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Foreword 

The project to produce this book on óFinished Vehicle Logistics by Rail in Europeô was initiated during the 

ECG Land Transport Working Group meeting in January 2014, Frankfurt am Main. Initially, it was suggested 

by the members of the group that Oleh Shchuryk prepares a short briefing paper about the current status quo 

of rail transport and FVLs by rail in Europe. It was to be a concise document explaining the complex nature of 

rail, its difficulties and challenges, main players, and their roles and responsibilities to be used by ECGôs 

members. However, it rapidly grew way beyond these simple objectives as you will see.  

The first draft of the project was presented at the following Land Transport WG meeting which took place in 

May 2014, Frankfurt am Main. It received further support from the group and in order to gain more knowledge 

on specific rail technical issues it was decided that ECG should organise site visits with rail technical experts 

of ECG member companies at their railway operations sites. These were held with DB Schenker Rail 

Automotive in Frankfurt am Main, BLG Automotive in Bremerhaven, ARS Altmann in Wolnzach, and STVA 

in Valenton and Paris. As a result of these collaborations, and continuous research on various rail issues, the 

document was extensively enlarged. 

The document consists of several parts, namely a historical section that covers railway development in Europe 

and specific EU countries; a technical section that discusses the different technical issues of the railway 

(gauges, electrification, controlling and signalling systems, etc.); a section on the liberalisation process in 

Europe; a section on the key rail players, and a section on logistics services provided by rail. A substantial part 

of the document is also dedicated to types of FVL wagons, various types of locomotives and their technical 

specifications. It also includes a section that tackles the question of European regulation of rail. It briefly 

presents the current EU projects and initiatives for rail transport. There is a section that discusses the key 

railway organisations and associations, and, finally, the additional supportive materials, such as maps, 

glossary, various tables and charts, useful links, etc. have been added.  

This document has been reviewed several times since its first publication. The current version 3 of the 

óFinished Vehicle Logistics by Rail in Europeô was revised and complemented with a new chapter on 

ñTransport documents in railò and prepared for publication in December 2017.  

This detailed document on óFinished Vehicle Logistics by Rail in Europeô is relevant not only to ECGôs 

members, but also to the whole FVL sector in Europe. It represents a unique undertaking to approach the rail 

transport sector from the perspective of FVL, taking into account the complexity of European rail. It can be 

used as an instructive manual for those who wish to understand the European rail complexity from the 

standpoint of FVL even if they have no prior knowledge. 

It is sincerely hoped that this document will be 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 your input in helping us to achieve this. 

 

 

 

Oleh Shchuryk                                                                                                                      06.12.2017 
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SMGS  Agreement on Direct International Goods Transport by Rail and Procedure Instruction 
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SNCB National Railway Company of Belgium - Société nationale des chemins de fer belges (FR)  

SNCF  Société Nationale des Chemins de fer Francais (FR) 

SWL  Single Wagon Load 

SĢ   Slovenian Railways - Slovenske ģeleznice (SI) 
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SĢDC Railway Infrastructure Administration, state organization - Spr§va ģelezniļn² dopravn² cesty 
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T&E  European Federation for Transport and Environment 

TAF  Telematics Applications for Freight services 

TAP  Telematics Applications for Passenger services 
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TEN-T  Trans-European Transport Network 
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TOPS  Total Operations Processing System 

TPWS  Train Protection & Warning System 

TSI  Technical Specifications for Interoperability 

TVM  Track-to-train transmission - Transmission Voie-Machine (FR)  

TWC  Train Warrant Control 

UIC  International Union of Railways - Union Internationale des Chemins de Fer (FR)  

UIP  International Union of Private Wagon Keepers 

UIRR  International Union for Road-Rail Combined Transport 

UITP  International Association of Public Transport 

UTI  Intermodal Transport Unit 

UZ  Ukrainian Railways - Ukrzaliznytsia (UK)   

UNIFE  Association of the European Rail Industry 

VBS  Voice Broadcast Services 
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VR   State Railway of Finland 

VSB  Vereinigte Schweizerbahnen 
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ĢFBH Railways of the Federation of Bosnia and Herzegovina - Ģeljeznice Federacije Bosne i 

Hercegovine (BA) 

ĢRS   Railways of Republika Srpska - Ģeljeznice Republike Srpske (BA) 

ĢS   Serbian Railways - Ģeleznice Srbije (RS) 

ĢSR   The Railways of the Slovak Republic - Ģeleznice Slovenskej Republiky (SK) 
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1. Brief H istory of the European Railways 
 

The history of rail transport in Europe dates back to Greco-

Roman1 times where the first prototypes of the modern railway 

system were created. The use of wagons in Europe became 

common from about 1500 through 1800. They were mainly used 

for transportation of coal in the mining industry. The first 

mechanised rail transport system that employed steam 

locomotives dates back to the 1820s in the UK.  

 

Talking about the early wagonways (or ótramwaysô) they are 

believed to have been developed in Germany in the 1550s and 

were used for transportation in mining facilities. The first 

wagonways were made of wood and were used on wooden rails.2 

 

The first real railway appeared before 1605 in the UK and was a 

funicular railway at Broseley in Shropshire. Another of the 

earliest documented railways in the UK was the Wollaton 

Wagonway that was completed in 1604. It ran from Strelley to 

Wollaton near Nottingham. Another railway constructed at that 

time was a wagonway of Huntingdon Beaumont3 that was laid 

down near Newcastle upon Tyne. 

 

By the 18th century such wagonways already existed in many 

places and they were spreading rapidly. Due to the fact that a stiff 

wheel rolling on a rigid rail requires less energy to move loads 

than road transport, railways became very efficient for bulk goods 

and it became a main reason for further development of rail. 

 

In 1760 the Coalbrookdale Company4 introduced a fixed plate of 

cast iron to the upper surface of the wooden rails. It used wagons 

that had flanged wheels as in modern railways. This composite 

iron/wood rail was later replaced by all metal rails, which made 

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 600 BC. Trucks pushed 

by slaves ran in grooves in limestone, which provided the track element. The Diolkos wagonway ran for over 600 years. 

Other examples of the pre-rail 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  
3 http://www.eoearth.org/view/article/150461/  
4 http://www.gracesguide.co.uk/Coalbrookdale_Co  

Salamanca 

Diolkos wagonway, Greece 

http://en.wikipedia.org/wiki/History_of_rail_transport
http://en.wikipedia.org/wiki/History_of_rail_transport
http://www.eoearth.org/view/article/150461/
http://www.gracesguide.co.uk/Coalbrookdale_Co
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The invention of a steam engine by James Watt in 1784 

revolutionised the whole railway system. The first steam rail 

locomotive was constructed by John Fitch in the United States 

in  

 

1794. However, the first working locomotive railway system 

was built in the UK in 1804 by Richard Trevithick in Cornwall. 

The first commercial steam locomotive was designed by 

Matthew Murray and was called Salamanca. It was built for 

the narrow gauge Middleton Railway in 1812. In 1813 

Christopher Blackett and William Hedley built Puffing Billy 

for the Wylam Colliery Railway. It was first successful 

locomotive running by adhesion only. 5  

 

In 1815 a first steam-powered machine prototype of the 

modern locomotive was built by George Stephenson. The 

machine was called Blücher (see picture).6 It was a flanged-

wheel adhesion locomotive. In 1825 he constructed 

Locomotion (see picture) for the Stockton and Darlington 

Railway, the first public steam railway in the world.7  

 

In the beginning there were two types of locomotive, namely 

a light fast passenger loco and slower more powerful goods 

engines. All of them had four wheels.  

 

Alongside the changes in 

design of locos that became 

lighter and quicker, the rail 

network was quickly 

expanding, not only in the 

UK but also in other 

European countries. 

Construction of the rails and 

locomotives required large 

quantities of heavy materials, 

which in its turn stimulated 

coal-mining, iron-production 

and construction industries. 

It reduced the costs of 

travelling and increased 

personal mobility. 

 

 

 

                                                           
5 C. Hamilton Ellis, The Pictorial Encyclopaedia of Railways, New York, NY, 1968, pp. 20-22. 
6 http://www.steamindex.com/cyberspine/media/reed14.jpg  
7 http://en.citizendium.org/wiki/Railway_history  

Puffing Billy 

Locomotion 

 

Blücher 

 

http://www.steamindex.com/cyberspine/media/reed14.jpg
http://en.citizendium.org/wiki/Railway_history


 
 

17 

 

 

Spread of Railways in Ten EU Countries8 

 

 
1840 1860 1880 1900 

Austria-Hungary 144 4,543 18,507 36,330 

Belgium 334 1,730 4,112 4,591 

France 496 9,167 23,089 38,109 

Germany 469 11,089 33,838 51,678 

Great Britain  2,390 14,603 25,060 30,079 

Italy  20 2,404 9,290 16,429 

Netherlands 17 335 1,846 2,776 

Russia 27 1,626 22,865 53,234 

Spain - 1,917 7,490 13,214 

Sweden - 527 5,876 11,303 

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

 

One of the leading countries in the construction of railways was Belgium, which was a major contributor to 

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

the Netherlands in 1830, the Belgian government decided to stimulate the industry by introducing a rail 

network. Its rail system connected major cities, industrial areas, ports and neighbouring countries. The first 

railway in Belgium was constructed from Brussels to Mechelen and the line was completed in May 1835. It 

was the first railway in continental Europe. (The map opposite shows 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 railways became popular in many large cities of Europe. In the course of time the urban 

electric railways grew beyond metropolitan areas. This brought development of the intercity network 

connections. One of the most elaborate electric rail systems that connected every town and city was developed 

in Belgium. 

 

The first diesel-electric locomotives were 

low-powered machines, yet they were 

cleaner, more efficient, and needed less 

maintenance than steam locomotives. 

They became very popular after World 

War II and by the 1970s they had 

completely replaced steam power on most 

of the worldôs railroads. (See the picture of 

the Worldôs first diesel locomotive for long 

distances SĢD Eel2, 1924 in Kyiv).9 

 

Talking about the development of the 

railway network in Europe, it is worth 

focusing here on two countries; Germany 

                                                           
8 http://www.fordham.edu/halsall/mod/indrev6.asp  
9 http://www.ipukr.com/?cat=717   

http://www.fordham.edu/halsall/mod/indrev6.asp
http://www.ipukr.com/?cat=717
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and France. It is important to show what features of both rail networks are shared by the two countries and at 

the same time what are the characteristics of these networks that differentiate them from one another. It can be 

stated that both countries have the most complex rail network systems in the whole of Europe on one hand. 

On the other hand these networks differ from one another by their structures: France has a centralised system, 

or capital-oriented, whereas Germany has a decentralised or regionalised one. It is also crucial to understand 

the socio-economic-political settings that lay at the root of both rail systems and that caused the development 

of two such different models. 

1.1. History of Rail in France 

 

The history of rail in France dates back to the 19th century. The first rail line in France became operational in 

1832 not long after the first line launched in the UK.10 

It connected Rouen with Paris. However, the 

development of the French railway was not as rapid 

as it was in Belgium, Germany or Switzerland and 

the main French railway system started to be built 

only after 1942. There were several obstacles that 

hindered rail development in France, among them 

were economic issues, poor iron industry, destruction 

of the Napoleonic Wars (1803-1815), and strong 

national opposition to the changes that railways 

would bring, that it would be detrimental to 

agriculture and impinge upon the business of the 

canals and rivers. (There were serious investments 

into water-borne transport and rail was regarded as 

dangerous competition. Moreover, the governmentôs 

sluggish involvement also slowed down the process. 

It took decades to start railway construction on a 

national scale. After a period of inaction, the French 

government managed to combine two models to construct its railway, on one hand a free-market system 

(laissez-faire) that existed in the UK, and on the other hand a government controlled and built railway, similar 

to that of Belgium. Finally the government took control of it. 

 

In 1842 the state issued a law that allowed private companies to plan and engineer work for the new lines. It 

subsidised these companies to construct railways linking Paris with other major cities in France. The French 

government ensured that the land was available and agreed to pay infrastructure costs, building bridges, track 

bed and tunnels. At the same time the private companies had to furnish the tracks, stations and rolling stock 

and pay the operational costs. The most successful companies, such as Compagnie du Nord would build the 

lines, avoiding governmental complications. The original agreement of 1842 leased the railway lines to the 

companies for only 36 years, extended to 99 years by Napoleon III (1808ï1873). Under the social government 

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

 

Under heavy bureaucracy and various overlapping influences, the French rail system had failed to grow and 

required government intervention. The government guaranteed the dividends of the railway operating 

companies and in exchange it took 2/3 of any profits. The governmental department of the Ponts et Chaussées 

had close control over the construction of transport infrastructure in France and took rail under its control.  

                                                           
10 A. Mitchell, The Great Train Race: Railways and the Franco-German Rivalry, 1815-1914, New York, NY, 2000, p. 4.  
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The first completed railway lines streamed out of Paris and connected major cities with the French capital. The 

major back-bone of the French rail infrastructure was completed by the 1860s, but the minor lines were still 

being constructed. By 1855, a number of small firms coalesced into six large companies with regional 

monopolies (Chemin de Fer de lôEst, Chemin de Fer de lôOuest, Chemin de Fer du Nord, Chemins de Fer de 

Paris à Lyon et à la Méditerranée, Chemin de Fer Paris-Orléans and Chemin de Fer du Midi). These lines 

divided the nation into strict corridors of control. However the arrangements of the French 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 places that either did not have railway infrastructure 

or the connection had to be done through Paris, prolonging the route and increasing costs.  

 

By 1914 the French railway system had become one of the densest and most highly developed in the world 

with 1/3 of it  comprising narrow gauge. 

 

By the 1930s many narrow gauge lines were closed and by the 1950s they became extinct. On 1st January 1938 

the socialist government completely nationalised the railway system and formed the Société Nationale des 

Chemins de fer Francais (SNCF) with its headquarters in the Parisian suburb of Saint-Denis.11 

 

Since 1981 the high-speed TGV (Train à Grande Vitesse) lines were constructed, linking the most important 

areas with the capital, starting with Paris-Lyon. In 1994 the Channel Tunnel was opened. Now the French 

railway system is the second largest one in Europe, comprising 29,901 km of railway and rail transport in 

France is mostly operated by SNCF.12 

 

The French railway network is administered by Réseau Ferré de France (RFF),13 which became government-

owned and controlled in 1997. It comprises a network of commercially usable lines of 29,901 km, out of which 

15,140 km is electrified at 1,500 V DC (5,905 km).14 1,876 km of those are high speed lines ólignes à grande 

vitesseô (LGV); 16,445 km is comprised of two or more tracks. 5,905 km are supplied with 1,500 V DC; 9,113 

km with 25 kV AC at 50 Hz. 126 km are electrified by a third rail or other means.15 

 

As can be seen on the map, historically the French railway network is Paris-centric. This capital-oriented rail 

system has certain advantages 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 order to travel from one 

city to another, the route often has to pass through Paris, which prolongs the trip and increases the costs. 

 

 

 

 

 

 

 

 

 

                                                           
11 http://en.wikipedia.org/wiki/SNCF  
12 http://fr.wikipedia.org/wiki/Groupe_SNCF  
13 http://en.wikipedia.org/wiki/R%C3%A9seau_Ferr%C3%A9_de_France  
14 http://en.wikipedia.org/wiki/Rail_transport_in_France  
15 http://www.rff.fr/en/the-network/the-network-today/a-wide-reaching-network 

http://en.wikipedia.org/wiki/SNCF
http://fr.wikipedia.org/wiki/Groupe_SNCF
http://en.wikipedia.org/wiki/R%C3%A9seau_Ferr%C3%A9_de_France
http://en.wikipedia.org/wiki/Rail_transport_in_France
http://www.rff.fr/en/the-network/the-network-today/a-wide-reaching-network
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1.2. History of Rail in Germany 
 
The history of German railway starts with 

the launching of the steam-hauled 

Bavarian Ludwig Railway, going from 

Nuremberg to Fürth on 7th December 

1835 with the Adler (Eagle) locomotive 

running between Nuremberg and Fürth. 

The first long railway was the Leipzig-

Dresden line16, which was finished on 7th 

April 1839.17 

 

The period between 1835 and 1870 is 

marked by political disunity that hindered 

construction of the railways. In 1840 

major links between big cities were 

constructed. Each German state took 

responsibility for building the line within 

its borders. The initiative was largely 

supported by the middle class who saw 

the benefits from rail infrastructure for the development of trade. In the 1840s government companies copied 

many of the private companiesô methods and structures.  

