track on a hill (humpmver which an engine pushes the c&isgle cars, or

some coupled cars in a block, are uncoupled just before or at the crest of the hump, and roll by gravity onto

their destination tracks in the classification bowl (the tradksre the cars are sortelfumpyard sorting can

be quite a slowprocess, bt it is still quicker and requires less engine movement when compared to a flat yard.

The humpyard design is thus ideally suited for places which deal with a substantial nuinegans each
day.

3.2.22.1. Single and multiple marshalling yards

There are two ways in which
a marshalling yard layout INSTALLATIONS | womkstoe. o0 TN
can be plannedThere are B ==
singleandmultiple yards In 2
amultiple yard there are two WEIGH-BRIDGE
sets of reception,
classification and depante
yards, one for the p
direction and the other for
the dwn direction, lying
side by side. Frorthe 193G
most European countrieg .
abandoned the idea of w nEcF.Pﬂi:m YARD / LOGAL INSTALLATIONS IH\L DOWN
multiple yards and changeg CLASSIFICATION YARD DEPARTURE YARD

over to the single yards. A Fig- 3 HUMPYARD LavouT

single yard has just one s¢ (SINGLE vaRoO)

of reception, clssification _
and departure yards which serve for both up a8
down directions. It requires less space
construct, and saves not only on capital cost jg
also on staff.

SICK YaRD

—~REFACKING SHED

SHUNTING
NECK

A single or unitaryyard has reception, sorting
and departure yards in serigge diagam). An
up train arriving from the left enters thEsas
reception area where the engine detaches §
returns to the locehed using connection B. F0O
a train arriving from the righthe entry will be
via the dotted line, the engine leaving for t
shed using ssover A. To the right of th
sorting yard isa shunting neck which allow ©www.flonline.de Bilnr.limage n: 5
wagons to be drawn out tfe sorting yard and

®AABCO6s of Railroading: Terms of the tradeod. Trains
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pl aced at 01 suchaab theepackihgahed sk yardamdbam@ighbridge The shunting necks
usually a short piece tfack since only a few wagons have to be drawn out at a time.

The first and foremost of these local instatias is thesick yard the place where wagons are brought in for
repairst® On arrival in the reception yard, a train is first examined and vsageading repairs are marked

out. During sorting operations on the train, defective wagonpuii@ one or more lines in the sorting yard

which are specially reserved for this purpose. Light regainsalso be&arried out in the sorting yard itself,
whereas wagons needing more extensieek are drawn out via thehunting necland placed in thsick yard

As repair work in the carriage & wagon workshop may take some time, the usual procedure is to shunt these
wagons to a platform known as tlnanshipmen platformwhere the conterdf defective wagons on one side

of the platformis transferredo another set of wagons lined up on the other side. Following transhipment of
goods, the newly loaded wagons are returned tedtigng yardwhilst those which reded repairs, now empty,

are shunted away to the workshop.

At breakof-gauge junctions transhipment platfornof another kind may also be found having tracks of
different gauges alongside, this facility allowing goods arriving on one gauge to be texhsewagons of

the other gauge before they can resume their onward journey to their final destinatieighBridgeis also
illustrated, the position indicated being suitable for occasional wagons that need weighing. However, at places
where each wagoentering the yard needs to be weighed, a more suitable location for the weighbridge would

be somewhere on the hump itself. Wagon cuts deposited on sorting lines are generally separated by gaps of
varying lengths. Once a traload of wagonfiasaccumulate@n aline t he cut s arsbrake oupl ¢
van added, and the train is shunted to the departure yard. For an up train (proceeding towards the right), an
engine from thdoco shedmakes its way along tHeco lineentering thedeparture yardrom theright hand

end, attaches to the train, and draws out. An analogous procedure exists for a down departing train which is
left as an exercise for the reader.

A goods sheds essentially a loading
- unloadng point a place where Seors ‘-‘”E"ﬁ
consignments arriving by oad
transport are unloaded, booke =
stored and finally loaded intg :
£

- DEPARTURE LINES
railway wagons, facilities also being ~in ;i\\

O
UP SORTING YARD
rd

SHUMTING NECK

UP RECEPTION AND

provided for the reverse proces o = g
. ~ —
namely, unloading of wagons an SHUNTING NECK — ey AAT NECRPTIOM SP
handing over the material to th pssncen s ————
. . DOWM SORTING LINES
consignee. The railway goods shd

. . . : F'rg. 4 FLAT YARD WITH SEPARATE UP & DN
which serves thigunction is usually DEPARTURE LINES oM EUM -

situated in the vicinity of the
passenger station area. During

humpshunting, goods shed wagons (for the town in question) are collected on a line in the sorting yard, and
at the appointed time, an engine picks up these wagons anédgsdog/ards the passenger station area, often
without a brake van, to deposit them at the goods shed for unloading. Then picking up loaded wagons from
the shed, it returns to the yard where the wagons are-bartgd and placed on the apmiafe lines inthe

sorting yard.

FOOT OVERBRIDGE

100 hitp://www.irfca.org/docs/marshallirgards.html
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3.2.22.2. Multiple yards

A multiple yard will consist of thel®
following key elements : (1)p reception
sortinganddeparture yard$aid usually in &
continuation, (2Down receptionsorting ==
and departure yardslaid alongside andgs
paralel to the up yard, and pointing th
other way, (3keparate humpfor up and
down yards, (4) connections between t &
two yards for the movement of cresg
traffic and, (5) various auxiliar
installations such a®coshed sick yard
transhipment platform repacking shed
weighbridge goods shedetc., each of g
these having suitable connections with th=

yard.

