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Executive Summary
On 19th February 2010 the Ministry of Transport and Communication gave a mandate to the
Norwegian Railway Administration to assess the issue of high-speed railway lines in southern
Norway. The assessment includes recommendations about which long-term strategies shall form
the basis of development of long distance passenger train transport. The assessment includes an
analysis of whether developing high-speed railway lines could contribute to obtaining socioeconomically efficient and sustainable solutions for a future transport system with increased
transport capacity, improved operations and accessibility.
The assessment is to be carried out according to three predefined phases and this Report describes the work undertaken by the WSP Sweden team for the Rail Specific Planning Development Analysis during Phase 2 of the assessment.
The Rail Specific Planning Development Analysis includes analyses of the use of single track /
twin track and separate high speed tracks, stations development and stop pattern, regional development and the consequences for public transport in general.
Subject 1
Subject 1 contains two parts; one where acceptance criteria of punctuality is analysed through a
review of previous studies of punctuality and one where the design of crossing loops is analysed
through capacity and delay analyses of different design variants within several operational strategies.
The acceptance criteria for punctuality are essential in the design phase of new railway lines.
These criteria can be used for designing the infrastructure improvements and for constructing
feasible and representative timetables so that required quality goals are met.
We suggest that the two punctuality levels, 85% and 95%, are used in the coming phases. The
lower value is here a lower limit that corresponds to existing Norwegian operation, whereas the
higher value is reachable for well- maintained systems with a well thought-out design.
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The crossing loops are essential on single-track sections. The study examines various loop designs and give guidelines on how to choose the inter-loop distances for different kind of traffic.
It is very important that the intended traffic mix is known during the design of single-track line
sections. Traffic mix and frequency of service are the most important factors to take into account during the design work. We strongly recommend further timetable studies when the alternative infrastructure designs are to be evaluated.
Subject 2
Unlike Subject 1, Subject 2 deals with double-track issues. Subject 2 focuses on the loops which
in a double track system are necessary to allow trains with different speed characteristics to
share the same tracks and for allowing traffic even though part of the system is blocked. Two
kinds of loops are analysed:
· Track loops, used for temporary single-track operation during maintenance and failures etc,
and to increase the operational flexibility through amended use of the two line tracks, e.g. parallel operation.
· Passing loops, used for overtaking where faster trains pass slower ones.
Important factors analysed includes loop design, i.e. turnout standard, lengths of loop tracks etc,
and loop spacing, i.e. the distance between adjacent loops.
This assignment presents a method that can be used for assessment of the location of Track
loops. We recommend further analysis of the need and expected use of the track loops before
doing any more design work.
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The passing loops play important roles on double-track lines. They need to be properly designed
and located so that a feasible timetable, or even more importantly several feasible timetables,
can be constructed. This kind of timetable flexibility is a requirement for future traffic development.
The details in future timetables are not as important for double-track lines as for single-track.
This means that the accuracy in loop location can be somewhat lower for double-track lines.
Still there are a lot to gain if the structure of future timetables can be predicted.
Subject 3
Subject 3 includes three parts about Station design.
Part 1 – Station design – includes, among other things, a series of station layouts applicable to
different traffic scenarios of a single or double track high speed railway. It is recommended that,
in Phase 3 of the Norwegian high speed assessment, the series of layouts is used to identify and
choose station layouts. Such choice must be done based on the actual traffic scenario at each
station as well as be based on the local conditions at each station location. Another recommendation is to build stations based on active barriers and full height platform screen doors.
Part 2 – Effect of high speed rail stop and Benefits of station establishment – contains methods
for evaluating socio-economic effects of having an extra stop along a high-speed corridor. The
methods are all based on a spreadsheet model. Even if the demand model is relatively simple it
still requires a certain amount of input data and calibration of parameters. The source of these
data is the study conducted by Atkins in Phase 2, where a more complex demand modeling effort is undertaken. However, at the time of producing our model, data from Atkins have not
been complete. Thus, in Phase 3, the demand model needs to be updated and calibrated with
data from the study conducted by Atkins in Phase 2, where a more complex demand modeling
effort is undertaken.
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Concerning the evaluation of having an extra stop along a high-speed corridor it can be concluded that it is important to study each potential stop carefully in a number of aspects such as
labour market effects, wider economic benefits, potential for alternative railway alignments,
mixing direct and multi-stop traffic and the selection of station location (central or peripheral)
They might all affect the benefits of the analyzed stops.
Part 3 – Experiences from other countries – includes an evaluation based on a collection of experiences from other countries regarding High speed railway projects. From the evaluation it
can be concluded that there is no hard and fast formula in determining the provision and location of intermediate stations on high speed railway lines. However, the following analyses are
recommended during Phase 3 in order to understand the requirements for the design of the railway system:
· More detailed analysis of passenger demand is required at the next stage to determine the
number of stations required and their locations. This market analysis should determine the passenger and freight demand leading to anticipated passenger numbers and freight volumes.
· Having determined passenger and freight demand an operational requirements review should
be undertaken (using Railsys software or similar) to determine the likely location and spacing of
stations together with the location and spacing of passing loops as required.
The ultimate requirement will be to determine the construction, maintenance and operating costs
of the stations in order to assess their financial and economic benefits together with funding requirements.
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1

Introduction

1.1 Background
On 19th February 2010 the Ministry of Transport and Communication gave a mandate to the
Norwegian Railway Administration to assess the issue of high-speed railway lines in southern
Norway. The assessment includes recommendations about which long-term strategies shall form
the basis of development of long distance passenger train transport. The assessment includes an
analysis of whether developing high-speed railway lines could contribute to obtaining socioeconomically efficient and sustainable solutions for a future transport system with increased
transport capacity, improved operations and accessibility.
Deadline for the assessment and presentation of the Rail Administrations recommendations to
the Ministry is 1st February 2012.
The assessment is to be carried out according to three predefined phases. Phase 1, which has
already been completed, gave a total overview and presentation of the knowledge base that exists in Norway, including results and findings from earlier studies previously undertaken by several stakeholders. Phase 2, the purpose is to identify which high-speed concepts are adaptable to
Norwegian conditions. Phase 2 includes for example a market analysis, evaluation of different
conceptual solutions related to the use of dedicated high-speed railways tracks or multi-purpose
tracks, stop patterns and station design etc. In addition, there are issues related to revenue and
costs, environment, energy consumption and winter maintenance etc. The assessment of these
issues and the results and recommendations of the individual studies provide the criteria for the
corridor analysis in Phase 3.
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Phase 3 includes more detailed analyses of different corridor alternatives with recommendations
regarding long-term development strategy for the railway lines adapted to each corridor.

1.2 Phase 2 work
The work in in Phase 2 has been divided into six parallel assignments. Below gives a short description of work that is included in Phase 2 by several consulting groups:
o Market Analysis - Atkins Group

Including assessment of the market conditions and traffic basis for different types of passenger
and freight traffic in the different assessed concepts
o Rail specific development and planning analysis – WSP Sweden

Including analyses of the use of single track / twin track and separate high speed tracks, stations
development and stop pattern, regional development and the consequences for public transport
in general
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o Financial and socio-economic assessments – Atkins Group

Including assessment of investments costs, methodology, risk - diversifying and of consequences to other modes of transport
o Assessment of different organisational, contractual, and commercial strategies -

Pricewaterhouse Coopers (Pwc)

Including strategies in planning and construction phases of high speed rail systems
o Technical and security analysis – Pöyry Infra and Interfleet

ncluding assessment of the use of high-speed rail standards, technical aspects of construction of
high speed rail in Norway and in its different climatic conditions, assessment of different technical solutions and safety analyses linked to different speeds and types of mixed traffic etc.
o Environmental analysis – Asplan Viak

Including the introduction of high speed rail including the calculation of greenhouse emission
effects and assessments linked to how to reach national environmental and climate targets, assessment of barrier effects of high speed lines, assessment of noise levels and energy consumption etc.

1.3 Rail Specific Planning and Development Analysis
This Report describes the work undertaken by the WSP Sweden team for the Rail Specific
Planning Development Analysis during Phase 2 of the High Speed Railway Assessment in
Norway. The work in Phase 2 has been carried out between October 2010 and February 2011.
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This Report is a summary of several subjects relating to Railway-specific Planning Development which have been analysed in the assessment. For more details on each subject please refer
to individual subject Reports details of which are described in Appendices 1 to 7 of his Report.
For a general summary of the individual subjects please refer to section 2 of this Report.

[9]

FINAL REPORT 2011-02-18
HIGH SPEED RAILWAY ASSESSMENT, PHASE 2, NORWAY
RAIL SPECIFIC PLANNING AND DEVELOPMENT ANALYSIS

2

Introduction of Rail Specific Planning and Development
Analysis

The assessment of Rail Specific Planning and Development Analysis includes several subjects
and parts which are summarised as follows:

2.1 Subject 1 – Further reviews of single track
Part 1 – Acceptance criteria of punctuality
Punctuality is an important factor in railway operations. It is a central measure of performance
and it is widely used to evaluate the effectiveness of infrastructure investments and timetable
adjustments. This part of the project is a review of previous studies of punctuality on high-speed
dedicated lines as well as lines with mixed traffic.
Part 2 – Design of crossing loops
The provision and location of crossing points on single-track railway lines is an important consideration as they affect the travel time, risk of delays and operational capacity. This report has
two main objectives: to analyse capacity for mixed traffic on single-track lines and to undertake
a more detailed study of single-track lines designed solely for high-speed traffic.

2.2 Subject 2 – Track connections
Part 1 – Track loops
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The aim of this part of the study is to find a suitable distance between track loops and to give a
recommendation of the speed of turnouts to optimize operational capacity and travel times. The
analysis has been purely analytical based on run time and headway calculations for a variety of
traffic densities.
Part 2 – Passing loops
This part of the project addresses the design of passing loops. The major aim is to show how
different designs and operational situations affect overtaking. Each passing loop has to be designed for efficient and reliable operation, i.e. entrance and exit times for the slower trains must
be low to minimize capacity loss and scheduled delays etc. The length of the loop track is also
to be designed according to these requirements. The spacing of the passing loops and the distance between them is also important for capacity, knock-on delays and timetable flexibility.
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2.3 Subject 3 – Station Design
Part 1 – Intermediate stations
The aim of this part of the study is to identify relevant traffic scenarios for a station on a highspeed line. There are a number of scenarios to take into consideration when designing an intermediate station These depend on whether the railway is single or double track, whether passing
or crossing is required, the required track utilisation plan, reliability and traffic mix etc. Other
aspects involve, among other things, passenger safety and aerodynamics around different types
of trains.
Part 2 – Experiences from other countries
This part of the study includes an evaluation based on a collection of experiences from other
countries regarding High speed railway projects. The evaluation will include a production and
analyse of a questionnaire sent to several railway administrations with high-speed railways and
a desk top study.
Part 3 – Effect of high speed rail stop and Benefits of station establishment
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The number of stops for a high-speed train will increase the travel time for passing passengers
by 3-5 minutes per stop. The number of stops will thereby affect market basis in two aspects,
either that each stop on the line provides a large market base and attracts more traffic to the
trains or that each stop on the line will increase travel time for other travellers and reduce traffic
on the line. The aim of this part is to create a model which can be used for future case studies
for individual corridors in Phase 3. A model will also be created to calculate the benefits from
the establishment of intermediate stations for high-speed lines.
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3

Subject 1 – Further reviews of single track

3.1 Acceptance Criteria for punctuality
Punctuality is an important factor in railway operations. It is a central measure of performance
and it is widely used to evaluate effectiveness of infrastructure investments and timetable adjustments.
This chapter gives a review of previous studies of punctuality. Delay statistics from existing
lines have been compiled and are presented. These statistics give useful insights to delay and
punctuality levels achieved on existing lines. In some sense these levels form lower limits on the
delay and punctuality scale that are to be considered during the planning and design of new high
speed lines.
3.1.1 Definitions
Punctuality is a measure of the deviation in time (delay) between actual and pre-defined train
arrivals, passes and departures at defined locations of the rail network, according to timetables.
Punctuality can be also expressed as a ratio (percentage) between the numbers of trains delayed
a certain amount of time to the total number of trains at defined locations.
The cause for delays can be divided into two main categories:
1. Primary, also called initial or direct delays not caused by interacting trains
2. Knock-on or consecutive delays caused by interacting trains.
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Primary delays affecting a single train are typically caused by weather conditions, malfunctioning equipment (vehicles, infrastructure), driver behavior, fluctuations in boarding and passenger
embarkation etc. Knock-on delays are caused by interaction from other trains, normally delayed.
A train is normally not allowed to depart earlier than scheduled. Therefore a train will always
depart ‘’on time’’ or delayed. It is very difficult to arrive and depart exactly ‘’on time’’ due to
various reasons. Therefore, trains are always departing more or less delayed. For practical reasons, threshold time values are used by operators to allow for these subtle delays.
Punctuality is normally measured for
· Arrival delays
· Departure delays, including dwell time delays.
The threshold values chosen by the operators decide if a train is on time or delayed. Typical
threshold values are shown in table 1. Different threshold values are used by different operators
in different countries. Also, where the delay is measured differs among the countries. For example in Holland the departure delay is measured, while in Norway the arrival delay at terminal station is measured.

