
Railway Technical Review
The International Journal for Rail Engineers, Operators & Scientists

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

High speed and network 
extension – additional 
information

(Source: DB AG/Gaertig)

Special Reprint

from
RTR 2/05

for German Railways, DB AG



is responsible for system
design at the network 
strategy unit

Address: DB Netz AG, 
Theodor-Heuss-Allee 7, 
D-60486 Frankfurt am Main
E-Mail: Eberhard.jaensch@bahn.de

Dr.-Ing. 
Eberhard Jaensch

2 (2005)
3

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.

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.

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.

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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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
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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:

� scheduled network services over a
number of long-distance IC lines,

� regular hourly services, with 14-16
trains each way each day,

� services operating from around 6:00 in
the morning until around 22:00-24:00
at night,

� train departures at “fixed minutes past
the hour”, 

� 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”),

� standard train formations (first-class
accommodation – dining car – second-
class 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

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 inter-
mediate 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). 

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 mixed-
traffic 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 passenger-
kilometres. 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. 2: ICE 3 train on slab track, 300 km/h
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Fig. 3: The new line
between Cologne and
the Rhine/Main
conurbation
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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, high-
speed 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 dedi-
cated 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.

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 160-
km/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 high-
speed 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. 5: The new railway line at Limburg station (railway line: red / motorway: yellow)
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Fig. 6: Montabaur station on the new line between Cologne and the Rhine/Main conurbation
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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 3-
5 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 rail-
expansion 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 non-
ballasted tracks on dedicated passenger
lines are rarely going to necessitate track
possessions for maintenance purposes.

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. 

Just one telecommunication technology
has been installed on the Cologne-
Rhine/Main high-speed railway line,
namely digital radio transmission in the
form of GSM-R (Global System for Mobile
Communication – Rail).

3.5 Stations and passengers 

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

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.

3.4 The command, control and
telecommunications installation

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



now used almost exclusively by local (S-
Bahn) 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. 

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:

� new lines (“NBSs”) for speeds of up to
300 km/h;

Railway infrastructure and the development of high-speed rail in Germany
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Fig. 7: Segregation day/night on Hanover–Würzburg high speed line,
Göttingen–Kassel section (regular scheduled weekday trains)
Dark red: ICE trains 300 km/h, light red: IC locomotive-hauled trains, 200 km/h

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

Fig. 9: “Network 21”: priority “fast”and “slow” lines at the end of the process

fast
slow
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Fig. 11: Berlin Zoo station, on 12 December 2004 with the arrival of the first ICE-T train

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

� upgraded lines (“ABSs”) for speeds of
between 160 and 230 km/h;

� the conversion of network hubs and key
stations;

� 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 energy-
supply 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. 

4.2 DB Netz’s “Network 21”
philosophy

Virtually the entire Deutsche Bahn network
is operated in “mixed traffic” mode. High-
speed 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.

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

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:

� the preferential network 8000 km
including 
passenger (fast) 3500 km
freight (slow) 4500 km
S-Bahn 2000 km 

� the high-performance network 
(mixed-traffic, high-capacity 
lines) 12 200 km

� and the regional networks 14 500 km



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

N
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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:

� 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),

� 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;

� the second stage of the upgrading of
the Saarbrücken-Mannheim line for 200
km/ operation as a part of the
international Paris-Eastern France-
Southern Germany/TGV EST line
including ETCS,

� renovation of the Marienbrücke (bridge)
and Dresden station

� total renovation of the tracks at Erfurt
railway junction,

� 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 300-
km/h newly-built, high-speed section
fitted with slab track (Figs. 12, 13), 

� 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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section see fig. 13

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

station (Berlin Lehrter Bahnhof) and
new tracks for the S-Bahn (regional
express) system, and

� 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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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).

In 2004, the long-distance passenger
traffic of DB AG comprised

� 19.6 bill passkm in ICE-trains (EMUs)*)

� 10.4 bill passkm in IC/EC trains
(locomotive-hauled)

� 2.3 bill passkm in other long distance
trains

� 32.3 bill Passenger-kilometres in total 

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 train-
kilometres sum up to 154.1 million.
Average train occupation is 210
passengers (passkm/trainkm). 

