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Abstract 

Political trends as well as general growth of the transport market set new chal-
lenges to railways and particularly to rail infrastructure managers. Rail infra-
structure must become more efficient, which is to say that costs must be reduced 
and the use of capacity optimised, through better timetabling and network ad-
justments. But above all, rail infrastructure management should tackle strategic 
issues (on the long-term), hence the need for more adequate planning tools. 
Nowadays, infrastructure managers tend often to concentrate on operational and 
short-term problems ; meanwhile, reshaping rail networks requires several years 
of planning and implementation. In this context , the paper presents a methodol-
ogy and the bases for the development of an effective decision support system to 
help infrastructure managers in setting up development strategies for rail corri-
dors or networks. The methodology deals not only with the planning of invest-
ments in capacity (timetabling and timetable analyses), but takes also into ac-
count the impacts of timetable  on the maintenance and renewal policies, in par-
ticular through the analysis of interactions between service deteriorations and 
track possessions. The methodology covers both the analysis of the availability 
and the reliability of capacity, and the maintainability of the infrastructure as 
well. The paper shows the importance of the long term planning of rail infra-
structures and proposes a way of tackling both the analysis of capacity invest-
ments and the elaboration of maintenance and renewal policies. The presented 
approach is based on two existing software, CAPRES and FASTA, and on a 
third model, MRPOL, currently under development. 

Keywords: railway infrastructure, network capacity, strategic management, in-
frastructure maintenance, infrastructure renewal. 



1 Introduction 

Due both to the enlargement of the European Union and to the general growth of 
the transport market, the traffic on Trans European rail corridors is bound to in-
crease. Moreover, promoting a more sustainable development calls for modal 
shift in favour of the rail. At the same time, several rail networks have to cope 
with worn-out infrastructure and chronic capacity bottlenecks. 
The importance of an efficient railway system is also being stressed as the Euro-
pean rail industry undergoes  a deep reshaping process. In particular, train opera-
tion was separated from infrastructure management and, in some cases the roll-
ing stock migrated to semi or fully private companies while infrastructure nor-
mally remained in the hands of the public sector. 
Separation of infrastructure management and train operations sets new chal-
lenges to infrastructure managers: infrastructure performance becomes more and 
more visible as it often constitutes a metric for penalties/incentives included in 
contracts binding infrastructure managers to train operators. Moreover, infra-
structure managers experience a double pressure on their activities. On one side, 
communities tend to reduce budgets allocated to rail infrastructure while, on the 
other side, train operators request better services at a lower price. 
Improving efficiency of rail infrastructure requires consistent and coordinated 
management, of the evolution of both the network capacity and the infrastructure 
substance and quality. 
The paper focuses  precisely on strategic (long-term) planning of network capac-
ity investments and infrastructure maintenance and renewal (hereafter M&R), as 
rail investments often need several years between their planning and their im-
plementation. 
The paper presents a methodology to coordinate strategic management of the 
evolution of the network capacity and the M&R policies for the infrastructure. 
Though the paper focuses on the M&R of the track, clearly the methodology can 
be extended to any infrastructure component (catenary, signalling, bridges…)  
[1]. 

2 Making decisions on capacity investments 

Making decisions on investments in capacity usually depends on several eco-
nomic, societal and political parameters. Recent examples of decision processes 
show that in many cases political and societal factors outshine economic consid-
erations, particularly because decisions on capacity investments are often made 
by political bodies. Even in those cases, decisions require inputs from infrastruc-
ture managers, who are often asked to define investment alternatives and to as-
sess their effectiveness. This is where infrastructure managers should come up 
with modern and efficient methods for strategic planning, able to deal simultane-
ously with all key parameters involved, such as the network capacity and sub-
stance of the infrastructure. 
Let us suppose that investment alternatives are analysed with the “net present 
value” method: 
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with e : expenses, i: revenues, R: residual value at the end of lifespan, I: invest-
ment, j d iscount rate, n: lifespan of the asset. 
Analysing and optimising the long term evolution of a railway network comes  to 
valuate variables e, i, R and I. Expenses include annual costs of operating the 
network and maintaining/renewing the infrastructure (the lifespan of the infra-
structure being equal to the planning horizon - 30 years for instance). Revenues 
come from the selling of the capacity (train-paths). The residual value is the 
value of the infrastructure at the end of the planning period. Finally, I are the 
necessary investments to finance development of the capacity. Our approach 
does not provide a specific tool to evaluate investments I, as these can strongly 
vary from case to case, but proposes tools to technically set the magnitude for 
those investments (based on number of tracks, type of line…). 