[12]

FINAL REPORT 2011-02-18
HIGH SPEED RAILWAY ASSESSMENT, PHASE 2, NORWAY
RAIL SPECIFIC PLANNING AND DEVELOPMENT ANALYSIS

IC long distance
Norway

6 min (international)

Denmark

6 min (S-trains 2,5 min)

Holland

3 min

Spain (conventional train)

5min regional
10 min (long distance)

Spain (High speed line AVE)

5 min

Sweden

5 min

Table 1 Some threshold time values. The train is delayed if arrived later than threshold value.

It is worth noting that punctuality is also considered to express the overall quality in rail operations, not least by the public.
This work deals with statistical analysis of delays.
Statistical data can be collected from
· Arrival times
· Dwell times
· Departure times
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It is shown in the literature that arrival times and delays, can vary randomly and fluctuates considerably during the day. Also, there is an indication on that arrival delays follow a log-normal
distribution. An example of this is shown in figure 1.

Figure 1 Example of log-normal arrival delay distribution.
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The departure delays are found to be well explained and fitted by exponential distributions. This
is exemplified by figure 2.

Figure 2 Example of exponential departure delay distribution.

3.1.2 Delays are to be considered during design of new railway lines
Delays and punctuality affect the benefit of railway lines directly. Care has to be taken to design
the infrastructure so that the delays and delay propagation is kept to reasonably acceptable levels.

R:\5645\2010\10142407 - Rail Specific Planning and Development Analysis for highspeed
Railway Assessment\7_Leverans\Final report 2011-02-18\Final_Report Specific_Planning_and_Development_Analysis_2011-02-18.doc
Mall: Allmän - Stående - 2003.dot ver 1.0

Primary delays can be kept at low levels through frequent maintenance of infrastructure and
vehicles, but also through solutions and designs with a limited number of components that can
malfunction and cause delays.
Knock-on delays, i.e. delay propagation, can be avoided and kept at low levels through well designed infrastructure solutions. This includes the design and location of crossing loops, passing
loops and track loops. The subsequent analysis will show how different infrastructure solutions,
vehicles and primary delays affect the knock-on delays.
The subsequent assignments will make use of different techniques to estimate and reduce delay
propagation. These calculations need entry delays and acceptance criteria as inputs. The evaluation of single-track solutions will be performed as a multifactor analysis. The calculations aim at
finding out how the delay distribution is affected by crossings. Using acceptance criteria it is
then possible to estimate the amount of time supplement that needs to be added to the timetable
in order to keep the delays (and punctuality) to a reasonably acceptable level.
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3.1.3 Statistics from existing operation
Punctuality and delays play important roles when new railway lines are planned and constructed. The infrastructure has to be designed for a certain degree of robustness so that the traffic
reaches the goals for punctuality.
One way to determine possible and reasonable criteria for punctuality is to compile and compare
delay and punctuality data from existing railway lines. This section presents delay statistics
from two countries with a similar climate: Norway and Sweden. Data from the northern countries show punctuality levels for conventional trains, but with the impact of weather conditions,
maintenance policies, traffic conditions etc. that occur in these countries.
Data from Spain on punctuality are included for reference. The data show achievable punctuality levels for high-speed railway lines (AVE) operated under conditions that differ significantly
from the northern countries. Due to data collection problems, data from other countries such as
Germany and Japan could not be included in this compilation.
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Norwegian railways are not operated by any high-speed trains. Instead data from long-distance
Intercity trains between Oslo and Gothenburg are used to give an idea of reasonable delay and
punctuality levels. On the way between Oslo and Gothenburg these trains pass Halden and
Kornsjø. The following figures show delay statistics for all IC-trains operated during 2009 from
these stations.

Figure 3 Delay distributions for Halden and Kornsjo. All trains operated during 2009 included.

The figure shows that trains from Halden to Kornsjø do not suffer any additional delay between
these stations. The departure distribution in Halden coincides with the arrival distribution in
Kornsjø. The opposite direction shows an interesting fact. The arrival distribution in Halden is
better (fewer delays) than the departure distribution in Kornsjø. This means that the trains in this
direction catch up delays and increase their punctuality.
The shape of the curves is reminiscent of a negative exponential distribution. However, the
probability of great delays tends to be higher in real operation and so the tail of the distribution
is thicker.
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Figure 4 Punctuality (5 minute level).

As shown in figure 4 a punctuality level of 85 % is to be expected on existing railway lines in
Norway. These values come from a single-track line with mixed traffic, i.e. with operational
conditions that differ significantly from dedicated, double-tracked high-speed lines. However,
the value of 85 % gives a useful indication of a lower limit for the punctuality value to be used
in the design work.
Swedish railways are already operated by high-speed trains, although these trains have a maximum operating speed of 200 km/h (with the track geometry designed for 250km/h). All Swedish
railway lines are operated with mixed traffic, which means that the high-speed trains are mixed
with regional- and freight trains.
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However, the Swedish climate is similar to the Norwegian and the high-speed trains are operated on both single- and double-track lines. This makes Sweden an interesting country for comparison of delay statistics.
The following figure shows the delay distributions for the high-speed trains on the East Coast
line. The delay statics has been collected and compiled for a period of two months during the
autumn of 2008. It is clearly seen that the arrival distributions are worse than the departure distributions, which means that the trains suffer from delays that they cannot recover during their
run.
Sundsvall is the origin station for most of these high-speed trains and this is seen in very low
delays for departing trains. Gävle is an intermediate stop some 150 km north of Stockholm and
the trains have gathered great delays before arriving in Gävle.

Figure 5 Delay distributions for the Swedish East Coast line.
[16]
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The huge increase in mean delay for trains from Sundsvall to Gävle only causes a drop in punctuality by 17 %. This depends on the fact that the punctuality only includes the trains with less
than 5 minutes delay, whereas the mean delay includes all trains.
100%
90%
80%
Punctuality

70%
60%
50%
40%
30%
20%
10%
0%
Gävle dep.

Sundsvall arr.

Sundsvall dep.

Gävle arr.

Figure 6 Punctuality for the Swedish East Coast line (5 minute level).

3.1.4 Conclusions
The review of delay statistics for existing lines can be summarized in the following table.
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Table 2 Delay statistics for existing lines.

Mean delay [min]

Punctuality at 5 min. level

Departure

Arrival

Departure

Arrival

Norway

3-5

3-4

75-85 %

85 %

Sweden

1-2

4-8

75-95 %

65-85 %

Spain (conventional trains)

89-95.9%

Spain (AVE high speed lines)

97.3-98.9%

Proposed acceptance criteria
in this assignment

1-3

1-3

85-95 %

85-95 %

The conclusion and proposal is that the new high speed lines shall be constructed for punctuality
on five minute level within the interval 85-95 %. Assuming negative exponential distributed
delays these values corresponds to mean delays of 1-3 minutes.
It is important to assume reasonable punctuality levels. If the assumed entry punctuality is higher than the realized one, the infrastructure will be under-dimensioned and cause more knock-on
delay and punctuality drop than intended. If the assumed entry punctuality is lower, the infrastructure will be over-dimensioned and the gain in less knock-on delay will not correspond to
the higher construction costs.
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3.2 Design of Crossing loops
3.2.1 Introduction and background
This chapter deals with the infrastructure design of single-track sections of a future Norwegian
high-speed railway network. Several different design variants are tested for several operational
strategies. The evaluation is divided into two independent parts:
· Capacity analysis.
· Delay analysis and evaluation of required time supplements for crossings.
The capacity analysis is a general timetable analysis where different infrastructure designs are
tested and evaluated for different traffic conditions. A generic algorithm (TVEMS) is applied to
determine the capacity for different traffic mixes on different infrastructure designs. The section
clearly shows the capacity limitations for a single-track line operated with a mix of high-speed
trains and slower trains.
The second section concentrates on dedicated high-speed traffic, or infrequent mixes of highspeed and slower traffic. The aim of this section is to find requirements to achieve short and
reliable travel times for this kind of operation. Statistical methods and modelling of the signalling system and vehicle movements are applied to estimate delay propagation and calculate the
needed time supplements to cope with the knock-on delays.
3.2.2 Capacity on single-track railway lines with mixed traffic
The two-way traffic that occurs on single-track lines limits and restricts capacity. The constraints increase when the traffic is mixed. This is clearly illustrated by the timetable example in
figure 7. The figure shows low frequent high-speed traffic at 300 km/h mixed with equally lowfrequent regional traffic at 200 km/h.
16
15

13
12
11
Crossing loop
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Figure 7 Timetable example for mixed traffic on a single-track line. High-speed trains red and regional trains blue. The shown line is about 300 km long and with an average inter-loop distance of
20 km.
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The speed differences create wedges that make it difficult to find feasible crossing patterns in
the timetable. The wedges are extra constraining when they are repeated like this in a periodic
timetable.
High-speed traffic mixed with regional traffic

The study of mixed high-speed and regional traffic focuses on the effect of inter-loop distance,
maximum speed of the high-speed trains and frequency of service. A simple pre-study with
TVEMS showed that the frequency factor is so important that it needs to be addressed in special
order. Table 3 shows this.
The results from the initial evaluations showed that timetables for mixed traffic on single-track
line are not easily found. A mix consisting of one high-speed and one regional train every second hour and direction is possible (green cell in table 3). However, a deeper analysis of this
frequency combination shows that timetable flexibility is limited.
The capacity is insufficient if either the high-speed or the regional traffic is to be operated at a
frequency of one train/h/direction, see yellow cells in table 3. It is however likely that some adjustments, i.e. partial double tracks etc, in the infrastructure would increase capacity enough to
make these frequency combinations possible.
Table 3 Feasible frequency combinations. Red: no feasible timetables found. Yellow: no feasible
timetable found, but feasible timetables are likely if the infrastructure is adjusted to a specific timetable design. Green: a small number of feasible timetables found. Numbers within each cell shows
total traffic load, i.e. number of operated trains/h on each line section.

High-speed [trains/h/direction]

R:\5645\2010\10142407 - Rail Specific Planning and Development Analysis for highspeed
Railway Assessment\7_Leverans\Final report 2011-02-18\Final_Report Specific_Planning_and_Development_Analysis_2011-02-18.doc
Mall: Allmän - Stående - 2003.dot ver 1.0

Regional
[trains/h/direction]

0.5

1

2

0.5

2

3

5

1

3

4

6

2

5

6

8

High-speed traffic mixed with freight traffic

A mix of high-speed and freight traffic is in some sense easier to schedule than the combination
of high-speed and regional traffic. This comes from the fact that the freight traffic is not connected to a regularity requirement, i.e. the freight trains can be scheduled individually. In addition, the acceptance for scheduled delay is higher for freight trains than regional trains. This
makes it easier to find feasible train paths and freight traffic can be fitted into patterns of highspeed trains operated at a frequency of 0.5 or 1 train/h/direction.
This is seen in figure 8. The figure shows mean capacity calculated over the timetable variants
that are generated through different relative time locations of up- and down bound high-speed
trains within all sampled infrastructure designs, see appendix 2 – Design of crossing loops, for
details.
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2,0

Mean number of freight
trains/h/direction

1,8
1,6
1,4
1,2
1,0

10 km

0,8

20 km

0,6
0,4
0,2
0,0
250 km/h 300 km/h

250 km/h 300 km/h

0.5 high-speed trains/h/direction

1 high-speed train/h/direction

Figure 8 Number of possible freight trains/h/direction. Mean values over all timetable variants
within all infrastructure replicates (designs). Average inter-loop distance: 10 km and 20 km.
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If the high-speed traffic has a frequency of 0.5 trains/h/direction there is capacity for 1 freight
train/h/direction. The reason why TVEMS manages to schedule these freight trains are mentioned above: higher acceptance for scheduled delay and possibility to schedule bunches, i.e.
groups of freight trains. Note that the difference between 250 and 300 km/h is negligible for the
lower high-speed frequency. Even at the higher high-speed frequency, 1 train/h/direction, it is
possible to operate freight traffic.

