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Railway infrastructure and the development of high-speed rail in Germany



High speed and network extension – additional information



Railway infrastructure and the development of high-speed rail in Germany The overall environment for transport networks is always dictated by the current and future demands of the population and industry that these networks are required to serve. Geography and the location of the industrial, residential and recreational districts are the most important driving forces that determine the tasks and the shape of these networks. In addition to the need to enhance the performance and competitiveness of the railways, national planning is having to pay more and more attention to European aspects. Copenhagen



1 The high-speed rail network in Central Europe The population of Europe is far from evenly spread, and there are characteristic differences in its density. A band of high population density stretches through the central part of Europe from the English Midlands down to northern Italy. Lower population densities (50-90 inhabitants per square kilometre) are to be found in Spain, France and Russia. Each of these countries has a dominant capital city. In France, for example, one fifth of the population lives in the capital or its suburbs. The shape of the future European high-speed rail (HSR) network, as part of the Trans European Network (TEN), mirrors this basic data.
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The HSR map published by the International Railway Union (UIC) shows clearly that the railway network in Europe includes several centralized elements, focussed on national capitals, such as in Spain, the United Kingdom and France, whereas other parts of it are more in the form of a grid, which is typically the case for the centre of Europe. Dr.-Ing. Eberhard Jaensch
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Fig. 1: The grid shape of the high speed network in Germany, 2007 Red = New lines (NBS) 250-300 km/h Green = Upgraded lines (ABS), 160-200 km/h Black = Conventional lines with ICE services, 160 km/h
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full-length train set with one power car at each end and 10-14 intermediate cars in between. An ICE comprised of twelve intermediate cars and two power cars has a length of 358 metres. The train’s composition and the number of intermediate cars per function or class correspond to a typical locomotive-hauled IC train. So it remains easy for passengers to change trains quickly at the network junctions, regardless of whether both trains are of the same type or mixed types (ICEs and/or ICs).



Fig. 2: ICE 3 train on slab track, 300 km/h



The railway network in Germany is also grid-shaped, and the country's 80 million inhabitants are reasonably spread out over the entire national territory. Here, the population density is 230 inhabitants per square kilometre. This is a situation that the railway must do its best to cope with, and its job is to find the best possible way of linking the big population and industrial centres with one another. The outcome of this is that the high-speed infrastructure in Germany has no clear centre and no dominant focal point, but several axes instead (Fig. 1). There are so many different traffic origins and destinations that it is not possible to link them all with direct trains. It follows on logically from this that there is an evident need to provide traffic interchanges. The high-speed part of the network now accounts for nearly one quarter of the total length of around 35 000 km of tracks operated by DB Netz (Germany's main infrastructure provider). The high-speed lines (defined as those where the maximum permitted speed is in the range of 230-300 km/h) now total approximately 1100 km, including the recently upgraded Hamburg-Berlin line. The other conventional lines served by high-speed trains have been upgraded to a greater or lesser extent, and the maximum train speeds there are in the range of 160-200 km/h. A few sections of the completely new lines have also been built for this speed range, a good example being the “Wiesbaden branch” at the southern end of the new high-speed line between Cologne and the Rhine/Main conurbation.



2 Deutsche Bahn’s InterCity and ICE system Twenty years ago, when the then Deutsche Bundesbahn (DB) set about designing its



high-speed product, it took as its base the long-distance express passenger system of InterCity (IC) trains that operated over the whole territory of the Federal Republic of Germany (“West Germany”). The main principles of the IC system are: 쑱 scheduled network services over a number of long-distance IC lines, 쑱 regular hourly services, with 14-16 trains each way each day, 쑱 services operating from around 6:00 in the morning until around 22:00-24:00 at night, 쑱 train departures at “fixed minutes past the hour”, 쑱 certain hubs to be served exactly on the full hour or half hour by connecting trains from two different IC lines using two adjacent tracks and providing across-the-platform connections (sometimes called “networking by walking”), 쑱 standard train formations (first-class accommodation – dining car – secondclass accommodation), facilitating changing trains, since there are usually only a few metres to walk from the passenger’s seat in the arriving train to a (reserved) seat in the departing train. The mean distance between stops on what has now become a combined IC/ICE network is approximately 95 km. This is the result of the good grid shape of the network and the need to provide interchange facilities at numerous railway junctions throughout Germany. The new high-speed trains are called ICEs (“InterCity Express” in full), and the intention was for them to fit seamlessly into the existing intercity system, gradually replacing locomotive-hauled IC trains and providing additional services within a developing combined IC/ICE system. In line with this philosophy, the first generation of ICE trains (ICE 1) was designed as a
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High-speed operations started in Germany in June 1991 with the inauguration of two new sections of high-speed line, namely those between Hanover and Würzburg and Mannheim and Stuttgart. These are mixedtraffic lines, with passenger trains using them during the day, and freight trains running on them at night. A total of 60 full-length ICE-1 trains entered service between 1991 and 1993. They reduced end-to-end travel times on journeys averaging 350 km (which is typical for German intercity passengers) by about one-and-a-half hours, representing a saving of 35-50 % compared with previous end-to-end times. In the years that followed, the high-speed network was expanded, notably with the inauguration of the Hanover-Berlin line in 1998 and the Cologne-Frankfurt line in 2002. The high-speed line between Nuremberg and Munich is to follow next, in 2006. In parallel with this, a network for tilting trains was created and considerably expanded. In the late 1990s, Deutsche Bahn changed its approach to what is known as the “half-train concept”, and a number of new types of ICE trains were built (the ICE 2, two versions of the ICE 3 (Fig. 2) and three tilting versions, known as “ICE-Ts”). The shortest of these has a length of 106.7 metres, and the longest 205.4 metres, and it is common practice for two such sets to run together as a longer train. The negative side of this is that it may now take longer to change trains and walk to reserved seats at network junctions where the connecting trains are of different types. The conveyance of passengers over long distances in ICE trains is a continuously growing segment of business. In 2004, the traffic volume was 19.6 billion passengerkilometres. ICE trains are not restricted to German rails, and some of them can also run in Austria, Switzerland, Belgium and the Netherlands. It is expected that they will operate between Frankfurt and Paris too as of December 2007, once most of the construction work on the new and
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Fig. 3: The new line between Cologne and the Rhine/Main conurbation
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Fig. 4: Gradients on the new lines
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upgraded route has been completed. French-built TGV trains, for their part, are already operating daily joint Thalys services between Paris and Cologne/ Düsseldorf via Brussels. As of December 2007, the SNCF is also to operate TGV trains between Paris and Stuttgart via Strasbourg.



3 The passenger-only, highspeed line between Cologne and the Rhine/Main conurbation 3.1 Overview The high-speed line linking Cologne and the Rhine/Main conurbation centred on Frankfurt is one of the core elements of the Trans-European Network. After many, many years of planning and discussion and seven years of construction and commissioning tests, the line was finally inaugurated in June 2002. ICE 3 trains have now reduced the travel time between Frankfurt and Cologne from 2 1/4 to 1 1/4 hours (and some workings are even faster). Before the new line was opened, there were three mainline routes between the Cologne region and the region around Frankfurt. These were all double-track and electrified and had a high capacity. Two of them followed the banks of the river Rhine, whilst the other ran through the towns of Siegen and Giessen. For this reason, it was decided to build the new line as a dedicated passenger one. The distance between the central stations in Cologne and Frankfurt measures precisely 180 km. This includes a 300-km/h high-speed section of 144 km between Siegburg and the mainline station at Frankfurt Airport. The new line also includes a branch round to Wiesbaden, which is 13 km long and has a maximum speed of 160 km/h, as



well as a loop serving Cologne-Bonn Airport, which is 15 km long (Fig. 3).



3.2 Alignment and infrastructure standards At both ends, the new line traverses densely populated areas, whilst its central section goes through wooded uplands, where nature conservation is a high priority. On environmental grounds, the new line was generally constructed in parallel with an existing motorway, as close to it as possible. For this reason, the maximum gradient was set at 40 ‰ (Fig. 4) and the minimum track radius at 3350 metres (Fig. 5). The maximum cant is 170 mm, which allows the high-speed trains to negotiate the curves at 300 km/h with a lateral acceleration of 1.0 m/s2 (corresponding to a cant deficiency 150 mm). It proved possible to reduce the number of tunnels compared with the sort of alignment that would have been necessary for mixed traffic. By way of comparison, 37 % of the mixed-traffic Hanover-Würzburg line runs through tunnels, whereas the proportion of tunnels over the whole length of the dedicated high-speed line between Cologne and the Rhine/Main conurbation is only 21.3 %, and the mean tunnel length is 1.6 km. As a result, according to a calculation performed in 1992, this made constructing the line 15% cheaper than it would have been otherwise. Deutsche Bahn took the opportunity of creating new standards that would be suitable for operations at 300 km/h. The distance between the two track centre lines was set at 4.50 metres, which corresponds to the value recommended in the TSI (Technical Specifications for the Interoperability of the European High Speed System). The danger zone relative to the track axis was set at 3.00 m.



N



Fig. 5: The new railway line at Limburg station (railway line: red / motorway: yellow)
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Adding on the 80 cm needed on either side for the safety zones (walkways), the total width occupied by the high-speed line is 12.10 metres. This is the same as on bridges and in tunnels. There are thirty tunnels on the new line, with an aggregate length of 47 km, and most of these were constructed by the shotcrete tunnelling method. The latter have an optimized net free cross-section of 92 m2 above the tops of the rail, which complies with the air-pressure restrictions for two trains crossing each other, both running at 300 km/h, as laid down in the TSI on infrastructure. All the tunnels have the same cross-section, whether they are straight or curved. The tunnels on the 160km/h Wiesbaden branch are single-track; all the others are double-track. An advanced safety concept now applies, and new tunnels are fitted with a number of extra features, such as emergency exits, rescue points and water tanks.



3.3 Trackwork The 300-km/h high-speed section between Siegburg and Frankfurt Airport is fitted with slab track throughout, including in the Frankfurt area. So a total of 155 km of double track were laid with slab track. This was no matter of chance but the outcome of a rational thought process. Experience on those Deutsche Bahn highspeed lines that have a classical ballast bed has shown that the high dynamic forces produced by the trains cause premature wear on the ballast, resulting in early track deterioration. This ballast wear is accelerated by the superimposed vibrations caused by the unavoidable polygonization of the wheels. On the bridges, it turned out to be necessary to renew that ballast after only a few years of operation and to install a layer of rubber matting under it. After twenty years of research, development and trials, DB Netz has now
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Fig. 6: Montabaur station on the new line between Cologne and the Rhine/Main conurbation



decided to opt for slab track for any new high-speed lines with a design speed of 250 km/h or more in those cases in which the higher initial capital outlay on slab track is expected to result in commensurate savings later on. For conventional lines, Deutsche Bahn has declared its standard to be the use of proven ballasted tracks in combination with concrete sleepers (UIC-B70W). If a line’s design speed is precisely 250 km/h, both ballasted and slab track are considered suitable. The Cologne-Rhine/Main high-speed line includes 18 bridges over river valleys with a total length of 6 km. On long bridges, the continuous slab track is interrupted every 35 metres (in most cases every 4.5 metres) and fastened to the bridge as a means of absorbing the longitudinal forces. Bridges with continuous girders have to have railexpansion joints installed on them. For both points and rail-expansion joints, Deutsche Bahn lays concrete sleepers which are subsequently embedded in concrete. The expectation is that nonballasted tracks on dedicated passenger lines are rarely going to necessitate track possessions for maintenance purposes.