CONTROL
Marshalling yardscan show an almost AYM'S casiN D E{"
infinite variation in the way the D —
constituent elements can be group WEIGH-RAIL
together. Tie example in thediagram | ___ " - RETARDER
shows dlat yardthathas separatep and H;:;:;;; ------ ~||
down yards each made up ofception s KING POINT s, /
cumdeparture lines and sorting lines G :o,:m
which aredead end siding€Once a train S
is formed in thesorting area it is movet Fig-7 MECHANISED YARD SACK PolTS
the receptioncumdeparture yardwhere '

it awaits departurelhe yard is attached to
the passenger station

3.2.22.2a.Mechanised yards

A mechanised yar a term used to describe a huyapd that has beer
upgraded by the addition of appropriate electrical and elpcramatic
control devices so as to speeg the rate of sorting of a train -
Mechanisation can thus be looked upon as a refinement that allows
trains to be sorted in a given period than would be possible in a ya| .
conventional design. ;

How does the mechanised yard wakhumphasa heiglt ranging from
3 to 6 m Increasing the height of the hump means that wagons will[\..
down towards the sorting yard at faster speed. o

A weighrall is placeda little beyond the apex of the hurapdhascaoil
springsandpressure transducetselowit which give a visual idication
to the control abin ofthe weight of the wagons passing over the hur |

the wheels
on passing cars to slow them
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A set of retardersre ugdto slow down wagon cuts rolling
down thehump. Aretarderis an electrepneumatic device
operated from the control cabin anchsists of two pairs of
horizontal brake beamat track level, one pair for each rai
When operated, beams of each pair draw closer gripping
wheels of a passing wagon at their lower extremity i
nutcracker fashion, thereby slowing down the movemén
the vehicle.

The points are set electpmeumatically. Switches on a pang
in the control cabin allow routes to be set individually for eg™ -4
successive shunt as it comes rolling ala@dternatively, a Hydraulic 6Dowt
perforated tape is prepared whigthen fed intca maching allow fine adjustment opeed
sets the routes automatically without the need for intervenuon

from the operatdr

In a mechanised yard, wagons are not uncoupled as they go over the hump. Instead, the train is split up while
it is still in the reception yard.

3.2.22.2b. Sorting process

The hub of every marshalling yard is the classification yard where trains are broken up routewise. Each line is
set aside for a certain purpose. A train arrives in the reception area, waiting for sorting. A shunting engine
attaches to thain from the rear and begins to push it up the humpABB&stant Yard Mastdras full details

of the train and he has prepared thé-list so that, for instance, (a) section wagons for route 1 are sent to line

4, (b) section wagons for route 2 aentto line 5, (c) any long distance wagons go to line 1, 2, or 3, as the
case may be, (d) goods shed wagons are dispatched to line 10, (e) sick wagons, if anycat@ serit3 as

the case demands a nd ( fs)brake kaa rols inta lind 1.

When enough section wagons have accumulated on a line, the next thing to do is to arrange them in station
order. Making its way to the sorting yard the shunting engine picks up these wagons and draws back into the
reception yard using a line which bypasdes hump, for a second round of hump shmtiFive or six (or

even mor e) O h umapberneguired o guggke thése wagods (using various lines) before they are
all on one line in geographical order. This secondary sorting is usually donenmaithelassification yard

itself but in some cases a separate yard is built for detailed classification work of this kind. This is known as a
subsidiary yard.

3.2.23. Private Railway Sding
By definitionaprivate railway sidings track or set of trackshich do not belong to the railway enterprise but
are linked up with the track of a railway enterprise so that an indusstahlishmeniport, etc. can be served

by rail without transshipment.®!

It is important to keep in mind a clear distinctionvibetn railway propy, industrial sites andprivate lines

101 hittp://stats.oecd.org/glossary/detail.asp?1D=3920
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Industrial sites could have their own track and/or their own railway system. Track between the railway
company and the site would be either railway company track or private track.

On both privae and industriairacksthere might well be signs prohibiting staff from riding on anything on the
track without authorisatiorBefore the move to road transport any company that needed a lot of transport
would try to locate as close to rail access asiplesdVhere appropriate (cost effective) they would get right
alongside and get direct access in one way or another. Both the railway companies and the industry would
want to minimise transhipment costs including both labour and losses through spifladeépiétc. The
railways also daot want industries to put anything onto a lorry to get it to them because, increasingly, once
on a lorry it might stay there foits entirejourney. This means that railways magcept goint boundary of

t he i Bwdallwith appropriate doors (or gates) and a platform putting the railway right up against the
industry. One side would be able to be completely secure from the other. Then again where track ran in
pavementthe railway companies tended to not want the leass those cases the track could belong to a
consorti um, the Atrading estated or some other ar
and running tines

3.2.3 Slots

To run a train between two places on the mailte rail operatorsieed to secure timeslots, which they obtain
from the appropriate rail infrastructure manager.

In rail transport, a train slot is aqmission or licence that gives thight for a rail company to run a train on a
specific section of track, a specific tme %> Many tracks and stations across Europe are owned by rail
infrastructure companies, egurotunne] HS1andNetwork Railin UK, DB Netzin Germany,Infrabel in
Belgium,ProRailin the Netherlandsetc©?

The rail infrastructure gopanies sell trairslots tovarious companies which operate freight and passenger
services. Ther are night and day rail slots.