 

The first specialists who built the rail 

infrastructure were British, yet the skills 

and experience were quickly acquired by 

the Germans. By the 1850s Germany was 

self-sufficient in meeting various railroad 

construction demands. Railway became a 

key factor for the growth of the new steel 

industry. 

 

By the middle of the 1850s several 

railway lines became operational in 

Germany, such as the Prince William 

Railway was a horse-hauled narrow 

gauge (82 cm) railway that ran for a 

Prussian mile (7,532 metres) along the 

Deilbach valley from Hinsbeck near 

Essen to Nierenhof. It was opened on 20 

September 1831 and operated as a horse-

drawn railway carrying coal until 1844, but from 1833 it also carried passengers. In 1847, it was converted to 

standard gauge and became a steam-hauled 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  

http://en.wikipedia.org/wiki/List_of_the_first_German_railways_to_1870
http://en.wikipedia.org/wiki/History_of_rail_transport_in_Germany
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The third German railway was the Leipzig-Dresden railway, opened from Leipzig to Althen on 24th April 1837 

and completed to Dresden on 7th April 1839. It was the first long-distance line in Germany with a length of 

120 km and it also included the first railway tunnel in Germany. 

 

By 1845, there were already more than 2,000 km of railroads in Germany, ten years later that number was 

above 8,000km. The majority of German states had state-owned railway companies, but there were several 

large private companies as well. One of these private companies, the Rhenish Railway (Rheinische Eisenbahn) 

constructed the first ever international railway line, connecting Cologne to Antwerp in Belgium. It was opened 

in 1843. 

 

After unification of Germany in 1871, the German railway grew rapidly. The impetus for this quick expansion 

of the railway system was a need to support industrialisation. Heavy lines crisscrossed the Ruhr and other 

industrial districts, providing good connections to the major ports of Hamburg and Bremen. By 1880 Germany 

had increased its number of locomotives to 9,400 with 43,000 carriages and 30,000 tons of freight, 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 or Nebenbahn, called óSekundärbahnô (ñsecondary lineò), óVizinalbahnô (ñneighbourhood lineò) 

or óLokalbahnô (ñlocal lineò) depending on local laws and usage. Some states operated their own railways, 

known as the óLänderbahnenô (ñstate railwaysò). 

 

After WWI the óLänderbahnenô were united to form the óDeutsche Reichsbahn.ô18 According to the óDawes 

Plan,ô from 30th August 1924 it was transformed into óDeutsche Reichsbahn-Gesellschaftô (DRG, German 

State Railway Company),19 a private company. 

 

The German State Railway Wagon Association, responsible for the standardisation of goods wagons, that had 

produced the Verbandsbauart (óAssociation designô) wagons, continued and new designs using 

interchangeable components were introduced from about 1927. These were the Austauschbauart 

(óinterchangeable designô) wagons. In the 1930s many changes in design took place, e.g. the introduction of 

welded construction and solid wheels replacing spoked wheels on new goods wagons. New types and designs 

of wagons were dictated by time and needs, e.g. óKriegsbauartô or wartime designs for the transportation of 

large quantities of tanks, vehicles, troops and supplies and standard passenger coaches called 

óDonnerbüchsenô. 

 

After WWII  Germany (and the DRG) was divided into 4 zones: US, British, French and Soviet. The first three 

eventually combined to form the Federal Republic of Germany (the West) and the Russian zone became the 

German Democratic Republic (the 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 in 1945. The DRGôs successors were 

named Deutsche Bundesbahn (DB, German Federal Railways) in West Germany, and Deutsche 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 institutions, directly controlled by their respective transportation 

ministries. Railway service between East and West was restricted; there were around five well-controlled and 

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

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

                                                           
18 http://en.wikipedia.org/wiki/Deutsche_Reichsbahn  
19 http://www.franken-online.de/stefan.arold/bahn-drg.html  

http://en.wikipedia.org/wiki/Deutsche_Reichsbahn
http://www.franken-online.de/stefan.arold/bahn-drg.html
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In 1968 DB 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 on 3rd October 1990, Germany faced a challenging problem of how to turn 

two systems into one. There were many administrative and organisational problems which led to a complete 

re-organisation of Germanyôs railways. The well-known óBahnreformô (Railway Reform) came into effect on 

1st January 1994, when the State railways óDeutsche Bundesbahnô and óDeutsche Reichsbahnô were formally 

reunited to form the current German Railway Corporation (Deutsche Bahn). 

 

Since 2005 the German railway network comprised approximately 41,315 km of which 34,211 km belonged 

to the national railway and 19,857 km was electrified. Today the total track length constitutes approximately 

76,476 km.20  

 

In contrast to the French rail network which is centralised, the German rail network system developed 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 Switzerland 

 

The first rail line in Switzerland was opened in 1847 and it run from Zürich to Baden.21 It was 16 km in length. 

Already by 1860 railways connected western and northern parts of Switzerland. The first Alpine railway line 

was opened under the Gotthard Pass 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 Lötschberg railway line, was 

completed. However it was not a federal project, but it was an initiative of the canton of Bern. The Rhaetian 

Railway (RhB) opened the Albula line in 1903 and the Bernina Railway completed 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 issued 

by the Swiss government passed 

responsibility for administering policy 

in relation to the construction and 

operation of railways to the cantons, 

including licensing of companies, co-

ordination of lines, technical 

specifications and pricing policy. 

Railways were to be built by private 

limited-liability companies. This Act 

also mandated the 1,435 mm standard 

gauge.  

 

In 1853 the Swiss Central Railway 

(German: Schweizerische 

Centralbahn, SCB) began to build the Basel-Olten 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 Railway (Schweizerische Nordostbahn, NOB) concentrated on eastern Switzerland in the 

                                                           
20 http://en.wikipedia.org/wiki/Rail_transport_in_Germany  
21 http://en.wikipedia.org/wiki/History_of_rail_transport_in_Switzerland  

http://en.wikipedia.org/wiki/Rail_transport_in_Germany
http://en.wikipedia.org/wiki/History_of_rail_transport_in_Switzerland
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cantons of Zürich and Thurgau; its network covered the lines from Zürich 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 Rapperswil, Sargans and Chur. There were contracts for sharing the interlinked VSB 

line between Weesen and Glarus and the NOB line between Ziegelbrücke, Näfels, Glarus and Linthal.22 

 

During the time of financial difficulties, many of the original companies merged with the Swiss North-eastern 

Railway (Schweizerische Nordostbahn) and with the United Swiss Railways (Vereinigte Schweizerbahnen, 

VSB) in the east and with the JuraïSimplon Railway (French: Compagnie du JuraïSimplon, JS) in the west. 

Despite the financial difficulties, by 1860 a continuous line extended from Geneva to Lake Constance, and by 

1870 other main routes were completed. 

 

The second Railway Act of 1872 

that was issued right after the 

Franco-Prussian War (1870-71), 

transferred control of construction, 

operation, tariffs and accounting of 

the railways and the licensing of 

railway companies from the cantons 

to the federal government. The 

possibility of the federal 

government nationalising the 

railways also became part of the 

political agenda.23 This document 

allowed local and mountain railways 

to be built with different gauges. 

 

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 railway companies during the 1870s, rail 

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, 

JuraïSimplon Railway (JS, 937 km), Swiss Northeastern Railway (NOB, 771 km), Swiss Central Railway 

(SCB, 398 km), United Swiss Railways (VSB, 269 km) and the Gotthard Railway (273 km), forming the 

Schweizerische Bundesbahnen (SBB) (Swiss Federal Railways). In 1903 the SBB network took over the metre 

gauge Brünig Railway (German: Brünigbahn) opened in 1888 and the Swiss shipping line on Lake Constance. 

It acquired another four small private railways between 1913 and 1948.24 

 

In the 1870s, branch lines began to be built. Two-thirds of them were built as narrow gauge lines to reduce 

costs. Fifty branch lines were built in the period from 1874 to 1877, including the Gäu Railway (German: 

Gäubahn) between Solothurn and Olten (completed in 1876) and the Broye valley lines near Freiburg (1877), 

both originally planned by the Schweizerische Nationalbahn (SNB) (Swiss National Railway). Also built 

during this period were the Emmental railway (German: Emmentalbahn) from Solothurn to Burgdorf and 

Langnau im Emmental (opened 1875-81) and the WädenswilïEinsiedeln Railway (ñpilgrim railwayò, opened 

                                                           
22 Hans-Peter, Bärtschi (1998ï2009). Eisenbahnen, 2 - Die Bauperiode 1850-1870 (Railways, construction period 1850-

1870). 
23 Ibid. 
24 Hans-Peter, Bärtschi; Dubler, Anne-Marie (1998ï2009). Konzentrationsprozess im Bereich der Hauptlinien (Merging 

of the mainlines). 

Rhaetian Railway, Albula/Bernina 
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1877). Also opened between 1874 and 1881 was the Aargau Southern Railway, from Rupperswil to Rotkreuz, 

which later became a freight feeder line to the Gotthard railway.25 

 

In 1901 the major railways were nationalised by SBB.26 The electrification and upgrading of the lines took 

place in the first half of the twentieth century. The majority 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 20th century limited the modernisation of 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 connect cities with suburbs, beginning with the metre gauge 

Bern-Muri-Worb Railway opened in 1898 (now part of Bern-Solothurn Regional Transport). Additional 

standard gauge suburban lines were built to connect Bern with Thun via the Gürbe Valley (the Gürbe Valley 

Railway) and with Schwarzenburg and the metre gauge lines were extended to Zollikofen and Solothurn.27 

 

After many investments in roads in the post-war period, the share of rail in the total passenger market in 

Switzerland had been significantly reduced by the end 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 trains arrived on each line before the hour 

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

 

Total length of the Swiss railway system constitutes 5,063 km (including all gauges: standard, metre, 800 and 

750 mm gauges), 3,652 km of standard gauge; 3,641 km of railway lines are electrified (standard gauge) with 

15 kV 16.7 Hz.  

 

Rail links to other countries:28 

Austria ð same voltage 15 kV, 16.7 Hz AC 

France ð voltage change 15 kV, 16.7 Hz AC / 25 kV, 50 Hz AC or 1,500 V DC 

Germany ð same voltage 15 kV, 16.7 Hz AC 

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

Liechtenstein ð same voltage 15 kV, 16.7 Hz AC. 

 

 

 

 

 

 

                                                           
25 Hans-Peter, Bärtschi; Dubler, Anne-Marie (1998ï2009). Konzentrationsprozess im Bereich der Hauptlinien (Merging 

of the mainlines). 
26 http://en.wikipedia.org/wiki/Swiss_Federal_Railways  
27 Kräuchi, Christian; Stöckli, Ueli (2004). Mehr Zug für die Schweiz. Die Bahn-2000-Story (More train for Switzerland. 

The Rail 2000-Story) (in German). Zürich: AS-Verlag, p. 14 
28 http://en.wikipedia.org/wiki/Rail_transport_in_Switzerland  

http://en.wikipedia.org/wiki/Swiss_Federal_Railways
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1.4. History of Rail in South Europe 

1.4.1. Italy 

The history of rail in Italy dates back to times when 

the country was still divided. The first rail line was 

the Naples-Portici (the Kingdom of the Two Sicilies 

1816-1860),29 which was built by the Bayard 

Company and it was a double track line of 7.25 km. 

It was opened on 3rd October 1839.30 In the 

following year the Holzammer company from 

Bolzano obtained permission to build the Milano-

Monza line (12 km) (the Kingdom of Lombardy-

Venetia). Then the Mil an-Venice line was 

constructed. The Padua-Mestre line was 32 km, 

which was constructed in 1842, then Milan-

Treviglio at 32 km (1846) and Padua-Vicenza at 390 

km (1846). In the Kingdom of Sardinia the Turin-

Genoa railway was completed in 1853. Later on the 

lines connecting Italy with France, Switzerland and Lombardy-Venetia were constructed. The Ansaldo 

locomotive factory was opened in Genoa in 1853 to avoid an English monopoly of rail transport. In Tuscany 

the Lucca-Pisa line was inaugurated and then two other lines towards Piacenza and Modena. In the Papal State 

the first lines appeared under Pius IX (pope between 1846-1878): there were the Rome and Frascati Rail Road 

and the Rome and Civitavecchia Rail Road.  

 

After the unification of Italy (1815) there were 5 main lines 

constructed Piedmont (850 km), Lombardy-Venetia (522 km), 

Tuscany (257 km), Papal State (317 km-1870) and Kingdom of 

the Two Sicilies (128 km) with a total of 2,064 km. To promote 

the industrial development of the country, the government 

entrusted the existing lines to five concessions: SFAI (Società 

per le strade ferrate dell'Alta Italia), SFR (Società per le strade 

ferrate romane), SFM (Società per le Strade Ferrate 

Meridionali), Società Vittorio Emanuele, Società Reale delle 

ferrovie sarde. In 1872 there were about 7,000 km of rail tracks. 

Many small lines were operated by private companies. The 

unification of Italy brought rapid growth in the railway sector 

and many other lines were opened. 

 

In 1884 the Italian Parliament issued a document óConvencioniô 

(concessions), according to which 3 main private companies 

obtained rail concessions for 60 years. SFM was assigned the 

lines on the Adriatic Sea (Rete Adriatica, Italian for Adriatic 

Network), while the Società per le Strade Ferrate del Mediterraneo and the Società delle Ferrovia della Sicilia 

received, respectively, the Rete Mediterranea (Mediterranean Network, lines facing the Ligurian, Ionian and 

                                                           
29 http://en.wikipedia.org/wiki/Kingdom_of_the_Two_Sicilies  
30 http://en.wikipedia.org/wiki/Naples%E2%80%93Portici_railway#mw-navigation  

Network as of 17 March 1861 
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Tyrrhenian Seas) and the Rete Sicula (Sicilian Network). The 

companies received in total 8,510 km of railways31. This 

movement did not help to resuscitate the situation of the Italian 

railway. In 1905 the state bought the private companies and 

created the Ferrovie dello Stato (FS). Italian rail at that time had 

10,557 km in total length.  

 

Under the Piedmontese engineer Riccardo Bianchi, who was 

appointed a General Director of the FS, the Italian railway was 

quickly modernised. He introduced a semaphore system and 

centralized hydrodynamic switches and signals were added in 

the main stations. He also expanded electrification of the 

railways, particularly in the north of Italy, using the three phase 

AC system. 

 

During the Fascist era (1922-1939) electrification of 3,000 V 

DC was introduced, which later supplanted the existing three-

phase system. Other improvements included automatic blocks, 

light signals, construction of numerous main stations (Milan Central, Napoli Mergellina, Roma Ostiense and 

others) and other technical modernisations. 

 

After WWII the Italian railway was in a dilapidated state. Thanks to the Marshall Plan it was rebuilt in the 

following years. The three-phase lines were gradually turned into standard 3,000 V DC lines. The steam 

locomotives were replaced by electric or diesel ones. 

 

In the 1960s the FS started an innovative project for high speed trains and introduced the FS E.444 electric 

locomotives. They were the first standard locomotives capable of 200 km/h, while a FS ALe 601 EMU reached 

a speed of 240 km/h during a test. Other EMUs, such as the ETR 220, ETR 250 and ETR 300 were also updated 

for speeds up to 200 km/h. The braking systems of cars were updated to fit the increased travelling speeds. On 

June 25th, 1970, works for the FlorenceïRome Direttissima, the first high-speed line in Italy, were started. 

1.4.2. Spain 

 

The history of rail transport in Spain starts in 1848 

with the opening of the line between Barcelona and 

Mataró.32 The main railway developments arrived 

quite late to Spain. It was due to economic difficulties 

in the country and geographical complications (i.e. 

mountainous terrain did not allow to easily construct 

railway in these territories. The Spanish railway was 

built with an unusual broad track gauge of 1,672 mm, 

or six Castilian feet). It is believed that the choice of 

gauge was influenced by Spainôs hostility to 

neighbouring France during the 1850s. Making the 

Spanish railway network incompatible with that of 

France would hinder any French invasion. Others say that the decision was taken to allow bigger engines that 
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would have enough power to climb the steep passes in the second most mountainous country in Europe. As a 

result, Portuguese railways were also built to a broad 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, called Iberian gauge. Apart from the widespread broad-gauge lines, a large system of narrow 

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

where narrow gauge was the most suitable option. The main lines were completed in the 1870s. 

 

In 1852 the first narrow gauge line was constructed. 

In 1863 a line reached the Portuguese border. Also 

by 1864 the Madrid-Irun line was opened, which 

reached the French border. In 1911 the first 

electrified line the Gergal-Santa Fe line became 

operational. The last steam locomotive was 

removed from use in 1975 and in 1986 the 

maximum speed on the Spanish railway was raised 

to 160 km/h. In 1992 the Madrid-Seville high speed 

line was opened.  