This makes it possible to reduce the number of crossovers compared with lines incorporating ballasted tracks. Taking the 144-km long high-speed section, there are crossovers at both the end stations (Siegburg and Frankfurt Airport) as well as at the stations in Montabaur and Limburg, plus two others on the open track, resulting in a mean distance between crossovers of 28 km. The turnout speed for crossovers is usually 130 km/h. The point blades are of the swing-nose clothoid type. The turnout speed for running off the points onto stopping tracks is 100 km/h. These tracks use a conventional ballast bed.



established system of continuous automatic train control, known as “LZB”; the new version was given the designation “LZB-CE II”. Train drivers have the option of using the onboard “AFB” (the automatic driving/braking processor unit). If they do, their train will run and brake fully automatically.



3.4 The command, control and telecommunications installation



3.5 Stations and passengers



The new line, including its track-allocation and operative installations, is controlled from the operations centre in Frankfurt, and there are network links with the electrical control units in Montabaur and Frankfurt Airport. Since the European Train Control System (ETCS) was not ready in time, an alternative had to be sought and this was found in a further development of the
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Just one telecommunication technology has been installed on the CologneRhine/Main high-speed railway line, namely digital radio transmission in the form of GSM-R (Global System for Mobile Communication – Rail).



The new Cologne-Rhine/Main railway line serves the existing central stations at both ends, namely those in Cologne and Frankfurt am Main. Four intermediate stations are situated along the line (Fig. 6). In summer 2004, the Cologne/Bonn Airport loop was inaugurated, including a four-track underground station directly under the airport terminal for both ICE and S-Bahn (regional express) trains. Frankfurt Airport has had one underground station with three tracks for many years, which is
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Fig. 7: Segregation day/night on Hanover–Würzburg high speed line, Göttingen–Kassel section (regular scheduled weekday trains)



Fig. 8: Capacity and cost of mixed-traffic lines compared with costs of dedicated freight or passenger lines



Dark red: ICE trains 300 km/h, light red: IC locomotive-hauled trains, 200 km/h



now used almost exclusively by local (SBahn) trains, since a second station, on the surface, was built in conjunction with the new line. This has four tracks for mainline trains, predominantly ICEs.



fast slow



The new Cologne-Rhine/Main high-speed line is a core element in both the German national network and the Trans-European Network. As this network continues to grow steadily, the number of passengers using the new line will also rise continuously. The latest UIC traffic forecast, published in October 2002, envisages 28 million passengers using it by 2020, and five million of these will be on cross-border journeys within the European Community. These are the forecast figures for the time when all the gaps still existing in the Trans-European Network have been filled and when the lines making up that network all have interoperable high-speed trains running on them.



4 Rail network planning 4.1 Germany’s infrastructure master plan (“BVWP”) Work is still under way on upgrading Deutsche Bahn’s network, and many of the projects involved take several years to complete. These are being funded primarily by the Federal Government, as provided for in an act of parliament. The 2003 version of the national infrastructure master plan (known as the “Bundesverkehrswegeplan” or “BVWP” in German), describes Deutsche Bahn’s future network, which is to include: 쑱 new lines (“NBSs”) for speeds of up to 300 km/h;



Fig. 9: “Network 21”: priority “fast”and “slow” lines at the end of the process
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On the other hand, harmonizing the speed of the trains will permit more train paths to be planned in for each day (fig. 8). In order to achieve this aim, DB Netz has identified priority lines for either “fast” or “slow” trains within its existing network. Both types of lines run roughly in parallel, following the major flows of long-distance passenger and freight traffic respectively. The final stage works out at 8000 km in length. This is known as the “preferential network” (Fig. 9). The new structure of the rail network provided by DB Netz now consists of three components:



Fig. 10: Reconstructing a dam on muddy soil on the upgraded Hamburg–Berlin line



쑱 the preferential network 8000 km including passenger (fast) 3500 km freight (slow) 4500 km S-Bahn 2000 km 쑱 the high-performance network (mixed-traffic, high-capacity lines) 12 200 km 쑱 and the regional networks 14 500 km



쑱 upgraded lines (“ABSs”) for speeds of between 160 and 230 km/h; 쑱 the conversion of network hubs and key stations; 쑱 other measures to increase the capacity for freight traffic and Deutsche Bahn’s S-Bahn services in conurbations. For short-term investments, the Ministry of Transport publishes a regular, five-year investment plan. The latest plan which was made public in summer 2004 includes a sum of EUR 2.5 billion per year for investment in the existing network – with EUR 0.2 billion earmarked for energysupply facilities and passenger-station improvements – and some extra EUR 0.8 billion for NBS/ABS projects. This latter sum may eventually be increased on the basis of a new government investment programme which has been under discussion recently. Fig. 11: Berlin Zoo station, on 12 December 2004 with the arrival of the first ICE-T train



4.2 DB Netz’s “Network 21” philosophy Virtually the entire Deutsche Bahn network is operated in “mixed traffic” mode. Highspeed trains, such as ICEs, use the same tracks as regional and freight trains. The new lines that opened in 1991 have four types of trains running on them, with different maximum speeds ranging from 120 to 250 km/h. The fastest freight train is the 160 km/h Parcel InterCity (“PIC”). This is equipped with special disk-braked wagons. The maximum mass of freigth trains on the mixed traffic new lines is restricted to 2500 tonnes. In addition, in order to avoid the problems that would be encountered if passengers on a high-speed



train had to pass a damaged freight train in a long, two-track tunnel, freight trains only ever operate on the new high-speed lines at night (Fig. 7). In 1994, when Deutsche Bahn (DB AG) was set up as a limited company, discussions were held about how to increase railway traffic on the existing infrastructure while, at the same time, reducing access charges. This would seem to be feasible by segregating fast and the slow trains. By avoiding passing tracks and other features of mixed traffic lines, it ought to be possible to reduce the costs of infrastructure, operation and maintenance.
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4.3 Current reconstruction work and construction of new and upgraded lines In addition to this, the remainder of the network, with its structures that may be up to 150 years old, is in need of a refit. The “Netz 21” (Network 21) strategy lays down specific standards for the infrastructure, as a function of the different tasks of the individual railway lines. By reinvesting in the existing network, streamlining facilities and replacing old technical equipment with new systems, it will be possible to reduce the cost of the infrastructure (operation and maintenance). Wooden sleepers have been replaced by
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section see fig. 13



N



Fig. 12: The Nuremberg–Ingolstadt high-speed line, longitudinal section



Kinding



Fig. 13: The Nuremberg–Ingolstadt high-speed line – central section at Greding/Kinding



concrete sleepers on existing lines. Points are being fitted with concrete sleepers and low-lubrication or lubrication-free mechanical parts. Track subgrades are to be rebuilt according to the latest earthwork standards. A large portion of the money has gone on modern signalling, and especially on electronic interlocking systems (“LSTWs”), computerized traffic control centres (“BZs”) and digital radio (GSM-R) as a basis for ETCS. Examples of the investment currently being made in the rail network, focussed on its crucial spots, include: 쑱 the second stage of the upgrading of the 287-km long Hamburg-Berlin line for tilting ICE-Ts at 230-km/h, completed on 12 December, 2004 (Figs. 10, 11), 쑱 upgrading of the line between Aachen and the Belgian border (7km, including a new tunnel) as a part of the



international high-speed line between Brussels and Cologne; 쑱 the second stage of the upgrading of the Saarbrücken-Mannheim line for 200 km/ operation as a part of the international Paris-Eastern FranceSouthern Germany/TGV EST line including ETCS, 쑱 renovation of the Marienbrücke (bridge) and Dresden station 쑱 total renovation of the tracks at Erfurt railway junction, 쑱 completion of the construction work on the 176-km long combined new and upgraded line between Nuremberg and Munich via Ingolstadt, ready to enter service in 2006; the 99-km long 300km/h newly-built, high-speed section fitted with slab track (Figs. 12, 13), 쑱 extensive renovation of the railway tracks within Berlin, including the new north-south rail link (9 km in length, half of it in tunnels), a huge new central
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station (Berlin Lehrter Bahnhof) and new tracks for the S-Bahn (regional express) system, and 쑱 boring the new twin-bore Katzenberg tunnel (9.4 km long, 2 x 60 m2 net cross-section) between Freiburg and Basel to provide more capacity for trans-Alpine rail-freight traffic in future (Fig. 14). Thanks to these massive investments in its existing network as well as in a number of new and upgraded lines, DB Netz is well on its way to reducing the life-cycle costs of its entire network. This company, as the German railway infrastructure manager, is thus going to be well prepared for the challenges of the future transport market in Europe.
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Fig. 14: The new Karlsruhe–Basel line – Katzenberg Tunnel near Basel
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High speed and network extension – additional information 1 Increase of ICE traffic High speed traffic on German railway lines began in June 1991 when the first InterCity Express (ICE) trains travelled along the newly constructed Hanover–Würzburg and Mannheim–Stuttgart routes at speeds of 250 km/h. They thereby shortened the travelling time of a middle distance journey (350 km for an ICE trip in the early nineties) by between one and two hours or 35 to 50 %. At that time this was an exciting innovation and this was reflected by the corresponding success brought about by the new train service on the transport market. Since then, the customer has grown accustomed to travelling on these fast ICE trains (see table 1).



Train configuration:



Train length: Number of seats (in the coaches + seats in the dining cars): Power: Design speed: Putting into service:



Further high speed lines and various new models of ICE trains have meant that the services offered could be considerably increased. ICE trains in the year 2004 accounted for 60 % of the passenger traffic of DB AG (calculated in billion passenger kilometres, fig. 1).



At a ridership of 115 mill Passengers, the average journey length is now 280 km within the long-distance passenger transport system in Germany. The trainkilometres sum up to 154.1 million. Average train occupation is 210 passengers (passkm/trainkm).



In 2004, the long-distance passenger traffic of DB AG comprised 쑱 19.6 bill passkm in ICE-trains (EMUs)*) 쑱 10.4 bill passkm in IC/EC trains (locomotive-hauled) 쑱 2.3 bill passkm in other long distance trains 쑱 32.3 bill Passenger-kilometres in total *) 1 billion = 1.000 million



ICE 1



ICE 2



ICE 3



ICE-T



2 power cars + 12 trailers



1 power car + 7 trailers



EMU 5 or 7 cars 6 or 8 powered axles 133 m or 185 m 250 or 357+24 3 or 4 MW 230 km/h 1998-2006



358 m



205 m



EMU*) 4 motor cars + 4 trailers 16 powered axles 200 m



649+36 9.6 MW 280 km/h 1991-93



368+23 4.8 MW 280 km/h 1996-98



404-430 8 MW 330 km/h 1999-2006



*) EMU = electrical multiple unit. 2 types: Single-voltage and interoperable 4-current-system trains



Table 1: The ICE fleet



Fig. 1: ICE traffic, yearly amount (passenger-kilometres) upper line: ICE and ICE-T traffic lower line: ICE-T traffic only



2 Network development The density of the new lines has been considerably increased by the high speed routes Hanover-Berlin (1998), CologneFrankfurt (2002) and Hamburg-Berlin (12/2004), as well as through further high speed sections, such as Cologne-Düren (2003) and Rastatt-Offenburg (2004). The particular parameters of the Cologne– Frankfurt high speed line are listed in table 2. In the meantime there are more than 1,200 km of new lines in Germany, on most of which speeds of 250 km/h and more can be achieved. Soon there will be more, for example the 300 km/h new line Nuremberg-Ingolstadt and the North-South connection in Berlin, which is particularly important for the ICE network (both foreseen for 2006). Fig. 2 shows the growing new lines mileage of DB AG. Apart from this, the network owned and operated by DB Netz AG is shrinking. Within the first decade since the railway