There are three differétypes of slots (in Germaity
- Safe slotswith fixed timing, e.g., by master contract
- Optional slotswith relatively safdiming, e.g. system slots
- Requested(or ad hog slotswith desired timing, e.g. chartered or extra train (sfdfs).

To obtain slots and usenational rail networls subject to the payment of fees to the relevant rail infrastructure
manage These feesra also calledail tolls.

Each EU country has its own system of chargifige highest common fee is charged for the reservation of
capacity (slots}®* The fees are paid by eagdil operator (=railways companyandare calculated on the basis
of a unit ate per kilometre, subject to the addition of a variable element applied as a ratio to reflect:

102 April Kuo, Elise Miller-Hooks, Kuilin Zhang, antéiani Mahmassani (2008]Train Slot Cooperation in Multicarrier,
Interndional RailBased Intermodal Freight Transporftansportation Research Record: Journal of the Transportation
Research Boar{2043): 3140.  http://www.iti.northwestern.edu/publications/mahmassani/Kuo €088
Train_Slot_Cooperation_in_Multicarrier_International R@dlsed Intermodal _Freight Transport.pdf
103 hitp://www.eurocarex.com/cardggchnique.php?cat=19&sscat=39
104 file:///C:/Users/OSK/Downloads/schlechte_thomas%20(2).pdf
105 hitp://www.eurocarex.com/cardggchnique.php?cat=19&sscat=39
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- Type of line used (the cost for a higheed or lightraffic line is higher than for a lowpeed and/or
local traffic line)

- Time of usdthe rates charged aff-peak times, and particularly during the night, are lower than those
charged at peak times)

- The nature of the train for which the slot is reserved

- The type and speed of the rolling stock used.

In Francethe reservation fees are refertecsdes re@vances pour prestations minima{egnimum service

fees), which also comprise network access and usage fees. Other fees are requested by rail infrastructure
operators, such as access to electrical power equipment and installations. In various EU toeinmtites

charged for freight sts may differ significantly fromthose charged for passenger slots.

In many EU countries slots are distributed gigctioning proceduresFor instance, in Germany slots are
allocated acadling to priority rules, thouglralway law and regulation also provide for the application of a
6highest price procedured in case ¥%f a conflict b

However, whera particular bottleneck slag allocated it might block other parts of the networkhis can
lead to inefficient allocations, snsulatedbidding for bottlenecks is not appropriate for railway network
allocation. To avoid this situatipa secalledcombinatorial auctionis used, whiclallocates a multitude of
interdependent slots simultanesty. The efficient use & railwaynetwork hinges not only on departures and
arrivals, but also on the combination of routes and speeds taken by indivichslrirdhe network.

Thereareseveal factors that influence slaflocation in the rail netwé.

One of them igailway schedulingwhich is based on a detaileabdel of the railway network,e. a model

that includes all tracks, switchers, and signals. This model is used for planning on the principle of exclusive
use of block sectia It meanghat ablock sectiommay be occupied byt most one train at a time. Various
characteristics of the individual train need to be taken into account, such as maximum speed, acceleration and
braking distance, as well as characteristics of track segmenbsasuallowed speed and signalling system,
determining the blocking time, i.e. the time that a block section is occupied, and the headiaymninimum

time interval between two train¥’

Other importanfactorsin slotallocation ardrain typesvhicharedefined byseveral properties, such as driving
characteristics, train protection system.eimtediate service type (passenger vs. freight, local vs. long
distance). For instance, there are InterCityExpress ICE, InterCity IC, RegionalExpress, Hegiionahd
InterCargoTrain.

To request a slpthree main components need to be considered, nameipraetary bida sum which the
operator is willing to pay for a slgtatrain type(it specifies the technical characteristics like maximum speed,
acceleation, braking distance, weiglgic), route of the train which is given by a sequence of stations and
times.

When all these components are considered, the slot is allocated to &ldnasver, the train slatequests
submitted by competingpilway undertakings are likely to conflict. For instance in Germany the number of

106 hitps://www.zib.de/Publications/Reports/Z8-45.pdf
107 hitps://www.zib.de/Publications/Reports/Z8-45.pdf
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conflicting trainslot requests climbed from D@0 to 12000 from 2008 to 2009n the same period the number
of conflicting slots in Switzerland increased from 103 to ¥27.

The man issues targeted by the EU regulatiares

- The working train timetable shall be established annually.

- Infrastructure managers have to decl are a spec
to the new one takes places.

- The ynal date for receipt of annual train sl of
new timetable is operad.

- Not later than 11 monstbefore the new timetable is operated the infrastructure managers shall ensure
that the international train slot requests have been allocated provisionally.

- Four months after the deadline for submission of the annual traneglasts by railway undertakings,
a draft timetable shall be prepared.

There arefour different types of slot request to be distinguished:
- long term train slot requests,
- international train slot requests,
- annual train slot requests,
- andad hoctrain slotrequests

Long term slot requestrefrom 5 up to 15 years. The terphanning time horizons the time period the
between the date when a train request is submitted and the date when the train path request is included into the
working timetable

International slot requestsequire capacity from at least two different international railway infrastructure
providers.

Annual trainpath requestare submitted annually in order to be included into the annual timetable. It takes
approximately 8 months befotiee new timetable is operated.

RailNetEuropewas setup to facilitate ceoperation between the national infrastructure managers and
independent organisatieninternational train slot requests are directly submitteRadNetEurg which is
responsibledr coordination between the national infrastructure managers.