3.2.3 Design of single-track lines for dedicated high-speed traffic
Operation of single-track railway lines is characterized by crossing points where trains in different directions meet each other. Two undesirable properties follow on the crossings:
· Increased timetabled run times.
· Risk of delay propagation and knock-on delays.
The increased run time is caused by speed limitations at turnouts and the fact that at least one of
the trains has to brake and let the opposing train pass on the other track. The time loss due to
braking is higher for short crossing loops than for extended ones.
All crossings are associated with risk of delay propagation. As soon as two crossing trains are
not equally delayed the crossing course will differ from the scheduled situation. Depending on
the infrastructure design this will lead to more or less delay propagation from one train to the
other.
It is possible to limit these undesired effects with well thought-out infrastructure designs. To do
so it is necessary to have a somewhat broader perspective. It is not a question of designing individual crossing loops, but rather of designing entire crossing areas with several crossing loops
that form a system. Statistical methods and modelling of signalling systems and vehicle movements were applied to analyse the effect of four factors:
[20]
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· Length of scheduled crossing loop
· Distance between crossing loops
· Passenger stop at scheduled crossing loop
· Maximum speed / vehicle characteristics
The four evaluated combinations of loop length and inter-loop distance are listed in table 4.
Loop length [m]

Inter-loop dist.[km]

1

1 500

20 000

2

1 500

10 000

3

20 000

20 000

4

20 000

10 000

Table 4 Analysed combinations.

The evaluation showed that the amount of time supplement needed to maintain punctuality is
affected by the analysed factors according to figure 9 and 10.
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Two main groups are seen in each figure: 250 km/h are the leftmost eight columns and 300
km/h are the rightmost eight columns. In most combinations a higher maximum speed requires
additional time. The difference is higher when the crossing is combined with a passenger stop,
since the deceleration, dwell and acceleration then has to be accomplished for both trains in all
crossing situations, independent of the actual delay difference.
The passenger stop, however, means that the extra supplement needed to reduce delay propagation (crossing supplement) is limited. Please note that this effect depends on the delay level.
Higher punctuality (Exp 100) requires less time supplement than lower punctuality. Co-location
of crossing and passenger stop is therefore beneficial since almost no crossing supplement is
needed since the dwell time makes it possible to perform time efficient crossings during a rather
wide interval of delay difference.
It is also important to notice that a passenger stop makes the crossing time supplement quite
independent of loop length and inter-loop distance. This means that a crossing loop of 1500 m
length is enough when the crossing is combined with a passenger stop. It is also unnecessary to
reduce the inter-loop distance from 20 000 to 10 000 m in this case.
The situation is somewhat different when a scheduled crossing is planned to a loop without a
passenger stop. In this case the most efficient way to reduce the crossing supplement is to extend the scheduled crossing loop into a partial double-track (20 000 m).
The calculated time supplements can also be used to estimate achievable average speed for the
trains. This is shown in appendix 2 – Design of crossing loops.
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Delay level Exp 100
400
350

Time [s]

300
250
200

Crossing supplement

150

Passenger stop

100
50
0
1 2 3 4

1 2 3 4

1 2 3 4

No stop

Stop

No stop

250 km/h

1 2 3 4
Stop

300 km/h

Figure 9 Required time supplements when entry delays are Exp(100)-distributed. Loop length and
inter-loop distance according to table 4.

Delay level Exp 160
400
350

Time [s]
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Figure 10 Required time supplements when entry delays are Exp(160)-distributed. Loop length and
inter-loop distance according to table 4.
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3.2.4 Conclusions
Mixed traffic is a challenge already on double-track lines where faster trains catch up with
slower ones. For single-track lines this phenomenon is combined with crossings. This means
that both crossings and overtakings must be handled. The catch-up effect also results in timetable wedges which in turn makes it difficult to find feasible timetable solutions for crossings.
Based on the performed analyses we recommendation the following:
High-speed and regional traffic:
· A frequency of 0.5 high-speed trains/h/direction and 0.5 regional trains/h/direction will
work on a normal1 single-track line.
· A combination of 1 train/h/direction for one of the train types and 0.5 trains/h/direction for
the other will probably work on an adjusted 2 single-track line.
High-speed and freight traffic:
· A frequency of 0.5 high-speed trains/h/direction and 1 freight train/h/direction will work on
a normal single-track line.
· A frequency of 1 high-speed train/h/direction and 0.5 freight trains/h/direction will also work
on a normal single-track line with average inter-loop distance 10 km.
Homogeneous high-speed traffic:
· A frequency of 1 high-speed train/h/direction will work on a normal single-track line.
· A frequency of 2 high-speed trains/h/direction will probably work on an adjusted singletrack line.
Design of single-track lines for homogenous high-speed traffic

A system for homogeneous high-speed traffic can be adjusted for very high operational performance. This requires:
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· High standard crossing loops.
· An inter-loop distance not longer than 20 000 m. Shorter distances are needed to get timetable flexibility.
· Co-location of passenger stops and crossings. This combination results in less time consuming crossings and less investment.
· Extended crossing loop where passenger stop and crossing cannot be combined.

1

A normal line is not constructed with a special timetable in mind. It is rather adjusted to manage timetable changes and development.
2

An adjusted line is a line where certain parts are constructed for time efficient crossings and overtakings, e.g. partial double-tracks, loops with four tracks for combined crossings and overtakings etc.
[23]
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4 Subject 2 – Track connections
Double-track lines show somewhat different operational characteristics compared to singletrack lines. Two major differences are the higher capacity and higher timetable flexibility for
double-tracks. An ordinary double-track line consists of stations, loops and line sections where
the later connect the stations and loops.
This chapter focuses on the loops, i.e. the places where dispatching actions can be taken to control the traffic through overtaking and crossings (in case of temporary single-track operation
etc). Two kinds of loop are analysed:
· Track loops, used for temporary single-track operation during maintenance and failures etc,
and to increase the operational flexibility through amended use of the two line tracks, e.g. parallel operation.
· Passing loops, used for overtaking where faster trains pass slower ones.
Important factors analyzed includes loop design, i.e. turnout standard, lengths of loop tracks etc,
and loop spacing, i.e. the distance between adjacent loops.

4.1 Methods, assumptions and conditions
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The analyses are performed through factorial experiments with 3-5 factors. Each factor is modelled on two or three levels. This kind of screening approach is very useful in feasibility studies
since the sensitivity to different factors can be analysed quickly and efficiently. The accuracy
can be kept at a high level if experience from previous projects is utilized when factors and factor levels are chosen.
The evaluation of double-tracks focuses on capacity and scheduled delays. The determination of
knock-on delays, that occur during operation, is an alternative and complementing measure of
performance. This kind of delay is not analysed at this stage since it depends so strongly on the
timetable design. Numerous feasible timetables exist for double-track systems and an analysis
based on only one, or a few of these, would not give any useful and general results.
A focus on pure capacity measures makes it possible to apply deterministic, generic and combined methods. The signalling system together with the train movements are the key parts that
need to be modelled to answer the questions raised about loop design. A generic and combined
model (TVEM) is useful to evaluate the effect of different inter-loop distances. This model is
used for analyses of thousands of infrastructure designs and timetable variants which gives a
good screening effect.
Some assumptions were made in order to simplify and limit the evaluation space. Only speed
levels of 140, 200, 250 and 300 km/h were used. The lower speeds were assumed for freight and
regional trains respectively and the two higher speeds for high-speed trains. The all-important
signalling system was assumed to be ERTMS level 2 , which means that driving permissions are
continuously updated, but train routes are only released at block signals (no moving block). No
gradients were analysed. However, all train types used within the assignment manage 15-20‰
gradient.

[24]
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4.2 Track loops
Track loops are crossovers that connect the two line tracks on a double-track railway line. They
are usually located at major stations/junctions, at passing loops (minor stations) or just on the
line as simple crossing points.
This report focuses on the use of these loops to maintain traffic during maintenance work, failures etc that cause closure of one of the two line tracks. This implies a temporary single-track
operation between two adjacent track loops. The task is to find a suitable distance between the
track loops as well as a recommendation of speed level in the turnouts.
The track loop is a rather simple design with four turnouts positioned so that they form two
cross-overs that allow trains to shift from one main track to the other. It is feasible to distinguish
between two types:
· Simple track loop.
· Combined passing and track loop.
A simple track loop can only be used to switch from one track to the other, whereas a combined
loop also gives access to the passing loop from the outer track.
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Figure 11 Simple track loop.

Figure 12 Combined passing and track loop.

The major design parameter for a track loop is the permissible speed for the diverging track in
the turnouts. This turnout standard affects the delay caused to the trains when they are forced to
switch tracks. To some extent the turnout standard also affects the capacity for single-track operation through its influence on the run time between two adjacent track loops.
A track loop does not work on its own. In most cases two or more track loops are used during
special operational modes such as temporary single-track operation, parallel operation etc. This
means that the track loops cannot be designed individually. The inter-loop distance is therefore
a factor of great interest.

[25]
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Figure 13 shows a typical single-track operation where one of the line tracks is blocked. Reasons for such blockage could be vehicle failure, track or signal failure or planned maintenance
etc. In such cases it is often feasible to let all traffic pass on the other, still operational track.
Train A

Train C

Figure 13
Track
loops
used

Train B

for temporary single-track operation.

The main aim for the system designer is to design the track loops and the distance between them
so that the capacity for this kind of operation is high enough. This is done in this assignment
through run time calculations.
The speed restriction for the diverging track in turnouts forces switching trains to slow down
before a track loop, which extend the traversing time between the track loops. This results in
lower capacity and more delay.
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Figure 14 shows details for the two alternative loop designs evaluated within this assignment
and figure 15 shows a timetable example for temporary single-track operation between two adjacent track loops. Bunching is a useful measure to increase capacity in this kind of situation.
This means that two or more trains follow in the same direction between each direction change.
Most often this kind of improvised single-track operation means that the trains have to wait
(queuing) before they get access to the single-track section. This is shown in figure 15 through
acceleration courses.

Turnout
100 km/h
130 km/h

Distances [m]
100 148
“
215

20
“

Loop length [m]

148
215

100
“

516
650

Figure 14 Length of track loop with different turnout standard. Main signals marked with simple
arrows beside the tracks.

The evaluation involved 24 combinations of inter-loop distance (10, 20 and 30 km), maximum
train speed (250 and 300 km/h), turnout standard (100 and 130 km/h) and bunch size (1 and 2
trains). Figure 16 shows capacity for each of these 24 variants.
It is seen that the bunch size and the inter-loop distance are the most important factors. The capacity increase for bunched operation is 45-75%. Bunching has greatest effect when inter-loop
distance is long (30 km) and maximum speed is low (200 km/h). A short inter-loop distance and
fast trains makes bunching much less beneficial.
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Distance [km]

Bunch size: 2 trains
Turnout: 100 km/h
Max speed: 300 km/h
Inter-loop distance: 20 km
28
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Figure 15 Graphical timetable for bunched single-track operation between two track loops.