3 Infrastructure viewed as a structured system 

The rail infrastructure (the track, in our case) is a system involving three basic 
components : the capacity of the network, the substance and the quality of infra-
structure. The capacity may be expressed in usable train-paths during a certain 
time span. The substance of the infrastructure refers to the average remaining life 
time of its components: high substance means that a component is rather new. 
Finally, the quality of infrastructure represents track’s geometry quality and in-
frastructure components quality. Capacity, substance and quality are interlinked. 

 
Figure 1. Capacity, substance and quality: three basic parameters of rail in-

frastructure. 
Managing the infrastructure comes to set those three parameters at their most 
appropriate level, in order to maximize the efficiency of the whole system. Ca-
pacity may be adjusted through investment policy, infrastructure substance 
through renewal policy and quality through maintenance policy. 
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However, adjusting those three parameters requires planning on several time-
scales, as illustrated by the table below. 

Table 1:  Infrastructure steering parameters and their characteristics. 

Parameters Planning hori-
zon 

Adjustment means 

Capacity 
From 5 to 
more than 20 
years 

• Heavy investment: construction of a new line 
or an additional track 

• Heavy disinvestment: dismantlement of a 
line or a track 

• Light investment: upgrade of signalling sys-
tem (decrease of headways) 

Substance 
From 2 to 5 
years 

• More or less frequent renewal of components 
(sub-layer, ballast, sleepers and rails) 

Quality 
From 1 to 5 
years 

• More or less amount of track maintenance 
(rails grinding and ballast tamping) 

 
This outlines the importance of a sound investment strategy. In terms of the de-
velopment of capacity, it is hard to recover on the short run from consequences 
of an inadequate policy that are likely to hamper infrastructure efficiency for 
many years. This is especially annoying, as capacity, substance and quality of a 
network are tightly related to each other. These dependences  are outlined in the 
next section. [1] 

4 Capacity, and maintenance and renewal 

An increase of traffic induces an escalation of infrastructure deterioration, and 
consequently expands the needs for maintenance and renewal. Additional M&R 
works increase the track possession, and thus the network saturation. If engineer-
ing works are not undertaken, the condition of the infrastructure sooner or later 
deteriorates, which leads to permanent speed restrictions or safety lacks (figure 
2). 
Moreover, the bad state or quality of the material contributes significantly to the 
deterioration of the track geometry. Bad track geometry produces higher dy-
namic loads on the material, which accelerates the degradation of the material, 
and thus significantly reduces the substance. Beside this, the lifespan of such 
components can be divided into three distinctive stages : relatively new, at their 
mid-life and relatively old. During the initial stage, the component experiences 
substantial deterioration due to track settlements. After a while, the importance 
of degradations diminishes and the component enters its mid-life stage. Towards 
the end of its lifespan, the component undergoes higher degradations. Thus, for a 
network characterised by a poor substance of its infrastructure, maintenance 
needs increase exponentially [1]. 
 



 
Figure 2. Conflict between capacity growth and M&R needs. 

5 Infrastructure strategic M&R policy 

Main objective of the M&R strategic policy is to ensure the consistency between 
the network development strategies and the evolution of infrastructure substance. 
The M&R strategic policy results in a decision framework destined for tactical 
management structures, which are in charge of planning and executing engineer-
ing works. M&R strategy is centred on the evolution of the substance of assets. 
This evolution represents the target that should be aimed at by tactical planners, 
trough the use of decision support tools like ECOTRACK or IRIS, for instance. 
Underlying these considerations, the acceptance of the capacity by the market 
implies a certain level of availability (there are enough train-paths to satisfy the 
market) and reliability (timetable is stable). Moreover, the rail system is durable 
only if its maintainability and its safety are ensured. Therefore, strategies should 
take into account RAMS (Reliability - Availability - Maintainability - Stability) 
of the rail infrastructure [2]. 