There aread hoctrain slot requests whichresubmitted at short notice. Thipplies to cargo trains which are
planned in a much more flexible way than passenger trains. Such slots astefpoen 2 weeks to 24 hours
in advanceMost infrastructure managers already plan in advance suitable train slots, callirsystemslots
without allocatingthem to a specific railway undertaking.the case ofad hocor individual slot requests in
the course of the year susistem slots can be assigned.

In practice all passengetrains have priority overeight trains Trainsoperating in regular slots have priority
over the trains witlad hocslots, and all high speed trains, including TGV gome paces using their own
tracks thatare not used biyeighttrains), have priority oveslower trains.

How doesthe logistis opeatormanaye all those parameters flevL?

108fjle:///C:/Users/OSK/Downloads/schlechte thas%20(2).pdf
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3.2.4 Slot allocation scheme for FVL
Here we would like to present a theazat scheme for slot allocation for FVL in several steps.

1. Request from OEM (Model of car, volume, planning, delivery time, where the cars need to be
transported).
TheLSPdefines the schem&ansport line and transport format (train, single wagons).
3. ThelLSP also defines the wagon type suitable ferdpecificmodels, fromthe types available in his
fleet and checkthe compatibility of the wagawith the loading/unloading infrastructure on the
customerds sites
There are 2 main transport formats:
- Singlewagons
- Block train
4. In any case, theSP has to define the way to supply empty wagons inside the transport scheme and
tries to optimize those empty costs.
5. LSP launches draction purchasing tendelin order to choose the railwagompany, which will
providethe traction service.
6. LSP has also to define the size of the wagon fleet necessary for the transport, and the wagon type
adapted to the model dimensions and the quality prescriptions.
7. Railway companies offer traction price, including the technical desoripof the service: time
schedule, podsle length of train and maximumeight.
8. LSPchecks with the sending station and receiving station that the train length fits the infrastructure.
9. Logistics operator builds its price offer on those technical items.

n

In case of reaching an agreemiehbw does th&. SP providethe service:

1. The logistics operator defines with the OEM the practical conditions of the service:
- Presentation of the wagon, loading test to validate the loading;factor
- Listing of the practical@nstraints: preferred departure time, and arrival time (in case of ports, the
logistics operator has often to negotiate unloading slots with the Port authorities.
2. On this basis, theSPstarts the dis@sion with the desigried railwaycompany
- Transport shedule: the RU will try to find a free slot finding a compromise with the constraint
of the OEM and also demanding the smallest fleet of waddost of the time, it is W late to
order regular slots on the transport line. The transport will startgpatslots until we reach the
schedule of regular slots. In fatte RU will contract with the Network the slot programme, and
organize its own means to provide a locomotive and a driver on a regular basis.
- Traction cost
- Negotiation of the last miles
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The OEM defines the frame of the transport contract:
- Plantlocation

- Model to transport

- Yearlyvolume

- Destination

- Technical constraints if there are some

- Deliverytime

Plant Portor
The logistic rail operator checks: customer’s
- Wagon allowed in the plant because of compound
’ car dimensions, quality restrictions,
& loading infrastructure m
- If needed aloading test is organised k
Defines
Loading Empty Check of the | Defines the Ch°°sf the the theckat Empty Unloading
K . traction the last wagons _
operations wagons last mile wagon type supplier transport mile organisation operations
schedule
Private siding Railway station Railways station Private siding

Train departure 10:15 Point A - Length 600m/1100 Gross Tonnes — Arrival 15:48 Point B

c f =

-%, Rail Service: traction (loco driver + locomotive) -%

e © & slot ©

== - z
ot | o = =
=2 E Loco ) Slot purchased to [

- 5 Locomotive(s) % -

o driver(s) rail network(s) tn

o | o |

Thisexampleallocationscheme was prepared by STVA

3.3. Trains

3.3.1. Types of Trains

There are various types of trains that are designed for particular purposes. A train can consist of a combination
of one or more locomotives and attached railway wagor a selpropelled multiple unit (or occasionally a

single or articulated posved coach). In the early 1890ains were powered byesm locomotive and only

from 19%)s onwards they began to be replaced by less labtamsive and cleaner (but morengplex and
expensive) diesel and electric locomotives.

72



Special kinds of trains r unniamgsphenc radwaysfneosomits’’di n g
high-speed railway$!! maglev!'? rubbertired undergroung?!?funiculart* andcog railways'*® A pasenger

train may consist of one or several locomotives and coaches. There are several types of passenger trains. They
can be divided into three main groups: intay trains, fast trains and regional trains.

A freight train (also known agoods train uses freight wagons (also known as trucks or goods wagons) to
transport goods or materials (cargia@ssentially any train that is not used for carrying passengers.

There are many different types of freight trains, which are used to carry many differenokireight, with

many different types of wagons. In Europe $fiding wall wagorhas taken over from the ordinary covered
goods wagon. | piggybackinet cauns roesr ol 1l i ng highways ar
drive straight ontehe train and drive off again when the end destination is reached. A system like this is used
through the Channel Tunnel between England and France, and for thAlperesservice between France

and ltaly (this service usédodalohrroad trailer carriejs Containers are lifted onto the train via a crane or
other loading mechanism, which greatly speeds up the loading and unloading process. This style of freight
train has largely replaced wagonload and boxcar freight trains, in which cargo is loadelbadddiny hand.

Freight trains can be divided into three major groups depending on a way the cargo is trati§ported:

- Unit train: used to carry a large quantity of a specific product from one location to another in a short
amount of time. Unit trains areseful for quick delivery turnarounds because they can return to their
destination on the same track they arrived and be reloaded. Unit trains do not require switching tracks
or remaining in the station any longer than necessary to offload their cargoarEhfast and cost
efficient for the sender.