Capacity [trains/h and direction]
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Figure 16 Maximum capacity for temporary single-track operation. Two train speeds: 200 and 300
km/h.
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The inter-loop distance is more important for the slower trains. A change from 30 to 10 km inter-loop distance means a capacity increase of 110 % for traffic at 200 km/h but only 60 % for
traffic at 300 km/h.
The turnout speed seems to be a factor with minor impact on capacity. This is reasonable since:
· Only half of the trains suffer from speed restrictions in turnouts.
· The speed restrictions (for restricted trains) almost only apply at the exit track loop
since
the restriction at the entrance loop lies over the acceleration curve regardless of turnout standard (100 or 130 km/h).
· The speed restriction at the exit loop prolongs the cycle time through extended run
times.
However the extension limits to the braking, since the following acceleration
course is performed outside the single-track section, where the train route is already released.
It is of interest to focus on the three most important factors: the inter-loop distance, the bunch
size and the maximum speed (vehicle type). Figure 17 shows how the inter-loop distance affect
the capacity for the four combinations of bunch size and maximum speed. The turnout speed is
here fixed to 100 km/h and the inter-loop distance is increased step-wise by 1 km from 10 to 30
km.
Figure 17 is very useful since it can be used to choose a feasible inter-loop distance, given a required capacity level. The figure shows the features discussed above: faster trains give higher
capacity for a given inter-loop distance and the difference between fast and slow trains increases
with the inter-loop distance. Bunched operation is more beneficial, compared to one-by-one operation, for long inter-loop distances.
10
Bunch:
Bunch:
Bunch:
Bunch:

9

Capacity [trains/h and direction]
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Figure 17 Maximum capacity for temporary single-track operation. Turnout speed fixed to 100
km/h.
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The analysed parameters also affect the additional delay that trains suffer due to temporary single-track operation. This delay is heavily dependent on the timetable design and it is therefore
very difficult to give useful estimations of these delays. A rough estimate of the mean additional
delay is derived in Appendix 3 – Track loops, Interim report.
4.2.1 Conclusions
The two design parameters studied in this report, the inter-loop distance and the turnout standard, have to be chosen with respect to traffic intensity, maximum speed for the trains and operational requirements.
The analysis of passing loops and double track capacity, see following chapter 5.3, showed that
the capacity for mixed traffic is 4-6 trains/h and direction. A reasonable requirement for the
track loops is then that they shall manage this design capacity, so that cancelation of trains can
be avoided.
Requirements for low additional delays are assumed to be secondary. This is reasonable as long
as the track loops are used only for redundancy and not used in the normal, scheduled operation.
This leads to the conclusion that the turnout standard is not a key factor. It is therefore reasonable to use the moderate turnout standard of 100 km/h for track loops that are used mainly for
redundancy.
One exception from this recommendation is one-sided passing loops where the track loop turnouts can be given a higher standard to ensure time and capacity efficient overtaking.
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Figure 18 One sided passing loop. The track loop turnouts (red) could here be given the same
standard (130 km/h) as the passing loop turnouts if the loop is planned to be used for overtakings in
both directions.

The choice of a turnout standard of 100 km/h is not very controversial since the speed restriction
does not affect the capacity nor the additional delay caused to the trains during the kind of stopand-wait operation that is normal in temporary single-track operation.
The inter-loop distance is a more important design factor. A capacity requirement of 4-6 trains/h
and direction means that an inter-loop distance of 18-20 km is needed. This distance makes it
possible to operate 4 trains/h and direction in one-by-one operation and at least 6 trains/h and
direction in bunched operation. A distance of 18-20 km/h requires a maximum speed of at least
200 km/h. On line sections with lower maximum speed, or in case some of the trains have a
lower maximum speed, the distance should be reduced in order to reach the required capacity.
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4.3 Passing loops
Operation of double-track lines differs from operation of single-track lines since the crossings
may take place anywhere and without time loss. However, double-track lines may be operated
with a mix of trains at different speeds, e.g. high-speed, regional and freight trains. The consequent mix of speeds implies overtaking where faster trains pass slower ones. The overtaking
shares some features with crossings:
· They increase capacity (for a given traffic mix).
· They have to be carefully planned in the timetable.
· They imply time losses (scheduled delays).
· They mean a risk of delay propagation (knock-on delays).
· They require dispatching actions in disturbed situations.
How these features affect the operational outcome of a railway line depends heavily on the infrastructure design and operational factors such as timetable and occurrence of disturbances.
Two factors of special interest are: the design of passing loops and the spacing of passing loops
(inter-loop distance).
The passing loops also have a great impact on capacity and timetable flexibility. Two examples
are shown in figure 19 and 20. Both timetables show the traffic in one direction on a doubletrack railway line of about 400 km length. In the first case a 30-minute high-speed traffic is
combined with regional traffic with the same frequency of service. The line has only eight passing loops and two of these are used for (scheduled) overtaking.

1

3

Passing loop

R:\5645\2010\10142407 - Rail Specific Planning and Development Analysis for highspeed
Railway Assessment\7_Leverans\Final report 2011-02-18\Final_Report Specific_Planning_and_Development_Analysis_2011-02-18.doc
Mall: Allmän - Stående - 2003.dot ver 1.0

2

4

5

6

7

8
0

30

60

90

120

150
Time [min]

180

210

240

Figure 19 Timetable example for a mix of high-speed and regional trains.
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Figure 20 shows a somewhat different line design with eleven passing loops. This line is operated by a mix of high-speed trains every 30 minutes and freight trains. The timetable shows that
the capacity for this traffic mix is two high-speed trains and four freight trains per hour.
The scheduled delay is a factor of great importance. It affects not only the run times (travel
times), but also capacity and operational robustness. The scheduled delay is therefore a given
measure of performance when double-track railway lines are to be designed.
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Figure 20 Timetable example for a mix of high-speed and freight trains.

4.3.1 Design of passing loops
The passing loops have to be designed for time efficient overtaking. This means that turnouts
and track lengths have to be chosen so that the time needed for the faster train to pass the slower
one is as short as possible.
It is important to distinguish situations where overtaking is combined with a passenger stop.
This means that dwell time as well as time supplements for deceleration and acceleration does
not contribute to the scheduled delay caused by the overtaking.
This chapter analyses the effect of some important technical design factors for passing loops on
the effectiveness of overtaking. Two different operational situations are addressed; high-speed
train overtaking regional and freight train respectively.
The analysis is performed through run time calculations where deceleration and acceleration
courses are modelled as well as release and setting times for the train routes. The calculations
are pure deterministic and aim at finding the minimum scheduled delay caused to the overtaken
train. Figure 21 and 22 show two principal designs. The speed level at the entrance turnout determines the distance to the stopping point. A distance of 100 m is assumed between the stopping point and the trap point (the first exit turnout). The exit turnouts have a maximum speed of
100 km/h for the diverging track in all cases. Given the assumed stopping point and acceleration
data this speed will not be restrictive for accelerating trains.

[31]

FINAL REPORT 2011-02-18
HIGH SPEED RAILWAY ASSESSMENT, PHASE 2, NORWAY
RAIL SPECIFIC PLANNING AND DEVELOPMENT ANALYSIS

Stopping point

Entrance
turnout

Distances [m]

100 km/h
130 km/h
160 km/h

160
215
320

310
585
900

100
“
“

160
“
“

Figure 21 Alternative loop lengths for an ordinary, one sided, passing loop.
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Figure 22 Alternative loop lengths for a two-sided passing loop for combined overtaking and passenger stop.

The results are summerized in figure 23. Regional trains suffer from greater scheduled delays
due to their higher maximum speed (200 km/h) compared to the freight trains. An efficient way
to reduce the impact of the overtaking is to combine it with a passenger stop. This means that
deceleration supplement, some of the dwell time and the acceleration supplement become useful
(operational) time instead of scheduled delay.
This is illustrated in figure 23. The dwell time used here corresponds to a short regional stop of
60 s and the shown values include time supplements for deceleration and acceleration. For major stations a longer dwell time may be necessary. Those cases mean that an overtaking might
be scheduled without scheduled delay.
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Time for overtaking [s]

240
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Passenger stop

30
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Turnout:

100 130 160
km/h km/h km/h

100 130 160
km/h km/h km/h

Regional train

Freight train

Figure 23 Minimum scheduled delay at overtaking. Regional and freight trains with alternative
turnout speeds (diverging track).

It is very important to bear in mind that this analysis only concerns minimum scheduled delay
caused by overtaking. Delays in the real operation will result in a need to include also special
time supplements to limit the delay propagation.
The amount of such supplements depends on the details of the infrastructure design as well as in
the timetable. This means that such supplements must be addressed in special order when more
details about the infrastructure and the operation are known.

R:\5645\2010\10142407 - Rail Specific Planning and Development Analysis for highspeed
Railway Assessment\7_Leverans\Final report 2011-02-18\Final_Report Specific_Planning_and_Development_Analysis_2011-02-18.doc
Mall: Allmän - Stående - 2003.dot ver 1.0

4.3.2 Loop spacing
The design of passing loops is a question of details where metres of track length and seconds for
release and setting of train routes have to be optimised. Another, much more general, factor in
the design of double-track lines is the loop spacing (inter-loop distance).
The loop spacing is general since it affects not only the scheduled and knock-on delays, but also
the capacity and the number and the structure of feasible timetables. This means that the loop
spacing should be analyzed (at least) from two points of view:
· Capacity and operation possibilities, i.e. timetable flexibility, scheduled delays etc.
· Knock-on delays, need for time supplements etc.
The second point corresponds very well to the analyses performed for crossing loops and the
same method might be used to estimate the knock-on delays and the time supplements needed
for the overtaking. One major difference, however, is that such estimation requires detailed
knowledge, or assumptions, about the timetable.
It is much easier to foresee a future single-track timetable, since the crossings strongly restrict
the timetable variability. A double-track line has much higher timetable flexibility and hence
more feasible timetables. For this reason we choose to leave these analyses to a later stage
where more timetable details are known.
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Even if the detailed delay analyses are left for future assignments, it is very useful to analyse the
capacity effects of different loop spacing strategies. The analysis is performed as a multi-factor
analysis where the effect of the inter-loop distance is analysed together with operational factors
such as maximum speed of high-speed trains, frequency of service, stopping pattern and traffic
mix.
A mix of infrequently operated high-speed trains and regional trains is a feasible traffic mix for
a double-track railway system. Figure 24 shows the proportion of feasible timetables found for
each of the 24 evaluated infrastructure/operation variants.
The clearest result is that the frequency of service for the high-speed trains has a great impact on
the timetable flexibility for regional trains. The lower frequency, one high-speed train/h, gives
the opportunity to schedule regional trains without overtaking, which means that the number of
passing loops does not restrict the number of alternative timetables very much.
The passing loops are much more important when high-speed frequency is high. This is seen
both in a lower proportion feasible timetables and greater (relative) difference between different
inter-loop distances. In other words, for the studied traffic mix the inter-loop distance is only a
capacity concern when high-speed frequency is high.
1,0
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Figure 24 Proportion of feasible timetable variants (timetable flexibility).

A mix of infrequently operated high-speed trains and fast freight trains (140 km/h) is also a possible traffic combination for at double-track system. Figure 25 shows that at least one freight
train/h is possible in all variants but one. Several of the variants show very high capacity for
freight trains, 4-11 trains/h.
It is seen that the inter-loop distance is of great importance. It is possible to compensate a high
maximum speed and/or frequency of service with a shorter inter-loop distance. The maximum
speed of high-speed trains does not affect freight train capacity very much when the frequency
of service is only one train/h. A higher frequency of high-speed trains results in a higher sensitivity to the inter-loop distance.
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Figure 25 Mean number of possible freight trains/h.

4.3.3 Conclusions
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This chapter addresses the design of passing loops and the distance between them. These parameters are essential in the design of double-track railway systems due to their direct impact on
capacity, scheduled delays (run times) and knock-on delays.
The design of each passing loops is mainly a matter of scheduled delays, i.e. how time efficient
overtaking should be made possible. The evaluation of different designs and traffic situations
resulted in the following recommendations:
· Speed in entrance turnout (diverging track): 130 km/h.
· Length of loop track (between signals): 685 m
· Speed in exit turnout (diverging track): 100 km/h.
· Combined overtaking and passenger stop is a very efficient way to minimize the scheduled
delay and reach a high average speed for the overtaken train.
The technical design values (three first points) give a scheduled delay of 155-170 seconds, depending on the operational situation. If the overtaking is combined with a passenger stop the
delay is only 20 seconds.
The loop spacing is a much more general task since it affects both capacity and scheduled and
knock-on delays. The analysis of different inter-loop distances shows that a high-speed line operated by one high-speed train/h (and direction) also manage regional trains every 60 or 30
minutes. Even if the high-speed frequency is increased to two trains/h there will be capacity for
regional train with the same frequency.
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For a mix of high-speed and regional trains the following recommendations, regarding interloop distances, can be made:
· 60 km inter-loop distances for lines planned for one high-speed train/h.
· 20-40 km inter-loop distances for lines planned for two high-speed trains/h.
· Special care has to be paid for the exact locations of the loops. This is most important when
the high-speed traffic is operated with two trains/h.
The distances are between two adjacent loops whose loop track is directly available from the
main track for the actual direction, i.e. without intersecting routes with opposing traffic.
The analysis also shows that there is capacity for freight traffic, provided that these trains are
fast (140 km/h) and have similar characteristics as the passenger trains (acceleration and deceleration). The frequency of the high-speed trains and the inter-loop distances are very important
for the freight capacity. The speed of the high-speed trains is also important when this traffic is
operated with two trains/h.
The analysis shows that the recommendations for high-speed plus regional trains also hold for
high-speed plus freight:
· 60 km inter-loop distances for lines planned for one high-speed train/h.
· 20-40 km inter-loop distances for lines planned for two high-speed trains/h.
These inter-loop distances will make it possible to operate 2-4 freight trains/h. However, also
this traffic mix is sensitive to the exact location of the passing loops when the high-speed frequency is high (2 trains/h).