Total distance Cologne Central–Frankfurt Airport–Frankfurt Central: 180 km - thereof high speed section Siegburg-Frankfurt Airport 300 km/h) 144 km - plus Cologne airport loop (130 km/h) 15 km - plus Wiesbaden branch (160 km/h) 13 km Minimum curve radius at 300 km/h 3.325 m Maximum cant 170 mm Maximum cant deficiency (300 km/h) 150 mm Distance of track centrelines 4,50 m Distance of sidewalks to track centreline 3,00 m Steepest grade 40 ‰ Viaducts 18 (6,0 km) Tunnels (92 m2 net) 30 (46,7 km) Putting into operation: Frankfurt Airport ICE station: 1999 Cologne-Frankfurt Airport HSL 2002 Cologne/Bonn Airport station 2004 Table 2: Data and parameters of the Cologne-Frankfurt high speed line
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reform in Germany several regional lines were handed over to local infrastructure managers, and some of the inferior lines were closed. According to the business report, the development was as follows: Network length Network length



Fig. 2: Length of new lines (130-300 km/h) in Germany (km)



31.12.1994 41 256 km 31.12.2004 34 730 km



The latter sum include the new built lines in this decade, plus the as-new Hamburg-Berlin line, totalling 766 km Of course the route network used by the ICE trains also consists of many sections which can only be travelled at the otherwise normal speeds. In accordance with the guidelines of 1996 regarding the interoperability of the Trans-European high speed system, the connecting and feeder lines to the high speed network (with speeds up to 200 km/h) are to be included as part of the network. Without these lines the network could not be completely used by the high speed trains and when arriving at a stopping station the fastest train must in any case be braked down to zero. The ICE route network consists therefore of three different performance classifications, as is the case for the Trans-European High Speed Network (TEN-HSR). Such an addition to the high speed system is the new-built Cologne airport loop. Inaugurated in summer, 2004, on the 15 km long 2-track line operate ICE trains and mass transit trains (S-Bahn) as well, at a maximum speed of 130 km/h (fig. 3).



transmission of data for train control and safety will be introduced.



3 GSM-R and ETCS The expansion is continuing in spite of the restricted financial means now available. An important step towards interoperability has been taken through the introduction of modern signalling and telecommunications techniques on the network. DB AG has also already set a cornerstone for the future with its application of the GSM-R (Global system for mobile communicationrail). As a rule this transmitting system will be used initially for communication only. Later, following the positive termination of the ETCS tests and the approval of the system by the supervisory authority the



ETCS, the future control system for the Trans-European Network, can replace intermittent automatic train running control systems on existing lines (ETCS Level 1). On our network this application concerns the lines with top speeds of 160 km/h. However, on these lines DB AG possesses proven signalling installations which still have a long lifetime left. On fast lines with continuous train running control (Level 2 in the system hierarchy of the ETCS philosophy) conversion from LZB to ETCS can be considered if necessary, but only in combination with electronic signal boxes. Interoperable high speed trains are dependent on the availability of



The 15 km long Cologne/Bonn airport loop put into operation in June, 2004. operated with ICE and S-Bahn (mass transit). Fig. 3: Cologne/Bonn airport link



(Source: [1])
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Putting into service of ETCS equipment Step 1 pilot lines Step 2 till 2010 Step 3 till 2015 Step 4 till 2020 Step 6 after 2020



Fig. 4: ETCS migration plan (Source: J. Hartmann, DB Netz AG, 10/2005)



Gaps with ETCS



Length of high speed network thereof V > 160 km/h thereof LZB+ETCS L2 ETCS L2 only Gaps (Vⱕ160km/h)



standardised techniques, at least on the longer sections. In future these shall be provided from ETCS components, independent of whether for train operations on old lines or on high speed lines. The complete fitting out of the interoperable sections with ETCS components is a long term undertaking. Infrastructure managers in Europe now have drawn up an ETCS migration plan. Fig. 4 shows the actual status of this plan for the DB AG.



4.800 km 4.100 km 2.500 km 1.600 km 700 km



with ETCS but will inevitably also need to maintain the remaining systems.



4 Examples for interoperability 4.1 Cross-boarder services and ETCS In 2007 the new French line TGV Est from Paris to the village of Baudrecourt (situated on the existing Metz–Nancy– Strasbourg line) will be completed. From then on TGV and ICE 3 trains will run from Paris to Stuttgart via Strasbourg and Karlsruhe and to Frankfurt via Saarbrücken (fig. 5). These trains will then be equipped
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With the new TGV Est line and complementary upgraded and new lines in Germany, the interoperable high speed trains cover the distance between Frankfurt and Paris (about 610 km) in only 3:50 h (today about 6:20 h) and between Stuttgart and Paris within 3:40 h (today more than 6 hours). The Brussels to Cologne service jointly is operated by Thalys-TGV and ICE trains
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(fig. 6). In future the high speed trains will also travel with ETCS on certain sections. From the end of the new-built line in Belgium to the west of Aachen (Aix-laChapelle), with speeds in the range of up to 160 km/h, the signalling will be converted to ETCS Level 1. Between Düren and Cologne the advanced continuously automatic train control system LZB CE II is installed, the same as on the CologneFrankfurt high speed line.



4.2 Platforms For the interoperable high speed traffic in Europe the harmonisation of certain infrastructure parameters is unavoidable. In the case of platforms this has been only partly achieved: The length of the platforms for interoperable trains has been laid down as 400 m. This is in conformity with the 400 m programme which was agreed decades ago for European long distance traffic. Two standards for the height of the platforms were allowed – 760 mm and 550 mm above the upper surface of the rail. The reason for this was that these two standards have been in use in regionally different parts of Europe for some considerable time. A changeover would entail unjustifiably high costs. At least the approval of even lower platform levels could be avoided. Such a measure would have reinforced the present unsatisfactory situation with many wagons equipped with 3 or 4 steps on the sides and a large space between the platform edge and the steps.



Fig. 5: The TGV Est/POS route



(Source : Rhealys S.A., Paris, 10/2005)



4.3 Vehicle and obstacle gauges Of particular importance is the gauge. For interoperable high speed trains the Technical Specifications for Interoperability (TSI) of the European high speed system concerning the infrastructure foresee the GB profile as the maximum. DB AG however, over a long period of time has been constructing new installations and important extensions in accordance with the greater GC profile, which allows for the carrying of containers and semi-trailers in combined transport on mixed traffic sections without any problems. It could also be admirably used one day for double deck passenger wagons, also for high speed traffic. According to the TSI, this would only be possible by bi- or multilateral agreements.



Fig. 6: ICE and Thalys in Belgium



(Photo: DB AG)



Busch-Tunnel



5 Removing bottlenecks In the existing network the clearances in several places are unfortunately much



Fig. 7: The Busch tunnel, a bottleneck between Brussels and Cologne
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old



new



Fig. 8: Old and new Busch tunnel, near Aachen



renewed (Source: [1])



The 2 running tunnels (2 x 60 m2 net) Fig. 10: Cross section of the Katzenberg (Source: [1]) tunnel



Cross passages with safety space (every 500 m)



Fig. 9: The Karlsruhe-Basel new and upgraded north-south mainline with the Katzenberg tunnel, avoiding bottlenecks near Basel



smaller than the requirements of the existing standards. This leads at times to kinematic speed restrictions, even for passenger trains, in order to avoid contacts between the wagons and permanent objects. One of such narrow bottlenecks is presently the Busch tunnel on the line Aachen–Liège, situated west of Aachen (fig. 7). The 700 m long tunnel lies in a straight part of the line. Here, the distance between the centres of the two tracks is 3.50 m, and the standard profile of DB is reduced because the free space of the old tunnel is too small. A reduction of the track distance in order to extend the clearance towards the tunnel wall is not possible. The old tunnel will now be relieved through a new single-track tunnel and is to be reduced to single track at some future date. At the same time the permitted speed of 40 km/h at present will be increased to 160 km/h (fig. 8).



Another example of such a bottleneck is a sinuous section within the north-southern main line between Freiburg and Basel (fig. 9). Here, where the line crosses the vineyards in the western slopes of the Black Forest, is a follow-up of three short, but narrow tunnels (Klotz tunnel/243 m long, Kirchberg tunnel/129 m long and Hardtberg tunnel/307m long). Track distance is 3.50 m. Klotz tunnel is a kinematic slow-down section: neither the cant nor the cant deficiency can be raised in respect to the obstacle gauge. The cross section of these tunnels is not fully sufficient for the international standard loading gauge needed for interoperable combined freight transport. Some years later, when the Gotthard and Loetschberg basic tunnels (parts of the Swiss NEAT project) are ready for operation, these bottlenecks must be removed. The curvature of the section restricts the allowed speed to below 80 km/h. All those restrictions will be avoided in
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future because of the new 9.4 km long Katzenberg tunnel. This considerably shortens the distance of the existing section. The TSI infrastructure makes the cross sections of high speed tunnels dependent on the difference in air pressure brought about by the trains. A difference of 10,000 Pascal, i.e. 1/10 of the atmospheric air pressure is permitted. The net area of 92 m2 for the German double track NBS tunnels (as constructed on the CologneFrankfurt and Nuremberg-Ingolstadt new lines) is therefore sufficient for operations with speeds up to 300 km/h. Katzenberg tunnel is bored as a two tube tunnel for speeds of 250 km/h (fig. 10). The two tube type is chosen because of new safety rules concerning mixed traffic in long tunnels (freight and passenger trains simultaneously). For double tube tunnels (60 m2) the air pressure ratios are even lower than mentioned above. The
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will be reached in June, 2006. Then the Berlin north-south-connection and the new line Nuremberg-Ingolstadt shall be put into operation. Additionally, upgrading of the Berlin-Leipzig line (featuring ETCS Level 2, 200 km/h) shall take a step forward. Fig. 11 shows the so-called Berlin mushroom (champignon) concept for the railway development in the city. The IC and ICE trains from Hamburg to the south actually work on the Berlin Stadtbahn elevated 4-track line which crosses the city centre in west-eastern direction in full length before turning south. As from June 2006, they will operate the western part of the northern circle line and cross the city by the new north-south-tunnel, including a stop at the new Berlin Central tunnel station (named Berlin Hauptbahnhof/ Lehrter Bahnhof). In future, travelling between Hamburg and Dresden will be 20 minutes shorter. In the Hamburg– Berlin–Leipzig ICE run, the reduction of travelling time is even more, up to half an hour.



Fig. 11: The Berlin railway champignon



cross sections in this case however, are calculated from a different perspective. They respect the necessity for sidewalks and sufficient room for equipment such as catenary, feeders, antennas and signals. Also the increased aerodynamic resistance of trains passing the tunnel is to be taken into account. In this case, the so-called tunnel factor – which multiplies the air drag of the train – is calculated between 1.7 and 1.85 according to the train’s type



and length. Perhaps the so-called sonic boom effect may occur when trains pass the tunnel at 250 km/h.



6 Reducing the travelling time of IC/ICE-trains The next step in reducing the travelling times in the German high speed network



With the Nuremberg-Ingolstadt new line and an upgraded section between Petershausen and Munich (fig. 12), the journey time between Nuremberg and Munich (actually 1:41 h) will be reduced initially by 20 minutes, and later on even more. After completion of all construction works travelling time may be reduced to nearly one hour between these two big Bavarian cities. The new line section has a maximum degree of 20 ‰ and is fitted with slab track in full length. Here, advanced constructions were chosen for the permanent way, the Rheda 2000 type and the Boegl slabs (fig. 13).