6 Overall approach 

The developed methodology (figure 3) aims at the assessment of the evolution of 
a railway network and its infrastructure taking into account the strategy for ca-
pacity investments. At a first stage, assessing the evolution of rail network starts 
by defining the basic network layout and the demand patterns, which result usu-
ally from the combination of demand forecasts and timetable requirements intro-
duced by public and social actors. Timetable alternatives are then designed and 
optimised, using timetable design tools, such as CAPRES. Availability of train-
paths is thus analysed (identification of bottlenecks). At a second stage, using 
simulation tools, such as FASTA, stability of the timetable is  checked, and the 
consequences on costs and timetable stability are assessed for several modifica-
tions of the supplied services. The third stage of the developed methodology re-
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quires the use of a M&R simulation tool, such as MRPOL, currently under de-
velopment. This tool introduces the costs of service degradations into the optimi-
sation of track possession strategies. Once the latter defined, MRPOL simulates 
various M&R strategic policies that is to say various evolution scenarios of the 
infrastructure substance, assessing thus the maintainability of the network. 

 
Figure 3. Methodology for strategic rail network planning 
 
The overall approach provides costs of operating the network under normal con-
ditions, costs of traffic alterations, and costs of maintaining and renewing the 
infrastructure. These costs should be then added to those born by the correspond-
ing capacity investment scenario and then compared to the expected benefits of 
those investments. 
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7 Availability of capacity: the CAPRES model 

CAPRES model has been designed with two main tasks in mind: 
• To design timetable alternatives, which include all the trains that must run 

on a network in any circumstances, and which fulfil a predetermined set 
of constraints; this is the basis -timetable creation process. 

• To saturate any given alternative basis -timetable (including a blank time-
table), by adding extra trains drawn from a predetermined list according 
to a predefined saturation strategy. 

 
In the first case, the model designs all possible timetable alternatives that respect 
the constraints and for a given number of trains. In the second case, the model 
looks after the alternative that allows the running of a maximum number of 
trains, designing thus the timetable that exploits the maximum network capacity. 
Besides modelling the network and the trains, user input is crucial in three as-
pects: 
• In defining the train list for the basis -timetable 
• In choosing, among different alternative timetables, the one that will be-

come the basis -timetable 
• In specifying the list of extra trains to be added in order to saturate the 

basis timetable, and in defining the saturation strategy 
 

 
Figure 4. Timetable saturated by CAPRES 
 
CAPRES is an analytical tool that has already been used for various studies in 
Switzerland and in Europe [3] [4]. 



8 Reliability of capacity: the FASTA model 

The original model FASTA is a tool designed for the analysis of the stability of 
cyclic timetables. FASTA simulates the running of trains in the network with a 
given timetable. The results of the model (train delays) let assess the stability of 
the system. FASTA is based on discrete events simulation, the events being train 
arrival and departures in stations. The model focuses  on the macroscopic aspects 
of delay generation and propagation due to: interactions between trains, connec-
tions, rolling stock roster, and network and timetable constraints. 
FASTA simulates the effects on timetable of train operations or infrastructure 
changes . It is thus possible to get an accurate evaluation of network-wide service 
degradations caused by works on infrastructure such as track maintenance and 
renewals. 
FASTA includes two modes: a determinist mode and a stochastic mode. The 
stochastic mode uses train running times with a random component. It is thus 
possible to add stochastic delays to those having a determinist source (speed re-
strictions or temporary single track operation due to maintenance works ...). 
 