- Mixed freight trains Mixed freight trains are also known amnifest trainsUnlike unit trains, which
carry just one type of cargo in a single type of traagon mixed freight trains bring numerous

109 An atmospheric railway uses differential air pressure to provide power for propulsion of a railway vehicle. A static
power source can transmit motive power to the vehicle in this way, avoiding the necessity of carrying mobile power
generéing equipment. The air pressure or partial vacuum (i.e. negative relative pressure) can be conveyed to the vehicle
in a continuous pipe, where the vehicle carries a piston running in the tube.
http://en.wikipedia.org/wiki/Atmospheric_railway
10 Monorail railways that are not using maglev design are today most often used in urban environments, with slow trains
and trams that transport usually only peopt&://www.trainhistory.net/traifiacts/traintypes/
111 Advances in railway and train technologies enabled technicians to design new type of railway that is optimized for
high speeds and smooth driving. These railways cdour@ in many higkspeed train networks, especially in Japan,
France and Spaittp://www.trainhistory.net/traifiacts/traintypes/
1121n distant 1937 German inventor Hermann Kempeemiad railway system that uses power of the magnets to provide
support for traveling locomotive and its trains. Today this system is often used for very expensive-apédigiailway
lines. http://www.trainhistory.net/trakfacts/traintypes/
13 A rubbertyred metro is a form of rapid transit system that uses a mix of road and rail technology. The vehicles have
wheels with rubber tyres which run on rolling pads inside guide bars fdiotraas well as traditional railway steel
wheels with deep flanges on steel tracks for guidance through conventional switches as well as guidance in case a tyre
fails. Most rubbeityred trains are purpodauilt and designed for the system on which thpgrate. Guided buses are
sometimes referred to as 'trams on tyres', and compared to -tyldsbmetroshttp://en.wikipedia.org/wiki/Rubber
tyred_metro
14 A funicular, also known as an incéid plane or cliff railway, is a cable railway in which a cable attached to a pair of
tram-like vehicles on rails moves them up and down a steep slope; the ascending and descending vehicles counterbalance
each otherhttp://en.wikipedia.org/wiki/Funicular
115 A rack railway (also raciandpinion railway, cog railway) is a steep grade railway with a toothed rack rail, usually
between the running rails. The trains are fitted with one or more cog wheéhéomsthat mesh with this rack rail. This
allows the trains to operate on steep grades above 7%, which is the maximum forlhasgairail. Most rack railways
are mountain railways, although a few are transit railways or tramways built to overcoeep g@rstdient in an urban
environmenthttp://en.wikipedia.org/wiki/Rack_railway
118 hitp://www.ehow.com/list_768612_thredypesmodernfreight-trains.html
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differentwagors and cargo to their destination. They do not move as smoothly from one point to
another as unit trains, but they are able to carry a greater amount of varied cargo.

- Intermodal trains Intermodal transportation involves the transport of cargo by akdiéferent forms
of transportation. The goods are shipped in intermodal containers. Intermodal transportation is often
not costeffective for cago that needs to be shippghbrt distances.

3.3.2. Train Systems

There are twdrain systems: block traiand single wagon load (SWL) systems.

3.3.2.1. Block Trains

A block train also called aunit train or train load serviceis a railway train in which all th&vagors making

it up are shipped from the same origin to the same destination, without beingsplistored on route. This

saves money, time and confusion with assembling and dissembling trains at rail yards near the origin and
destination. Unit trains are considered to be economically efficient only when they are used-fai urigg
customers.tlhappens very often that unit trains carry one commodity, wagons are of all the same type and
very often they are all identical apart from possible variations in livery. Block trains are mainly used for the
transportation of bulk goods, such as solid sares (ballast, gravel, iron, coal, steel, etc.), bulk liquids (crude

oil, mineral oil, ethanol, molten sulphur, etc.), food (corn, fruit juice, etc.), shipping containers, cars, aggregate,
waste, potash, taconite, mail, etc. A block train consists afgfsom one customer, whereas the single wagon

load trains can have multiple shippers. The length of the block train can be between 400 and 700 m. However,
there are tests conducted in Europe with a view to increase the maximum length of a block trdifD0@ t

m.

3.3.2.2. Single Wagons Load System

The sngle wagorioad (SWL) system is used @ase when one or several wags need to be dispatched at a

time to a certain place, yet the total quantity of these wagon(s) does not make a full train/tidek3vai
system can be compared with a 6éhub and spoku) syst
for sorting and are distributed from the centre in all directions). It is a network system which consists of
customer sidingsstationsandmarshalling yardsor switch yardgsee: marshalling yards

- If the customer has railway tracks, the operator will sefegeder servic¢o collect the wagons (and
give the customer empty wagons to fill). These are then hauled or pulledaisiaallingyard.

- Ifthe client does not have railway track access, he will transport the goods to a terminal by truck where
the goods are loaded onto a railway wagon and then brought to the marshalling yard.

- In the marshalling yard further wagons (from other custsejreme added and the train is built up for
departure to the next hub/marshalling yard in the network. All departures within the network are
scheduled and depart at predefined tinseg:(slots

- The wagons are transported from one hub/marshalling yarsbtbex and wagons are added and taken
away at each stop.

- Once the wagon has reached the hub nearest to its destination, it is taken off the train and is transported
either by truck or by track to the final destination.