 

During the civil war in the 1930s many lines were 

severely damaged. Francoôs regime nationalised the 

broad gauge network and in 1941 RENFE (Red 

Nacional de los Ferrocarriles EspañolesðNational 

Network of Spanish Railways)33 was founded. Narrow gauge lines were nationalized in the 1950s, later being 

grouped to form FEVE (Ferrocarriles de Vía Estrecha, Spanish for óNarrow-gauge railwaysô).34 

 

During the decentralisation of Spain after 1978 

those narrow gauge lines which did not cross the 

limits of autonomous communities of Spain were 

taken out of the control of FEVE and transferred to 

the regional governments, which formed, amongst 

others, Eusko Trenbideak and Ferrocarrils de la 

Generalitat de Catalunya (FGC). Madrid (Madrid 

Metro), Barcelona, Valencia and Bilbao (Metro 

Bilbao) all have autonomous metro services.  

 

The Railway Sector Act of 2003 separated the 

management, maintenance and construction of rail 

infrastructure from train operation. A new public 

company, Administrador de Infrestructuras 

Ferroviarias (ADIF) is responsible for 

management, while Renfe (Renfe Operadora) owns 

the rolling-stock and remains responsible for the planning, marketing and operation of passenger and freight 

services. 
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In 1992, a standard gauge high-speed rail line (AVE) was built between Madrid and Seville. In 2003, a high-

speed service was inaugurated on a new line from Madrid to Lleida and extended to Barcelona in 2008. The 

same year, the lines from Madrid to Valladolid and from Córdoba to Málaga were inaugurated. 

 

Major operators in the Spanish railways are: RENEFE, FEVE, EuskoTren, FGC and FGV. Total length of 

railway network constitutes 15,288 km, of which 8,847 km is electrified; the broad gauge (1,668 mm) - 11 829 

km, Standard gauge (1,435 mm) - 998 km, Metre gauge (1,000 mm) ï 1,926 km and Narrow gauge (914 mm) 

- 28 km. The main network is electrified with 3 kV DC and high-speed lines 25 kV AC. The longest tunnel is 

Sierra de Guadarrama of 28.4 km.35 

 

1.5. History of Rail in Central and Eastern Europe 

 

In this section we will focus on several countries from Eastern and Central Europe, such as Austria, Poland, 

Ukraine, Romania, Bulgaria and Russia. 

 

1.5.1. Austria 

 

The history of rail in Austria starts with a 22 km long horse-drawn line that was built in 1810 at the Eisenerz 

mine in Styria for the transport 

of iron stones.36 In 1832 a 

wagonway between Austrian 

Linz and Ļesk® BudŊjovice 

(Budweis) in Bohemia was 

opened. It stretched for 128.8 

km and was the second 

interurban railway in 

continental Europe (after the 

French Saint-Étienne to 

Andrézieux Railway line 

opened in 1827). The first 

section of a new steam 

locomotive railway from the 

Austrian capital Vienna to 

Kraków 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 were state owned (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 were sold to foreign investors. For instance 

the Imperial Royal Privileged Austrian State Railway Company to French investors. After the Austro-

Hungarian Compromise of 1867, the Transleithanian (Hungarian) lines were nationalized as the Hungarian 

State Railways (MÁV). 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 
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railway network of the Austro-Hungarian Monarchy into the Imperial Royal Austrian State Railways 

(Kaiserlich-königliche österreichische Staatsbahnen) started. In 1923 the independent, commercial enterprise, 

the Austrian Federal Railways (Österreichische Bundesbahnen) (BBÖ) was founded. After the Anschluss of 

Austria into the German Empire in 1938, BBÖ was taken over by the Deutsche Reichsbahn. During WWII 

about 41% of the Austrian railway network was destroyed. In 1947 BBÖ were reformed as a state-owned 

company and it changed name to ÖBB. 

 

In 1969 ÖBB became a non-independent, economic entity that was run as a branch of the governmentôs 

industrial programme and remained entirely within the Federal budget. In 1992 the ÖBB was broken out of 

the federal budget and turned into a company with its own legal status (a cross between a GmbH and an AG in 

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 took place: the company was reorganised into ÖBB 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 whole enterprise. And 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 regular service on the standard gauge network 

was retired in 1978. 

 

According to the Annual Report 2013, ÖBB Holding AG employs 39,513 people. The ÖBB has 4,859 km, 

72% electrified; 1,128 train stations, 1,093 locomotives, 2,799 passenger cars, and 26,518 freight wagons. 

 

1.5.2. Czech Republic 

 

Rail transport in the 

territory of the present 

day Czech Republic 

dates back to the Austro-

Hungarian Monarchy.37 

The first locomotive-

hauled railway from 

Vienna to BŚeclav 

opened in 1839. After 

WWI and the 

independence of 

Czechoslovakia, the 

company 

Ļeskoslovensk® st§tn² 

dráhy (Czechoslovak 

state railways) was 

founded. In the aftermath 

of the Velvet Revolution in 1948 the crossing points with Austria and West Germany became strictly 

controlled. Following the fall of communism the railways with the West were reopened. 
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The majority of passenger services nowadays are operated by the state company Ļesk® dr§hy (Czech 

Railways), which until 2007 also managed cargo services, which are now run by ĻD Cargo. In 2009 the country 

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 Czech Republic (Slovakia, Austria, Germany and Poland). 

 

The company that was responsible for the infrastructure in the country was Spr§va ģelezniļn² dopravn² cesty 

(SĢDC). In 2011 the Czech government proposed merging SĢDC and Ļesk® dr§hy to a single company. In 

2011, RegioJet, a subsidiary of Student Agency, became the first company to actively compete with Ļesk® 

dráhy on a route, launching a service between Prague and Hav²Śov. Other private companies own exclusive 

rights to run services on certain lines. 

 

The rail in Czech Republic has links to adjacent countries of the same gauge, yet sometimes with a different 

voltage system: Austria ï voltage change 25 kV AC/15 kV AC, Germany ï voltage change 3 kV DC/15 kV 

AC, Poland ï same voltage 3 kV DC, Slovakia ï same 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 

Slovakia dates back to 

1848. It connected 

Bratislava with Vienna. 

The modern Ģeleznice 

Slovenskej republiky 

company was established 

in 1993 as a successor of 

the Ļeskoslovensk® st§tn² 

drahy in Slovakia. Until 

1996 it held a monopoly 

on railroad transport in 

the country. The private operators entered the network only in the early 2010s. Private passenger service 

operators include RegioJet, which operates trains between Prague (Czech Republic) and Ģilina and on the 

Komárno - Dunajská Streda - Bratislava route.38 Since 2002 the company was divided: ĢSR was left with 

infrastructure maintenance while passenger and cargo transport was moved into company ñĢelezniļn§ 

spoloļnosô, a. s.ò (ZSSK). In 2005 it was split into ñĢelezniļn§ spoloļnosŠ Slovensko, a. s.ò (ZSSK) providing 

passenger transport services and ñĢelezniļn§ spoloļnosŠ Cargo Slovakia, a. s.ò (ZSSK Cargo) providing cargo 

services. Freight transport is operated by ZSCS and around 30 private companies. Slovakia is a member of the 

UIC. 

 

In 2006 total length of lines constituted 3,658 km, of which single track: 2,639 km, double or more track: 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 measuring 43 km, 2,321 railway bridges measuring 52 km and 8,529 sets of 

points. 
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Slovakia has links with adjacent countries: same gauge 1,435 mm: Austria ï voltage change 25 kV AC/15 kV 

AC, Czech Republic ï same voltage 3 kV DC or 25 kV AC, Hungary ï same voltage 25 kV AC and Poland ï 

same voltage 3 kV DC. 

 

1.5.4. Hungary 

 

The history of rail in Hungary 

dates back to the middle of the 

19th century. The first steam 

locomotive railway was 

launched on 15th July 1846 

between Pest and Vác.39 In the 

1850s as a result of the Austro-

Sardinian War all Hungarian 

lines were sold to Austrian 

private companies. During this 

time the company of Ábrahám 

Ganz invented a method of 

ócrust-castingô to produce 

cheap yet sturdy iron railway 

wheels, which greatly 

contributed to railway development in Central Europe. After the Austro-Hungarian Compromise of 1867 

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

local railway companies. This led the Hungarian Parliament to consider founding a State Railway in 1868. 

Hungarian State Railways (Hungarian: Magyar 

Államvasutak or MÁV) is the Hungarian national railway 

company, with divisions ñMĆV START Zrt.ò (passenger 

transport), ñMĆV-G®p®szet Zrt.ò (maintenance). In 2014 

the ñMĆV Cargo Zrtò (freight transport) was sold to ¥BB. 

The purpose of it was to take over and operate the Hungarian 

main lines. The small branches were constructed by private 

companies, but they did not own locomotives or the rolling 

stock which belonged to MÁV. MÁV gave contracts to the 

private companies only if their equipment and buildings 

were constructed to MÁV standards. This helped to build 

standard station buildings, sheds, and accessories, all to the 

MÁV rules. In 1890 most large private railway companies 

were nationalized as a consequence of their poor management, except the strong Austrian-owned Kaschau-

Oderberg Railway (KsOd) and the Austrian-Hungarian Southern Railway (SB/DV). 

 

In 1910 MÁV became one of the largest European railway companies regarding both 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 long MÁV-owned 
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network decreased to 2,822 km). During WWII the Hungarian railway suffered great destruction, 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, overloaded trains were hauled by badly maintained 

locomotives on poor quality tracks. In 1958 steam locomotive manufacturing stopped in Hungary. 600 HP 

diesel-electric locomotives (Class M44) and 450 HP diesel hydraulic switchers (Class M31) were 

manufactured. To this 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 the Trans-European Transport Networks 

(TEN-T). 

 

In the period 2000-2010 many lines were abandoned or closed 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 drivers.40 

The Hungarian railway network has 7,606 km and it operates on the standard track gauge of 1,435 mm. 

1.5.5. Poland 

 

The history of Polish railway dates back to the 

first half of the 19th century. It was built under 

Prussian, Russian and Austrian rule. After the 

proclamation of Polish independence on 11th 

November 1918, the independent Polish state 

administered its own railways until control 

was surrendered to German and Soviet 

occupiers during WWII. During the war 

major changes took place in the Polish 

railway, with shifting of the Polish borders 

westward in 1945, when many parts of the 

German railways came under Polish control.41  

 

Under Prussian rule, two of the oldest Polish 

railways were launched in 1842: the Upper Silesian Railway Company, licensed since 1839, opened the first 

two sections of its main line: Breslau (Wrocğaw) to Ohlau (Oğawa) on 22th May and Ohlau to Brieg (Brzeg) in 

August. These two lines were progressively extended, joining with Katowice, Mysğowice. Then in 1856 the 

Upper Silesian Railway Company built a line from Breslau (Wrocğaw) to Posen (PoznaŒ). In 1851 inside its 

standard gauge main line, the Upper Silesian Railway Company started to build a narrow gauge network, 

connecting local mining trams. This Oberschlesische Schmalspurbahn (OSSB) survived the nationalization of 

the standard gauge lines, and in two steps 1920 and 1945 became present day G·rnoŜlŃskie Koleje 

WŃskotorowe (GKW). At the same time other lines were constructed including the Lower Silesian-Mark 

Railway (1843), William Railway (1846-1848), Silesian Mountain Railway from Görlitz via Lauban (Polish: 

LubaŒ) and Hirschberg (1880), the Prussian Eastern Railway was planned from Berlin to Kºnigsberg (present 

day Kaliningrad) (ca. 1848), ÖlsïAdelnauïOstr·w line / OleŜnicaïOdolanówïOstrów Wielkopolski (1910), 

the Warsaw-Vienna Railway (1845), Kraków and Upper Silesian Railway (1847) etc. The first link to the 

1,524 mm system was the Saint Petersburg ï Warsaw Railway, completed in 1862.   
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In 1893, the Prussian state railways introduced the 

first modern fast trains using the new steam 

locomotives (S2/PKP class Pd1) which could 

reach a speed of 100 km/h (62 mph). The trains 

also included 4-axle bogie coaches with 

compartments and side corridors and covered 

gangways (Corridor trains, in German ñD-Zugò).  

After annexing Polish areas, the German railway 

army re-adjusted the railway from Russian (broad 

gauge) to 1,435 mm. In 1915, the German and 

Austrian armies completed adapting a significant 

portion of broad gauge track to standard gauge. 

 

In 1918 the Regency Council transferred the management of the state railway from the former Congress Poland 

(Królestwo Kongresowe)42 to the Ministry of Business and Industry. On 31th October 1918, Polish railwaymen 

took over the Railway Directorate in Kraków and railways in Galicia and ślŃsk CieszyŒski, beginning the 

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 on 11th November 1918 Poland reclaimed 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 named Polskie Koleje PaŒstwowe (Polish State Railways), known 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 1919. 

The same year the French authorities offered one hundred captured German steam locomotives and two 

thousand cargo vehicles. Twenty-five items of PKP class Tr20 locomotives were ordered from the USA in 

1920. In 1923 the First Polish Locomotive Factory in Chrzanów 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 Ministry of Transport was created, as well as the Regional Directorate of National Railways. 

Many pre-war locomotives were sent to the Soviet Union. Poland received many German locomotives as a 

compensation for war losses. Polish railways regained pre-war locomotives from Hungary, Czechoslovakia 

and Yugoslavia (in 1947), but units from the eastern parts of Poland were taken over by USSR and rebuilt to 

operate on a wide gauge. 

 

The Polish railway network consists of 19,599 km of track as of 2008, of which the vast 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 the Deutsche Reichsbahn and 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 no high-speed lines and 

some 500 km allow 160 km/h, most notably the Central Trunk Line (CMK), which links Warsaw to Katowice 

and Kraków, with some sections which could permit 200 km/h but are not operated at that speed. In 2000 the 
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Polish government launched the construction of a dedicated high speed line based on the French TGV model 

and using TGV style train sets. The project is planned to be completed by 2020.  

 

PKP is a state-owned 

corporate group, which is the 

main provider of railway 

services, holding an almost 

complete monopoly in rail 

services as it is both 

supported and partly 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 on 

the most popular routes) and 

PKP Cargo (provides cargo rail transport).  

 

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 

Sğawk·w is the longest line, single track for almost 400 km from the Ukrainian border just east of Hrubieszów. 

It is the westernmost broad gauge line connected to the system of the former Soviet Union (see the map). 

 

1.5.6. Romania 

 

The first railway in the Kingdom of Romania 

was constructed in 186943 and linked 

Bucharest and Giurgiu. The first railway on 

current Romanian territory opened in 1854, 

between OraviŞa and Baziaĸ in Banat, 

however that region was part of the Austro-

Hungarian Empire at the time. Since that time 

the Romanian rail network has gradually 

expanded. Now it is the fourth largest railway 

network in Europe by total track length of 

22,298 km, out of which 8,585 km are 

electrified. 
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As for the operators of the Romanian railways, the 

network was previously monopolized by CŁile Ferate 

Române, the state railway company, but since 1998, a 

number of private companies began operations, both in 

passenger and/or freight transport: Regiotrans, Grup 

Feroviar Român, Servtrans, Transferoviar Grup and 

Unifertrans. Romania is a member of the UIC. 

 

 

 

 

 

 

1.5.7. Russian Federation 

 

In the early 1830s Russian inventors father and son Cherepanovs built the first Russian steam locomotive. The 

first railway line was built in Russia in 1837 between Saint-Petersburg and Tsarskoye Selo.44 It was 17 km 

long and linked the Imperial Palaces at Tsarskoye Selo and Pavlovsk. The track gauge was 1,830 mm. The 

first major railway in the Russian Empire appeared in 1851 under the Russian tsar Nicholas I. The first railway 

connected St Petersburg and Moscow with a track gauge of 1,524 mm and since that time it became known as 

the óRussian standard gauge.ô 

  

In the 1880s and 1890s the Trans-Caspian railway was built; by 1906 Central Asia was connected by the Trans-

Aral Railway with European Russia via Kazahstan. The Trans-Siberian Railway connecting European Russia 

with the Russian Far East provinces on the Sea of Japan was built between 1891 and 1916. The Russian-built 

system included the Chinese Eastern Railway, short-cutting across Chinaôs Manchuria; later on, its southern 

branch was connected with other Chinese railways. 
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By 1880 all railways were private companies, but after having had financial difficulties, the government took 

over some of them. It resulted in a mixed system of private and government railways. The government had 

guaranteed payment of interest and dividends on the securities of the private railroads resulting in a strong 

incentive for government takeover of failing railways. The result was that the Russian railways became the 

most economically operated in the world, the profit of which was over 100 million gold rubles. However, it 

was not until 1917 that rail traffic boomed rapidly under the Soviet Union. After the revolution railways 

became completely owned by the Soviet state. The USSR rebuilt its rail system and industrialized with five-

year plans. 