 
Figure 5. FASTA: geographical propagation of delays (example: Swiss net-

work) 
 
The simulation takes into account various constraints: 
• Connection in nodes 
• Rolling stock roster 
• Headways on lines 



• Trains sequences and over takings 
• Cutting across of routes  
• Number of tracks on a line 
 
FASTA produces listings and graphs on the spatio-temporal propagation of de-
lays trough a network (figure 5). The model is currently being extended to cover 
the estimation of network operation costs, in normal and abnormal situations. 
Added functionalities will let estimate the costs and the revenues of operating 
train-paths on various routes, including the costs of service degradation. Various 
track possessions scenarios can be analysed and their network effect quantified. 
The model will build track possession costs functions for homogeneous sections 
(similar infrastructure and similar timetable) to be used in evaluating mainte-
nance and renewal strategies, as needed by the next module [5] [6]. 

9 Maintainability of capacity: the new MRPOL model 

MRPOL is a model to evaluate best M&R strategies, by taking into account the 
economic value of the capacity (train-paths) as it includes the cost of track pos-
session in the optimisation process. The model is currently under development, 
and various parts have already been successfully tested. 
MRPOL mainly deals with the evaluation of M&R needs over the long term 
planning time span and the optimisation of M&R long term strategies. The latter 
are mainly characterized by various evolution schemes of infrastructure sub-
stance, the final question being “shall we do more maintenance on an older infra-
structure or less maintenance on a newer infrastructure?” This depends on the 
saturation rate of the considered section of line, thus directly depends on the 
track possession cost function. 
 
MRPOL mainly deals with the evaluation of M&R needs and the optimisation of 
M&R strategies, over the long term. M&R strategies  depend mainly on alterna-
tive evolution schemes for the infrastructure substance, the final question being 
“shall we do more maintenance on an older infrastructure, or less maintenance 
on a newer infrastructure?” This depends, in turn, on the allowable saturation for 
line sections, and thus directly depends on the track possession cost function. 
At first, the model calculates the best track possessions strategies for all homo-
geneous line sections (homogeneous in term of capacity: network layout and 
traffic). A best track possession strategy is obtained by minimising the cost sum 
of changing the traffic alterations and engineering works. This step takes into 
account the layout of the network (sidings facilities of track engineering ma-
chines) as well as usual worksite schemes. The resulting costs are then used as 
unit costs for the M&R policy simulation process. 
Next, the M&R policy simulation evaluates the needs in engineering works 
(track maintenance or renewals) and their costs over the planning period. Needs 
are evaluated on the basis of traffic load forecasts according to the timetable al-
ternatives (resulting from the CAPRES application) and on the basis of mainte-
nance functions. Those functions express the needs in maintenance activities as 



function of the infrastructure substance. If the substance of the infrastructure is 
low (old components), maintenance functions will produce high maintenance 
values, which is to say that more maintenance should be undertaken. 
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Figure 6. MRPOL: graph showing the evolution of the substance of the in-
frastructure (example from an Alpine line in Switzerland). 

 
The M&R simulation process helps also optimising the substance of the infra-
structure. Such an optimisation is done by the iterative application of M&R rules 
to the simulation process, these rules being the age at which infrastructure com-
ponents must be renewed (defining thus the substance of the network) and the 
type of comp onents to use (a heavier type of rail for instance). 
MRPOL outputs are: 
• The evolution of the substance of the infrastructure (figure 6) 
• The magnitude of engineering works that should be undertaken on the 

network during the planning period 
• Best track possession strategies for each line section 
• Ideal evolution of the substance of infrastructure components (this is a 

rule for the tactical level of management) 
• Costs of M&R policy 
 

10 A comprehensive package 

CAPRES, FASTA and MRPOL constitute a complete package of decision sup-
port tools for a joint assessment of the two key issues in managing rail infrastruc-
ture: evolution of the capacity of the network and evolution of the substance of 
the infrastructure. 



 
Figure 7. CAPRES, FASTA and MRPOL: a coherent set of models  
 
These three models share a common database containing necessary information 
related to network, infrastructure, timetables… This allows an easy sharing of 
data during planning works. 

11 Conclusions  

This methodology allows a better and a more effective planning of capacity in-
vestments on the network and maintenance and renewal strategies  of the infra-
structure. The approach has been partially tested as part of an EC research pro-
ject and further research is currently on the way. 
The package will be fully operable during the second semester of 2004. The 
models are currently adapted to be compatible with a well-known rail database 
management system. 
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