R:\5645\2010\10142407 - Rail Specific Planning and Development Analysis for highspeed
Railway Assessment\7_Leverans\Final report 2011-02-18\Final_Report Specific_Planning_and_Development_Analysis_2011-02-18.doc
Mall: Allmän - Stående - 2003.dot ver 1.0

Even if this amount of freight traffic might not seem realistic, the evaluation indicates that there
is spare capacity between the high-speed trains. The two traffic mixes analyzed in this chapter
are rather simple ones. If the mix becomes more complicated, including more than two types of
traffic, the capacity is likely to drop and the scheduled delay to rise.
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5 Subject 3 – Station Design
5.1 Station Design
5.1.1 Introduction
This section is a series of track layouts from which various solutions can be chosen depending
on the traffic scenarios defined in later stages of the Norwegian high-speed assessment. Solutions for single and double track railways are included in this series.
General comments on the track layouts are discussed such as:
· Platform lengths and heights
· Distances between track centres
· Track curvature at platforms
· Vertical line profile at a station
· Train protections
· Station designs integrating crossing loops and track loops
· Stabling tracks and adaptions for reversing of trains
· Underground stations
· Passenger safety at platforms, including
Passive and active protection barriers
· Platform designs and approximate platform dimensions
Abridged texts including TSI station design requirements as expressed in the:
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· TSI-HighSpeed-Infrastructure, 2008/217/EC; 2007-12-20
· TSI-HighSpeed-Persons With Reduced Mobility, 2008/164/E C, 2007-12-21
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5.1.2 Possible station layouts
There are a number of possible cases for station design depending if it is single track operation
or double track operation and whether passing or crossing is required because of the track occupancy requirements, time-table, reliability, traffic mix etc. The track layouts of stations will of
course depend on the traffic that they shall serve. The intention with these scenarios is to identify various station design alternatives that may be relevant for a Norwegian HSR network.
The proposed traffic scenarios are influenced by the Swiss concept Bahn 2000, but the results as
regards station designs is quite general. The various scenarios only illustrate a part of a complete
timetable as marked by a grey rectangle in the figure to the right. End terminal conditions and
stations are not considered.
In this example Stn1 and
Stn3 are stations where
the high-speed trains
normally stop. Stn2 is a
station where regional
(high-speed) trains may
stop.

Stn3
D

Stn2
Stn1
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Ideally the stations should be located at distances giving a multiple of ½hr running time. In the
figure to the right, train speeds are adjusted to the distances to give ½hr running time between
the stations. As a matter of fact, the run time requirement may be used to define the maximum
design speed of the various station to station line sections. This is illustrated in the diagram. The
line may be single track with trains crossing each other at the stations.
One further advantage, being the basis for the Swiss Bahn2000 concept, is that regional and local transportations may efficiently connect to the stopping HSR trains in both directions. This
latter aspect makes the traffic scenario interesting also in case of a double track line.
A cross-section of possible station track layouts, are presented in section 3.1 of the Station Design appendix. Various track layout solutions may be chosen depending on the traffic scenarios
defined in later stages of the Norwegian high-speed assessment. Solutions for single and double
track railways are also included. Another aspect of the designs concerns the protection barrier
between accessible platform areas and tracks where high-speed trains will pass at high speed.
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The most interesting station layouts of those listed in the appendix are shown below.
The following legend of the layouts is used: The ”protection barrier” is some
type of means to protect passen= track
= platform
gers from risks when a HST is
= "passive" protection barrier
passing the station.
= protected platform area with
A “protected platform area”, is a
an "active" protection barrier
part of a platform between a pro= double track section near a
tection barrier and a track where
station that shall be used as
a HST may pass. The intention
a crossing loop of two passing
is that no passengers will be altrains
lowed to remain in such area
= extract from
when a HST is passing.
traffic scenario,
showing
traffic
An “active” barrier can open or
10 minutes
pattern at station
Regional train
close depending on the stopHigh-speed train
ping/passing situation, whereas
the “passive” barrier is a fixed
XS or YP are notations as regards number of stopinstallation.

ping (S) and passing (P) trains at the same time.

Accounts for the alternative station widths (Ws), lengths (L) and areas (A) are given in connection with the layouts. These refer to the following example, showing layout 6.3.
Length of platforms = 350 m

D

Wp
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Width of station (Ws)

4,5 m

Length of station (L)
Total station area (A)
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2

2.1

2 stopping trains
Possible designs of the HST stopping stations Stn1 and Stn3 without any
other services requiring more station tracks. Possible passing trains may
only pass with reduced speed.
Island or side platforms may be used.

Single track station
2S
Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
13,4
13,4
Length (m)
828
828
Area (m2)
16 200
16 200

2.2

Double track station
2S

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
13,4
13,4
Length (m)
1 930
2 070
Area (m2)
38 400
41 100

3
3.1

1 stopping and 1 passing train

Single track station
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Passive barrier
1S1P
Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
12,0
12,0
Length (m)
700
700
Area (m2)
11 300
11 300

4
4.3

1 stopping and 2 passing trains

Double track station
Passive barriers
1S2P

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
20,3
20,3
Length (m)
1 850
2 110
Area (m2)
44 700
50 600
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5
5.2

2 stopping or 1 passing train

Single track station
Active barrier
1S1P or 2S

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
20,7
20,7
Length (m)
700
700
Area (m2)
11 900
11 900

6
6.1

2 stopping or 2 passing trains or 1 stopping and 1 passing train

Single track station
Active barriers
1S1P, 2S or 2P

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
21,7
21,7
Length (m)
410
410
Area (m2)
8 600
8 600
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6.3

Double track station
Active barriers
1S1P, 2S or 2P

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
21,7
21,7
Length (m)
1 550
1 550
Area (m2)
26 200
26 200

7

2 stopping and 1 passing train
No applicable traffic scenarios identified in section. The station layouts are
enclosed as a matter of record and as possible passive barrier solutions.

8

4 stopping trains
Possible designs of the HST stopping stations Stn1 and Stn3. Possible passing trains may only pass with reduced speed.
Island platform solutions should be used in order to allow fast interchange
between the HST and regional trains over the platform.
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8.2

Single track station
4S

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
31,3
31,3
Length (m)
909
909
Area (m2)
28 800
28 800

8.3

Double track station
4S

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
31,3
31,3
Length (m)
828
828
Area (m2)
28 600
28 600

9
9.1

2stopping and 2 passing trains

Single track station
Passive barriers
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2S2P

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
30,5
30,5
Length (m)
700
700
Area (m2)
18 000
18 000

9.2

Double track station
Passive barriers
2S2P

Dimensions: 250 km/h 300 km/h)
Width -Ws (m)
30,5
30,5
Length (m)
700
700
Area (m2)
18 400
18 400

10

4 stopping or 2 stopping and 2 passing trains
No applicable traffic scenarios identified.
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As mentioned above, the safety of passengers on platforms is a fundamental aspect for the station designs. Objects may be thrown up on the platform by the snow plough or by the aerodynamic drag of the train. The situation is considered to be the most severe in winter time with
snow and ice in the track. The slipstream effect of passing trains may cause dangerous forces on
people on a platform.
Safety zones are today commonly used along platform edges. Current Norwegian requirements,
for example, are specified in the JBV document JD 530 ”Plattformer og spor på stasjoner”:
Speed (km/h)

V £ 50

50 <V £ 140 50 <V £ 140

Width of safety zone (m)

0,5 m

1,0 m

1,5 m

The boundary of the safety zone (danger area), furthest from the platform edge, is normally
marked with visual and tactile warnings. There may also be acoustic warnings and special information on the platform signs when a train is passing.
The Norwegian requirement for the marking of the safety zone is:
Normal requirement:

The safety zone shall have a tactile surface, for blind persons and persons with reduced sight, of 400mm width towards the zone where passengers may stay.

Minimum requirement: The safety zone shall be marked by a 100mm wide yellow line. A similar, possible thinner, line should mark the platform edge.
The normal rule is that passengers may not stay on a platform where trains pass at speeds ≥ 240
km/h. Access is only permitted when a train is intended to stop.
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However, when speeds of passing trains are increased above 200km/h, new solutions for platform safety should be found. In this report we identify “active” and “passive” protection barriers
between high-speed tracks and platform areas where passengers may stay when a high-speed
train is passing.
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A passive protection is a wall, or possibly a fence, separating the high-speed track through the
station from the platform areas. Several of the station layouts may use passive barriers, which
should be fairly simple to build and maintain. However, station layouts with passive barriers
will in general require 1 or 2 more tracks than the layouts with active barriers.
Example of passive barrier:
Passive barriers are quite
common on high-speed railways worldwide.

TGV station in St-Raphaël

Example of active barrier
(Platform screen doors, PSD):
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Active barriers are quite common on modern metro systems, but should in principle
be possible to use also on
high-speed and conventional
railways.
Active barrier systems are
- full height (as shown in the
figure)
- Semi-high platform doors
- Half height platform doors
(platform safety gates)
Lille, Porte de Valenciennes

The full height barriers have the advantage that the waiting area may be given a very good passenger environment. This advantage should not be underestimated.
Further aspects on the use of PSDs are presented in the Station Design appendix, section 4.
PSDs have many advantages, but also disadvantages such as costs, reliability etc. We recommend that the choice of active or passive barriers is done considering each specific case.
PSDs are relatively simple to apply in metro systems with indoor tunnel stations and homogenous rolling stock. The situation is more complicated on high-speed and conventional rail-

ways. Weather conditions must be considered, aerodynamic forces on the PSDs are
higher and the position of the doors will obviously partly be in conflict with the doors of
different types of rolling stock. The figure above indicates this problem.
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FLIRT

Approximate dimensions of the PSD
and it’s distance to the platform edge
may possibly be as shown in the figure to the right.

1,6 m - 2 m

1,4 m

2,4 m

It should be noted that problems may
arise e.g. with facilities to allow
wheelchair users to board on or
alight from trains. See the PRM TSI
section 4.1.2.19.
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Finally, we strongly recommend that stations in tunnels shall be avoided unless trains are run at
fairly low speeds through such tunnels. Pressure variations may travel between the enclosed
spaces in which trains run and the other spaces of stations, which may produce powerful air currents that passengers cannot withstand and will find very uncomfortable.
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5.2 Effect of High speed rail stop and Benefits of station Establishment
5.2.1 Introduction and background
The aim within this project is to develop methods or guidelines for assessing effects that are of
importance when deciding whether high speed trains should stop at a certain location or not.
There are a number of reasons for adding a passenger station stop on a high speed rail line, e.g.:
· Strong passenger demand
· Part of a development strategy
· Crossing or passing loops at the location needed anyhow
· Connecting railway lines are easily accessible
Establishing a passenger station may, as seen above, add benefits in terms of increased accessibility and increased ridership. However, at the same time each stop will contribute to travelling
time and increase operating costs.
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The analysis and assessment within this project refers to a high speed railway in six alternative
corridors. Jernbaneverket (JBV) has produced a prioritised list of possible intermediate stations
in each corridor (see Table 1).
Corridor
1

End Stations
Oslo-Göteborg

Intermed. #1
Halden

2
3
4
5 Hallingdal
5 Numedal
5 Haukeli
6 Hamar

Oslo-Stockholm
Oslo-Stavanger
Stavanger-Bergen
Oslo-Bergen
Oslo-Bergen
Oslo-Bergen
Oslo-Trondheim

6 Gjøvik
6 Østerdalen

Oslo-Trondheim
Oslo-Trondheim

Lillestrøm
Kristiansand
Haugesund
Hønefoss
Drammen
Drammen
Gardermoen
Airport
Lillehammer
Gardermoen
Airport

Intermed. #2
Sarpsborg/
Fredrikstad
Kongsvinger
Drammen
Stord
Geilo
Kongsberg
Kongsberg
Lillehammer

Intermed.#3
Moss

Intermed. #4
Ski

Intermed. #5

Karlstad
Porsgrunn

Torp

Arendal

Voss
Geilo
Bø
Hamar

Gol
Voss
Odda
Otta

Gjøvik

Otta

Table 1 Six corridors and potential intermediate stations in each corridor (JBV)

The work has comprised two steps. The first step3, concerns the selection of locations that might
be considered for potential stops while the second step 4 concerns the application of a method for
analysis of selected locations. The first step has been applied to all six corridors pointed out by
Jernbaneverket, while the second step has been accomplished only for the Oslo-Stavangercorridor. In Phase 3 the method developed for the Oslo-Stavanger corridor can be applied to the
remaining five corridors.