 

During Soviet times the rail system was electrified, new lines were built, double-tracking and automatic 

couplers, brakes and signalling were introduced. During this period the Railway University was founded as 

well. The railway system declined 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 republics.  

 

Nowadays the Russian system is the biggest railway in the world with 950,000 employees and it is state owned. 

The total length of it constitutes 85,500 km, exceeded only by the United States.  

 

In 2003 vast structural reforms were introduced by the Russian Government to preserve the unity of the railway 

network and separate the functions of state regulation from operational management. It was done by Decree 

ˉ585 of the Russian Government which established the Russian Railways Public Corporation with the state 

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

large number of freight wagons; in 2010, it was announced that the Second Freight Company would be 

established, and the remaining freight wagons were transferred to that. In July 2010, Russian Railways 

(ʈʦʩʩʠʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, Rossiyskie zheleznye dorogi) (RZD) signed an agreement with Siemens to 

provide rolling stock (240 EMUs) and upgrade 22 marshalling yards.45 

 

1.5.8. Ukraine 

 

Ukrzaliznytsia (Ukrainian: 

ʋʢʨʟʘʣʽʟʥʠʮʷ), also known as 

Ukrainian Railways, is the State 

Administration of Railroad 

Transportation in Ukraine, a 

monopoly that controls the vast 

majority of the railroad transportation 

in the country.46 It has a total length 

of track of over 23,000 km. It is the 

14th largest rail network in the world. 

Ukrzaliznytsia is also the world's 6th 

largest rail passenger transporter and 

worldôs 7th largest freight transporter.  
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State Administration of Railroad Transportation is subordinated to the Ministry of Infrastructure, administering 

the railways through the 6 territorial railway companies: Donetsk Railway, Lviv Railway, Odessa Railway, 

Southern Railway (Kharkiv), South-western Railway (Kyiv) and Near-Dnipro Railway (Dnipropetrovsk). 

 

The first rail line was built under 

the rule of the Austrio-Hungarian 

Monarchy (western territories) and 

later under Russian Empire 

territories. Since the moment of 

breaking up of Ukraine from the 

Soviet Union in 1991, all railroads 

located on the territory of the 

country became the property of 

Ukraine. On 14th December 1991 

the Cabinet of Ministers of 

Ukraine issued declaration No. 

356 ñIn creation of the State 

Administration of Railroad 

Transportation in Ukraineò which 

proclaimed Ukrzaliznytsia a 

government body in administering railroad transportation uniting the six state railroad companies.47  

 

The Ukrainian railway system 

accounts for 23,000 km of which 

9,752 km (44.3%) is fully electrified 

with the use of overhead wire. The 

network is fully interconnected, 

central-dispatched and consists of 

1,648 stations of all sizes spread 

throughout the country. The largest 

stations are Nyzhnodniprovsk-Vuzol 

(in the city of Dnipropetrovsk) and 

Darnytsia (in the capital Kiev) ï both 

freight. 

 

Ukrzaliznytsia possesses: 174,939 

freight wagons, 8,429 passenger 

wagons, 2,718 locomotives, 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 is the Bulgarian State Railways (Bulgarian: ɹʲʣʛʘʨʩʢʠ ʜʲʨʞʘʚʥʠ 

ʞʝʣʝʟʥʠʮʠ, Balgarski darzhavni zheleznitsi, abbreviated as ɹɼɾ, BDZ or BDĢ), which is a state company 

                                                           
47 See the document issued by the Cabinet of Ministers of Ukraine: http://zakon0.rada.gov.ua/laws/show/356-91-

%D0%BF  

http://zakon0.rada.gov.ua/laws/show/356-91-%D0%BF
http://zakon0.rada.gov.ua/laws/show/356-91-%D0%BF
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with headquarters in Sofia. It was founded in 1885.48 During the period 1994 to 2010 there was a significant 

drop in the market share in 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 construction of the 

Ruse-Varna railway line 

begun. It was 

commissioned by the 

Turkish government to an 

English company managed 

by William Gladstone and 

the Barkley brothers to 

build the line. The whole 

line was officially opened 

in 1866. In 1870 Baron 

Maurice de Hirsch started 

construction of the 

Constantinople ï Belovo 

railway line, which was 

opened in 1873. In 1885 the 

national Assembly passed the Railway Act, according to which railways in Bulgaria were state property and 

are operated by the state. In 

1912 an independent 

Ministry of Railways, Post 

Offices and Telegraphs was 

established. In 1952 the sub-

Balkan railway line was 

launched. The first 

electrified line, Sofia-

Plovdiv was built by Ġkoda 

and it became operational in 

1963. In 1964 the first 

double track line between 

Sindel and Varna was 

finished. On 1 January 2002, 

the new Railway Transport 

Act entered into force, 

passed by the National 

Assembly, according to 

which the National 

Company Bulgarian State 

Railways is split into two 

separate enterprises ï a railway carrier (Bulgarian State Railways EAD) and an infrastructure enterprise 

(Railway Infrastructure National Company). In October 2010 further restructuring was announced, with BDĢ 

EAD becoming a holding company, and all rolling stock allocated to passenger and freight subsidiaries. 

                                                           
48 http://en.wikipedia.org/wiki/Bulgarian_State_Railways  

Bulgarian Railways BDĢ Class 46 

Electric locomotive 

http://en.wikipedia.org/wiki/Bulgarian_State_Railways
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Since 2007 a new organisational structure appeared DĢ Inc. (a holding company with one shareholder, the 

Republic of Bulgaria). There is BDĢ Putnicheski Prevozi Ltd. - responsible for the passenger services. The 

company carried 31.36 million passengers in 2009; BDĢ Tovarni Prevozi Ltd. - freight operations and 

expedition with subsidiary BDZ SPED Ltd. The company carried 13.3 million tonnes of freight in 2009. 

Privatisation was attempted in 2012, but called off in 2013 due to financial problems; BDĢ Traktzionen 

Podvizhen Sustav Ltd. - locomotive management and servicing; BDĢ-Koncar Inc. - joint venture between BDĢ 

EAD and KONĻAR Group from Croatia with as main scope of work locomotive repairs and modernization. 

 

There are many problems with the organizational structure of the holding. The main goal of the Ministry of 

Transport, Information Technologies and Telecommunication is to make the company profitable. 

 

There are several narrow gauge railways in Bulgaria: Septemvri-Dobrinishte narrow gauge line was finished 

in 1945. The line is 760 mm gauge, unelectrified, and is primarily served by diesel power locomotives. It has 

the highest railway station in the Balkans at 1,267 m. Bulgaria has track gauge of 1,435 mm  and 1,520 mm 

with Ukraine ï voltage 3 kV DC. 

 

1.6. Rail Links with Adjacent C ountries 

 

Crossing points between countries with the same gauge:49  

 

Bulgaria ï Romania: crossings at Calafat, Giurgiu and Negru VodŁ. Daily passenger service to Sofia and 

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. 

 

Hungary ï Romania:  multiple crossings from 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 Transylvania. No voltage issues, railroad systems electrified at 25 kV, 

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

 

Serbia ï Romania: crossings at Jimbolia and Stamora MoraviŞa. Daily service from Bucharest to Belgrade via 

Timiĸoara. No voltage issues (crossings are not electrified). 

 

Ukraine ï Romania: dual gauge crossing at Halmeu. No voltage issues (crossing is not electrified). Currently 

freight only.  

 

Ukraine ï Slovakia/Hungary: a dual gauge line enables standard gauge connections with Hungary and Slovakia 

through Chop. 

 

Crossing points between countries with break-of-gauge:  

 

Ukraine ï Romania: break-of-gauge 1,435 mm/1,520 mm. Crossings at Vicĸani, Valea Viĸeului and 

Câmpulung-la-Tisa (including bogie conversion systems). Dual gauge (4 rail) track exists between Tereseva 

(Ukraine)/Câmpulung-la-Tisa - Sighetu MarmaŞiei - Valea Viĸeului, going back into Ukraine. Ukrainian trains 

(both freight and passenger services) occasionally use this route without stopping within Romania. 

International passenger services exists between Bucharest and Kiev (and onwards to Moscow) via Vicĸani 

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

http://en.wikipedia.org/wiki/Rail_transport_in_Romania
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(operated by CFR, with UZ and RZD cars) and between Sighetu MarmaŞiei and Teresva (operated by UZ). No 

voltage issues (crossings are not electrified). 

 

Moldova ï Romania: break-of-gauge 1,435 mm/1,520 mm. Crossings and bogie changers exist at Ungheni-

Prut and GalaŞi-Reni. No voltage issues. None of the tracks of the Moldovan Railways are electrified. Daily 

passenger service to ChiĸinŁu from Bucharest. Multiple daily services from Iaĸi. 
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2. European Railways Technical Specifications 

2.1. Introduction 

 

One of the most complex aspects of rail in Europe is its technical specifications. Historically the first real 

European railway appeared in the UK. It was created to facilitate the transportation of coal in the mining 

industry and had a very strong impact on the economy of the country. Since the first appearance of rail, it 

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 UK, they 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 own railway systems 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 systems 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 without interruption 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 Tracks 

 
There are different types of tracks to serve different purposes.50 A track with a spot at the station to board and 

disembark trains is called station track or house track regardless of whether it is a main line or loop line. If 

such track is served by a platform, the track may be called platform track. A loop line without a platform which 

is used to allow a train to clear the main line at the station only, it is called passing track. A track at the station 

without a platform which is used for trains to pass the station without stopping is called through track. 

 

There may be other sidings at the station which are lower speed tracks for other purposes. A maintenance track 

or a maintenance siding, usually connected to a passing track, is used for parking maintenance equipment, 

trains not in service, autotracks or sleepers. A refuge track is a dead-end siding that is connected to a station 

track as a temporary storage of a disabled train. 

 

2.1.1.1. Single / Double track 

 

There two types of railways: a single-track railway and a double-

track railway.  

 

The double-track railway involves one track in each direction, 

whereas the single-track means that a train uses the same track in 

both directions.51 The single track is usually used on lesser-used lines 

(branch lines), where the traffic is not dense.52 The single tracks have 

passing loops, or passing siding / crossing loops, to allow trains 

running in different directions to pass each other, or to overtake trains in the same direction (see the picture: 

1-main line and 2-passing loop). In some places only one train operates in the single track. One of the biggest 

                                                           
50 http://en.wikipedia.org/wiki/Train_station  
51 http://en.wikipedia.org/wiki/Double_track  
52 http://en.wikipedia.org/wiki/Single_track_(rail)  

http://en.wikipedia.org/wiki/Train_station
http://en.wikipedia.org/wiki/Double_track
http://en.wikipedia.org/wiki/Single_track_(rail)
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risks in the traffic on the single tracks is head-on collisions. A special form of signalling system is required 

(like a token system).53  

 

In the USA, however, since early days the lines were built as single-track for reasons of cost. At the same time, 

a working timetable system was managed in such a way that any collision on the lines was avoided. 

2.1.1.2. Track Centres 

 

Another important measure that is used in a double-track line is track centres. It is the distance between the 

centres of each of the two tracks. It makes a difference in cost and performance of a double-track line. Narrow 

track centres can be as narrow and as cheap as possible, yet the maintenance must be done on the side. In this 

case the signals for bi-directional working cannot be placed between the tracks, so it has to be mounted on the 

ówrongô side of the line or on a signal bridge. The track centres are wider on high speed trains, because of 

pressure waves that knock each other when the train pass. The distance between the narrow track centres might 

be 4 m or even less. 

2.1.2. Traffic D irection 

 

Generally speaking rail traffic on a 

double-track line is left-handed, as the 

first railways were built by British 

engineers, keeping the same system 

as it was for the road in the UK. In 

other words trains ódrive on the leftô 

in the UK.54 

 

Initially most steam engines were 

right-handed, with the engineer 

sitting on the right and the fireman on 

the left (as it is easier for the fireman 

to shovel coal from the right to the 

left) and it was never converted, even 

when trains switched to right-hand 

drive running. However, some 

railways adopted the left-handed 

traffic which became common on the 

UK mainline railways. Both left-and 

right-handed rail systems were adopted by European countries.  

 

The countries that are using the left-handed line system in continental Europe are: Austria, Belgium, France 

(except the former German Alsace-Moselle and Lorraine), Ireland, Italy, Portugal, Sweden, Switzerland, and 

UK. 

 

Countries using the right -handed rail traffic: Denmark, Estonia, Finland, Georgia, Germany, Greece, 

Hungary, Latvia, Lithuania, Netherlands, Norway, Poland, Romania, Russia, Slovakia, Spain, Serbia, Turkey, 

and Ukraine. 

 

                                                           
53 http://en.wikipedia.org/wiki/Token_(railway_signalling)  
54 http://en.wikipedia.org/wiki/Right-_and_left-hand_traffic   

http://en.wikipedia.org/wiki/Token_(railway_signalling)
http://en.wikipedia.org/wiki/Right-_and_left-hand_traffic
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To switch from one side to another one at the crossing point between two countries with different traffic 

systems, for instance, Germany-France, special infrastructure was developed. They are called flyovers which 

help the train moving on the right in Germany to switch to the left side in France and vice versa. 

 

It is important that road traffic be consistently on the same side of the road, but since railways are highly 

controlled and donôt always interconnect, there are many exceptions to the general rules of train operation. 

 

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

signals and the possibility of sticking oneôs head out the window without it getting knocked off by a train on 

the other track.  

 

In France, trains run on the left as a legacy from the days when they were first constructed 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 engineers. (See the map above).  

2.1.3. Electrification  System 

 

One of the most varied specifications 

that is found amongst EU national 

railway systems is the electrification 

system. Almost every EU country uses 

its own electrification system with its 

own specific constraints. It is one of the 

most challenging barriers to making the 

European rail network operate as one 

system.55 

 

Electrification systems are classified by 

three main parameters: voltage, current 

and contact system. 

 

There are six commonly used voltage 

systems in Europe and they are 

independent of the contact system used. 

(See the table below).  

 

There are also two current systems; direct current (DC) and alternating current (AC) (see the map). In order 

that trains pass easily between countries with different systems without interruption, they have two 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 multi-system units that allow them to switch between various electrification 

systems without stopping the train and losing precious time.  

 

There are three contact systems commonly used in Europe, namely: overhead system, third and fourth rails. 

 

                                                           
55 http://en.wikipedia.org/wiki/Railway_electrification_system  

http://en.wikipedia.org/wiki/Railway_electrification_system
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Third and fourth rail contact systems use voltage below 1 kV for safety reasons, while overhead wires usually 

use high voltage for efficiency. DC has often less loss of power than 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 supply constant power with a single ungrounded wire.  

 

Constant power with AC requires three-phase transmission with at least two ungrounded wires. 

 

Overhead systems use 1,500 V DC and are used in the Netherlands, Republic of Ireland, France (also using 25 

kV 50 Hz AC). In Portugal, it is used on the Cascais Line and in Denmark on the suburban S-train system. 3 

kV DC is used in Belgium, Italy, Spain, Poland, the northern Czech Republic, Slovakia, Slovenia, western 

Croatia, and former Soviet Union countries (also using 25 kV 50 Hz AC).56 

 

Third rail is an option up to about 1,200 V. DC and can 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 

smaller-diameter tunnels, 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 cannot use low-level 

platforms and also limit the amount of air-conditioning 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 (grounded) running 

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. 

 

Fourth rail is the additional rail carrying the electrical return that, on third rail and overhead networks, is 

provided by the running rails. On the London Underground, a top-contact third rail is beside the track, 

energized at +420 V DC, and a top-contact fourth rail is located centrally between the running rails at ī210 V 

DC, which combine to provide a traction voltage of 630 V DC. 

 

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 lower line 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://en.wikipedia.org/wiki/List_of_current_systems_for_electric_rail_traction  

Min. non-

permanent
Min. permanent Nominal Max. permanent

Max. non-

permanent

600 V DC 400 V 400 V 600 V 720 V 800 V

750 V 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

3 kV DC 2 kV 2 kV 3 kV 3.6 kV 3.9 kV

15 kV AC, 16.7 Hz 11 kV 12 kV 15 kV 17.25 kV 18 kV

25 kV AC, 50 Hz 17.5 kV 19 kV 25 kV 27.5 kV 29 kV

Voltage
Electrification 

system

http://en.wikipedia.org/wiki/List_of_current_systems_for_electric_rail_traction
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2.1.4. Gauges 

 

Gauge means the distance between the inner running faces (gauge lines) of the two rails, on the same track. 