FF



Fig. 12: The new and upgraded line NurembergIngolstadt-Munich (Source: [1])



Fig. 13: Longitudinal cut of the Nuremberg-Ingolstadt new line
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(Source: [1])
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Fig. 14: The proposed Munich Transrapid (Source: [2]) airport shuttle line



Line length: 37 km - thereof in tunnel: 9,0 km - bundled with motorway: 20 km Maximum speed: 350 km/h Travelling time 10 min Scheduled headways 10 min Trains: 3-car-EMU, 75 m long Table 3: Data of the Munich Transrapid airport shuttle project



Fig. 15: Transrapid train in Munich Central, computer drawing (Source: [3])



7 Maglev plannings A special kind of high speed system is the maglev system. Actually, the Shanghai airport shuttle is in operation. A similar airport shuttle is planned for Munich. There, the fast growing airport is far away the city. It takes about three quarters on an hour to reach it by car – if there is no congestion on the highway. The Munich maglev line will be in close neighbourhood to the highways (as the Cologne-Frankfurt high speed line is), to reduce environmental impacts as far as possible. (fig. 14). For the project data see table 3. The trains shall start at Munich central station as shown in fig 15. Track arrangement is very simple (fig. 16). As the Transrapid system most of the propulsion elements are situated in the guideway, the operational program and the track layout have to be planned as an integrated system. If the project will be realized, DB AG will be the operator. A special group of DB AG is engaged for these tasks. Acknowledgments [1] DB ProjektBau GmbH, several reports, published in the magazine ETR-Eisenbahntechnische Rundschau 2003-2004 [2] Erwin Merkel and Markus Kretschmer, Magnetschnellbahnprojekt München HauptbahnhofFlughafen, ETR-Eisenbahntechnische Rundschau, 10/2004 [3] DB AG, Magnetschnellbahn (G.GMM), Berlin 19.10.2005



Fig. 16: Track layout, power sections of the line and maintenance centre
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(Source: [3])



High-speed railway systems for Europe How might it be possible to bring the inhabitants of the countries making up the European Union closer to one another? One means is certainly by building up and expanding interoperable, trans-European transport networks. That has also come to be recognized in the European treaties, even if the origins of railway interoperability date from a long time before them. In 2007, we are going to be taking a big step forward with the introduction of more interoperable high-speed passenger trains.



1 Interoperability through technical unity One-hundred-and-twenty-five years ago, on 1 June 1882, the regular railway operation started through the 15-km-long Gotthard Tunnel. That project had had its roots in a trilateral international treaty between Germany, Switzerland and Italy. In that same year and with Austria and France taking part as well, the first conference was held to launch work on another treaty, which five years later established “technical unity” as the foundation for interoperable railway movements in Europe. In the time that followed, however, nearly all the railway developments were more or less solely confined to the national networks of each nation state. There were, of course, international trains, such as the “Orient Express”, the “Paris-Moscow Express” or the “Paris-Madrid Talgo”. However, the existence of those individual trains did not have the effect of bringing about the development of a consistent system throughout.
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2 The European treaties The treaties setting up the various European communities and, in particular, the Treaty establishing the European Economic Community, which was concluded fifty years ago and adopted in Rome on 25 March 1957, contained many forward-looking ideas. However, it was not until this last-named treaty was amended by the Treaty of Maastricht (1992) that the specific objective of developing trans-European networks was incorporated. These now have a separate title (XV) dedicated to them. Within that title: 쑱 Article 154 (1) states that “… the Community shall contribute to the establishment and development of trans-European networks in the areas of transport, telecommunications and energy infrastructures” as a means of bringing the community of European states closer together. 쑱 Its Article 154 (2) is then more explicit: “Within the framework of a system of open and competitive markets, action by the Community shall aim at promoting the interconnection and interoperability of national networks as well as access to such networks.” 쑱 Its Article 155 (1) finally supplies details as to how this is to be achieved, i.e. through: – (…) guidelines covering (…) projects of common interest, – (…) measures that may prove necessary to ensure the interoperability of the networks, in particular in the field of technical standardization, and – provision of financial support for “(…) projects of common interest supported by Member States (…)”.
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Towards the end of the 1980s, before the above treaty additions took effect, a number of railways, under the leadership of the SNCF and the then Deutsche Bundesbahn, had drawn up visions for a multi-national high-speed network. These were then developed further on a scale that took in the whole of Europe and were presented by the European Commission in December 1990 (Fig. 1). At that time of massive political changes in Europe, the willingness to make further genuine progress on European unity experienced a considerable new lease of life. The European Commission’s 1990 proposal for a high-speed railway network became the basis for European railway network planning after it had had combined transport and a number of additional lines added to it. The impacts of the European initiatives on the railway system were manifold, leading to the following legislative acts: 쑱 Council Directive 91/440/EEC on the development of the Community’s railways as amended ten years later by Directive 2001/12/EC of the European Parliament and of the Council, 쑱 Decision 1692/96/EC of the European Parliament and of the Council on Community guidelines for the development of the trans-European transport network, 쑱 Council Directive 96/48/EC on the interoperability of the trans-European high-speed rail system, and 쑱 Directive 2001/16/EC of the European Parliament and of the Council on the interoperability of the trans-European conventional rail system.
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It was not long until the directives were followed by the Technical Specifications for Interoperability (TSIs) as well as new European standards (ENs). In this respect the high-speed railway system was cast in the role of a pioneer.



3 Fiction and reality of a cooperation project The railways’ own efforts to arrive at cross-border high-speed trains had started before that, namely with the technological study on the “comparison of high-speed railway systems” in the framework of the Franco-German cooperation agreement of 1978. That study was based on three train systems – TGV, ICE and Transrapid 07 – all three of which were still only at the drawing-board stage at that time. The infrastructure side of the study took as its basis a fictitious new line to be built between Frankfurt and Paris, which was planned on paper and then used for a Franco-German comparison of engineering parameters.



Fig 1: Report of the high-level group on the development of a European high-speed train network (European Commission, December 1990)



Fig. 2: The TGV Est/POS network



With the agreement of the French and German ministers of transport meeting in La Rochelle on 22 May 1992, the route planned on paper was replaced by a more or less totally different type of project for a high-speed line linking Paris, Eastern France and Southwest Germany (the “POS” project). Its principal components are the new “Est Européen” high-speed line in France, the upgraded “POS Nord” extension (Saarbrücken – Ludwigshafen/ Mannheim) and the “POS South” extension (Kehl – Appenweier) (Fig. 2). Services over these lines are to be operated by multisystem TGV-POS and ICE 3M trains. After a running-in phase for the commercial



(source: Rhealys AG, 2005)
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Fig. 3: An Alstom Thalys train photographed in Cologne central station, shortly after commencement of the Paris-Cologne service in 1997



Fig 4: The high-speed network in Central Europe and its train systems (source: the author; diagram: Engelskirchen, DB International)



(photo: DB AG)



operation and the commencement of the full programme of operations in December 2007, it will take some more years before the rest of the “TGV Est” route is completed between Baudrecourt and Strasbourg and also before completion of the “POS Nord” and “POS South” extensions.



4 The Paris – Brussels – Cologne/Amsterdam lines in the heart of Europe In a more northerly part of Central Europe, a service of very fast trains has long since become a daily reality. The project for a high-speed line from Paris to Brussels, with two branches from there, one to Cologne and the other to Amsterdam, was initiated by the ministers of transport of France, Germany and Belgium in 1983. They instructed the state railways, which fell within their ministerial portfolios, to



carry out the necessary investigations. These countries were joined a year later by the Netherlands. The network planning was completed by January 1989, and exactly four years later the four railways involved signed a contract for the procurement of the high-speed trains needed to operate the Paris – Brussels – Cologne/ Amsterdam complex. These trains, best known by their brand name of “Thalys”, have been running since 14 December 1997 (Fig. 3). The Paris – Brussels – Cologne/ Amsterdam complex (shown in red in Fig. 4) is nearing its completion with the entry into service of the new “HSL Zuid” highspeed line between Amsterdam and Antwerp in December 2007. The combined new/upgraded Liège – Aachen section is still largely a construction site. Other highspeed lines in Central Europe need to be considered to complete the picture, and that is what in Fig. 4 provides, indicating which train system is in use or is to be



used where. The distances given in the figure are for the status at the end of 2007 – i.e. they include completion of both the Channel Tunnel Rail Link (CTRL) to St. Pancras, London, and the “HSL Zuid”. Independently of the Paris – Brussels – Cologne/Amsterdam project, the German and Dutch ministers of transport met in Warnemünde on 2 October 1992 and agreed on measures to improve both freight and passenger rail traffic between their two countries. On 3 November 2000, ICE 3M EMUs started running between Amsterdam and Frankfurt am Main in the context of the “ICE International” cooperation programme (Fig. 5). Seventeen ICE 3Ms have been equipped for working between Frankfurt and Amsterdam/ Brussels, and six of these are currently being re-equipped for the new Paris – Frankfurt route. Travel times within the European network have been significantly shortened thanks to high-speed trains. Figure 6 compares the situation during the currency of the 1989 timetables with the situation after the introduction of the 2008 annual timetable in December 2007.



5 Impacts on traffic volumes



Fig. 5: An NS ICE 3 train set coupled to a Deutsche Bahn one at the inauguration ceremony in Arnhem on 3 November 2000 (photo by the author)



8 2 (2007)



In the course of the last 15 years, the International Union of Railways (UIC) has commissioned two comprehensive traffic studies carried out by a Franco-German consortium of independent forecast institutes. Combining the results of these two studies, dated 1994 und 2004, it is possible to see the effects of introducing a service of high-speed passenger trains
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Fig. 6: Journey times on the Central European network (source: the author; diagram: Engelskirchen, DB International)



Fig. 7: Results of the UIC studies carried out in 1994 and 2004. Annual total of passenger-kilometres, aggregated for all of 80 km or more (sources: data: UIC; diagram: Engelskirchen, DB international)



both with and without the upgrading of certain defined key links (Fig 7). Gains can be seen to have been made through the continuous expansion of the national



networks and by acquiring business off the roads and airlines. There is also an element of induced traffic, in other words of journeys that would never have been



made in the absence of a high-speed rail service. It is reckoned that by 2020 this will amount to approximately 15 % of the 2010 transport baseline.
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Access time



Station or airport



Train ride / air travel



Eurostar 1994



30



10



Eurostar Dec. 2007



30



20



Air 1994



60



Air 2007



60 45 2)



Air in future 1) 2)



Checks on arrival and luggage



Tranfer to destination



Total time



180



5



30



4:15



135



10



30



3:45



45



65



45



60



4:35



60



65



45



45 1)



4:35



60



65



45



45



4:20



Using the Heathrow Express train Using the express metro Paris – Airport CDG



Table 1: Journey times (minutes) between London and Paris in 1994, 2007 and in future (1994 data: UIC)



From the passengers’ viewpoint, the most important considerations are journey times, frequencies of trains, onboard services and, naturally, fares. When considering “journey times” what matters to customers is the overall time required, i. e. from door to door. Overall journey times are very considerably increased by the time spent queuing for access or undergoing checks and clearances as well as long walking distances inside airports and railway stations, as the table 1 shows for the example of Paris – London. It indicates the minimum times required. It



should be noted that these times apply to passengers with strong nerves, who pare their time budget to the minimum, making no allowance for unexpected congestion or broken escalators and who arrive at the airport gate or on the railway platform “just in time”. The location of railway stations in metropolises such as London and Paris, just on the edge of the inner cities, combined with the various different publictransport offerings for getting to and from them, is one of the factors contributing to



the success of high-speed rail. The modal split for the London – Paris route is EuroStar 71 % and the airlines 29 %. The cheap airlines have only a 3 % share in this market, which is presumably due to the difficult accessibility of the airports they use. Considering the majority of routes in Central Europe, it is the motorcar that comes off best in the modal split. However, high-speed railways are capable of winning over an appreciable share of traffic, as is demonstrated by the Paris – Brussels example (Fig. 8). In this case, the national border does not constitute a “language barrier”. Language problems tend to discourage people from travelling across borders, which is an element that ought to be included in all forecasts.