3

Described in Chapter 2 in the report “Report - Effects of High speed rail stop and Benefits of station
Establishment”
4

Described in Chapter 3 in the report “Report - Effects of High speed rail stop and Benefits of station
Establishment”
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5.2.2 Selection of places for potential stops
The selection of suitable places is based on a description and analysis of regional data concerning demography, employment, industrial structure, labour market and land use pattern (e.g.
population density). The analysis is based on current data, historical data and, when available,
forecasts, plans or projections. Demography is of interest with respect to the population size and
age distribution, as these factors will give the maximum number of potential trips. The industrial
structure is of interest with respect to the number of potential business trips. If the potential stop
is located in reasonable proximity to the origin or end destination, the labour market is of interest with respect to the number of potential in- and out commuters. As for the land use pattern,
concentration of population and workplaces is more favourable than a dispersed land use pattern, e.g. as an indicator of better preconditions for a harmonising public transport system. The
analysis of the different corridors also pay attention to other factors of interest, e.g. factors related to trip generation from airports and recreation purposes.
In order of priority, the following locations within each corridor are deemed most favourable for
intermediate stations.
Corridor
1

End Stations
Oslo-Göteborg

2

Oslo-Stockholm

3
4

Oslo-Stavanger
StavangerBergen
Oslo-Bergen
Oslo-Trondheim

5
6

Potential stops
Sarpsborg/
Fredrikstad
Skedsmo
(Lilleström)
Kristiansand
Haugesund
Drammen
Ullensaker
(Gardermoen)

Moss (Rygge)
Karlstad
Drammen

Sandefjord/Torp

(Arendal)

Hønefoss
Gjövik/Hamar/
5
Lillehammer

Kongsberg

Voss

Table 2 Six corridors and proposed stations in each corridor
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As a hint to the reasons for this suggestion, it could be mentioned that Halden is excluded in
Corridor 1, as the market in Halden is only about 20 percent of the market in Sarpsborg/Fredrikstad.
5.2.3 Method for analysis of potential stops
The second step of the project consists of developing methods, tools and guidelines for analysing the potential stops proposed from a socio-economic perspective.
The methods are based on a demand model developed within the project during Phase 2. The
main idea is to have a simple model contained within Excel that is transferable and fast. It is
also suitable to see the effects of changes in station locations from for example central to periphery where the high speed connecting may be faster, stations cheaper, but travel times to the
station longer.
Even if the model is simple it still requires a certain amount of input data and calibration parameters. These data should come from the study conducted by Atkins where a more complex demand modeling is done. At the time of producing this work data from Atkins where only scarcely available to us, so part of the model is calibrated on assumptions that would need to be improved on at a later stage.

5

Gjövik, Hamar and Lillehammer should be seen as one market area, as it does not seem viable to have
more than one intermediate station in this area, given the time-distance between Trondheim and Oslo.
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Input to the model is based on the example case of a high speed rail connection between Oslo
and Stavanger with a design speed of 250 km/h and a target travel time of 2:30 hours as given
by Jernbaneverket in concept D.
The model consists of two parts: one part where the effects on travel time of alternative stops
are calculated and one part where the effects on changes in travel times on demand levels are
calculated. The model results are fed into a Cost Benefit Analysis model, which implies that the
model is implemented twice within Excel: once for a Reference situation and once for an Alternative situation with a new stop or changed stop conditions. For more detailed information
about the demand model, see Chapter 3.1 in the report “Report - Effects of High speed rail stop
and Benefits of station Establishment”.
The following costs and benefits appear in the CBA model: consumer surplus, producer surplus,
non-internalized external effects, investment costs and maintenance costs. All outputs are calculated per year (as an annuity). Consumer surplus, producer surplus and non-internalized external
effects are based on yearly travel. Investment and maintenance costs on the other hand are made
in to annuities with an Excel sheet.
The most important output is consumer surplus (accessibility gains), which consists of two
smaller outputs. The first is time losses for passengers travelling between the end stations (who
gets increased travel time because of the stop). The second output is time gains for passengers
travelling entering or exiting at the stop. The first output consists of a lot of small time losses,
second of fewer but bigger gains. We have calculated consumer surplus using “rule of the
half”.6
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Producer surplus is calculated as the difference between ticket revenues and vehicle costs. Ticket revenues are taken directly from the demand model described above. Note that value added
tax is not deducted from the ticket revenues in our calculation, which means that part of the producer surplus is state income. Since vehicle-kilometres is not affected by investment in stations,
only time dependent costs are added.
If the high speed train stop leads to people choosing train before other modes, the external effects from other modes will decrease (and vice versa). We calculate the following external effects: wear on infrastructure, accidents, local emissions and climate gases. Since only the external part should be included, the internal part of accidents are not included. Decrease in road tax
payments are deducted from the gains from decreased external effects. The total effect is 0,107
NOK per extra passenger-kilometer by train.

6

Rule of the half is the most commonly used method for calculating consumer surplus. Examples of other
methods are log sum calulations (ie. integrating under the demand curve). This was suggested during a
workshop with Jernbaneverket in Oslo. WSP has chosen not to use log sum-calculations for several reasons: it requires that the demand forecasts are made with a logit model, it makes comparisons with the
socio economic project difficult and it does not seem to be in accordance with the Norwegian recommendations.
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5.2.3.1 Example calculations using the model

We have applied the model on potential stops along the Oslo-Stavanger-corridor. In order of
priority Kristiansand, Drammen and Sandefjord were deemed the most favourable locations for
intermediate stations in the “selection of stops”-analysis in Chapter 2 of the report “Report Effects of High speed rail stop and Benefits of station Establishment”. When a specific stop is
analysed, stops with a higher priority are included in the reference alternative. Hence, a stop in
Kristiansand is included in the reference alternative when Drammen is analysed while stops in
Kristiansand and Drammen are included in the Sandefjord-analysis.
In the reference situation the high speed connection between Oslo and Stavanger has no intermediate stops. The travel time between Oslo and Stavanger is 2.5 hours with the new high speed
connection. Based on assumptions about the market share the high speed connection will take
from the existing air market plus some induced demand, the model predicts that about 74,000
people will travel yearly in each direction, generating about 224 million NOK in ticket revenues
and about 82 million passenger kilometres per year.
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If we introduce an extra stop in Kristiansand the total travel time between Oslo and Stavanger
increases with about 4.5 minutes (based on the current assumptions on stop time, acceleration
and deceleration). The total cost benefit analysis is presented in Table 7 and shows that adding a
stop in Kristiansand provides a net benefit of 233 million NOK per year (not counting investment costs). This means that making a stop in Kristiansand could add 4 412 million NOK to the
investment cost and still be socio economically profitable. 7

7

Assuming that the investment is done during a seven year period starting the same year as the benefits
are calculated for, that the investment cost is evenly spread during these years, that the investment is fully
state financed (which implicates that the Norwegian marginal cost of public funds, 20 %, should be fully
applied), that the calculation period is 25 years, that the interest rate is 4.5 % and that the discount year is
the same as the benefits are calculated for. These assumptions means investment cost for the stop to be
socio must be less than 19 times lower than the net benefit annuity for the stop to be economically profitable. Except for the investment period and discount year all assumptions are taken from Jernbaneverkets
general recommendations. The assumptions not coming from Jernbaneverket should be changed in step
three of the investigation.
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Table 3: Economic benefits of extra stops (million NOK/Year)
[Kristiansand

Drammen

Sandefjord (Torp)

209

-6

66

Passengers O-D (endpoint travels)

-151

-152

-138

Passengers from stop-station(s)

361

146

204

Ticket revenues train

14

4

8

Vehicle costs trains

-4

-4

-4

Ticket revenues air

PM

PM

PM

Vehicle costs air

PM

PM

PM

Non internalised external effects

5

1

3

Investment and maintenance costs

PM

PM

PM

Net benefits per year

225

-7

71

Consumer surplus

Producer surplus
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The net benefit per year for a stop in Drammen is negative, suggesting that adding Drammen as
a stop may not be beneficial. Adding a stop in Sandefjord (Torp), given stops in Kristiansand
and Drammen means results in a net benefit per year of 71 million NOK. Using the calculations
in footnote 5 this means that the extra investment cost for the stop should not exceed 1350 million NOK for the stop to be profitable. This calculation is done without adding air passenger to
and from using the high speed train (adding them increases the benefits).
The travel between Kristiansand and Oslo is much larger (about 8000 ppy/pd) than the travel
between Kristiansand and Stavanger (about 500 ppy/pd). The number of travellers between Oslo
and Stavanger decreases with about 400 travellers per year because of the increase in travel time
caused by a stop in Kristiansand. The size of these effects is partly the result of using yet uncalibrated distribution functions and intra-zonal impedances. This may result in higher, but less
intuitive effects, when stations are opened at shorter distances to one another. The total passenger kilometres travelled as well as the revenues increase by 5.06 million kilometres and 13.80
million NOK respectively. A stop in Drammen decreases the number of travellers between Oslo
and Stavanger by about 7000 passengers per year per direction. There is however a significant
demand for travel between Olso and Drammen (about 15000 ppy/pd). A stop in Sandefjord
(Torp) decreases the high speed train travel between Oslo and Stavanger by 2800 passengers
and increases the HST travel between Sandefjord (Torp) by 13900 travellers.
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5.2.3.2 Other aspects to take into account when analyzing potential stops

The assessments and analyses of potential stops above are made using some very strong assumptions. Our method is based on a detailed assessment of those assumptions one by one8.
Alternative alignments

The first assumption is that that the alignment is principally the same with or without the analysed stop. The difference in travel time between when the trains stop compared to when they
don’t will then only consist of the retardation and acceleration times in order to make the stop
plus the time for boarding and alighting at the station. In those cases when the trains are not
stopping at a specific location it is however possible to let the entire alignment go another way
through the landscape, which could result in shorter travel times. This is something that needs to
be analysed from case to case, together with a detailed technical analysis. The model is prepared
for these kinds of analyses. If we, as an example, assume that a shorter alignment made possible
by not stopping in Kristiansand shortens the travel time by 10 minutes the negative consumer
surplus the stop causes to the endpoint traveller increases to -499 NOK per year (instead of 151) and because of this the net benefit per year is now negative (-131 NOK per year)
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While investigating whether high-speed trains should stop at a certain location or not, a possible
connection with the existing railway network is another aspect to take into account. To make
high-speed railway successful it needs to be coordinated with other trains in a way that facilitates the "supply" of travellers to high-speed trains as much as possible. For these reasons, locations that have good access to the existing railway network have an advantage over places without such access. When studying the potential stops of Corridor 3, it can be noted that unlike
Sandefjord and Kristiansand, Drammen is located at a railway junction, from where it is possible to travel south to Sandefjord, south-west towards Kongsberg, Kristiansand and Stavanger,
north-west towards Honefoss and Bergen and to the east toward Oslo. This implies a potentially
large catchment area from where people can travel with “ordinary” trains to/from Drammen and
then change to/from the high-speed trains. In order to analyse the importance of this, data from
the market analysis is required. As this data was not available to us in Phase 2, the analysis will
have to be performed within Phase 3.
Mixing direct and multi stop traffic

So far we have assumed that if there is a stop, all train stops. This “all or nothing”-approach
might not be the best solution: some trains could stop to pick up extra passengers while some
pass without stopping to minimize travel time. The purpose here is not to develop time tables
but to analyse if mixing the traffic could make profitable a previously non profitable stop. For
this to be the case the investment costs should be low and the level of travel should be high. If
the investment costs are low the benefits for the passengers entering at the stop need not to be as
high. If the level of travel is high mixing the traffic does not increase waiting time as much for
passengers traveling with the not stopping trains. Since investment costs are not known at this
stage this analysis should be undertaken in Phase 3.