In the SWL system every customer hagprivate rail track, which is linked to the national rail network. Each
track depends on a regional station, where deliveries are organised. All these local stations are linked with

17 hitp://www.railfreightportal.com/Singlevagonrload
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bigger shunting stations. There is a different number of trains thdtetween the stations every day. Each
wagon is brought froralocal station(s) to bigger hubs of shunting stations where the wagonsoaganésed
into new trains to be movazhwardsto their destination point. The only problem is that formation ofia tra
that includes different wagons with different destination takes time (&glag needed to cross France). In
many cases wagons are moved from one shunting stat@mother and rerganised, whicmormally takes
time. However, the big advantage of tBWL system is that it works wihtsmall quantity of goods (cgjrthat
need to be transported. The most efficient andsashg method is a block train, but thégjuires a sufficient
number 6 cars to have a completein. However, there are requefitsm the OEMSs to trammrt cars in
smaller quantitieghen the SWL system is used for such requests.

The SWL system provides thé
customer with adaptability of LN
dispatch volatility. Here the numbe
of wagons is chosen by the client {
be dispatched to a certain

destination. This number can b
changed any time. A client cai Local station
decide as well when to load then
or when to add new wagons to

train. In Europethe SWL accounts | Shunting station

Private rail tracks
.

Local station Private rail tracks

Shunting statien .. °

Local station

] Local station e
for approx. 50% of the total rail P
market (with annual freight volums . . "
of around 100bnt/km)1® SWL Local station Shnting staton ‘e
system is used mainly for midsize( Lecslstaten P Private rail tracks
and geographically disperse ¢
industry and for agriculture. It is ® Drivate rail tracks

also known, however, that man
EU RUs lose money with SWL operations.

The termwagonloador wagonload freightefers to trains made up frorimgle wagon consignments of freight.
Rail freight transport is increasingly operated a:
with road haulage.

Since 2012, in Europe \ganload freight represen®®% to 40% of freight carried many countries including
France, Italy, Germany and Belgium. In other countries, including the UK and Romania, wagonload freight is
a very minor aspect of rail freight transport, representing less than 5% of total rail fréight.

Comparing SWL traffic antlock trains, he latter ones are less compl®cause the train does not need to be
stopped for shunting procedsrén Western Europe operators have supported SWL transport by signing the
new Xrail Alliance in Zurich in February 2010 to improve SWL tgaors. The founding members of the Xrail
Alliance are CD Cargo, CFL Cargo, DB Schenker Rail, Green Cargo, Rail Cargo Austria, SBB Cargo and
SNCB Logistics'?° SinceSWL was not profitable, the European Commission decided to support this type of
transport ands working on a strategy to simplify the cus®oontrol in Member States and to remove the
bureaucratic and technical procedures in SWL transport. Therefore, in order to operate at maximum efficiency,

118 hitp://www.railfreightportal.com/Singlevagonrload
119 hitp://en.wikipedia.org/wiki/Wagonload freight
120 hitp://www.railfreightportal.com/Singlevagon-load
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trains need to carry as much freight as possible jmitie technical capability of the track and traction. The
principle @he longer the train the betégrevails.

There are two types of wagons that are used to carnpulngoods:intermodaland wagon load The
difference between them lies in the meahkading and unloading. Intermodal Icadeedifting equipment
such as cranes, whereas wagon load is loaded and unloaded often with fork lift trucks, and from a platform

>
| 0 i
¥y O e N im"

level with the floor of the wagon. Wagons are shunted into smaller trains faglkaolthe ultimate destination

by rail. It involves a main line locomotive being used to haul just one or two wagons many kilometres, which
makes it uneconomic. One of the solutions is to store goods in wagons at the shunting yards until there is
enough ¢ form a whole train. This reduces costs and makes SWL more efficient. The biggest difference
between a block train and SWL is that the former is now open to competition in many Member States and the
efficiency of the private sector helped to boost themnoin intermodal traffic across Europe. The only
obstacles are operating, safety and access restrictions which are imposed to protect the incumbent operators.
(For more information on EU intives for SWL traffic, seEU Regulations and Initiativeaa Chapter §.
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3.4. Locomotives

Before starting to discuss the types
locomotives it is necessary first t
define what a locomotive .s
Locomotive i a selfpropelled rail |\
vehicle designed to convert electricg’
or mechanical energy into tract
effort to haul trains of nopowered
carriages and freight wagot.

00 CO0OP DD

55 BB BB
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1. Water Compartment 18. Sand Dome
Trains can be sorted in several distin| 2. Cecal Bunker 19. Flue Tubes
. d by th h 3. Worm Coal Conveyor 20. Superheater Tubes
categorles, Separate y the way thy 4. Reverse Lever (Johnson Bar) 21. Smokebox
locomotives are powered, their us{ 5. Stoker 22. Blast Pipe
. . 6. Throttle Lever 23. Steam Chest
and by the design of their tracks. 7. Water Gauge 24, Cylinder
8. Firebox 25. Piston
9. Crown Sheet 26. Crosshead
There are  several types q ;" c vaie 27. Main Rod
locomotives: steam locomotives 11. Turbine-Generator 28. Side Rod
: : . 12. Boiler Water 29. Sand Pipe
diesel . |0C0mC.)tIVQS .electrlc 13. Steam Dome 30. Ashpan Hopper
locomotives combined enginesand 14. Throttle Valve 31. Brick Arch
maalev | motivek? 15. Boiler Tubes 32. Grate
aglev locomot es 16. Dry Pipe 33. Injector
17. Water Delivery Check Valve