6 Even faster still in Europe The 1996 directive on interoperability was based on a technical/economic speed of 300 km/h. On the new “Est” high-speed
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Fig. 8: Modal split for journeys between Paris and Brussels before and after inauguration of the (sources: data: UIC; diagram: Engelskirchen, DB international) Thalys high-speed trains



Fig. 9: A Siemens AVE Velaro train (top speed: 350 km/h) photographed at the InnoTrans trade fair in Berlin on 22 September 2006 (photo by the author)



line in France, trains are going to be timetabled for 320 km/h as of 2007 for the first time in Central Europe. The new Spanish high-speed line between Madrid and Barcelona is intended to be operated at 350 km/h. The trains to do that have already been successfully tested, and one example is illustrated in Fig. 9.



for new lines to carry a mixture of passenger and freight trains.



In Germany, it seems unlikely that the maximum speed will be increased beyond 300 km/h. The train stops are too close to warrant higher speeds, which would hardly bring more than marginal further savings in journey times. Some of the lines planned for the future will even be limited to 250 km/h. That parameter was determined back in 1975 as the basis for the then Deutsche Bundesbahn’s planning



The year 2007 is going to witness several milestones in the expansion of the transEuropean high-speed railway system. The visions of those who drew up the founding treaties of the European Community and the later treaties amending them of bringing the people of Europe closer together through better transport services is becoming a reality in stages – one could almost say “a train at a time”.



7 Conclusion
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High-speed railway systems for Europe How might it be possible to bring the inhabitants of the countries making up the European Union closer to one another? One means is certainly by building up and expanding interoperable, trans-European transport networks. That has also come to be recognized in the European treaties, even if the origins of railway interoperability date from a long time before them. In 2007, we are going to be taking a big step forward with the introduction of more interoperable high-speed passenger trains.



1 Interoperability through technical unity One-hundred-and-twenty-five years ago, on 1 June 1882, the regular railway operation started through the 15-km-long Gotthard Tunnel. That project had had its roots in a trilateral international treaty between Germany, Switzerland and Italy. In that same year and with Austria and France taking part as well, the first conference was held to launch work on another treaty, which five years later established “technical unity” as the foundation for interoperable railway movements in Europe. In the time that followed, however, nearly all the railway developments were more or less solely confined to the national networks of each nation state. There were, of course, international trains, such as the “Orient Express”, the “Paris-Moscow Express” or the “Paris-Madrid Talgo”. However, the existence of those individual trains did not have the effect of bringing about the development of a consistent system throughout.
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2 The European treaties The treaties setting up the various European communities and, in particular, the Treaty establishing the European Economic Community, which was concluded fifty years ago and adopted in Rome on 25 March 1957, contained many forward-looking ideas. However, it was not until this last-named treaty was amended by the Treaty of Maastricht (1992) that the specific objective of developing trans-European networks was incorporated. These now have a separate title (XV) dedicated to them. Within that title: 쑱 Article 154 (1) states that “… the Community shall contribute to the establishment and development of trans-European networks in the areas of transport, telecommunications and energy infrastructures” as a means of bringing the community of European states closer together. 쑱 Its Article 154 (2) is then more explicit: “Within the framework of a system of open and competitive markets, action by the Community shall aim at promoting the interconnection and interoperability of national networks as well as access to such networks.” 쑱 Its Article 155 (1) finally supplies details as to how this is to be achieved, i.e. through: – (…) guidelines covering (…) projects of common interest, – (…) measures that may prove necessary to ensure the interoperability of the networks, in particular in the field of technical standardization, and – provision of financial support for “(…) projects of common interest supported by Member States (…)”.
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Towards the end of the 1980s, before the above treaty additions took effect, a number of railways, under the leadership of the SNCF and the then Deutsche Bundesbahn, had drawn up visions for a multi-national high-speed network. These were then developed further on a scale that took in the whole of Europe and were presented by the European Commission in December 1990 (Fig. 1). At that time of massive political changes in Europe, the willingness to make further genuine progress on European unity experienced a considerable new lease of life. The European Commission’s 1990 proposal for a high-speed railway network became the basis for European railway network planning after it had had combined transport and a number of additional lines added to it. The impacts of the European initiatives on the railway system were manifold, leading to the following legislative acts: 쑱 Council Directive 91/440/EEC on the development of the Community’s railways as amended ten years later by Directive 2001/12/EC of the European Parliament and of the Council, 쑱 Decision 1692/96/EC of the European Parliament and of the Council on Community guidelines for the development of the trans-European transport network, 쑱 Council Directive 96/48/EC on the interoperability of the trans-European high-speed rail system, and 쑱 Directive 2001/16/EC of the European Parliament and of the Council on the interoperability of the trans-European conventional rail system.



High-speed railway systems for Europe



It was not long until the directives were followed by the Technical Specifications for Interoperability (TSIs) as well as new European standards (ENs). In this respect the high-speed railway system was cast in the role of a pioneer.



3 Fiction and reality of a cooperation project The railways’ own efforts to arrive at cross-border high-speed trains had started before that, namely with the technological study on the “comparison of high-speed railway systems” in the framework of the Franco-German cooperation agreement of 1978. That study was based on three train systems – TGV, ICE and Transrapid 07 – all three of which were still only at the drawing-board stage at that time. The infrastructure side of the study took as its basis a fictitious new line to be built between Frankfurt and Paris, which was planned on paper and then used for a Franco-German comparison of engineering parameters.



Fig 1: Report of the high-level group on the development of a European high-speed train network (European Commission, December 1990)



Fig. 2: The TGV Est/POS network



With the agreement of the French and German ministers of transport meeting in La Rochelle on 22 May 1992, the route planned on paper was replaced by a more or less totally different type of project for a high-speed line linking Paris, Eastern France and Southwest Germany (the “POS” project). Its principal components are the new “Est Européen” high-speed line in France, the upgraded “POS Nord” extension (Saarbrücken – Ludwigshafen/ Mannheim) and the “POS South” extension (Kehl – Appenweier) (Fig. 2). Services over these lines are to be operated by multisystem TGV-POS and ICE 3M trains. After a running-in phase for the commercial



(source: Rhealys AG, 2005)
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High-speed railway systems for Europe



Fig. 3: An Alstom Thalys train photographed in Cologne central station, shortly after commencement of the Paris-Cologne service in 1997



Fig 4: The high-speed network in Central Europe and its train systems (source: the author; diagram: Engelskirchen, DB International)



(photo: DB AG)



operation and the commencement of the full programme of operations in December 2007, it will take some more years before the rest of the “TGV Est” route is completed between Baudrecourt and Strasbourg and also before completion of the “POS Nord” and “POS South” extensions.



4 The Paris – Brussels – Cologne/Amsterdam lines in the heart of Europe In a more northerly part of Central Europe, a service of very fast trains has long since become a daily reality. The project for a high-speed line from Paris to Brussels, with two branches from there, one to Cologne and the other to Amsterdam, was initiated by the ministers of transport of France, Germany and Belgium in 1983. They instructed the state railways, which fell within their ministerial portfolios, to



carry out the necessary investigations. These countries were joined a year later by the Netherlands. The network planning was completed by January 1989, and exactly four years later the four railways involved signed a contract for the procurement of the high-speed trains needed to operate the Paris – Brussels – Cologne/ Amsterdam complex. These trains, best known by their brand name of “Thalys”, have been running since 14 December 1997 (Fig. 3). The Paris – Brussels – Cologne/ Amsterdam complex (shown in red in Fig. 4) is nearing its completion with the entry into service of the new “HSL Zuid” highspeed line between Amsterdam and Antwerp in December 2007. The combined new/upgraded Liège – Aachen section is still largely a construction site. Other highspeed lines in Central Europe need to be considered to complete the picture, and that is what in Fig. 4 provides, indicating which train system is in use or is to be



used where. The distances given in the figure are for the status at the end of 2007 – i.e. they include completion of both the Channel Tunnel Rail Link (CTRL) to St. Pancras, London, and the “HSL Zuid”. Independently of the Paris – Brussels – Cologne/Amsterdam project, the German and Dutch ministers of transport met in Warnemünde on 2 October 1992 and agreed on measures to improve both freight and passenger rail traffic between their two countries. On 3 November 2000, ICE 3M EMUs started running between Amsterdam and Frankfurt am Main in the context of the “ICE International” cooperation programme (Fig. 5). Seventeen ICE 3Ms have been equipped for working between Frankfurt and Amsterdam/ Brussels, and six of these are currently being re-equipped for the new Paris – Frankfurt route. Travel times within the European network have been significantly shortened thanks to high-speed trains. Figure 6 compares the situation during the currency of the 1989 timetables with the situation after the introduction of the 2008 annual timetable in December 2007.



5 Impacts on traffic volumes



Fig. 5: An NS ICE 3 train set coupled to a Deutsche Bahn one at the inauguration ceremony in Arnhem on 3 November 2000 (photo by the author)
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In the course of the last 15 years, the International Union of Railways (UIC) has commissioned two comprehensive traffic studies carried out by a Franco-German consortium of independent forecast institutes. Combining the results of these two studies, dated 1994 und 2004, it is possible to see the effects of introducing a service of high-speed passenger trains



High-speed railway systems for Europe



Fig. 6: Journey times on the Central European network (source: the author; diagram: Engelskirchen, DB International)



Fig. 7: Results of the UIC studies carried out in 1994 and 2004. Annual total of passenger-kilometres, aggregated for all of 80 km or more (sources: data: UIC; diagram: Engelskirchen, DB international)



both with and without the upgrading of certain defined key links (Fig 7). Gains can be seen to have been made through the continuous expansion of the national



networks and by acquiring business off the roads and airlines. There is also an element of induced traffic, in other words of journeys that would never have been



made in the absence of a high-speed rail service. It is reckoned that by 2020 this will amount to approximately 15 % of the 2010 transport baseline.
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Access time



Station or airport



Train ride / air travel



Eurostar 1994



30



10



Eurostar Dec. 2007



30



20



Air 1994



60



Air 2007



60 45 2)



Air in future 1) 2)



Checks on arrival and luggage



Tranfer to destination



Total time



180



5



30



4:15



135



10



30



3:45



45



65



45



60



4:35



60



65



45



45 1)



4:35



60



65



45



45



4:20



Using the Heathrow Express train Using the express metro Paris – Airport CDG



Table 1: Journey times (minutes) between London and Paris in 1994, 2007 and in future (1994 data: UIC)



From the passengers’ viewpoint, the most important considerations are journey times, frequencies of trains, onboard services and, naturally, fares. When considering “journey times” what matters to customers is the overall time required, i. e. from door to door. Overall journey times are very considerably increased by the time spent queuing for access or undergoing checks and clearances as well as long walking distances inside airports and railway stations, as the table 1 shows for the example of Paris – London. It indicates the minimum times required. It



should be noted that these times apply to passengers with strong nerves, who pare their time budget to the minimum, making no allowance for unexpected congestion or broken escalators and who arrive at the airport gate or on the railway platform “just in time”. The location of railway stations in metropolises such as London and Paris, just on the edge of the inner cities, combined with the various different publictransport offerings for getting to and from them, is one of the factors contributing to



the success of high-speed rail. The modal split for the London – Paris route is EuroStar 71 % and the airlines 29 %. The cheap airlines have only a 3 % share in this market, which is presumably due to the difficult accessibility of the airports they use. Considering the majority of routes in Central Europe, it is the motorcar that comes off best in the modal split. However, high-speed railways are capable of winning over an appreciable share of traffic, as is demonstrated by the Paris – Brussels example (Fig. 8). In this case, the national border does not constitute a “language barrier”. Language problems tend to discourage people from travelling across borders, which is an element that ought to be included in all forecasts.



