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1. Introduction 

To compete with other means of transport, railway saw an increased demand on its reliability, 

efficiency and travel times. As a result, the necessary requirements for increasing both speed and 

transported load implied that the demand over the railway infrastructure characteristics became 

greater. In order to achieve the necessary cost-benefit ratio in the future, it is essential to improve the 

techniques for monitoring the railway structure, as well as the forecasting methods of its degradation 

and the planning of maintenance and renovation (M&R) interventions. 

The renewal operations planning of an operational railway is one of the biggest engineering 

challenges, since it requires the processing and analysis of a big amount of information in order to 

ensure the fulfilment of requirements, such as the feasibility, sequence and deadline of operations, 

project’s financial viability and its cost-benefit analysis. Moreover, and more importantly, the 

assurance of quality parameters of the services provided should also be insured, particularly the 

punctuality, with special focus in the passenger’s services. 

In the last decades, the presence of computer technology in railroad transportation has increased 

and got more extensive. It is applied from project design to railway management tools, including all 

equipment related with infrastructure and rolling stock (Chen, 2010). As a result, digital platforms 

were developed, being capable to model, simulate and analyze railway infrastructures. Simulation 

and algorithmic analysis became valuable tools for new infrastructures design as well as for 

management and maintenance of the existing ones. 

The main objective of this study is to determine the possible impacts of the complete track renewal 

(CTR) of Cascais Line, being the works carried out while the railway remains in operation. This 

analysis will use OpenTrack simulation tool, on which will be created a simulation model that 

represents the real operation of the Cascais Line. 

 

2. Management, maintenance and renovation of railways 

The structure of a conventional railroad is divided into two distinct subsystems: the superstructure 

and the substructure. The superstructure consists of rails, sleepers and fixings, which form the track 

grid, and ballast. It supports and distributes the loads imposed by the trains and is subject to periodic 

maintenance and replacement operations. The substructure layers are the sub-ballast, the crowning 

layer and the natural platform. This receives the loads distributed by the superstructure and, normally, 

should not be subject to periodic interventions (Profillidis, 2000). The catenary, signaling and 



telecommunications systems are placed around the platform, and are responsible for supplying 

electric power to the trains and for traffic control. 

As soon as a railway is opened to train circulation, its geometric quality starts to deteriorate. Although 

it is possible to improve it through maintenance operations, every railway line reaches a point where 

its individual components must be replaced. Once the cost-benefit ratio of maintenance operations is 

no longer viable, all the superstructure must be replaced and even the substructure might be 

intervened, leading to a CTR. 

The financial viability of a railway infrastructure depends on its availability to railway operators, so 

that they can carry out passenger and/or freight services. The number of channels available on a 

railway line depends on its capacity and timetable. 

Train circulation can be delayed due to infrastructure failures, rolling stock failures or external factors. 

These delays are divided into two types: the primary and the secondary. Primary delays occur when 

there is a disturbance to normal circulation on a track. The primary delay is the difference between 

the estimated and the actual travel time. Secondary delays are a consequence of primary delays, and 

they occur when one or more trains do not suffer the full primary delay but are affected by the delays 

of previous trains. Secondary delays develop when the primary delay is greater than the operational 

distance. 

Service cancellation and lack of train punctuality can lead to financial penalties imposed to railway 

operators, and a social cost due to public transportation quality reduction. 

 

3. Railway simulation platforms and their importance 

The use of computer simulation models presents considerable advantages over the use of physical 

models, since it allows to easily and quickly build several railway models, the simultaneous access 

by different users and the quick change of timetables and operation conditions (Szűcs, 2001). 

In the last 50 years, several train movement simulators have been developed, divided in two 

categories: single train simulators and multiple train simulators (Baohua, 2007). Simulation models 

can also be macro or microscopic, depending if the train’s movement calculating is discrete or 

continuous. Finally, micro-simulation models can be synchronous or asynchronous, once again 

depending on the calculation model. Synchronous systems simulate the movement of all trains in a 

single action, while asynchronous systems simulate trains’ movements in a series of consecutive 

actions, depending on the priority level of the services performed by the trains. 