3.4.1. Steam Locomotives

Now effectively obsolete, steam locomotive is a satbntained power unit consisting essentially of a steam
engire and a boiler with fuel and water supplies. Superheated steam, controlled by a throttle, is admitted to the
cylinders by a suitable valve arrangement, the pressure on the pistons being transmitted through the main rod
to the driving wheel$?® The driving vheels, which vary in number, are connected by side rods. Steam
locomotives are usually classified under iMayte systenpthat is, by the number and arrangement of the
wheels; for example, an engine classifiedig @ has one pair of wheels under the fronck, three pairs of

coupled or driving wheels, and no wheels under the trailing truck. In some cases the truck wheels of the tender
(fuel carrier) are addeid?

e

- __AREaie

The NKP 500series

Stean engine VHX

Norfolk and Passenger traink  Bavarian S 3/6 The LNER
2-8-2 6 Mi k Western No475 4-6-0 steam class, later Class | Class A3 Pacific| 40-308
is a 48-0 steam | locomotive 5972 18.45 of the steam
locomotive OLTON HALL Deutscher locomotive No.
(built at Reichsbahn 4472 Flying
Swindon in Scotsman
1937) (originally No.
1472)

121 hitp://www.railwaytechnical.com/RailLexicon-Mk24.pdf

122 hitp://www.trainhistory.net/traifiacts/traintypes/

123 hittp://www.enselsoftware.com/article/train_sim.html

124 hitp://www.infoplease.com/encyclopedia/science/locometiyeslocomotives. html
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3.4.2. Electric Locomotives

Electric locomotives range from the small types used in factories and coal mines for local hauling to the large
engines used on railways. Electric locomotives generally have two or more motorsifRaMlected from a
pantographiunning on an overhead wire or from a third rail at one side of the track. Battery locomotives, used
only for local haulage, carry electric storage batteries that act as their primary source of power. Electric railway
locomotives are used chiefly on steep grades and on runs of high traffic density; although highly efficient, they
are not more widely used because of the cost of electric substations and overhead wires or tird rails.

= | — >
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Taurus EI16  CargoN Rc4 of Green | DB E18/OBB | Soviet 2TE10U

ES64U2/U4 Cargo locomotive
locomotive

3.4.3. Diesel Locomotives
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The modern diesel locomotive is a sel et ; 'y o
contained version of the electric locomotivi AL il i

Like the electric locomotive, it has electri ===
drive, in the fom of traction motors driving <
the axles and controlled with electroni
controls. It also has many of the same auxilic
systems for cooling, lighting, heating, brakin
and hotel power (if required) for the train.
can operate over the same routes (uspafig LAYOUT OF THE DIESEL LOCOMOTIVE EQUIPMENT.
can be operated by the same drivers. It diffe| 1-gsanie... 12 oo worer k. 15 Trecuon motr co
principally in that it carries its own generatin Eéﬁ:%ﬂﬁ:’wi.m generator 16 Tank Tor flame-xtinguishing 52~ WWater and ofl separator
:

— Front driver’s cab 11 — Muffler 18 — Sand bin .
— Electro-dynamic brake fan 12 — Cooling water tank 19 — Traction motor cooling fan

Frequency converter liquid 23 — Fuel boosting pump
. . . . . — Starter-generator :g = g::ru&lbconsola %; = g;e':::i.sr;l;::u
station around with it, instead of bein | gzpiensererter 28 Battarypacticn

10 — Air filter of electrical equipment 27 — Main air cylinder .
cooling system 28 — Traction motor cooling fan

connected to a remote generating stati 20— Clothes rack
through overhead wires or a third rail. TF
generating station consssof a large diesel
engine coupled to an alternator producing the necessary electricity. A fuel tank is also essential. It is interesting
to note that the modern diesel locomotive produces about 35% of the power of an electric locomotive of a
similar weigh.?6

_— |

The UK Class 47 MAYV Diesel HGK JT42CWR | Class 66 number| Class 233 of DB| Class 203 of NBE
is typical of the locomotive M62 | number DE672 in 403 used by Rall
general purpose Taigatrommel Ulm Germany CargoNet

dieselelectric
locomotives
introduced in the
1960s.

125 hitp://www.infoplease.com/encyclopedia/science/locometiipeslocomotiveshtml
126 http://www.railwaytechnical.com/diesel.shtml
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3.4.4. Combined Locomotives

Dieselelectric

Rectifiers/
Alternator Intakes

. ) Main Alternator  Auxiliary Air Electronic
|OCOI‘n0tIVES were Radiator Radiator Turbo IR Controls Control

Stand

Fan Ch?rger

introduced in the United
States in 1924, and hav
become the most widely
used type of locomotive. |
The modern diesel - @@@ _/@m
electric locomotive is a| == \

Truck Frame Motor Blower Traction Pinion &

self-contained, Motor  Gear “hee!
electrically propelled
unit. Like the electric locomotive it has electric drivethe form of traction motors driving the axles and
controlled with electronic controls. |
also has many of the same auxilia
systems for cooling, lighting, heating
and braking. It diférs principally in that
it has its own generating station insted
of being connected to a remot
generating station through overheg =~ L
wires or a third rail. The generating

station consists of a large diesel engi { 1 {
coupled to an alternator or generator th Wheels
provides the power for the tractio
motors. These motors drive the driving

wheels by means of spur gears. Thera Radizr Fan Compressor
of the gearing regulates the haulir Redens 2 / Fuidoouping | comoresr
power and maximum speed of th| "

locomotive. A modern dies&llectric
locomotive produces about 35% okt
power of an electric locomotive o
similar weight!?”