Also used to describe the ñenvelopeò through which trainsô profiles must fit ï this is the structure gauge (US-

spelling gage).57 

 

There are three major types of gauges that are used in rail terminology: 

- loading gauge: maximum dimensions of the wagon; 

- track gauge (width of track); 

- structure gauge: constraint dimension of infrastructure (e.g. tunnel and bridge).  

 

2.1.4.1. Loading Gauge  

 

Loading gauge is the cross-section 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 other structures on the network.  

 

The loading gauge is the maximum size of loaded rolling stock, whereas the structure gauge is the minimum 

size of infrastructure (tunnels, bridges, etc.)58 which has to be larger to allow for engineering tolerance. The 

difference between both gauges is called clearance.  

 

The terms dynamic envelope or kinematic envelope are used instead of loading gauge, which mean suspension 

travel, overhead on curves, lateral motion on track.  

 

While carrying larger out-of-gauge loads, other measures 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 operate on other tracks, using 

of Schnabel cars (see the picture) that manipulate the load up and down or left and right to clear obstacles, 

removing/replacing obstacles, using gauntlet track to shift the train to side or centre.  

 

 

 

 

 

                                                           
57 http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf  
58 http://myweb.tiscali.co.uk/gansg/2-track/02track3.htm  

http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf
http://myweb.tiscali.co.uk/gansg/2-track/02track3.htm
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The UIC59 has developed a standard series of 

loading gauges named: 

- PPI (the predecessor of the UIC gauges 

with max. dims. width 3.15 by height 4.28 

m) 

- UIC A (max. dims 3.15 by 4.32 m) 

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

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

- UIC C (max. dims. 3.15 by 4.65 m) 

 

In Europe, the UIC directives were supplanted by 

ERA Technical Specifications for Interoperability 

(TSI) of the European Union in 2002.  It embraced 

a number of recommendations to harmonise the 

train system60. The TSI Rolling Stock 

(2002/735/EC) has taken over the UIC Gauges 

definitions defining Kinematic Gauges with a reference profile such that Gauges GA and GB, both having a 

height of 4.35 m (they differ in shape) with Gauge GC rising to 4.70 m allowing for a width of 3.08 m of the 

flat roof. All wagons must fall within an envelope of 3.15 m wide on a 250 m radius curve. The TGVs, which 

are 2.9 m wide, fall within this limit. 

 

All covered wagons 

featuring the G1 (3.15 

m by 4.28 m) profile 

(international profile) 

can be used freely 

throughout Europe. 

Large-volume wagons 

featuring the G2 (3.15 

by 4.65 m) profile do 

not have a permit for 

being used in France, 

Italy, Belgium and 

Switzerland and so they 

cannot be deployed 

there. 

 

The designation of a GB+ loading gauge refers to the plan to create a pan-European freight network for ISO 

containers and trailers with loaded ISO containers. 

 

These container trains (piggy-back trains) fit into the B envelope with a flat top so that only minor changes are 

required for the widespread structures built to loading gauge B in continental Europe. 

 

There are GA, GB, GB1, GB2, GB+, GC and G13. 

                                                           
59 UIC 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 and sustainable development. See: www.uic.org  
60 http://www.era.europa.eu/Document-Register/Pages/HS-RST-TSI-repealed.aspx  

file:///C:/wiki/Piggyback_(transportation)%23Rail
http://www.uic.org/
http://www.era.europa.eu/Document-Register/Pages/HS-RST-TSI-repealed.aspx
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Sweden uses a similar gauge to the Central European loading gauge but trains are wider. There are three main 

classes in use (width × height):61 

 

- Class SE-A is 3.40 by 4.65 m. 

- Class SE-B is 3.40 by 4.30 m. 

- Class SE-C is 3.60 by 4.83 m. 

 

In UK  a W loading gauge classification of freight transport is used, which runs from W6A (smallest) through 

W7, W8, W9, W9Plus, W10, W11 to W12 (largest). There are also C1 for standard coach stock, C3 for longer 

MkIII coaching stock and UK1 for high-speed rail.  

 

Depending on the size of the load that can be conveyed and the design of the rolling stock, the British system 

for load gauge distinguish several types: 

- W6a (the majority of the British rail network) 

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

- W9 (2.9 m high Hi-Cube shipping containers to be carried on ñMegafretò wagons which have lower 

deck height with reduced capacity. At 2.6 m wide it allows for 2.5 m wide Euro shipping containers 

which are designed to carry Euro-pallets efficiently) 

- W10 (2.9 m high Hi-Cube shipping containers to be carried on standard wagons and also allows 2.5 

m wide Euro shipping containers. 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 to London; 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) 

 

Brit ish Rail code Rail track code UIC height 

equivalent 
Height 

above rail 
Width  

W6 W6   3320 2700 
W6A 

(Freightliner 8')  
W7   3448 2500 

W6A 

(Freightliner 8' 

6")  

W8   3600 2500 

SB1c W9   3715 2600 
n/a W10 > UIC "A"  3896 2500 
n/a W10w > UIC "A"  3896 2600 
n/a W11 > UIC "B" 4130 2500 
n/a W11w > UIC "B" 4130 2600 

 

                                                           
61 http://www.transportstyrelsen.se/Global/Jarnvag/Vagledning/Godkannande/bilaga_7_bvf_586_20.pdf  

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 width, similar to Sweden. About one third of the Dutch passenger trains use double-decker 

railcars. 

 

2.1.4.2. Track Gauge 

 

The ótrack gaugeô is the distance between the inner running faces (gauge lines) of the two rails, on the same 

track.62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are different rail track widths between the lines. 

They are divided into three main groups: 

- Broad 

- Standard 

- Narrow .  
 

All three types are present in 

Europe. 

 

Broad: Iberian ï 1.668m (Spain 

and Portugal); Irish (including 

Northern Ireland) ï 1.6m; 

Russian ï 1.524m (Finland) and 

1.52m (Russian Federation and 

post-Soviet Countries) 

 

Standard: 1.435m (most of EU 

countries including UK)  

 

Narrow : Scottish ï 1.372m. 

 

 

                                                           
62 http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf  

http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf
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2.1.4.3. Structure Gauge 

 
Structure gauge or as it is also called the minimum clearance outline describes the cross-section envelope 

into which new or altered structure (bridge, inside equipment etc.) must not encroach.  

 

It is the minimum height and width 

of tunnels and bridges as well as the 

minimum height and width of doors 

that allow a rail siding access into a 

warehouse.  

 

This term may also apply to the 

minimum distance to rail platforms 

(passenger or freight), buildings, 

electrical equipment boxes, railway 

signal equipment, third rail or to 

support for overhead catenaries or 

overhead lines from track.  

 

Oversized load permissions can be 

requested from rail 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 together with the 

loading gauge. Platform height refers to the height of a railway platform Above Top of Rail (ATR).  

 

Another important term is ótrain 

floor height,ô which indicates the 

height of the floor of the rail 

vehicle. When the two are not 

compatible then steps or platform 

ramps are required to be placed 

for loading-unloading.  

 

The width of a wagon is also an 

important dimension. To avoid 

both large gaps and mechanical 

interference this parameter has to 

be considered as well.  (Platform 

height impacts both the loading 

gauge and must be within 

structure gauge. Many train 

systems employ a lower platform 

and steps on the train to the 

trainôs floor). 
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Application of the EU standard heights for new construction; Green = 550 mm, Pink = 760 mm, Yellow = 

both, dark grey = New builds in other heights than the EU standards. 

 

On 30th May 2002 (2002/735/EC)63 the European Commission issued TSI (Technical Specification for 

Interoperability) which sets standard platform heights for passenger steps on high-speed rail. They are 550 mm 

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 mm to a maximum 960 mm. In Ireland 

all platforms are 915 mm above the rail. In the Netherlands the platform height is 760 mm. In Poland a typical 

platform is 550 mm high, as it is in France, Denmark, Austria, Switzerland and Czech Republic. In Spain older 

platforms are 680 mm above rail. Sweden generally has 380 to 580 mm platforms for 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 conforming to EU technical standards for interoperability 

for high-speed rail (EU Directive 96/48/EC),64 which is either 550 mm or 760 mm.  

 

2.1.5.2. Train Protection Systems 

 

Another complex issue in the 

European rail network is the train 

protection system, which is a railway 

technical installation that ensures 

safe operation by preventing 

accidents due to a human failure. 

There are more than 20 incompatible 

train protection systems existing in 

the European rail network today, 

which include:65 

 

Train stop 

 

The earliest system was the ótrain 

stopô system. Beside every signal is a 

moveable clamp, which touches a 

valve on a passing train if the signal 

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 magnetically between the track and locomotive by magnets mounted beside the 

rails and on the locomotive. In the Integra-Signum system the trains are influenced only at given locations, the 

emergency brakes are applied and the locomotiveôs motors are shut down. They often require the driver to 

confirm distant signals (e.g. CAWS, see the table after this section) that show stop or caution ï failure to do 

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

                                                           
63 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:245:0402:0506:EN:PDF  
64 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31996L0048:en:HTML 
65 http://en.wikipedia.org/wiki/Train_protection_system  
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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 ZUB) that calculate a braking 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 the on-board computer. One disadvantage of this kind of system is that 

the train cannot speed up before the signal if the signal has switched to green, because the on-board computerôs 

information can only be updated at the next magnet. To overcome that problem, some systems allow additional 

magnets to be placed between distant and home signals, or data transfer from the signalling system to the on-

board computer is continuous (e.g. LZB). 

 

Radio-based system 

 

Prior to a standard train protection system in Europe being developed, 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 2002 and uses GSM digital radio with continuous connectivity. 

 

Cab signalling 

 

The system is based on the principle that the trains constantly receive information regarding their position 

relative to the other trains. An on board computer indicates how fast the train can move, instead of relying on 

exterior signals. This system is commonly used in France and Germany. These systems are automatic, they 

not only prevent accidents, but also support the train driver with necessary information.  

 

Control systems used by EU countries: 

System Definition Country 

ALSN It is Continuous Automatic Train Signalling (ɸʃʉʅ - 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʣʦʢʦʤʦʪʠʚʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ) used widely on the main lines of the ex-Soviet states. It uses 

modulated pulses inducted into rails similar to the Italian RS4 Codici 

and American Pulse Code Cab Signaling. On high-speed lines the 

variant ALS-EN (ɸʃʉ-ɽʅ) is used which takes advantage of a double 

phase difference modulation carrier frequency. Use of several distinct 

pulse train patterns of alternating current flowing through a track 

circuit to convey an aspect of the next signal. The circuit comprises 

the feedpoint at the next signal, one running rail, first locomotive axle, 

another running rail and back to the signal feedpoint. The resulting 

electromagnetic field is picked up by receiver coils located just front 

of the first axle of the locomotive. The signal is then amplified, filtered 

and evaluated.66 

Russian 

Federation, 

Belarus, 

Estonia, 

Latvia, 

Lithuania, 

Ukraine 

ASFA Anuncio de Señales y Frenado Automático (Automatic Braking and 

Announcement of Signals) is an Automatic Warning System. It 

consists of a mechanism that stops a train if the driver does not 

properly heed signals.67 

Spain 

                                                           
66 http://en.wikipedia.org/wiki/ALSN  
67 http://en.wikipedia.org/wiki/Anuncio_de_Se%C3%B1ales_y_Frenado_Autom%C3%A1tico  
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ATB Automatische TreinBeïnvloeding or ATB is a Dutch train protection 

system developed in the 1950s. Its installation was spurred by the 

Harmelen train disaster of 1962.68 

Netherlands 

ATC Automatic Train Control is the term for a general class of train 

protection systems for railways that involves some sort of speed 

control mechanism in response to external inputs. ATC systems tend 

to integrate various cab signalling technologies and use more gradual 

deceleration patterns in lieu of the rigid stops encountered with the 

older Automatic Train Stop technology. ATC can also be used with 

Automatic train operation (ATO) and is usually considered to be the 

safety-critical part of the system.69 

Sweden, 

Denmark, 

Norway 

ATP Automatic train protection refers to either of two implementations of 

a train protection system installed in some trains in order to help 

prevent collisions through a driverôs failure to observe a signal or 

speed restriction. ATP can also refer to automatic train protection 

systems in general, as implemented in other parts of Europe and 

elsewhere.70 

UK and 

Ireland 

AWS The Automatic Warning System is a form of limited cab signalling 

and train protection system introduced in 1956 in the UK to help train 

drivers observe and obey signals. It was based on a 1930 system 

developed by Alfred Ernest Hudd and marketed as the ñStrowger-

Huddò system. An earlier contact system, installed on the Great 

Western Railway since 1906 and known as Automatic Train Control 

(ATC), was gradually supplanted by AWS within the Western Region 

of British Railways.71 

UK 

BACC It is a train protection system used in Italy on railway lines using 3kV 

DC electrification. The term is an abbreviation of Blocco automatico 

a correnti codificate (automatic block system with codified 

currents).72 

Italy 

CAWS The Continuous Automatic Warning System is a form of cab 

signalling and train protection system used in Ireland to help train 

drivers observe and obey lineside signals.73 

Ireland 

CBTC Communications-Based Train Control is a railway signalling system 

that makes use of the telecommunications between the train and track 

equipment for the traffic management and infrastructure control. By 

means of the CBTC systems, the exact position of a train is known 

more accurately than with the traditional signalling systems. This 

results in a more efficient and safe way to manage the railway traffic. 

Spain 

CONVEL  EBICAB comes in two versions, EBICAB 700 in Sweden, Norway, 

Portugal and Bulgaria and EBICAB 900 installed in the Mediterranean 

Corridor (vmax= 220 km/h). The EBICAB 900 is also used in Finland 

under the name ATP-VR/RHK. In Portugal it is known as Convel (the 

contraction of Controlo de Velocidade, meaning Speed Control).74 

Portugal 

Crocodile/Memor A crocodile is a component of a train protection system used in France, 

Belgium and Luxembourg. It is functionally similar to the Automatic 

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  
70 http://en.wikipedia.org/wiki/Automatic_Train_Protection  
71 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  
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EBICAB  EBICAB is a trade mark registered by Bombardier for the equipment 

on board a train used as a part of an Automatic Train Control system. 

EBICAB was originally derived from Ericsson's SLR system in 

Sweden. Most trains in Sweden and Norway use a similar on-board 

system, Ansaldo L10000 (more known as ATC-2) from Bombardiers 

competitor Ansaldo. ATC-2 was also developed in Sweden. These on-

board systems use pairs of balises mounted on the sleepers. The pairs 

of balises distinguish signals in one direction from the other direction 

with semicontinuous speed supervision, using a wayside to train 

punctual transmission using wayside transponders.75 

Bulgaria, 

Finland, 

Norway, 

Portugal, 

Spain, 

Sweden 

EVM 120 Information is not available Hungary 

HKT  Information is not available Denmark 

Integra-Signum Integra-Signum is a Swiss train protection system introduced in 1933. 

Originally it was called Signum; the name Integra was added later. It 

transmits data inductively and is simple, robust and reliable even in 

snow.76 

Switzerland 

KVB  KVB or Contrôle de Vitesse par Balises (it could be translated as 

Speed control by beacons) is a train protection system used in France 

and in London St Pancras station. It checks and controls the speed of 

moving trains.77 

France 

LZB  Linienzugbeeinflussung is a cab signalling and train protection system 

used on selected German and Austrian railway lines as well as the 

AVE in Spain. In Germany, the system is mandatory on all lines where 

trains exceed speeds of 160 km/h (99 mph) (200 km/h or 120 mph in 

Spain), but it is used on some slower lines to increase capacity. The 

German Linienzugbeeinflussung translates to continuous train control, 

literally: linear train influencing. It is also called linienförmige 

Zugbeeinflussung.78 

Germany, 

Austria and 

Spain 

LS LS (stands for ñLiniovĨ Syst®mò in Czech, ñcontinuous systemò in 

English) is a cab signalling and a train protection system used on the 

main lines of the Czech and Slovak railways (on all lines which track 

speed exceeds 100 km/h in the Czech republic or 120 km/h in 

Slovakia). This system continuously transmits and shows a signal 

aspect of the next main signal in driverôs cabin and when the driverôs 

activity is needed (e.g. reduction of trainôs speed), it periodically 

checks the driverôs vigilance (he has to press the ñvigilanceò button; 

else the emergency brake is applied). This is the main function of the 

on-board part of the LS-system (continuous cab signalling and 

checking the driverôs vigilance when needed).79 

Czech 

republic and 

Slovakia 

PZB Indusi PZB or Indusi is an intermittent cab signalling system and train 

protection system which was developed in Germany and the historic 

short name Indusi was derived from German Induktive Zugsicherung 

(ñinductive train protectionò). Later generations of the system were 

named PZB short for German Punktförmige Zugbeeinflussung 

(ñintermittent automatic train running controlò) as PZB/Indusi is a 

family of intermittent train control systems and it is a predecessor of 

the German Linienzugbeeinflussung (LZB, ñcontinuous train 

protectionò) system. Originally Indusi provided warnings and 

enforced braking only if the warning was not acknowledged (similar 

Germany, 

Austria, 

Romania, 

Slovenia, 

Croatia, 

Bosnia-

Herzegovina, 

Serbia, 

Montenegro, 
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to traditional automatic train stop) but current developments of PZB 

provide more enforcement.80 

and 

Macedonia 

SHP SHP (Samoczynne Hamowanie PociŃgu) Poland 

SCMT Sistema di Controllo della Marcia del Treno (SCMT) is a 

discontinuous train Cab signalling system used in Italy. It shares many 

features with the Ripetizione Segnali (RS) system, the two systems co-

existing and working together. The main purpose of SCMT is to 

control the respect of the speed limit imposed by the signal aspect and 

the line condition. 