2 Network development

The density of the new lines has been
considerably increased by the high speed
routes Hanover-Berlin (1998), Cologne-
Frankfurt (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

High speed and network extension – 
additional information 

*) 1 billion = 1.000 million

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

ICE 1 ICE 2 ICE 3 ICE-T

Train configuration: 2 power cars 1 power car EMU*) EMU
+ 12 trailers + 7 trailers 4 motor cars 5 or 7 cars

+ 4 trailers
16 powered 6 or 8 powered

axles axles
Train length: 358 m 205 m 200 m 133 m or 185 m
Number of seats (in the coaches 
+ seats in the dining cars): 649+36 368+23 404-430 250 or 357+24
Power: 9.6 MW 4.8 MW 8 MW 3 or 4 MW
Design speed: 280 km/h 280 km/h 330 km/h 230 km/h
Putting into service: 1991-93 1996-98 1999-2006 1998-2006

*) 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

1 Increase of ICE traffic

High speed traffic on German railway lines
began in June 1991 when the first Inter-
City 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). 



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 31.12.1994 41 256 km
Network length 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.

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

Fig. 3: Cologne/Bonn airport link (Source: [1])

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

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 communication-
rail). 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
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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 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

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

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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Length of high speed network 4.800 km
thereof V > 160 km/h 4.100 km
thereof LZB+ETCS L2 2.500 km

ETCS L2 only 1.600 km
Gaps (V�160km/h) 700 km

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

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

Gaps with ETCS



(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-la-
Chapelle), 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 Cologne-
Frankfurt 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.

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. 

5 Removing bottlenecks

In the existing network the clearances in
several places are unfortunately much
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Fig. 6: ICE and Thalys in Belgium (Photo: DB AG)

Fig. 5: The TGV Est/POS route (Source : Rhealys S.A., Paris, 10/2005)

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

Busch-Tunnel
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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

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 Cologne-
Frankfurt 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 250km/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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Fig. 8: Old and new Busch tunnel, near Aachen (Source: [1])

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

Fig. 10: Cross section
of the Katzenberg
tunnel (Source: [1])

old new

The 2 running tunnels 
(2 x 60 m2 net)

Cross passages with 
safety space (every 500 m)

renewed



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

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

High speed and network extension – additional information
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Fig. 11: The Berlin railway champignon

Fig. 13: Longitudinal cut of the Nuremberg-Ingolstadt new line (Source: [1])
Fig. 12: The new and upgraded line Nuremberg-
Ingolstadt-Munich (Source: [1])

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.

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
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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.
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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. 14: The proposed Munich Transrapid
airport shuttle line (Source: [2])

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

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



   2 (2007)
6

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.

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: 

� 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.

� 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.”

� 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 (…)”.

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:

� 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,

� Decision 1692/96/EC of the European 
Parliament and of the Council 
on Community guidelines for the 
development of the trans-European 
transport network,

� Council Directive 96/48/EC on the 
interoperability of the trans-European 
high-speed rail system, and

� 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

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.

Editor-in-chief

Address: DB Netz AG, Geschäfts-
entwicklung Netz, Sachgebietsleiter 
Systemfragen, Theodor-Heuss-Allee 7, 
D-60486 Frankfurt am Main

eberhard.jaensch@bahn.de

Dr.-Ing. 
Eberhard Jänsch
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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.

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 multi-
system TGV-POS and ICE 3M trains. After a 
running-in phase for the commercial 

Fig. 2: The TGV Est/POS network (source: Rhealys AG, 2005)

Fig 1: Report of the high-level group on the development of a European high-speed train 
network (European Commission, December 1990)
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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” high-
speed line between Amsterdam and 
Antwerp in December 2007. The combined 
new/upgraded Liège – Aachen section is 
still largely a construction site. Other high-
speed 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 

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 

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

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 

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

(photo: DB AG)

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

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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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.

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)
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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 

Access
time

Station
or airport

Train ride / 
air travel

Checks on arrival 
and luggage

Tranfer to 
destination

Total 
time

Eurostar 1994 30 10 180 5 30 4:15

Eurostar Dec. 2007 30 20 135 10 30 3:45

Air 1994 60 45 65 45 60 4:35

Air 2007 60 60 65 45 45 1) 4:35

Air in future 45 2) 60 65 45 45 4:20

1) Using the Heathrow Express train
2) 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)

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 public-
transport 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 
Thalys high-speed trains (sources: data: UIC; diagram: Engelskirchen, DB international)

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.

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 

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

7 Conclusion

The year 2007 is going to witness several 
milestones in the expansion of the trans-
European 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”.
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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.

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: 

� 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.

� 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.”

� 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 (…)”.

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:

� 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,

� Decision 1692/96/EC of the European 
Parliament and of the Council 
on Community guidelines for the 
development of the trans-European 
transport network,

� Council Directive 96/48/EC on the 
interoperability of the trans-European 
high-speed rail system, and

� 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

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.
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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.

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 multi-
system TGV-POS and ICE 3M trains. After a 
running-in phase for the commercial 

Fig. 2: The TGV Est/POS network (source: Rhealys AG, 2005)

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