[ ]

Cab

Batteries

Sand Box

Drive Shaft

Gearbox

Driving

Final drive
controls

& reverse
gearbox

Counterbalance

Dieselmechanical locomotivehave a
direct mechanical link consisting of L izt or.vesfan I
clutch and a series of gears and shess

between the engine and the wheels, similar to the transmission in an automolileseBaechanical drives
deliver less power to the wheels than electric and dedsetric systems, they are only used with the smallest
locomotives.

In diesethydraulic locomotiveshe engine drives a torque converter, which uses fluids under pressure to
transmit and regulate power to the wheels. Hydraulic drives are widely used in some countries, such as
Germany.

127 hittp://24coaches.com/locomotiveorking-india/
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Gas turbinéelectric locomotiveare similar to the dies@lectric but use a gas turbine to drive the generator.
The technology is used primily on turbotrains, higkspeed passenger trains that do not have locomotives but
instead are powered by units built into one or more of their*€ars.

s

Dieselelectric Diesetelectric Class 56 Co-Co dieselelectric DieselElectric DieselElectric
locomotive: MLW locomotive: Romaniarbuilt | locomotive Class 47| Locomotive 1Ce Co-Co
model S3 produced in ER2Gs dieselelectric D1705 Col Class 40 | Locomotive Class
1957 locomotive SPARROWHAWK 50
56006 at

RailFest 2004

3.5 Wagons

3.5.1. General Fatures of Wagons

Most railway freight and passenger wago e cenren
sit on top ofbogies( or 6 t r 't Wldsts HhMaeR  “EYER /
bogies have twavheel setsso rollingstock
can manoeuvre around curves while
supporting heavy loads. Theo side frames
contain two wheel sets (eaalneel set is two
wheels and a solid axle mounted together
one piece)Roller bearingsare used betweer]
the axles and the side frames to permit t
wheel setsto turn freely. Usually, wagon BOTTOM
bodies are not fastened to the bogies but 1
on and pivot arond a centre support.
Generally, bogies on passenger rolling sto
support a suspension system that isola]
them from the wheels and infrastructur
Bogies also support thbraking systems
Most passenger and freight rail cars u
brakes operated by aipressure. Freight
braking systems use air pressure to pre
brake pads to each wheel tread. Sof
passenger systems use the same type)
braking system, but mostigh-speedtrains
are equipped withdisk brakes attached
directly to wheelset axles in additiomtread
brake systems.

AXLE _SIDE
BEARI

SPRING
PLANK

5IDE FRAME

JOURNAL BOX

128 hittp://www.infoplease.com/encyclopedia/science/locometjpeslocomotives. html
129 hittp://www. ppiaf.org/sites/ppiaf.org/files/documents/toolkits/railways _toolkit/chl 3 2.html
80



http://www.infoplease.com/encyclopedia/science/locomotive-types-locomotives.html
http://www.ppiaf.org/sites/ppiaf.org/files/documents/toolkits/railways_toolkit/ch1_3_2.html

Couplersare designed to allow railway cars to be joined
together quickly and easily while draft gears provide the
mechanism to transmit the longitudinal forces that propel
the train through the car body to the next car, without
interfering with the workings of the bogies. Some
couplers have top and bottom extensions (shelf couplers)
to ensure that cars stay coupled even if one car leaves the
tracks. Draft gear and coupler system strength determine
the safe weight at which a tracan operate on a railway.
Many rail systems usbuffer padsalongside coupler
mechani sms to reduce O0slack actioné, the tendenc)y
group of wagons to elongate or contract when in motion.

3.5.2. Wagon Classification

The UIC (International Union of Raays) has
established systems for the classification of locomotives
and their axle arrangements, coaches and goods wagons.
This classification of goods wagons was agreed in 1965
and it was introduced into the member countries (in 1968
by Germany, replacih an old classification system
adopted as early as 1905). A few countries use national
classification schemes in addition to, or instead of the UIC
classification, for instance: the State Railway of Finland
(VR) which uses similar to UIC classification ettState
Railways of the Czech Republic (CD) use alongside the
UIC system a national classification, British Rail use
TOPS (Total Operations Processing System) widely
instead of the UIC system and the Railways of Spain (RENFE) use alongside the UIC sggtecifia
classification.

The UIC classification code consists of letters (in upper case) as well as several index letters (in lower case).
Some capital letters are reserved only for coaches (A, B, C, D, P, afitithé) pthers indicate goods wagons.

The ktters in capital are followed by letters in lower case, which are international index letters. The index
letters indicate the technical size/capacity of the wagons. They are followed by 12 digits. The first digit forms
the fifth digit of the 12digit UIC wagon number and the last digit is a check nuriBer.

For instance, DBSchenkem s es wagon- 6Laaeksd 25
80-43-6-66787 (see the pholo

L = flat wagon

aa = double wagon with 4 axles

e = with decks for the transport of motor cars (double

decker)

k = with maximum load on class C route: m < 20 t

s = permitted in trains up to 100 km/h.

130 http://en.wikipedia.org/wiki/Goods_wagon
131 Digits 1-2 indicate a type of vehicle and intetioaal utilization modus; digits-& indicate country code; digits@®i
vehicle type information; digit 7 denotes stylpe of the above (freight):811 individual running number (serial number)
and final one is a redundancy selfeck digit.http://en.wikipedia.org/wiki/UIC_wagon_numbers
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