6 Even faster still in Europe The 1996 directive on interoperability was based on a technical/economic speed of 300 km/h. On the new “Est” high-speed
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Fig. 8: Modal split for journeys between Paris and Brussels before and after inauguration of the (sources: data: UIC; diagram: Engelskirchen, DB international) Thalys high-speed trains



Fig. 9: A Siemens AVE Velaro train (top speed: 350 km/h) photographed at the InnoTrans trade fair in Berlin on 22 September 2006 (photo by the author)



line in France, trains are going to be timetabled for 320 km/h as of 2007 for the first time in Central Europe. The new Spanish high-speed line between Madrid and Barcelona is intended to be operated at 350 km/h. The trains to do that have already been successfully tested, and one example is illustrated in Fig. 9.



for new lines to carry a mixture of passenger and freight trains.



In Germany, it seems unlikely that the maximum speed will be increased beyond 300 km/h. The train stops are too close to warrant higher speeds, which would hardly bring more than marginal further savings in journey times. Some of the lines planned for the future will even be limited to 250 km/h. That parameter was determined back in 1975 as the basis for the then Deutsche Bundesbahn’s planning



The year 2007 is going to witness several milestones in the expansion of the transEuropean high-speed railway system. The visions of those who drew up the founding treaties of the European Community and the later treaties amending them of bringing the people of Europe closer together through better transport services is becoming a reality in stages – one could almost say “a train at a time”.



7 Conclusion
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WISSEN | 15 Jahre HGV in Deutschland



Hochgeschwindigkeitsverkehr in Deutschland – 15 Jahre Erfolg Mit dem Fahrplanwechsel am 2. Juni 1991 begann der planmäßige Einsatz von Hochgeschwindigkeitszügen in Deutschland. Wo stehen wir heute, nach 15 Jahren Entwicklung des Systems Hochgeschwindigkeitsverkehrs (HGV)?



>



Der Ausbau und Umbau des Streckennetzes für Hochgeschwindigkeitszüge ist in den vergangenen Jahren zügig vorangeschritten. Es setzt sich nach Bild 1 aus drei unterschiedlichen Kategorien zusammen, die in ihren für den HGV relevanten Merkmalen der Deﬁnition in der Richtlinie der Europäischen Union (EU) für die Interoperabilität des Transeuropäischen Hochgeschwindigkeits-Bahnsystems entsprechen:



> Neubaustrecken (NBS) für 250-300 km/h, > Ausbaustrecken (ABS) für Geschwindigkeiten bis 200 km/h, und > konventionelle Fernstrecken für Geschwindigkeiten bis 160 km/h. Die nach zweimaligem grundlegenden Umbau mit einer Geschwindigkeit von 230 km/h betriebene Strecke Berlin–Hamburg, im Bild 1 blau dargestellt, wird im Folgenden dem Hochgeschwindigkeitsbereich zugerechnet. BILD 1: Hochgeschwindigkeitsnetz der DB AG 2006/2007 Im IC/ICE-Netz befahrene konventionelle Strecken (max. 160 km/h) sind schwarz gekennzeichnet
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Die Hochgeschwindigkeitszüge, in Deutschland bekannt unter ihrem „Familiennamen“ InterCity Express (ICE, Bild 2), befahren auf ihrem Weg kreuz und quer durch Mitteleuropa Strecken unterschiedlicher Qualität. Die Streckenabschnitte für hohe Geschwindigkeiten sind hier relativ kurz, ebenso die Distanzen zwischen den Haltebahnhöfen, die von verkehrlich hoch belasteten Netzknotenbereichen umgeben sind, und das hat Folgewirkungen auf die Reisezeiten im Personenfernverkehr. Das Streckennetz in Deutschland, betrieben von der DB Netz AG als dem zuständigen Infrastruktur-Manager, ist in den letzten 15 Jahren um 16,5 % geschrumpft und hat jetzt noch eine Länge von 34 128 Kilometern. Gleichzeitig wurden mehr als 1300 Streckenkilometer neu gebaut (Bild 3). Das begann mit dem „Ausbauprogramm für das Streckennetz der Deutschen Bundesbahn“ Anfang der 70er Jahre, und die erste für den späteren ICE-Verkehr wichtige Neubaustrecke, die „Westliche Einführung der Riedbahn“ (160 km/h) in den Bahnhof Mannheim, wurde 1985 dem Betrieb übergeben. Im Verlauf des Streckenneubaus wurden viele technische Neuerungen eingeführt, so zum Beispiel die „Feste Fahrbahn“, die inzwischen auf 800 Gleiskilometern in Tunneln und auf Schnellfahrstrecken verlegt worden ist. Ebenso dazu gehört die Umstellung des betrieblichen Funksystems auf GSM-R, die elektronischen Stellwerke, die Fernsteuerung großer Netzbereiche aus den Betriebszentralen (wie für die NBS Köln–Frankfurt realisiert) und die Imple-



BILD 2: ICE 3Triebzug



mentierung von ETCS, erprobt auf der Schnellfahrstrecke Berlin–Halle/Leipzig. Wesentliche Innovationstreiber waren neben dem ständigen Zwang zur Rationalisierung die hohen Anforderungen, die das interoperable Transeuropäische Hochgeschwindigkeits-Bahnsystem an die Technik der Zukunft stellt.



Foto: Siemens AG



1. INVESTITIONEN UND FINANZIERUNG Nicht unerwähnt bleiben darf, dass die gewaltige Ausbauleistung des Netzes mehr Finanzmittel der DB AG benötigt hat, als ursprünglich geplant war. Nach einer 1993 durchgeführten Modellrechnung zur Bahnreform ist der Eigenmittelanteil an den Infrastrukturinvestitionen zu 8 % prognostiziert worden. Der tatsächliche Eigenmittelanteil der DB AG, 12,5 Mrd. Euro kumuliert für die 11 Jahre von Anfang 1994 (Gründung der DB AG) bis Ende 2004, betrug hingegen 21,5 % [1]. Die im Folgenden genannten Finanzdaten sind den Geschäftsberichten der DB AG, der DB Netz AG und der DB Fernverkehr AG entnommen. Diese sind über das Internet (www. db.de/ir) abrufbar. Im Jahr 2005 betrugen die Infrastrukturinvestitionen der DB Netz AG 4,016 Mrd. Euro, überwiegend aus dem Bundeshaushalt in Gestalt von nicht rückzahlbaren Baukostenzuschüssen oder zinslosen Darlehn ﬁnanziert. Nur ein Teil davon ﬂoss in NBS-Projekte. Die überwiegende Menge ging in das Bestandsnetz, unter anderem in die oben erwähnten großen technischen Innovationsprogramme, die nicht nur für das HGV-System unverzichtbar sind. Der Eigenmittelanteil an der Finanzierung dieser Maßnahmen wird üblicherweise teilweise über Kredite ﬁnanziert. Im Jahr 2005 hat die DB Netz AG laut Geschäftsbericht für ca. 6,55 Milliarden Euro zinspﬂichtiger Verbindlichkeiten 310 Millionen Euro an Zinsen zu bezahlen gehabt, was einem mittleren BILD 3: Länge der DB-Neubaustrecken



Zinssatz von 4,73 % entspricht. In diesem relativ geringen Satz drückt sich das gute Rating der DB AG aus. Die Abschreibungen betrugen 848 Millionen Euro. Bei linearer Abschreibung kann der mittlere Abschreibungszeitraum zu > 63 Jahren für Bahnkörper und Bauten des Schienenweges und zu > 19 Jahren für Oberbau, Streckenausrüstung und Sicherungsanlagen ermittelt werden. Von der weiteren Entwicklung der ﬁnanziellen Randbedingungen – Aufteilung der Finanzierung in Bundesmittel und Eigenmittelanteil, Zinslast – wird auch die Zukunft des Infrastrukturausbaus für das HGV-Netz abhängen. 2. DAS HGV-NETZ Züge des Hochgeschwindigkeitsverkehrs – das sind ICE 1-3, ICE-T, Thalys und CIS-Pendolino – befuhren im Sommerabschnitt 2006 insgesamt 6865 km des DB-Streckennetzes sowie derzeit 913 km in den Nachbarstaaten Niederlande, Belgien, Schweiz und Österreich. Die Längenanteile der drei HGV- Geschwindigkeitsklassen in Bild 4 sind den Verzeichnissen der örtlich zulässigen Geschwindigkeiten entnommen. Es handelt sich also nur um diejenigen Streckenabschnitte,



auf denen die angegebene Geschwindigkeit wirklich gefahren werden darf, und nicht um die Gesamtlänge von Neubau- oder Ausbaustrecken mit einer bestimmten zulässigen Höchstgeschwindigkeit. Auch auf Strecken benachbarter Infrastrukturbetreiber werden zunehmend Hochgeschwindigkeitsabschnitte von ICE-und Thalys-Zügen befahren. Belgien ist schon jetzt mit fast 70 km auf der NBS zwischen Löwen und Lüttich Vorreiter. Im Inland sind die von ICE-Zügen bedienten Strecken kontinuierlich gewachsen. Es ﬁng 1991 an mit der damaligen ICE-Linie 6 Hamburg–Frankfurt–Stuttgart–München (924 km). Die Bilder 5-7 zeigen die Entwicklung im Zeitraffer. Im Verlauf des Jahres 1998 kamen die 230 km/h schnellen Neigetechnik-Züge ICE-T in den Betriebseinsatz. Sie werden zweckentsprechend vorwiegend auf kurvenreichen Abschnitten im konventionellen Netz eingesetzt. Erstmals mit der Inbetriebnahme der Schnellfahrstrecke Hamburg–Berlin im Dezember 2004 (Bild 8) konnten sie ihre Höchstgeschwindigkeit ausfahren. Vom HGV-Netz sind 4752 km oder 69 % vorwiegend dem Einsatzgebiet der ICE-Züge (ICE 1-3) und 2113 km oder 31 % vorwiegend dem ICE-T zuzurechnen. „Vorwiegend“ ist allerdings ein relativer Begriff, denn es fahren auch viele andere Züge auf diesen Strecken, so ICE 1 auf „vorwiegend“ von ICE-T befah- »



BILD 4: Länge des ICE-Netzes
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BILD 5: ICE-Netz 1993



BILD 6: ICE-Netz 1998



BILD 7: ICE-Netz 2006



BILD 8: ICE-T auf der Eröffnungsfahrt, Bahnhof Berlin-Zoo, 12.12.2004 Foto: DB AG / Reinke



BILD 9: Länge und Kategorien im ICE- und ICE-T-Netz 2006



Länge (km)
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Züge je Werktag und Richtung, 2001 1)



renen Strecken, und umgekehrt, sowie Züge des Nah- und Güterverkehrs. Im ICE-Netz haben die Schnellfahrstrecken > 160 km/h einen Anteil von 33,6 %, im ICE-T-Netz nur von 25 %, siehe Bild 9.