SCMT is divided in two parts: 

SSB: Sottosistema di bordo (ñOnboard Subsystemò) 

SST: Sottosistema di terra (ñGround Subsystemò)81 

Italy 

TBL  Transmission balise-locomotive (Dutch: Transmissie Baken 

Locomotief) (TBL) (English ñTransmission Beacon Locomotiveò) is 

a train protection system.82 There are TBL1, TBL2+ and TBL2/3. The 

TBL system is designed to stop a train passing a red signal, with 

operating speeds of up to 160 km/h. In 2006 13% of the Belgium train 

network used the original TBL system, introduced in 1982. The 

system requires the train driver to manually acknowledge a warning 

when passing a double yellow signal (similar to the Memor/Le 

Crocodile system), as well as stopping a train automatically if it passes 

a red signal. 

Belgium 

TPWS The Train Protection & Warning System (TPWS) is a train protection 

system throughout the two UK passenger main-line railway networks, 

and in Victoria, Australia. It automatically activates brakes on a train 

that has passed a signal at danger or is overspeeding. It is fitted at 

selected sites, including some lines where automatic train protection 

(ATP) is installed. 

UK 

TVM  Transmission Voie-Machine (TVM, English: track-to-train 

transmission) is a form of in-cab signalling originally deployed in 

France and used on high-speed railway lines. TVM-300 was the first 

version, followed by TVM-430. TVM-300 was developed in the 1970s 

as part of the TGV project. At speeds of above 220 kilometres per 

hour, TGV trains run only on dedicated tracks designated as lignes à 

grande vitesse (LGV). At high-speeds it is not possible for a driver to 

accurately see colour-light based railway signals along the track-side. 

Signalling information is instead transmitted to the train and displayed 

as part of the train controls. The driver is shown the safe operating 

speed, displayed in kilometres per hour. The 1980s-developed TVM-

430 system transmits more information than traditional signalling 

would allow, including gradient profiles and information about the 

state of signalling blocks further ahead. This high degree of 

automation does not remove the train from driver control, although 

there are safeguards that can safely bring the train to a stop in the event 

of driver error. 

France 

ZUB 123 Information is not available Denmark 

ZUB 262 Information is not available Switzerland 

 

The various rail technical specifications that exist in Europe seriously hinder the movement of trains. Only the 

traffic direction, electrification systems, various types of gauges, or train protection systems constitute 
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obstacles, but also different local and national regulations hamper movement between the EU Member States. 

Therefore, the 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 eventually function 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 pressure to introduce reforms in the national railway networks that were heavily subsidised.  

 

As Vinh Phan says in his thesis on óThe Liberalisation of Rail Transport in the European Unionô the first 

changes in terms of national rail transport liberalisation took place in Sweden.83 It started with the adoption of 

the Transport Policy Act in 1988. The Swedish government established Banvekert as national infrastructure 

manager. SJ AB became a service operator, paying infrastructure usage fees to Banvekert. Local transport 

authorities took over SJ ABôs ownership of regional routes so that they were able to offer competitive tendering 

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 Sweden and the increase of 

competition in other Member States provided the regulatory framework for an EU reform aiming at 

liberalisation of national railway networks in Europe.  

 

The Swedish model of liberalisation of railways in which the ownership of infrastructure management 

is separated from network services is also found in the national railways of Bulgaria, Denmark, Spain, 

Finland, Greece, the Netherlands, Norway, Portugal, Romania, Slovakia and the UK. 

 

There is another scheme of liberalisation which features a legal and functional separation of 

infrastructure and services, where both parts exist under one umbrella.84 This model is found in such EU 

countries as Austria, Belgium, Switzerland, Denmark, Germany, Estonia, Hungary, Ireland, Italy, Latvia, 

Luxembourg, Lithuania, Poland and Slovenia. 

 

The third model, which is a combination of the other two, is called a óhybridô one and exists in France and 

the Czech Republic. Here an independent 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 operations, and the increase of competition in 

other Member States 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 the whole EU railway network. This process is still ongoing as the European 

Commission proposed, in January 2013, a Fourth Railway Package.85 

 

The EU Directive 1991/40586 set out the framework and requirements for railways in the EU. It permits open 

access operations on railway lines by companies 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 

                                                           
83 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 Major Field, Now London, 

Connecticut, 2013, p. 1. 
84 Vinh Pham, The Liberalization of Rail Transport in the European Union, p. 33.  
85 For more detailed information on the EU Rail Packages see the ECG briefing paper on óFinished Vehicle Logistics by 

Rail.ô 
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convinced that opening the rail transport market and privatising existing monopolies will promote rail 

networksô efficiency. Privatisation of public monopolies such us railways is aimed at generating revenues for 

the public sector and reducing public subsidies in the future. 

 

It is supposed to involve a separation between infrastructure management 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 charging and 

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 market.87  

 

Directive 1991/440/EC was complemented by three reform packages and services legislations. Directive 

1995/18/EC88 specified a universal licensing process for new railway undertakings. 

 

Directive 1995/19/EC89 provided the framework for fair allocation and infrastructure capacity charging for 

railway undertakings.  

 

The subsequent Directives 2001/12/EC90 (extended the original Directive 1991/440/EC, 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 manager and service operation), 2001/13/EC91 

(additional license requirements introduced by 1995/18/EC) and 2001/14/EC92 (discussed advancing the 

framework for non-discriminatory allocation and charging of infrastructure in 1995/19/EC; infrastructure 

access fees to be set and collected by an independent entity)93 which are known as the First Railway Package. 

In September 2010 a process of merging of the Directives into one piece of legislation was started.  

 

Thus a process of liberalisation of European railways was initiated in the 1980s to eliminate the monopoly of 

the national states over the railways, boost competition, and make the rail market more open for new funding 

and more efficient in providing its services. It is expected that liberalisation will bring long-term economic 

benefits for the European railways. 

 

 

 

 

 

 

                                                           
87 European Commission, Modern rail, modern Europe: towards an integrated European railway area. Directorate-General 

of Energy and Transport, Brussels, 2008. 
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93 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 Major Field, Now London, 

Connecticut, 2013, pp. 5-6. 
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3.2. The networks 

3.2.1. National Rail Networks 

 

The European Rail network consists of national railways which are state-owned. These companies are 

responsible for national rail infrastructures.  

 

Country  Name of the company94 Length of 

network (km)95 

Albania HSH (Hekurudha Shqiptare - Albanian Railways) 423 

Austria ÖBB (Österreichische Bundesbahnen - Austrian Federal Railways) 5,919 

Belarus BCh (Belarusian: ɹʝʣʘʨʫʩʢʘʷ ʯʳʛʫʥʢʘ, Belaruskaya chyhunka, ɹʏ; 

Russian: ɹʝʣʦʨʫʩʩʢʘʷ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ - Belarusian Railway) 

5,512 

Belgium NMBS/SNCB (Dutch: Nationale Maatschappij der Belgische 

Spoorwegen, French: Société nationale des chemins de fer belges, 

German: Nationale Gesellschaft der Belgischen Eisenbahnen) 

3,513 

Bosnia-

Herzegovina 

ĢFBH (Railways of the Federation of Bosnia and Herzegovina - 

Ģeljeznice Federacije Bosne i Hercegovine) and ĢRS (Railways of 

Republika Srpska - Ģeljeznice Republike Srpske) 

1,103 

Bulgaria BDZh (Bulgarian State Railways - ɹʲʣʛʘʨʩʢʠ ɼʲʨʞʘʚʥʠ ɾʝʣʝʟʥʠʮʠ, 

BŁlgarski DŁrzhavni Zheleznitsi) 

4,159 

Croatia HĢ (Croatian Railways - Hrvatske ģeljeznice) 2,974 

Czech 

Republic 

SĢDC (Spr§va ģelezniļn² dopravn² cesty, s.o. - Railway Infrastructure 

Administration, state organization) 

9,487 

Denmark DSB (Danish State Railways - Danske Statsbaner) 2,667 

Estonia Eesti Raudtee (Estonian Railways, national raylway company; 

privatized 2001, re-nationalized 2006ï2007) 

816 

Finland VR or VR Group (Finnish: VR-Yhtymä Oy, Swedish: VR-Group 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 Organization - ɃɟɔŬɜɘůɛɧɠ Ɇɘŭɖɟɞŭɟɧɛɤɜ 

ȺɚɚɎŭŬɠ, Organism·s Sidirodrómon Elládas) 

2,552 

Hungary MÁV  (Hungarian State Railways - Magyar Államvasutak) 7,942 

Italy RFI  (Rete Ferroviaria Italiana, Italian Rail Network) 24,179 

Latvia LDz (Latvian Railway - Latvijas dzelzceǸġ - infrastructure manager) 2,269 

Lithuania LG (Lithuanian Railways - Lietuvos geleģinkeliai) 1,766 

Luxembourg CFL  (Luxembourg Railways - Chemins de Fer Luxembourgeois) 274 

Moldova CFM  (Moldovan Railway - Calea FeratŁ din Moldova) 1,156 

Netherlands NS (Dutch Railways - Nederlandse Spoorwegen) 2,896 

Norway NSB (Norges Statsbaner AS - Norwegian State Railways) 4,114 

Poland PKP (Polish State Railways - Polskie Koleje PaŒstwowe SA) 19,627 

Portugal CP (Portuguese Railways - Caminhos de ferro portugueses) 2,794 

Romania  CFR (CŁile Ferate Rom©ne - State Railway Company) 22,298 

Russian 

Federation 

RZhD (Russian Railways - ʈʦʩʩʠʡʩʢʠʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, Rossiskiye 

Zheleznye Dorogi) 

128,000 

Serbia ĢS (Serbian Railways - Ģeleznice Srbije 3,809 

Slovakia ĢSR (Ģeleznice Slovenskej Republiky - The Railways of the Slovak 

Republic) 

3,658 

Slovenia SĢ (Slovenian Railways - Slovenske ģeleznice) 1,228 

                                                           
94 http://en.wikipedia.org/wiki/List_of_railway_companies  
95 http://en.wikipedia.org/wiki/List_of_countries_by_rail_transport_network_size  

http://en.wikipedia.org/wiki/List_of_railway_companies
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Spain Adif  (Railway Infrastructure Manager - Administrador de 

Infraestructura Ferroviaria) 

15,947 

Sweden SJ (Statens Järnvägar - Swedish State Railways) 12,821 

Switzerland SBB/CFF/FFS Swiss Federal Railways (German: Schweizerische 

Bundesbahnen, French: Chemins de fer fédéraux suisses, Italian: 

Ferrovie federali svizzere) 

5,232 

Turkey TCDD (Turkiye Cumhuriyeti Devlet Demiryollarē - Turkish State 

Railways) 

12,000 

Ukraine UZ (Ukrainian Railway - ʋʢʨʟʘʣʽʟʥʠʮʷ, Ukrzaliznytsya) 22,300 

 UK  Network Rail 17,732 

 

3.2.2. Rail I nfrastructure  

 

The fundamental part of the railway 

infrastructure is the track which 

distinguishes railway from other forms 

of land transport and provides a fixed 

guidance system. It represents the 

steering base for the train. The modern 

railway is based on a steel wheel 

running on a steel rail. 

  

The track is the main part of the 

railway route, and it is supported by a 

sub-structure, which ensures a safe 

and comfortable ride of the train and its 

freight.  

 

The total width across a two-track line is 

about 15 m for a modern design. The cess on 

each side of the alignment is the area available 

for a walkway or refuge for staff working on 

the track.96  

 

This part of the track consists of three main 

elements: the formation, the sub-ballast and 

the ballast. The formation is the ground upon 

which the track will be laid. The 

formation under the track has a camber 

rather like that seen on roads. The track 

itself is supported on ballast, made up of 

stone (basalt), below which is a layer of 

sand, which separates it from the 

formation. Catenary masts are located 

outside the drains and, beyond them, 

there is a walkway area. Next to it there 

is a cable trough. Ballast is used to 

                                                           
96 http://www.railway-technical.com/track.shtml  
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provide support, load transfer and drainage to the track and it keeps water away from the rails and sleepers. It 

also supports the weight of the track and considerable cycling loading of passing trains. Individual loads on 

rails can be as high as 50 tonnes and around 80 short tonnes on a heavy haul freight line. 

 

The track consists of the two steel rails, secured on 

sleepers so as to keep the rails the correct distance 

apart and capable of supporting the weight of trains. 

There are various types of sleepers and methods of 

securing the rails to them. Sleepers are normally 

spaced at 650 mm to 760 mm intervals. 

 

Sleepers are traditionally wood impregnated with 

preservative (life span of 25 years). Nowadays, 

concrete and steel sleepers are used. Yet in some cases 

concrete sleepers (up to 320 kg) do not perform well 

under the loads of heavy haul freight trains. They are 

less flexible than wooden ones. The spacing of 

concrete sleepers is about 25% greater than wooden 

sleepers. 

 

There also twin block sleepers (see picture). They consist of two concrete blocks joined by a steel bar. They 

are 30% lighter than the regular concrete sleepers, and can be easily moved manually.  

 

The standard form of rail used around the world is 

the flat bottom rail. It has a wide base or foot and 

narrower top or head. In the UK Bullhead rail is 

used. Originally it was designed with the idea to 

reuse them. Bullhead rail is mounted in a specific 

chair made of cast iron and secured by a key 

wedged between the rail web and the chair. The 

chairs are secured to the sleepers by coach screws. 

The rail is attached to the plate by a system of clips 

or clamps.  

 

Rail is welded into long lengths, which can be up to 

several hundred metres long. 

Adjustment switches are also 

provided to protect turnouts and at 

locations where a change in the rail 

design or size occurs. Rail tends to 

creep in the main direction of travel 

so rail anchors (anti-creepers in the 

US) are installed at intervals along 

the track. They are fitted under the 

rail against a base plate to act as a stop 

against movement. Nowadays track-

work uses long welded rail length, 

which ensures a better ride, reduces wear, reduces damage to trains and eliminates the noise associated with 
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rail joints. There are two main types of welding used for 

rails: Thermit welding and Flash Butt welding. Rails 

are put in concrete base, which is called slab track or 

non-ballasted track.  

 

Along the line various locations are marked by a fixed 

post in the track or a plate on a nearby structure to 

indicate the correct level or position of the track. These 

are called monuments or datum plates. Measurements 

are taken from these to confirm the correct position of 

the track.  

 

Cant is the name used to describe the cross level angle 

of track on a curve, which is used to compensate for 

lateral forces generated by the 

train as it passes through the 

curve. The sleepers are laid at an 

angle so that the outer rail on the 

curve is higher than the inner rail. 

In the US, it is known as 

superelevation. Cant is measured 

either in degrees or in linear 

dimensions. On standard gauge 

track (1435 mm) 150 mm of cant 

is equal to 6 degrees. The 

maximum amount of cant 

deficiency allowed is 110 mm. 

 

Turnouts are referred to as 

switches and crossing work. 

They describe the junctions in 

track-work where lines diverge or converge, known as points (UK) or switches (US). The moving part of the 

turnout is called the switch blade or point, one for each rail. The two blades are fixed to each other by a tie bar 

to ensure that when one is against 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 

wheel-sets through 

the crossing. 