8

More detailed descriptions of the different aspects can be seen in Chapter 3.3-3.7 of the report “Report Effects of High speed rail stop and Benefits of station Establishment”.
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Effects on land use

A high speed train stop might have important effects on land use, which should be put into the
decision. In the short-term the supply of dwellings and premises is fixed and the effect of improved accessibility will be reflected in increasing land values. This increase in land values is by
and large reflecting benefits already included in the value of travel time benefits in CBA. What
will happen in the long-term is to large extent depending on the possibilities to develop land in
the vicinity of the stop (station), and/or by the possibilities to reconstruct existing buildings to
meet the increase in demand. To what extent a stop will attract households to relocate to the surrounding area will depend on expected labour market effects, discussed below (there is no reason to expect that improved accessibility only with respect to other trip purposes will influence
the location behaviour for households). However, for firms in specific industries, e.g. retail service, there may be incentives for firms to relocate to the vicinity, or incentives for new firms to
start up, given that the daily number of passengers generates a substantial contribution to the
size of the local market, irrespective of trip purposes. It can be expected that the incentives for
firms to relocate will be reinforced by coinciding incentives for households to relocate to the
surrounding area. A deeper analysis of possible effects on land use can be performed in Phase 3,
as town specific data and more detailed information on accessibility improvements will be
available.
Labour market effects and wider economic benefits of improved accessibility
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The benefit of decreasing travel times and travel costs is a main component in established CBA.
In some cases there is, however, reason to take wider economic benefits into account. One reason is that improved accessibility is expected to induce relocations of workplaces and an improved functioning of the labour market. This will give rise to economic benefits in addition to
what is included in established CBA. Such additional benefits are calculated by use of the Samlok-model, which is intended to be used in Phase 3 based on the availability of adequate data.
According to the common view and experience, potential relocations of workplaces are probable if the commuting time is less than 45 minutes, but less likely if the commuting time exceeds
60 minutes. In the corridor Oslo-Stavanger this criterion applies only to Drammen, given the
selection of feasible stops. With high speed trains the travel time Drammen –Oslo is expected to
decrease to 12 minutes. This makes it reasonable to assume that Drammen will be an integrated
sub-region in the Oslo labour market. The travel time reductions for other municipalities are not
expected to give similar result. For example, the travel time Sandefjord-Oslo is estimated to decrease from 99 minutes to 77 minutes and the travel time from Kristiansand to Stavanger will
decrease from 193 minutes to 66 minutes. The travel time reductions are substantial, but the resulting travel times are yet much higher than what is reasonable for daily commuting. The reductions in travel times may, however, make the basis for other economic benefits which are not
included in regular CBA. For example, activities within (public) sectors as Education, Health
care, Recreation and Culture may benefit from substantial reduction in travel times, as these
activities may have the opportunity to exploit economies of scale, when the market is growing
larger.
The location of a railway-station - central or peripheral

When we are considering to add a train-stop at town A, the location of the railway station is of
great importance. The location affects the investment cost, the end-point travel times, the door
to door travel-times for those wishing to use the high-speed trains from town A and the encroachment effects from the new infrastructure. In this undertaking we have focused upon the
socio-economic costs and benefits of central or peripheral location of a high-speed railwaystation located at towns in between the end-point towns.
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In Phase 2 we do not have enough information to estimate if a railway-station should be located
at a central or peripheral location. We have, however, built a model that makes it possible to
complete the calculations once town-specific information is available (in Phase 3). In Chapter
3.7 in the report “Report - Effects of High speed rail stop and Benefits of station Establishment”
we present what effects should be considered, what information is required as input and what
the results look like when applied to Kristiansand. Note that we do not have any actual information about how different locations of a railway-station in Kristiansand affects travel-times
and costs etc.
Effects
To build a high-speed railway through a town is however not easy due to encroachment effects.
Often a central location of a railway-station comes at the expense of higher investment costs,
tighter curves, narrower land footprint and lower speed.
The following effects need to be considered:
1)
2)
3)
4)

The total investment costs
The effects upon the connection times to/from the railway-station
The travel-time between end-stations
If there is land available, suitable for exploitation, close to the location of a new
railway-station

The model covers 1-3, but does not calculate the benefit that might occur from land suitable for
exploitation.
Results
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To show how the model can be used and to show the weight the model gives to different factors,
an example is provided for Kristiansand. In the reference alternative a high-speed railway is
build where the trains stop at Oslo, Stavanger and Kristiansand. In the investigated scenario the
location of the station in Kristiansand is moved to a more peripheral location.
It has been assumed that the average connection time to/from the station in Kristiansand is increased by 10 minutes and that the end-point travel-times is decreased by 2 minutes, due to a
straighter alignment.
With these assumed input-values, the model calculated a net socio-economic benefit for consumer surplus and producer surplus of 30 million NOK a year. The time-gains for end-point
travellers amounts to 71 million NOK a year and the time-loss for travellers to/from Kristiansand amounts to -41 million NOK a year. The effect upon ticket revenues is very close to zero
and the cost of running the trains is decreased by 2 million NOK a year. Thus, decreased traveltime between Oslo and Stavanger is valued highly. Since the time-difference between alignments should be investigated for trains that stop at Kristiansand, a time-gain of 2 minutes might
be unrealistic.
It is also of interest how the total investment costs are affected (cost of the railway-station and
for the construction of the railway). If the total cost of investments is estimated to be 200 million NOK lower due to a more peripheral location, and if these costs would have been spread
over a time-span of 4 years, we would have an additional benefit of 246 million NOK (discounted to present value). In this example, the lower investment costs became the dominating
effect. That is to be expected.
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5.2.4 Conclusions
From the analysis within this chapter it can be concluded that when analysing possible stops
from a socio-economic perspective there are a number of aspects to take into account.
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The obvious effects of having an extra stop along a High-speed alignment are that the travel
times between the endpoints of the alignment increases while on the other hand the extra stop
leads to additional travellers, who experience travel time gains compared to the situation without the stop. However, there are other aspects that are important to consider and evaluate as
well, when a potential stop is analysed, such as labour market effects, wider economic benefits,
potential for alternative railway alignments, mixing direct and multi-stop traffic and the selection of station location (central or peripheral).

[54]
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5.3 Experiences from other countries
5.3.1 General
The assessment of experience from other countries with stations on high speed lines has been a
desk-top study of data and reports on this subject which has been updated using responses received from High Speed Rail Authorities to a short questionnaire.
The assessment has been broken down into the following tasks:
·
·
·
·
·

Determination of considerations for station provision
Production of questionnaire
Analysis of responses to questionnaire
Desk top study of international experience
Production of summary infrastructure costs

A questionnaire was sent to several Railway Authorities with existing high speed rail systems
and responses have been received from Belgium/The Netherlands, France, Germany, South Korea, Spain, Taiwan, Turkey and The United Kingdom. Other information has been obtained
from a desk top study of recent research for those countries who have not responded in order to
provide a comparison.
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The following issues were addressed in the questionnaire:
· Physical Aspects – tunnel and viaduct length, gradients, number and spacing of sta
tions,
track form, electrification system, signalling system
· Operational Aspects – maximum design speed, average running speeds, minimum
headway, station dwell time, number of trains in operation
· Maintenance Aspects – Train travel distance between maintenance, number of
maintenance personnel
· Future Plans – proposed increase in system length, changes to system
· Intermediate Station Locations – criteria for determining location, building a market, the
effect of intermediate stations on high speed railway operations, station design, financing arrangements, city centre and parkway stations, safety aspects and costs
5.3.2 Passenger demand and system capacity
In order determine the requirements for stations on high speed lines it is important to understand
the present and future demand and relate this to the design capacity (i.e. the number of stations,
configuration and speed).
The economic viability of a high-speed rail route is dependent on there being sufficient demand
to use a significant proportion of the available capacity. Research figures suggest that the benefits of, and market for, high speed rail are greatest for journeys of 300-550km and that high
speed rail may offer benefits for slightly shorter journeys if the stations it serves are as well located as the conventional rail stations.
High speed rail services require high demand numbers to be commercially attractive. Therefore,
high speed rail services will mainly be between major city centres with fewer stops at smaller
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towns. Cities with densely populated centres of employment are more attracted to high speed
services, as opposed to large towns which are more spread out in nature with a less defined centre.
5.3.3 Operations, configuration and speed
In determining the requirements for intermediate stations there is a balance between speed, station spacing and costs in order to determine the optimal number of stations for a high speed system.
The positioning of high speed rail networks and stations must, therefore, take into consideration
the following constraints:
· Distance between stations
· Interface with other rail systems
· Availability of land
Distance between stations

A distance of 50 km is often considered a minimum, leaving enough for trains to accelerate and
reach cruising speed. However, this is not always feasible or desireable and depends on the demand for the station and the interface between existing infrastructure and the future development of city station areas.
Details of stations in Belgium, China, France, Germany, Japan, The Netherlands, Spain, Sweden
and the United Kingdom have been further described in Appendix 6 of this report.
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Interface with other existing systems

As is often the case, the location of a station catering for high speed rail services in the centre of
a city requires the development of the existing rail and road infrastructure and the existing station facilities. The interface is particularly important where there is limited space and the high
speed services are diverted onto the existing classic rail network.
Land Availability

The acquisition of land for both high speed railway termini and intermediate stations is expensive, especially where space is limited and underground stations are proposed.
Average speed

The average speed between stations differs between countries due to geographical size, demand
and population density. Average speeds for France, Germany, Japan and Sweden have been tabulated and are described in Appendix 6 of this report.
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5.3.4 Intermodal integration
A number of benefits will accrue from the integration of a high speed rail operation with other
transport modes within and adjacent to a high speed railway station. There are also a number of
problems and opportunities presented by the need to integrate high speed stations into the existing transport system and infrastructure. It is likely that remodelling of existing stations to accommodate the new high speed service will be required while connecting it to the existing system.
5.3.5 Development opportunities
High-speed train services, operating for the most part on new high-speed lines, can serve as a
major factor in the development of city economies, supporting city development plans and the
regeneration of run-down areas. By placing cities closer to each other and by bringing major
regional centres closer to the capital high-speed lines change travel patterns by increasing business travel and business activities. They also promote leisure travel to more distant destinations
and compete with short haul flights.
The maximum benefit is obtained via integration with the surrounding area to provide a major
area of business and commercial activity supported by services such as hotels and leisure facilities. This may assist in the development and regeneration of existing commercial regions in the
city centre or close to it. The most effective use of high-speed access has come with those cities
demonstrating an integrated city strategy, consistently implemented over time in cooperation
with all interests and with committed political leadership.
5.3.6 Infrastructure costs
The cost of constructing a high speed railway is very high and varies depending on a number of
factors such as:
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· Terrain
· Land Value
· Labour Costs
· Population Density through which line passes and station is located
· Whether station is underground or not
· Environmental mitigation requirements
· Disruption to existing infrastructure including existing railway, station structure, roads, services and building
The construction costs of stations in Belgium, France, Germany, The Netherlands and the United Kingdom have been tabulated and are described in Appendix 6 of this report
The figures show do not show any immediate trends as each particular station has its own specific architectural and operational characteristics with respect to its structure, platform and passenger handling capacities. However they do illustrate that the use of an existing facility is not
necessarily a way in which cost savings can be realised.
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5.3.7 Criteria for Intermediate Station Location
The following are the most important criteria when locating an intermediate station on a high
speed line:
·
·
·
·
·

Door to door travel time
Passenger demand
Interface with existing transport modes
Environmental quality
Location of through stations

5.3.8 Building a market around the station
The following are the most important criteria when locating an intermediate station on a high
speed line:
· Provide sufficient connectivity to transport links
· Ensure good transport services
· Locate station around a specific market (such as an airport or theme park etc.)
5.3.9 Effects of intermediate stations on high speed lines
With regard to the effect of an intermediate station on a high speed line the most important criteria were the increased ridership, the opening up of markets and the increased opportunities for
transport inter-modality.
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5.3.10 Station track and platform design
Side platforms with one face against the high speed line or island platform were preferred, the
latter because of the possibility for cross-platform transfer between different trains.
5.3.11 Financing arrangements
The funding of a station on a high speed is for the most seen as part of the capital expenditure
required to establish the system and to be able to attract by location and connection to the local
transport system the required passenger numbers to make the operation of the route economically feasible.
However there are cases where the presence of a high speed rail station is believed to open up
development opportunities for the station site and its surroundings; where the upgrading or redevelopment of the station will be advantageous either releasing prime development land in the
immediate vicinity of the stations or in the area within which it is located.
In these instances additional development funds are secured from private developers, the local
government or national government to assist in the redevelopment.
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5.3.12 Conclusions
Physical aspects

With regard to the physical aspects of the high speed line a number of common features may be
determined, namely:
·
·
·
·
·
·
·
·
·

Flat minimum horizontal radii of around 5000m
Design speed of 300km/h
Steep maximum gradients of 2.5 to 3.5% (level track in station areas)
CEN 60 rail type
1435mm track gauge
25kv catenary system (with the notable exception of Germany
ERTMS type signalling
Minimum intermediate station spacing of around 50km
Combination of ballasted and non-ballasted track forms

Operational aspects

With regard to the operational aspects a number of common features may be determined, namely:
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· Maximum design speed is in the order of 300 to 350 km/h for through traffic with a speed
restriction where high speed trains run through the station platforms
· Speed between station varies depending on the number of stations and accelera
tion/deceleration rates
· Dwell time at stations varies from 2 minutes to 5 minutes
Station design

It was considered that the preferred platform design consisted of an island platform which gives
cross-platform interchange capabilities and, in terms of the environment, the station design
should be energy efficient and adapted to the environment via the use of materials chosen to
promote sustainable construction and to maintain an areas identity.