Strecke (Abschnitt)



Die ersten Neubaustrecken der DB waren aus wirtschaftlichen Gründen für Mischbetrieb konzipiert. Tabelle 1 zeigt beispielhaft die Anzahl der im Fahrplan 2001 regelmäßig an Werktagen verkehrenden Züge auf einigen NBS und ABS. Auf den NBS war in der Konzeptionsphase ursprünglich ein regelloser Mischbetrieb von Reise- und Güterzügen geplant, wie auf ABS üblich. Das wurde aber kurz vor Inbetriebnahme der ersten NBS 1991 noch zugunsten einer zeitlichen Trennung zwischen einem Tagesund einem Nachtprogramm aufgegeben (Bild 10). Die weitgehende räumliche Trennung von langsamen und schnellen Zügen ist auch ein Ziel der Unternehmensstrategie „Netz 21“. Dieses Prinzip ist dort umsetzbar, wo genügend Strecken in Relationen mit großen Verkehrsströmen zur Verfügung stehen. Neubaustrecken helfen an der Realisierung des Zielzustands von „Netz 21“, zum Beispiel in verschiedenen Nord-Süd-Relationen und im Zulauf auf Berlin. Die meisten Strecken, auch die NBS Nürnberg-Ingolstadt, werden in Deutschland wie bisher im Mischbetrieb mit verschiedenen Zuggattungen befahren. Die DB Netz AG erhebt dafür Trassenpreise. Im Jahr 2005 konnte die DB Netz AG 998 Millionen Trassenkilometer (Trkm) vermarkten; der durchschnittliche Erlös ergibt sich aus ihrem Geschäftsbericht zu 3,66 Euro/Trkm. Der Trassenpreis für bestimmte Züge ist je nach Strecke und Zuggattung differenziert. Zum Jahresfahrplan 2007 wird ein neues
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NBS Hannover – Würzburg (Kassel – Fulda)



49 ICE



-



-



4



25



78



ABS Würzburg – Nürnberg



-



24 ICE + 10 IC/EC



5



1



43



82



NBS Mannheim – Stuttgart (Rollenberg – Vaihingen)



27 ICE



17 IC/EC 12 IR



3



12



71



ABS Dortmund – Hannover (Minden – Wunstorf)



-



17 ICE + 17 IC/IR



1



1



43



79



33 ICE



8 IC



1



1



7



50



ABS Hamburg-Hannover (Uelzen – Celle)



3. VERBUNDBETRIEB, NETZ 21 UND TRASSENPREISE



Reisezüge



NBS Hannover – Berlin (Wolfsburg – Berlin) 1) 2)



NZ



2)



Nur Fernverkehrszüge P/G; gemittelte Werte aus Richtung und Gegenrichtung; ohne Güterzüge des Bedarfsplans NZ = Nachtzüge Angaben in ( ) = ausgewerteter Abschnitt



TABELLE 1: Züge des Fernverkehrs auf ABS und NBS im Fahrplan 2001 Sitzplätze ****)



Länge (m)



Leistung (MW)



Geschwindigkeit (km/h)



Inbetriebnahme



59 ICE Triebzüge mit je 2 Triebköpfen (Tk) und 12 Wagen



649 + 36*) = 685



358



9,6



280



1991 - 1993



44 ICE 2 (1 Tk und 7 Wagen)



368 + 23*) = 391



205



4,8



280



1997 - 1998



391 + 24*) = 415/440/454 380 + 24*) = 404/430/447



200 200



8,0



300/330***)



1999 - 2006



250 357 + 24*) = 381/390



133 185



4,0



230



1998 - 2006



63 ICE 3 (8-Wagen-Triebzüge**) - 50 Züge 15 kV/16,7 Hz - 13 Mehrsystemzüge**) 71 ICE-T mit Neigetechnik - 11 Züge mit 5 Wagen - 60 Züge mit 7 Wagen *) Sitze im Speisewagen **) plus 4 (Ned. Spoorwegen)



***) zugelassene Höchstgeschwindigkeit ****) vor/nach Umbau/ zweite Serie



TABELLE 2: Hochgeschwindigkeitszüge der DB AG



Trassenpreissystem gültig [2]. Wie schon im bestehenden System werden auch hier die schnellen Strecken besonders hoch bewertet (Bild 11). Die DB Fernverkehr AG bezahlte im



BILD 10: Zeitliche Trennung des Reise- und Güterzugbetriebes im Abschnitt Göttingen–Kassel der NBS HannoverWürzburg, 2001 Rot: Reisezüge (IC und ICE) Blau: Güterzüge oben: nach Süden; unten: nach Norden



Jahr 2005 für ihre Betriebsleistungen von 150 Millionen Zugkilometern [3] laut Geschäftsbericht der DB AG 712 Millionen Euro an Trassengebühren an die DB Netz AG. Das sind im »



BILD 11: Trassenpreise nach [2], ab 12/2006, Auszug



Züge je h;
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WISSEN | 15 Jahre HGV in Deutschland Mittelwert für alle Zuggattungen des Fernverkehrs etwa 4,75 Euro/Zugkm. 4. ICE-ZÜGE UND VERKEHRSDATEN Der ersten Serie der ICE-Züge, inzwischen als ICE 1 bezeichnet, folgten mehrere verschiedene Abkömmlinge mit zum Teil sehr unterschiedlicher Technik, siehe Tabelle 2. Der ICE 3-M (Bild 12) ist speziell für den interoperablen Einsatz im Transeuropäischen Hochgeschwindigkeitsnetz entwickelt worden. Die DB brachte in die ICE 3-Speziﬁkation unter anderem folgende Wünsche ein: > hohe Wirtschaftlichkeit (mehr Plätze je Meter Zuglänge, daher Triebzugkonzept),



> gute Verträglichkeit mit der Infrastruktur (geringe Radsatzlast, geringe Zugkraft je Treibradsatz, beides durch das Triebzugkonzept möglich), und > Umweltgesichtspunkte, wie geringe Geräuschemission durch Unterﬂurantriebe, luftgestützte Klimaanlage, chemiefreie Toiletten – letztere wie schon beim ICE 1. Der ICE-T wurde speziell für ein Segment entwickelt, das den damaligen lokomotivbespannten InterRegio-Zug auf weniger nachgefragten Strecken ersetzen und den ICE ergänzen sollte. Er sollte auf Altstrecken schneller fahren als bisherige Züge und höherem Komfort bieten. Er war auch gedacht als Sprinter auf kurvenreichen Altstrecken



BILD 12: ICE 3-M



BILD 13.1: Verkehrsleistung (Pkm pro Jahr) im Fernverkehr *): und andere Tageszüge
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Foto: DB AG/Brenneken



in Relationen, in denen ein Ausbau aus wirtschaftlichen Gründen nicht zu rechtfertigen ist. Im Gegensatz zum Regionalverkehr erhält der DB Fernverkehr AG keinerlei Zuschüsse für den Zugbetrieb oder das rollende Material. Neben den Kapitalkosten für die Fahrzeuge sind Zugbetrieb und Instandhaltung aus Fahrgelderlösen zu bestreiten, ebenso die Trassen- und Stationsgebühren sowie die Energieverbrauchskosten. Die mittlere Abschreibungsdauer der Fahrzeuge beträgt etwa 14 Jahre. Die DB Fernverkehr AG zahlte im Jahr 2005 für ihre Verbindlichkeiten in Höhe von etwa 500 Millionen Euro 29 Millionen Euro an Zinsen (mittlerer Zinssatz ca. 5,8 %), wie dem Geschäftsbericht zu entnehmen ist. Das ICE-Zugsystem erwies sich als Wachstumstreiber im Bahn-Fernverkehr. Bis heute schob es die Verkehrsleistung, ausgedrückt in Personenkilometer pro Jahr, kräftig nach oben (Bild 13.1). Allerdings wurde das InterRegio-Zugsystem in den Jahren 2002/03 nahezu vollständig vom Markt genommen. Teile davon sind als „InterRegio-Express“ (IRE) in die Zuständigkeit der DB Regio AG abgewandert und daher aus der Statistik der DB Fernverkehr AG verschwunden. Die relative Konstanz der hier dargestellten Gesamtleistung im Personenfernverkehr ist also ein Phänomen der Statistik und sollte nicht zu Fehlschlüssen führen. Bild 13.2 differenziert nach ICE und ICE-T. Der Beitrag des ICE-T ist bis dato noch relativ bescheiden. Das liegt unter anderem an seiner geringeren mittleren Platzzahl. Bild 14 erklärt das an Hand statistischer Jahres-Mittelwerte. Im Betrieb variiert die Platzkapazität der Züge zwischen 250 Plätzen (ICE-T mit 5 Wagen) und über 900 Plätzen (ICE 3 in Doppeltraktion). Die mittlere Besetzung im ICE-T betrug im Jahr 2005 43 %, im ICE 46 % und im lokomotivbespannten IC/EC-Zug 38 %. Die



BILD 13.2: Verkehrsleistung (Pkm pro Jahr) in ICE- und ICE-T-Zügen



BILD 14: Plätze und Reisende je Zug, 2005 (statistische Jahreswerte)



mittlere Reiseweite der ICE-und ICE-T-Kundschaft beträgt 312 km. 5. ANGEBOTSMERKMALE UND TARIFE Nach wie vor können die Kunden bei ihrer Reise frei wählen zwischen dem Angebot der Bahn und anderen Alternativen, wie Individualverkehr (meist Auto), Bus und Flugzeug. Sie erwarten wie bisher von der Bahn unbedingte Verlässlichkeit, Pünktlichkeit sowie eine hinreichende Sauberkeit, Sicherheit und Komfort. Das sind Grundvoraussetzungen. Im Bezug auf die ICE-Züge waren diese Voraussetzungen beim Start 1991 gegeben. Bei den Bahnhöfen lag damals aber noch viel im Argen. Das hat sich in den vergangenen 15 Jahren bemerkenswert verbessert; der neue Berliner Hauptbahnhof hat im diesem Jahr ein neues Glanzlicht gesetzt. Zu den signiﬁkanten Kriterien der Verkehrsmittelwahl gehören die Fahrpreise, wenngleich auch mit unterschiedlicher Gewichtung je nach Reisezweck und Kostentragung. Das ICE-Angebot sollte 1991 in seinen Tarifen 15 % über denjenigen des IC liegen, was mit dem extra für das ICE-Angebot konzipierten Loco-Preissystem auch exakt erreicht wurde. Obwohl die ICE-Tarife höher als bei anderen Zugsystemen waren, erwies sich das Angebot als Volltreffer. Die prognostizierten Reisendenzahlen wurden früher erreicht als geplant. Bei den Bahntarifen gibt es traditionell große Preisspannen und viele Sonderangebote, auf die der Kunde schon beim Buchungsvorgang hingewiesen wird. Betrachtet man einzelne Relationen, so ist der Grundpreis stark degressiv an die Fahrtstreckenlänge gekoppelt (Bild 15). Die mit der NBS Köln-Rhein/Main verbundenen Relationen sind bei 300 km Fahrtstrecke um 25 % höher bewertet als die gleiche Fahrtstreckenlänge auf den übrigen HGV-Relationen. Als Indikator mit statistischer Aussagekraft kann der Jahresdurchschnittswert der Erlöse herangezogen werden, unter Beachtung der Inﬂationsrate. Von 1991 bis 2006 haben sich



BILD 15: Grund (Normal-) Tarif 2. Klasse im ICE-System, 2006 (Ct/km)



die Lebenshaltungskosten nach den Angaben des Statistischen Bundesamtes auf 132,8 Indexpunkte erhöht. Die speziﬁschen Fahrgelderlöse aus dem Segment ICE (einschließlich ICE-T) lagen 2005 inﬂationsbereinigt um 8 % niedriger als 1991. Aus dem Geschäftsbericht 2005 der DB Personenverkehr AG ergeben sie sich zu etwa 8,9 Cent/Pkm. ICEFahren ist also im Verlauf der letzen 15 Jahre – relativ gesehen – preiswerter geworden, und wachsende Fahrgastzahlen belegen den Erfolg dieser kundenfreundlichen und wettbewerbsorientierten Angebotspolitik der DB Fernverkehr AG. 6. REISEZEIT HAUS-HAUS In der Fahrzeit Bahnhof-Bahnhof haben sich durch die ICE bekanntlich deutliche Fahrzeitgewinne ergeben, deren Attraktivität im Prinzip außer Frage steht (Bild 16). Betrachten wir die Haus-Haus-Reisezeiten, so sind naturgemäß gewisse Zuschläge zur reinen Fahrzeit zu machen. Hierfür gibt es keinen Berechnungsstandard. Im Vergleich Bahn : Auto wird hier wie folgt verfahren: > Vorlaufzeit Haus-Bahnhof und Nachlaufzeit Bahnhof-Ziel 2x30 Minuten (dies entspricht wissenschaftlich erarbeiteten