A crossing can be 

cast or fabricated. 

Rails are usually 

made of steel with 

Slab track System ñFF Bºglò on Nuremberg-

Munich high-speed rail line 
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large iron 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:  

 
 

 

   

 

3.2.2.1. Stations 

 

A train station, or a railway station or a railroad station (US)97 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 one track-side 

platform and a station building (depot) providing such ancillary services as ticket sales and waiting rooms. If 

a station is on a single-track line, it often has a passing loop to facilitate traffic movements. The smallest 

stations are most often referred to as óstopsô or, in some parts of the world, as óhaltsô (flag stops). 

3.2.2.2. Marshalling and switch yards 

 

Marshalling or classification yards 

can be classified into three types, 

depending on the kind of shunting 

they employ, namely: 

- Flat yards 

- Gravity yards 

- Hump yards 

Each marshalling yard consist of 

three main components: the 

reception yard, the classification or 

sorting yard and departure yard.  

 

                                                           
97 http://en.wikipedia.org/wiki/Train_station  
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In the flat yard a train is received in the 

reception yard and the engine is sent to 

the loco shed.98 Adjacent to the 

reception yard, there is the sorting 

yard, where each line is reserved for 

wagons going in a particular direction. 

During the process of sorting, a train is 

broken up and the wagons are 

deposited in the sorting yard on lines 

nominated for various destinations. To 

sort a train that has arrived a shunting 

engine attaches to the train from the 

left end and draws it out of the reception yard onto the 

shunting neck AB. The first wagons remote from the engine 

have to be deposited on a certain line of sorting yard. The 

engine pushes the train towards the sorting yard after which 

it draws back into the shunting neck. The ófirst cutô of 

wagons at the front have been set rolling move into the 

nominated line where they are brought to rest by brake 

porters who run alongside the wagons pinning down the 

handbrakes. A second push-pull operation will deposit 

another set of wagons on the appropriate line in the sorting 

yard. The push-pull method is employed in flat yards where 

the whole layout is built on 

level ground.  

 

In the gravity yard a gentle 

slope on the shunting neck 

falling towards the sorting 

lines assists wagon groups 

in rolling down by 

themselves without engine 

assistance. Gravity yards 

are considered ideal, but 

topographical features 

often do not favour such an arrangement in which case 

hump yard can be created. In such yards lines join up 

into a single line which slowly begins to ascend an 

artificially made óhumpô or hill. When the track has 

risen to a height of around 2.5 - 3m it levels off and 

begins to descend towards the sorting yard. The descent 

grade could be anywhere from 1 in 25 to 1 in 35 up to 

the first point of divergence which is known as the King 

point. Beyond this is a gentler grade (1 in 80 to 1 in 

200) which eases off into a still gentler grade of 1 in 

400 to 1 in 600 where the fans of lines commence. The 

                                                           
98 http://www.irfca.org/docs/marshalling-yards.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 sorting yards are in continuation 

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

 

The hump yard is the largest and most effective type of yard, with the largest shunting capacity.99 The heart 

of these yards is the hump: a lead track on a hill (hump) over which an engine pushes the cars. Single 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 tracks where the cars are sorted). Hump yard sorting can 

be quite a slow process, but it is still quicker and requires less engine movement when compared to a flat yard. 

The hump yard design is thus ideally suited for places which deal with a substantial number of wagons each 

day.  

 

3.2.2.2.1. Single and multiple marshalling yards 

There are two ways in which 

a marshalling yard layout 

can be planned. There are 

single and multiple yards. In 

a multiple yard there are two 

sets of reception, 

classification and departure 

yards, one for the up 

direction and the other for 

the down direction, lying 

side by side. From the 1930s 

most European countries 

abandoned the idea of 

multiple yards and changed 

over to the single yards. A 

single yard has just one set 

of reception, classification 

and departure yards which serve for both up and 

down directions. It requires less space to 

construct, and saves not only on capital cost but 

also on staff. 

A single or unitary yard has reception, sorting 

and departure yards in series (see diagram). An 

up train arriving from the left enters the 

reception area where the engine detaches and 

returns to the loco shed using connection B. For 

a train arriving from the right, the entry will be 

via the dotted line, the engine leaving for the 

shed using crossover A. To the right of the 

sorting yard is a shunting neck which allows 

wagons to be drawn out of the sorting yard and 

                                                           
99 ñABCôs of Railroading: Terms of the tradeò. Trains (Waukesha, WI: Kalmbach Publishing): p 22.  June 1991. 
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placed at ólocal installationsô such as the repacking shed, sick yard and weighbridge. The shunting neck is 

usually a short piece of track since only a few wagons have to be drawn out at a time.  

 

The first and foremost of these local installations is the sick yard, the place where wagons are brought in for 

repairs.100 On arrival in the reception yard, a train is first examined and wagons needing repairs are marked 

out. During sorting operations on the train, defective wagons are put on one or more lines in the sorting yard 

which are specially reserved for this purpose. Light repairs can also be carried out in the sorting yard itself, 

whereas wagons needing more extensive work are drawn out via the shunting neck and placed in the sick 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 the transhipment platform where the content of defective wagons on one side 

of the platform is transferred to another set of wagons lined up on the other side. Following transhipment of 

goods, the newly loaded wagons are returned to the sorting yard whilst those which needed repairs, now empty, 

are shunted away to the workshop. 

 

At break-of-gauge junctions a transhipment platform of another kind may also be found having tracks of 

different gauges alongside, this facility allowing goods arriving on one gauge to be transferred to wagons of 

the other gauge before they can resume their onward journey to their final destination. A weighbridge is also 

illustrated, the position indicated being suitable for occasional wagons that need weighing. However, at places 

where each wagon entering 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 train-load of wagons has accumulated on a line, the cuts are coupled, a guardôs brake 

van added, and the train is shunted to the departure yard. For an up train (proceeding towards the right), an 

engine from the loco shed makes its way along the loco line entering the departure yard from the right 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 shed is essentially a loading 

- unloading point: a place where 

consignments arriving by road 

transport are unloaded, booked, 

stored and finally loaded into 

railway wagons, facilities also being 

provided for the reverse process, 

namely, unloading of wagons and 

handing over the material to the 

consignee. The railway goods shed 

which serves this function is usually 

situated in the vicinity of the 

passenger station area. During 

hump-shunting, 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 and proceeds towards 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 hump-sorted and placed on the appropriate lines in the 

sorting yard. 

 

                                                           
100 http://www.irfca.org/docs/marshalling-yards.html  
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3.2.2.2.2. Multiple yards 

A multiple yard will consist of the 

following key elements : (1) Up reception, 

sorting and departure yards laid usually in 

continuation, (2) Down reception, sorting 

and departure yards laid alongside and 

parallel to the up yard, and pointing the 

other way, (3) separate humps for up and 

down yards, (4) connections between the 

two yards for the movement of cross-

traffic and, (5) various auxiliary 

installations such as locoshed, sick yard, 

transhipment platform, repacking shed, 

weighbridge, goods shed, etc., each of 

these having suitable connections with the 

yard.  

Marshalling yards can show an almost 

infinite variation in the way the 

constituent elements can be grouped 

together. The example in the diagram 

shows a flat yard that has separate up and 

down yards, each made up of reception-

cum-departure lines, and sorting lines 

which are dead end sidings. Once a train 

is formed in the sorting area it is moved to 

the reception-cum-departure yard where 

it awaits departure. The yard is attached to 

the passenger station. 

 

3.2.2.2.2.a. Mechanised yards 

 

A mechanised yard is a term used to describe a hump yard that has been 

upgraded by the addition of appropriate electrical and electro-pneumatic 

control devices so as to speed up the rate of sorting of a train. 

Mechanisation can thus be looked upon as a refinement that allows more 

trains to be sorted in a given period than would be possible in a yard of 

conventional design. 

 

How does the mechanised yard work? A hump has a height ranging from 

3 to 6 m. Increasing the height of the hump means that wagons will roll 

down towards the sorting yard at faster speed.  

 

A weigh-rail  is placed a little beyond the apex of the hump and has coil 

springs and pressure transducers below it which give a visual indication 

to the control cabin of the weight of the wagons passing over the hump. 

 

The retarders grip the sides of 

the wheels 

on passing cars to slow them 

down 
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A set of retarders are used to slow down wagon cuts rolling 

down the hump. A retarder is an electro-pneumatic device 

operated from the control cabin and consists of two pairs of 

horizontal brake beams at track level, one pair for each rail. 

When operated, beams of each pair draw closer gripping the 

wheels of a passing wagon at their lower extremity in a 

nutcracker fashion, thereby slowing down the movement of 

the vehicle.  

 

The points are set electro-pneumatically. Switches on a panel 

in the control cabin allow routes to be set individually for each 

successive shunt as it comes rolling along. (Alternatively, a 

perforated tape is prepared which (when fed into a machine) 

sets the routes automatically without the need for intervention 

from the operator). 

 

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.  

 

3.2.2.2.2.b. 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 the train from the rear and begins to push it up the hump. The Assistant Yard Master has full details 

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

4, (b) section wagons for route 2 are sent to 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 any, are sent to 12 or 13 as 

the case demands, and (f) the guardôs brake van rolls into line 14. 

 

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 bypasses the hump, for a second round of hump shunting. Five or six (or 

even more) óhumping operationsô may be required to juggle these wagons (using various lines) before they are 

all on one line in geographical order. This secondary sorting is usually done in the main classification 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. 

 

3.2.2.3. Private Railway Siding 

 

By definition a private railway siding is track or set of tracks which do not belong to the railway enterprise but 

are linked up with the track of a railway enterprise so that an industrial, establishment, port, etc. can be served 

by rail without trans-shipment.101 

 

It is important to keep in mind a clear distinction between railway property, industrial sites and private lines.  

 

                                                           
101 http://stats.oecd.org/glossary/detail.asp?ID=3920  

Hydraulic óDowty retardersô 

allow fine adjustment of speed 

 

http://stats.oecd.org/glossary/detail.asp?ID=3920


 
 

68 

 

 

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 private and industrial tracks there might well be signs prohibiting staff from riding on anything on the 

track without authorisation. Before the move to road transport any company that needed a lot of transport 

would try to locate as close to rail access as possible. Where 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 spillage/pilfering etc. The 

railways also do not want industries to put anything onto a lorry to get it to them because, increasingly, once 

on a lorry, it might stay there for its entire journey. This means that railways may accept a joint boundary of 

the industryôs wall with 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 

pavement, the railway companies tended to not want the hassle. In those cases the track could belong to a 

consortium, the ñtrading estateò or some other arrangement. Sidings have to have trap points between them 

and running tines.  

 

3.2.3. Slots 

 

To run a train between two places on the rail route, rail operators need to secure timeslots, which they obtain 

from the appropriate rail infrastructure manager. 

 

In rail transport, a train slot is a permission or licence that gives the right for a rail company to run a train on a 

specific section of track, at a specific time.102 Many tracks and stations across Europe are owned by rail 

infrastructure companies, e.g. Eurotunnel, HS1 and Network Rail in UK, DB Netz in Germany, Infrabel in 

Belgium, ProRail in the Netherlands, etc.103  

 

The rail infrastructure companies sell train slots to various companies which operate freight and passenger 

services. There are night and day rail slots. 

  

There are three different types of slots (in Germany): 

- Safe slots with fixed timing, e.g., by master contract 

- Optional slots with relatively safe timing, e.g. system slots 

- Requested (or ad hoc) slots with desired timing, e.g. chartered or extra train (slots).104 

 

To obtain slots and use a national rail network is subject to the payment of fees to the relevant rail infrastructure 

manager. These fees are also called rail tolls.  

 

Each EU country has its own system of charging. The highest common fee is charged for the reservation of 

capacity (slots).105 The fees are paid by each rail operator (=railways company) and are calculated on the basis 

of a unit rate per kilometre, subject to the addition of a variable element applied as a ratio to reflect: 

                                                           
102 April Kuo, Elise Miller-Hooks, Kuilin Zhang, and Hani Mahmassani (2008). "Train Slot Cooperation in Multicarrier, 

International Rail-Based Intermodal Freight Transport". Transportation Research Record: Journal of the Transportation 

Research Board (2043): 31ï40. http://www.iti.northwestern.edu/publications/mahmassani/Kuo_et_al-2008-

Train_Slot_Cooperation_in_Multicarrier_International_Rail-Based_Intermodal_Freight_Transport.pdf  
103 http://www.eurocarex.com/carex-technique.php?cat=19&sscat=39  
104 file:///C:/Users/OSK/Downloads/schlechte_thomas%20(2).pdf  
105 http://www.eurocarex.com/carex-technique.php?cat=19&sscat=39  
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- Type of line used (the cost for a high-speed or light-traffic line is higher than for a low-speed and/or 

local traffic line); 

- Time of use (the rates charged at off-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 France the reservation fees are referred to as des redevances pour prestations minimales (minimum 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 countries the rate 

charged for freight slots may differ significantly from those charged for passenger slots. 

 

In many EU countries slots are distributed via auctioning procedures. For instance, in Germany slots are 

allocated according to priority rules, though, railway law and regulation also provide for the application of a 

óhighest price procedureô in case of a conflict between equally ranked slot requests.106  

 

However, when a particular bottleneck slot is allocated, it might block other parts of the network. This can 

lead to inefficient allocations, so insulated bidding for bottlenecks is not appropriate for railway network 

allocation. To avoid this situation, a so-called combinatorial auction is used, which allocates a multitude of 

interdependent slots simultaneously. The efficient use of a railway network hinges not only on departures and 

arrivals, but also on the combination of routes and speeds taken by individual trains in the network. 

 

There are several factors that influence slot allocation in the rail network. 

 

One of them is railway scheduling, which is based on a detailed model of the railway network, i.e. a model 

that includes all tracks, switchers, and signals. This model is used for planning on the principle of exclusive 

use of block sections. It means that a block section may be occupied by, at 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 segments, such as allowed speed and signalling system, 

determining the blocking time, i.e. the time that a block section is occupied, and the headway, i.e. the minimum 

time interval between two trains.107 

 

Other important factors in slot allocation are train types which are defined by several properties, such as driving 

characteristics, train protection system, intermediate, service type (passenger vs. freight, local vs. long 

distance). For instance, there are InterCityExpress ICE, InterCity IC, RegionalExpress, RegionalTrain, and 

InterCargoTrain. 

 

To request a slot, three main components need to be considered, namely a monetary bid (a sum which the 

operator is willing to pay for a slot), a train type (it specifies the technical characteristics like maximum speed, 

acceleration, braking distance, weight, etc.), 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 a train. However, the train slot requests 

submitted by competing railway undertakings are likely to conflict. For instance in Germany the number of 

                                                           
106 https://www.zib.de/Publications/Reports/ZR-05-45.pdf  
107 https://www.zib.de/Publications/Reports/ZR-05-45.pdf 
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conflicting train slot requests climbed from 10,000 to 12,000 from 2008 to 2009. In the same period the number 

of conflicting slots in Switzerland increased from 103 to 127.108  

 

The main issues targeted by the EU regulations are: 

- The working train timetable shall be established annually. 

- Infrastructure managers have to declare a speciýc date and time when the shift of one train timetable 

to the new one takes places. 

- The ýnal date for receipt of annual train slot requests must not be earlier than 12 months before the 

new timetable is operated. 

- Not later than 11 months before 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 train slot requests by railway undertakings, 

a draft timetable shall be prepared. 

 

There are four different types of slot request to be distinguished: 

- long term train slot requests, 

- international train slot requests, 

- annual train slot requests, 

- and ad hoc train slot requests 

 

Long term slot requests are from 5 up to 15 years. The term planning time horizon is 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 requests require capacity from at least two different international railway infrastructure 

providers.  

 

Annual train path requests are submitted annually in order to be included into the annual timetable. It takes 

approximately 8 months before the new timetable is operated.  

 

RailNetEurope was set up to facilitate co-operation between the national infrastructure managers and 

independent organisations. International train slot requests are directly submitted to RailNetEuro, which is 

responsible for co-ordination between the national infrastructure managers. 

 

There are ad hoc train slot requests which are submitted at short notice. This applies to cargo trains which are 

planned in a much more flexible way than passenger trains. Such slots are requested from 2 weeks to 24 hours 

in advance. Most infrastructure managers already plan in advance suitable train slots, calling them system slots, 

without allocating them to a specific railway undertaking. In the case of ad hoc or individual slot requests in 

the course of the year such system slots can be assigned.  

 

In practice, all passenger trains have priority over freight trains. Trains operating in regular slots have priority 

over the trains with ad hoc slots, and all high speed trains, including TGV (in some places using their own 

tracks that are not used by freight trains), have priority over slower trains. 