Station through speed

It was considered essential that train speeds should be reduced when running through station
platforms.
Financing

The funding of a station on a high speed is for the most seen as part of the capital expenditure
required to establish the system and to be able to attract by location and connection to the local
transport system the required passenger numbers to make the operation of the route economically feasible.
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Market and development

The following are the most important criteria when locating an intermediate station on a high
speed line:
· Provide sufficient connectivity to transport links
· Ensure good transport services
· Locate station around a specific market (such as an airport or theme park etc.)
Criteria for Intermediate Station Location

The following are the most important criteria when locating an intermediate station on a high
speed line:
·
·
·
·
·

Door to door travel time
Passenger demand
Interface with existing transport modes
Environmental quality
Location of through stations

Effects of intermediate stations on high speed lines

With regard to the provision of intermediate stations on high speed lines the most important criteria are the increased ridership, the opening up of markets and the increased opportunities for
transport inter-modality.
Location of stations in city centres
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The main advantages of locating the station in the city centre may be summarised as:
· Close to market and near to hub of demand with easy communication
· Provides sufficient connectivity to transport links and intermodal connections
The main disadvantages, however, are:
· Increase in land acquisition and limited space for construction leading to increased
struction costs, extended programmes and disruption
· Difficulty in providing high speed from outskirts of existing cities leading to addi
travel time
· Increase in crowds, congestion and environmental impact
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Location of stations in city outskirts

The main advantages of locating the station in the city outskirts are:
·
·
·
·

Reduced travel time and increase in average train speed
Decrease in costs of construction where space is more readily available
Urban development and expansion possibilities are increased
Environmentally better than in the city centre

The main disadvantages of locating the station on the outskirts of a city are:
· Difficult connection to the city centre without upgrade in existing transport modes
· Increased distance and time to travel to city centre
Safety aspects of intermediate stations

The most important safety requirement is the reduction of speed when running through a station
due to the risk of being sucked under a fast moving train.
Other important safety aspects are:
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· Sufficient platform width to be provided based on passenger demand
· Tactile paving to be provided near platform edges
· Audio-visual information on how to act in an emergency
· Secondary means of escape in the event of a train fire
· Location of emergency access points to be provided near train door stopping
tions
· Platform screens or barriers
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6

Recommendation for phase 3

6.1 Phase 3 Traffic scenarios and corridors
The scope of work in Phase 3 will be to undertake a more detailed assessment of specific corridors and routes in southern Norway based on different traffic scenarios with requested travel
times between several cities.
Four different traffic scenarios have been established for long distance passenger traffic. The
scenarios include assumptions of distance, frequency and requested travel time for both Highspeed trains and Inter City trains.
The four traffic scenarios are:
o Scenario A – Reference case
A reference case that includes minor improvements on existing railway lines according to current railway policy presented in the National Transport Plan from 2010-2019.
o Scenario B – Upgrading of existing railway
A more comprehensive upgrading and development of existing railway lines, also includes outside the Inter City areas. No High-speed traffic.
o Scenario C – Upgrading of existing railway including High-speed traffic
Major upgrades and development of existing railway lines to include high-speed traffic and other traffic.
o Scenario D – New High-speed railway lines
New single- and/or double track lines mainly for high-speed traffic.
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The above scenarios B, C and D will be considered on four geographical corridors. Each geographical corridor includes alternative(s) between several end stations:
o Corridor East
o Oslo – Skotterud – Karlstad – Stockholm
o Oslo – Halden – Öxnared - Göteborg
o Corridor South
o Oslo – Kristiansand - Stavanger
o Corridor West
o Oslo – Bergen
o Oslo – Stavanger
o Bergen – Stavanger
o Corridor North
o Oslo - Trondheim
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As part of the ongoing planning and development of the railway corridors are concerned it is
recommended that the following is undertaken during the Phase 3 work:
·
·
·
·
·

Determination of punctuality criteria
Assessment of single line operations
Operational Demand modelling
Determination of station track and platform configuration
More detailed review of experience from other countries

6.1 Acceptance Criteria of punctuality
The acceptance criteria for punctuality are essential in the design phase of new railway lines.
These criteria can be used for dimensioning of the infrastructure and for construction of feasible
and representative timetables so that required quality goals are met.
We suggest that the two punctuality levels, 85% and 95%, are used in the coming phases. The
lower value is here a lower limit that corresponds to existing Norwegian operation, whereas the
higher value is reachable for well- maintained systems with a well thought-out design.
More detailed punctuality and robustness analyses can make use of the two punctuality through
the corresponding exponential distributions, i.e. Exp(160) and Exp(100). We recommend that
these two distributions are used for further analyses and checks of proposed infrastructure and
timetable designs.
The exponential distribution is a feasible simplification at early stages of investigations. Later
on it will probably be useful to apply empirical distributions or analytical distributions with
more complicated shapes, e.g. Lognormal, Weibull etc, to model disturbances and delays.

6.2 Crossing Loops
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The crossing loops are essential on single-track sections. This work shows how to design the
loops and the how to choose the inter-loop distances for different kind of traffic.
It is very important that the intended traffic mix is known during the design of single-track line
sections. Traffic mix and frequency of service are the most important factors to take into account during the design work. We strongly recommend further timetable studies when the alternative infrastructure designs are to be evaluated.
We recommend that the design parameters found for loop design and loop spacing are used as
start values for the more detailed planning phases. It is also possible to apply the methods and
models used within this assignment for analysis of a line designs that are adjusted to real geographical and demographical conditions.

6.3 Track Loops
This assignment presents a method that can be used for assessment of the location of track
loops. We recommend further analysis of the need and expected use of the track loops before
doing any more design work.
It could be that the track loops are to be used in a more scheduled and systematic way than assumed in this assignment. Such utilisation requires higher standard and shorter inter-loop distances than proposed in this assignment. However, the same method could very well be applied
to analyse such cases as well.
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6.4 Passing Loops
The passing loops play important roles on double-track lines. They need to be properly designed
and located so that a feasible timetable, or even more importantly several feasible timetables,
can be constructed. This kind of timetable flexibility is a requirement for future traffic development.
The details in future timetables are not as important for double-track lines as for single-track.
This means that the accuracy in loop location can be somewhat lower for double-track lines.
Still there are a lot to gain if the structure of future timetables can be predicted.

6.5 Effect of High speed rail stop and Benefits of station Establishment
Within this project, methods have been developed for evaluating these different effects. The
methods are all based on an Excel model (developed within the project for the Oslo-Stavangercorridor), which makes the quality of the model very important.
The model consists of two sub-models: a demand model that calculates effects on travel demand
due to changes in travel times because of a specific stop and a CBA model that calculates the
socio-economic effects of the change in travel demand.
Even if the demand model is relatively simple it still requires a certain amount of input data and
calibration of parameters. The source of these data is the study conducted by Atkins in Phase 2,
where a more complex demand modeling effort is undertaken. However, at the time of producing our model, data from Atkins has been only scarcely available. Thus, in Phase 3, the demand
model needs to be updated and calibrated with data from Atkins’ model.
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Since the model is developed for the Oslo-Stavanger-corridor it also has to be developed for the
remaining corridors. This is something that WSP, as Phase 2-consultants couldprovide in Phase
3.
During Phase 3, it will also be necessary, to provide the demand model with more adequate input data, such as travel times, distances between potential stations, velocity profiles along the
routes and other more detailed information about the alignments. The CBA model needs to be
updated with information about investment costs and costs relating to aircraft.
Since the model needs to be calibrated as well as provided with more accurate input data before
the results are analysed more thoroughly, no detailed conclusions can be drawn concerning the
different stops that have been analysed. However, it can be concluded that it is important to
study each potential stop carefully to the different aspects described above, since they all might
affect the benefits of the analysed stops. For example, in the “Alignment”-subchapter it is
shown that a supposed 10 minute reduction in travel time according to a different alignment in
the reference alternative, changes the benefits of a stop in Kristiansand from +224 NOK per
year to -131 NOK per year which turns a profitable stop to a non-profitable one9.
The other effects described in the same chapter might affect the benefits of an extra stop in the
same way, so they all need to be assessed for each potential stop.

9

Given the input data and model available for use within the Phase 2 project
[64]

FINAL REPORT 2011-02-18
HIGH SPEED RAILWAY ASSESSMENT, PHASE 2, NORWAY
RAIL SPECIFIC PLANNING AND DEVELOPMENT ANALYSIS

6.6 Station Design
The Station Design report includes, among other things, a series of station layouts applicable to
different traffic scenarios of a single or double track high speed railway. They refer to layouts of
intermediate stations but not to end terminal stations where other design considerations must be
given. It is assumed that terminal stations will be more or less integrated with other railway operations. It is recommended that, in Phase 3 of the Norwegian high speed assessment, the series
of layouts is used to identify and choose station layouts. Such choice must be done based on the
actual traffic scenario at each station as well as be based on the local conditions at each station
location.
The proposed station layouts are based on a set of various traffic scenarios. The purpose of these
scenarios is to identify the most likely station design alternatives. At the same time, these traffic
scenarios should be reconsidered as a base for the Norwegian high speed network as such. The
main idea of the presented traffic scenarios is based on the Swiss Bahn 2000 concept, aiming at
establishing a transportation network with good interconnections between railway operations
and between railway operations and other modes of transport.
Finally, the Station Design report reconsiders various types of safety measures for passengers on
platforms in case of a train passing at high speed. So called passive and active barriers are discussed. Our final recommendation is to build stations based on active barriers and full height
platform screen doors. To use such doors is today more and more common on crowded metro
stations, but should be applicable also on mainline railway stations. Apart from protecting people from hazards when trains are passing at high speed, they will also make it possible to create
a more comfortable platform environment not least under winter conditions. However, platform
screen doors for this application need to be developed and tested.

6.7 Experiences from other countries
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There is no hard and fast formula in determining the provision and location of intermediate stations on high speed railway lines. The following analyses are recommended during Phase 3 in
order to understand the requirements for the design of the railway system:
· More detailed analysis of passenger demand is required at the next stage to determine the
number of stations required and their locations. This market analysis should determine the passenger and freight demand leading to anticipated passenger numbers and freight volumes.
· Having determined passenger and freight demand an operational requirements review should
be undertaken (using Railsys software or similar) to determine the likely location and spacing of
stations together with the location and spacing of passing loops as required.
· This should be undertaken with due recognition of the safety requirements for high speed
stations
for which an assessment of access and egress points should be determined, especially as part of a fire strategy.
The ultimate requirement will be to determine the construction, maintenance and operating costs
of the stations in order to assess their financial and economic benefits together with funding requirements.
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Appendix 5 – Stations design, Report dated 2011-02-18
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Appendix 7 – Effect of high speed rail stop and Benefits of station
establishment, Report dated 2011-02-18
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