Erkenntnissen aus der Konzeptionsphase des ICE-System). > Fahrtgeschwindigkeit mit dem Auto 100 km/h oder 120 km/h auf der Autobahn mit der entsprechenden QuelleZiel-Distanz Zentrum-Zentrum. Langsamfahrt auf den ersten 15 km im jeweiligen Stadt- und Autobahnzubringer-Bereich, gestaffelt mit 30/50/75 km/h, und Berücksichtigung des Weges zum Parkplatz. Der Zuschlag für die Langsamfahrt im Stadtbereich und für die sonstigen Zeiten ergibt sich zu 2 x 15 Minuten. Diese 30 Minuten werden auf die rechnerische Fahrzeit mit konstant 100 km/h oder 120 km/h aufgeschlagen. Das rechnerische Ergebnis ist für verschiedene Relationen in den Bildern 17.1 bis 17.3 dargestellt. Die Reisegeschwindigkeit mit dem Auto liegt einer Bandbreite zwischen den blau dargestellten Linien, die sich aus der Geschwindigkeitsvorgabe 100 oder 120 km/h erklären. Man erkennt, dass sich die Reisezeiten Haus-Haus der ICE-Linienverkehre (Bild 17.1-3) im Rahmen der Auto-Reisezeiten bewegen. Der ICE-Fahrgast ist hier also nicht schneller als mit dem Auto. In ICE-T-Relationen (Bild 17.2) sieht es ist nur für HamburgBerlin günstiger aus. Die ICE-T-Verbindungen Stuttgart-Zürich, Berlin-München und Düs- » BILD 16: Eine Stunde Reisezeit gewonnen: ICE auf der NBS KölnRhein/Main 2002 Foto: DB AG
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BILD 17.1: Fahr- und Reisezeiten Düsseldorf-Köln-Basel/ München 2006 (h:min) Mhm = Mannheim, Düssel = Düsseldorf, Mü = München



BILD 17.2: Fahr- und Reisezeiten in ICE-T-Relationen (h:min) Stg = Stuttgart, Hmb = Hamburg, B = Berlin, L = Leipzig, N = Nürnberg, Düss = Düsseldorf



BILD 17.3: Fahrund Reisezeiten in ICE-SprinterVerbindungen, sowie 2007 Frankfurt-Paris (h:min) Ffm, F = Frankfurt (Main), Wlf = HannoverWülfel



seldorf-Dresden fallen hinsichtlich der Reisezeit zurück. Zur Kürzung der Reisezeit dient das SprinterAngebot. Bild 17.3 zeigt als positives Resultat, dass die Reisezeiten bei Sprinter-Benutzung Köln-Stuttgart und Frankfurt-Berlin vom Auto kaum zu schlagen sind. Die beiden anderen Sprinter-Verbindungen liegen wiederum nur im Feld der Auto-Reisezeiten. Das künftige, sehr gute ICE-M-Angebot Frankfurt-Paris ist



in diesem Bild ergänzend dargestellt. Es soll 2007 realisiert werden; in der Relation Stuttgart–Straßburg–Paris werden dann TGV-Züge eingesetzt (Bild 18). Die für den Autofahrer angegebenen attraktiven Reisezeiten basieren vorwiegend auf dem guten Autobahnnetz. Kurze wie lange Distanzen werden ohne dazwischen liegende Ortsdurchfahrten zurückgelegt, und der Umwegfaktor ist häuﬁg geringer



BILD 18: Paris–Mannheim–Frankfurt/Straßburg–Stuttgart Quelle: Rhealys S.A.



als in den entsprechenden Eisenbahnverbindungen. 7. DAS HETEROGENE HGV-NETZ Der Grund für relativ lange Bahn-Reisezeiten liegt unter anderem an der kurzen Distanz der Schnellfahrabschnitte im Streckennetz. Am Beispiel einer Fahrt von Berlin über Braunschweig nach Frankfurt wird das deutlich (Bild 19). Auf der Schnellfahrstrecke Hannover–Berlin gilt eine gedrosselte Geschwindigkeit im Trappenschutzgebiet. Hinter Wolfburg lohnt sich das Aufschalten der Zugleistung kaum, weil anschließend die Abzweigweiche in die „Weddeler Schleife“ zu befahren ist. Danach geht es in gemächlichem Tempo bis hinter Hildesheim in den „Güldenen Winkel“, wo die Sorsumer Kurve den Weg auf die NBS Hannover–Würzburg freigibt. Dort jedoch ist die zulässige Streckenhöchstgeschwindigkeit von 280 km/h kaum auszunutzen, weil sie derzeit nur für Abschnitte außerhalb der Tunnel gilt. Langsamfahrt im Bereich Kassel und auf der ABS Fulda-Frankfurt tragen im weiteren Fahrtverlauf zur Verlängerung der Fahrzeit bei. Zwischenhalte sind zweifellos aus verkehrlichen Gründen unabdingbar; sie drosseln natürlich das Durchschnittstempo erheblich. Dazu kommen noch betrieblich notwendige Fahrzeitzuschläge für Strecken und Fahrstraßenknoten. So kommt es, dass die Durchschnittsgeschwindigkeit des Linien-ICE zwischen Berlin Hbf und Frankfurt Hbf (577 km) trotz der langen 250 km/h-Abschnitte lediglich 140 km/ h beträgt. Ein auf der um 20 km kürzeren Autobahn mit konstant 120 km/h fahrender Reisender ist von Haus zu Haus unter den oben genannten Randbedingungen gleich schnell. 8. ZUKUNFT Die EU hat sich der Leistungsfähigkeit der Eisenbahn in Europa angenommen. Der „Auf-
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BILD 19: Streckenband und Geschwindigkeit eines ICE Berlin–Braunschweig–Frankfurt (Main) Quelle: DB Netz AG, I.NVE/Schaefer



und Ausbau transeuropäischer Netze in den Bereichen der Verkehrs-, Telekommunikationsund Energieinfrastruktur“, die „Interoperabilität der einzelstaatlichen Netze“ und der Zugang zu diesen Netzen sind bereits in den „Römischen Verträgen“ zur Gründung der Europäischen Wirtschaftsgemeinschaft (EWG) von 1957 erwähnt. Der diesbezügliche Artikel 129b ist 1992 unverändert in den EU-Gründungsvertrag von Maastricht eingefügt worden. Unabhängig davon haben die vier Bahnen DB, SNCF, SNCB und NS schon in den 80er Jahren Planungen für ein Hochgeschwindigkeitssystem Paris–Brüssel–Köln/Amsterdam (PBKA) aufgenommen. Das Projekt PBKA mündete 1993 in die gemeinsame Beschaffung der nunmehr unter dem Markennamen „Thalys“ betriebenen Züge (Bild 20). Das Netz PBKA wurde zur Keimzelle des Entwurfs für ein Transeuropäisches Hochgeschwindigkeitsnetz der Bahnen, welches die EU-Kommission im Dezember 1990 vorgelegt hat. Sechs Jahre später wurden von der EU zwei für die europäischen HGV-Bahnen richtungsgebende Grundsatzpapiere auf den Weg gebracht:



über gemeinschaftliche Leitlinien für den Aufbau eines transeuropäischen Verkehrsnetzes“ („TEN Guidelines“), und > die „Richtlinie 96/48 des Rates über die Interoperabilität des transeuropäischen Hochgeschwindigkeitsbahnsystems“.



> die „Entscheidung Nr. 1692/96 EG des Europäischen Parlaments und des Rates



Das Hochgeschwindigkeitsnetz entwickelt sich ständig weiter, wobei sich nationale



BILD 20: ThalysTGV in Köln am Rhein Hbf Foto: DB AG/Schedler



Ausbaupläne und europäische Bemühungen, zum Beispiel hinsichtlich der Schlüsselverbindungen (Christophersen-Gruppe) und der Korridore (Essen- oder Kreta-Korridore genannt) ergänzen. Die derzeitige Zukunftsplanung für das Europäische HGV-Netz geht aus dem von der HGV-Gruppe des Internationalen Eisenbahnverbands (UIC) fortgeschrie» benen Plan hervor (Bild 21).
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BILD 21: Europäisches Hochgeschwindigkeitsnetz 2020, UIC, Paris (Stand Mai 2005)



Der Erfolg des Hochgeschwindigkeitssystems ist natürlich an seine Leistungsmerkmale gekoppelt. Im Personenfernverkehr sind das vor allem Fahrpreis, Regelmäßigkeit und Häuﬁgkeit des Angebots und Reisezeit. Betrachten wir hier nur auszugsweise das Kriterium „Reisezeit“. Wie die derzeitige Sachlage zeigt, gibt es hier noch Optimierungsbedarf im mitteleuropäischen HGV-Angebot, und zwar national wie grenzüberschreitend. Unter den in Deutschland gegebenen Randbedingungen geht es weniger um noch höhere Geschwindigkeiten als vielmehr um Vermeidung von Geschwindigkeitseinbrüchen und ﬂüssigere Fahrt in komplizierten Netzknoten. Auch Direktverbindungen unter Umgehung von chronisch überlasteten Netzknoten könnten dazu einen Beitrag leisten, wie die geplante NBS Rhein/Main-Rhein/Neckar mit Anbindung des Knotens Mannheim. Ohne Investitionen wird erfahrungsgemäß wenig zu gewinnen sein. Damit stellt sich erneut die Finanzierungsfrage. In verschiedenen europäischen Ländern wird der Ausbau des Hochgeschwindigkeitsnetzes mit großem Eifer betrieben. 2007 steht die ICE/TGV-Verbindung Frankfurt/Stuttgart–Pa-
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ris an, mit der etwa 300 km langen Neubaustrecke TGV EST. Weitere Neubaustrecken in Frankreich, Belgien, den Niederlanden, der Schweiz, Österreich, Italien, Spanien, Portugal, Schweden und Finnland sowie die Fertigstellung der NBS nach London werden künftig für Reisezeitverkürzungen in Europa sorgen. Bahnfahren im Transeuropäischen



Hochgeschwindigkeitssystem gewinnt attraktive Konturen. < Literatur [1] Wettbewerbsbericht 2006, DB AG, Kommunikation. www. db.de [2] Trassenpreissystem der DB Netz AG, DB Netz AG, I.NMM, Frankfurt (Main). www.db.de/fahrweg [3] Daten&Fakten 2005, DB AG, Investor relations, www. db.de/presse



SUMMARY Fifteen years of high-speed railway operations in Germany The commercial operation of high-speed trains in Germany started in summer 1991. Since then, the network served by ICE trains has been repeatedly extended. Its total length is now 6865 km, of which 1330 km are comprised of newly built lines belonging to Deutsche Bahn and 913 km are in networks run by other infrastructure managers. With few exceptions, these routes are also used by both slower passenger trains and freight trains, but the process of physical or temporal segregation is making further progress in the context of a strategy known as “Network 21”. High-speed trains (including the Thalys workings) now account for 62 % of the long-distance express services operated by Deutsche Bahn (measured in terms of passenger-kilometres). Taking door-to-door times, passengers travelling by ICE are, however, generally no faster than motorists on the majority of direct A-to-B routes. The newly built lines are still too short, and journey times are longer than they otherwise would be on account of too many intermediate stops and the heavily-trafﬁcked major intersections that have to be negotiated. Faster journey times will become a reality in future with the avoidance of inherently slower route sections and the expansion of the trans-European high-speed network.
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