How does the logistics operator manage all those parameters for FVL? 

 

                                                           
108 file:///C:/Users/OSK/Downloads/schlechte_thomas%20(2).pdf  

file:///C:/Users/OSK/Downloads/schlechte_thomas%20(2).pdf
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3.2.4. Slot allocation scheme for FVL 

 

Here we would like to present a theoretical 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). 

2. The LSP defines the scheme: transport line and transport format (train, single wagons). 

3. The LSP also defines the wagon type suitable for the specific models, from the types available in his 

fleet and checks the compatibility of the wagons with the loading/unloading infrastructure on the 

customerôs sites. 

There are 2 main transport formats: 

- Single wagons 

- Block train 

4. In any case, the LSP has to define the way to supply empty wagons inside the transport scheme and 

tries to optimize those empty costs. 

5. LSP launches a traction purchasing tender, in order to choose the railway company, which will 

provide the 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 description of the service: time 

schedule, possible length of train and maximum weight. 

8. LSP checks 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. 

 

In case of reaching an agreement ï how does the LSP provide the 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 constraints: 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, the LSP starts the discussion with the designated railway company: 

- Transport schedule: 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 wagons. Most of the time, it is too late to 

order regular slots on the transport line. The transport will start with spot slots, until we reach the 

schedule of regular slots. In fact, the 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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This example allocation scheme 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 wagons, or a self-propelled multiple unit (or occasionally a 

single or articulated powered coach). In the early 1890s trains were powered by steam locomotive and only 

from 1950s onwards they began to be replaced by less labour-intensive and cleaner (but more complex and 

expensive) diesel and electric locomotives. 
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Special kinds of trains running on corresponding special órailwaysô are atmospheric railways,109 monorails,110 

high-speed railways,111 maglev,112 rubber-tired underground,113 funicular114 and cog railways.115 A passenger 

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: inter-city trains, fast trains and regional trains. 

 

A freight train (also known as goods train) uses freight wagons (also known as trucks or goods wagons) to 

transport goods or materials (cargo) ï essentially any train that is not used for carrying passengers. 

 

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

many different types of wagons. In Europe the sliding wall wagon has taken over from the ordinary covered 

goods wagon. In some countries ópiggy-backô trains or rolling highways are used: In the latter case trucks can 

drive straight onto the 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 the trans-Alpine service between France 

and Italy (this service uses Modalohr road trailer carriers). 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 loaded and unloaded by hand. 

 

Freight trains can be divided into three major groups depending on a way the cargo is transported:116  

- 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 are useful 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 cargo. They are fast and cost-

efficient for the sender. 

- Mixed freight trains: Mixed freight trains are also known as manifest trains. Unlike unit trains, which 

carry just one type of cargo in a single type of train wagon, 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 

generating 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  
110 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 people. http://www.trainhistory.net/train-facts/train-types/  
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 can be found in many high-speed train networks, especially in Japan, 

France and Spain. http://www.trainhistory.net/train-facts/train-types/  
112 In distant 1937 German inventor Hermann Kemper patented 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 and high-speed railway 

lines. http://www.trainhistory.net/train-facts/train-types/  
113 A rubber-tyred 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 for traction, as 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 rubber-tyred trains are purpose-built and designed for the system on which they operate. Guided buses are 

sometimes referred to as 'trams on tyres', and compared to rubber-tyred metros. http://en.wikipedia.org/wiki/Rubber-

tyred_metro  
114 A funicular, also known as an inclined 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 other. http://en.wikipedia.org/wiki/Funicular  
115 A rack railway (also rack-and-pinion 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 wheels or pinions that mesh with this rack rail. This 

allows the trains to operate on steep grades above 7%, which is the maximum for friction-based rail. Most rack railways 

are mountain railways, although a few are transit railways or tramways built to overcome a steep gradient in an urban 

environment. http://en.wikipedia.org/wiki/Rack_railway  
116 http://www.ehow.com/list_7606612_three-types-modern-freight-trains.html  

http://en.wikipedia.org/wiki/Atmospheric_railway
http://www.trainhistory.net/train-facts/train-types/
http://www.trainhistory.net/train-facts/train-types/
http://www.trainhistory.net/train-facts/train-types/
http://en.wikipedia.org/wiki/Rubber-tyred_metro
http://en.wikipedia.org/wiki/Rubber-tyred_metro
http://en.wikipedia.org/wiki/Funicular
http://en.wikipedia.org/wiki/Rack_railway
http://www.ehow.com/list_7606612_three-types-modern-freight-trains.html
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different wagons 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 several different forms 

of transportation. The goods are shipped in intermodal containers. Intermodal transportation is often 

not cost-effective for cargo that needs to be shipped short distances. 

 

3.3.2. Train Systems 

 

There are two train systems: block train and single wagon load (SWL) systems. 

3.3.2.1. Block Trains 

 

A block train, also called a unit train or train load service, is a railway train in which all the wagons making 

it up are shipped from the same origin to the same destination, without being split up or stored 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 for high-volume 

customers. It happens 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 substances (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 of goods from 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 train up to 1,000 

m. 

3.3.2.2. Single Wagons Load System 

 

The single wagon load (SWL) system is used in cases when one or several wagons 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/block train.117 SWL 

system can be compared with a óhub and spoke systemô (where all goods are brought into a central point (hub) 

for sorting and are distributed from the centre in all directions). It is a network system which consists of 

customer sidings, stations and marshalling yards, or switch yards (see: marshalling yards): 

 

- If the customer has railway tracks, the operator will send a feeder service to collect the wagons (and 

give the customer empty wagons to fill). These are then hauled or pulled to a marshalling yard. 

- If the 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 customers) are 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 times (see: slots). 

- The wagons are transported from one hub/marshalling yard to another 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 has a private 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 

                                                           
117 http://www.railfreightportal.com/Single-wagon-load  

http://www.railfreightportal.com/Single-wagon-load
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bigger shunting stations. There is a different number of trains that run between the stations every day. Each 

wagon is brought from a local station(s) to bigger hubs of shunting stations where the wagons are re-organised 

into new trains to be moved onwards to their destination point. The only problem is that formation of a train 

that includes different wagons with different destination takes time (e.g. 4-5 day needed to cross France). In 

many cases wagons are moved from one shunting station to another and re-organised, which normally takes 

time. However, the big advantage of the SWL system is that it works with a small quantity of goods (cars) that 

need to be transported. The most efficient and cost saving method is a block train, but this requires a sufficient 

number of cars to have a complete train. However, there are requests from the OEMs to transport cars in 

smaller quantities, then the SWL system is used for such requests.  

 

The SWL system provides the 

customer with adaptability of 

dispatch volatility. Here the number 

of wagons is chosen by the client to 

be dispatched to a certain 

destination. This number can be 

changed any time. A client can 

decide as well when to load them, 

or when to add new wagons to a 

train. In Europe, the SWL accounts 

for approx. 50% of the total rail 

market (with annual freight volume 

of around 100bn t/km).118 SWL 

system is used mainly for midsized 

and geographically dispersed 

industry and for agriculture. It is 

also known, however, that many 

EU RUs lose money with SWL operations.  

 

The term wagonload or wagonload freight refers to trains made up from single wagon consignments of freight. 

Rail freight transport is increasingly operated as trainload or ñunit trains,ò with wagonload less able to compete 

with road haulage. 

 

Since 2012, in Europe wagonload freight represents 30% to 40% of freight carried in 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 freight.119 

 

Comparing SWL traffic and block trains, the latter ones are less complex because the train does not need to be 

stopped for shunting procedures. In Western Europe operators have supported SWL transport by signing the 

new Xrail Alliance in Zurich in February 2010 to improve SWL transport. 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.120 Since SWL was not profitable, the European Commission decided to support this type of 

transport and is working on a strategy to simplify the customs control in Member States and to remove the 

bureaucratic and technical procedures in SWL transport. Therefore, in order to operate at maximum efficiency, 

                                                           
118 http://www.railfreightportal.com/Single-wagon-load  
119 http://en.wikipedia.org/wiki/Wagonload_freight  
120 http://www.railfreightportal.com/Single-wagon-load  

http://www.railfreightportal.com/Single-wagon-load
http://en.wikipedia.org/wiki/Wagonload_freight
http://www.railfreightportal.com/Single-wagon-load
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trains need to carry as much freight as possible, within the technical capability of the track and traction. The 

principle óthe longer the train the betterô prevails. 

 

There are two types of wagons that are used to carry non-bulk goods: intermodal and wagon load. The 

difference between them lies in the means of loading and unloading. Intermodal loads need lifting equipment 

such as cranes, whereas wagon load is loaded and unloaded often with fork lift trucks, and from a platform 

level with the floor of the wagon. Wagons are shunted into smaller trains for haulage to the 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 to 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 the growth in 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 initiatives for SWL traffic, see EU Regulations and Initiatives in Chapter 6). 
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3.4. Locomotives 

 
Before starting to discuss the types of 

locomotives it is necessary first to 

define what a locomotive is. 

Locomotive ï a self-propelled rail 

vehicle designed to convert electrical 

or mechanical energy into tractive 

effort to haul trains of non-powered 

carriages and freight wagons.121  

 

Trains can be sorted in several distinct 

categories, separated by the way their 

locomotives are powered, their use, 

and by the design of their tracks. 

 

There are several types of 

locomotives: steam locomotives, 

diesel locomotives, electric 

locomotives, combined engines, and 

maglev locomotives.122 

3.4.1. Steam Locomotives 

 

Now effectively obsolete, a steam locomotive is a self-contained power unit consisting essentially of a steam 

engine 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 wheels.123 The driving wheels, which vary in number, are connected by side rods. Steam 

locomotives are usually classified under the Whyte system, that is, by the number and arrangement of the 

wheels; for example, an engine classified as 2ï6ï0 has one pair of wheels under the front truck, 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 added.124  

 
    

 
The NKP 500-series 

2-8-2 óMikadoô 

Norfolk and 

Western No. 475 

is a 4-8-0 steam 

locomotive 

Passenger train 

4-6-0 steam 

locomotive 5972 

OLTON HALL 

(built at 

Swindon in 

1937) 

Bavarian S 3/6 

class, later Class 

18.4-5 of the 

Deutscher 

Reichsbahn 

The LNER 

Class A3 Pacific 

steam 

locomotive No. 

4472 Flying 

Scotsman 

(originally No. 

1472) 

Steam engine VHX 

40-308 

 

  

                                                           
121 http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf 
122 http://www.trainhistory.net/train-facts/train-types/  
123 http://www.enselsoftware.com/article/train_sim.html  
124 http://www.infoplease.com/encyclopedia/science/locomotive-types-locomotives.html  

http://www.railway-technical.com/Rail-Lexicon-Mk24.pdf
http://www.trainhistory.net/train-facts/train-types/
http://www.enselsoftware.com/article/train_sim.html
http://www.infoplease.com/encyclopedia/science/locomotive-types-locomotives.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 motors. Power is collected from a 

pantograph running 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 third rails.125 

   
   

Taurus 

ES64U2/U4 

locomotive 

El16 of CargoNet El18 of NSB Rc4 of Green 

Cargo 

DB E18/ÖBB Soviet 2TE10U 

locomotive 

 

3.4.3. Diesel Locomotives 

 

The modern diesel locomotive is a self-

contained version of the electric locomotive. 

Like the electric locomotive, it has electric 

drive, in the form of traction motors driving 

the axles and controlled with electronic 

controls. It also has many of the same auxiliary 

systems for cooling, lighting, heating, braking 

and hotel power (if required) for the train. It 

can operate over the same routes (usually) and 

can be operated by the same drivers. It differs 

principally in that it carries its own generating 

station around with it, instead of being 

connected to a remote generating station 

through overhead wires or a third rail. The 

generating station consists of 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 weight.126  

      
The UK Class 47 

is typical of the 

general purpose 

diesel-electric 

locomotives 

introduced in the 

1960s. 

MAV Diesel 

locomotive M62 

Taigatrommel 

HGK JT42CWR 

number DE672 in 

Ulm Germany 

Class 66 number 

403 used by 

CargoNet 

Class 233 of DB Class 203 of NBE 

Rail 

 

                                                           
125 http://www.infoplease.com/encyclopedia/science/locomotive-types-locomotives.html  
126 http://www.railway-technical.com/diesel.shtml  

http://www.infoplease.com/encyclopedia/science/locomotive-types-locomotives.html
http://www.railway-technical.com/diesel.shtml
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3.4.4. Combined Locomotives 

 

Diesel-electric 

locomotives were 

introduced in the United 

States in 1924, and have 

become the most widely 

used type of locomotive. 

The modern diesel-

electric locomotive is a 

self-contained, 

electrically propelled 

unit. Like the electric locomotive it has electric drive in the form of traction motors driving the axles and 

controlled with electronic controls. It 

also has many of the same auxiliary 

systems for cooling, lighting, heating, 

and braking. It differs principally in that 

it has its own generating station instead 

of being connected to a remote 

generating station through overhead 

wires or a third rail. The generating 

station consists of a large diesel engine 

coupled to an alternator or generator that 

provides the power for the traction 

motors. These motors drive the driving 

wheels by means of spur gears. The ratio 

of the gearing regulates the hauling 

power and maximum speed of the 

locomotive. A modern diesel-electric 

locomotive produces about 35% of the 

power of an electric locomotive of 

similar weight.127  

 

Diesel-mechanical locomotives have a 

direct mechanical link consisting of a 

clutch and a series of gears and shafts 

between the engine and the wheels, similar to the transmission in an automobile. Because mechanical drives 

deliver less power to the wheels than electric and diesel-electric systems, they are only used with the smallest 

locomotives.  

 

In diesel-hydraulic locomotives the 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 http://24coaches.com/locomotive-working-india/  

http://24coaches.com/locomotive-working-india/
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Gas turbineïelectric locomotives are similar to the diesel-electric but use a gas turbine to drive the generator. 

The technology is used primarily on turbotrains, high-speed passenger trains that do not have locomotives but 

instead are powered by units built into one or more of their cars.128 

  

   
   

Diesel-electric 

locomotive: MLW 

model S-3 produced in 

1957 

Diesel-electric 

locomotive: 

ER20s 

Class 56 

Romanian-built 

diesel-electric 

locomotive 

56006 at 

RailFest 2004 

Co-Co diesel-electric 

locomotive Class 47 

D1705 

SPARROWHAWK 

Diesel-Electric 

Locomotive 1Co-

Co1 Class 40 

Diesel-Electric 

Co-Co 

Locomotive Class 

50 

 

  

3.5. Wagons 

 

3.5.1. General Features of Wagons 

 

Most railway freight and passenger wagons 

sit on top of bogies (or ótrucksô US).129 Most 

bogies have two wheel sets so rollingstock 

can manoeuvre around curves while 

supporting heavy loads. The two side frames 

contain two wheel sets (each wheel set is two 

wheels and a solid axle mounted together as 

one piece). Roller bearings are used between 

the axles and the side frames to permit the 

wheel sets to turn freely. Usually, wagon 

bodies are not fastened to the bogies but rest 

on and pivot around, a centre support. 

Generally, bogies on passenger rolling stock 

support a suspension system that isolates 

them from the wheels and infrastructure. 

Bogies also support the braking systems. 

Most passenger and freight rail cars use 

brakes operated by air pressure. Freight 

braking systems use air pressure to press 

brake pads to each wheel tread. Some 

passenger systems use the same type of 

braking system, but most high-speed trains 

are equipped with disk brakes attached 

directly to wheelset axles in addition to tread 

brake systems. 

 

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

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
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Couplers are 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 train can operate on a railway. 

Many rail systems use buffer pads alongside coupler 

mechanisms to reduce óslack actionô, the tendency of a 

group of wagons to elongate or contract when in motion.  

3.5.2. Wagon Classification 

 

The UIC (International Union of Railways) 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, replacing 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, the State 

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 system a specific 

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, and W),130 the others indicate goods wagons. 

The letters 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 12-digit UIC wagon number and the last digit is a check number.131 

 

For instance, DB Schenker uses wagon óLaaeksô 25-

80-43-6-6678-7 (see the photo):  

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 international utilization modus; digits 3-4 indicate country code; digits 5-6 ï 

vehicle type information; digit 7 denotes sub-type of the above (freight); 8-11 ï individual running number (serial number) 

and final one is a redundancy self-check digit. http://en.wikipedia.org/wiki/UIC_wagon_numbers  

http://en.wikipedia.org/wiki/Goods_wagon
http://en.wikipedia.org/wiki/UIC_wagon_numbers



















































































































































































































