The feature with most potential regarding this type of simulators is the introduction of incidents and 

external factors to the normal operation of the modeled railway lines or networks, enabling the study 

of its influence on the development and propagation of delays (Szűcs, 2001). 

Today there is a large number of computational platforms developed within the railway industry, such 

as Afaig, Capres, Fasta, RailNet II, Demiurge, SISYFE, Lipari, Sardaigne, RailSim, RailSys, DONS, 

PETER, TPS/STRAX, ROMAN, MultiRail, FastTrack II, Railcap, VISION, Capacity Management 

Systems, Viriato, CASSANDRA and OpenTrack. 

The present study used the simulation tool OpenTrack (version 1.5). 

OpenTrack began in the mid90s as a Swiss Federal Institute of Technology investigation project, at 

ETH Zurich (Eidgenössische Technische Hochschule Zürich). Currently, this software is an 

OpenTrack Railway Technology property. This company was created in 2006, following the ETH 

Zurich project, which applies the obtained investigation results. 

 

 



4. Impact analysis of track renewal operations using computer simulation – Case study of 

Cascais Line 

The Cascais Line is part of the Lisboa metropolitan area, and it is dedicated to the urban passenger 

transport, establishing the connection between Lisboa and Cascais, having a length of approximately 

25 km and 17 stations. 

The evaluation of the possible track renewal impacts was based on the work plan described in the 

preliminary study made by REFER, in partnership with FERBRITAS, in 2011, for the CTR of the 

Cascais Line. 

The aim was to identify the impacts with bigger consequences, as well as the possible ways to 

minimize or even annul them. 

The main expected impact is the reduction of the punctuality of the trains due to the velocity 

restrictions normally imposed during and after the conclusion of each work journey. To evaluate the 

extension of this impact, a set of scenarios were defined with different constraints, in order to identify 

which restraints are more significant. 

The preliminary study considers a work plan divided into 20 phases to minimize the impact on the 

railway operation, to guarantee the trains crossing and to ensure the work is carried out in safe 

conditions. 

In each phase, the works will be carried out during a period of temporary single track (TST), meaning 

that the track that is not being intervened will have train circulation in both directions. 

Since the studying of all 20 phases would be an extensive work and would not bring added value to 

the present work’s objective, it was decided to simulate the most critical phase of the work plan. 

Phase 5 stood out as being the one that will have the most impact on the normal operation of the 

Cascais Line, since it has the biggest length and travel time. Furthermore, this track section is traveled 

by all trains in service during weekdays. This track section connects the stations of Alcântara and 

Algés in the downward direction. 

Although having simulated the operation conditions imposed by the works on the track section 

intervened in Phase 5, to obtain the impacts results through the total length of the line, it was 

necessary to create a full model of Cascais Line. 

 

 

Figure 1 – Section of the infrastructure’s track design of the Cascais Line 

https://www.linguee.pt/ingles-portugues/traducao/constraint.html


This model was based on the track characteristics, such as the curvature radius, the gradient, speed 

limits and position of other element like signals, switches and stations, and rolling stock parameters, 

namely their weight, adherent weight, length, traction curve, among others. This data, like the one 

represented in Figure 1, was provided by Infraestructuras de Portugal (IP), former REFER, EPE. 

In OpenTrack, the infrastructure modeling is done through Vertex and Edges. The Vertexes mark the 

change in one of the track characteristics and/or the position of signals, switches and stations. The 

Edges represent track sections connecting two Vertexes and contain data like curvature radius, 

gradient, speed limits, among others. Figure 2 shows a sections of the infrastructure model. 

 

 

Figure 2 – Section of the OpenTrack model layout 

 

The modeling process demanded the compilation of a large amount of data, which originated a very 

detailed model, enabling the exploration of the micro-simulation potential. 

The timetable used in the simulations was the one active during the preparation of this study 

(December 2019), which considered 204 passenger services on weekdays, divided in three different 

services types, and 105 services on weekends and holidays, all being the same type. 

The difference between the three different type of services were the origin and the destination stations 

and the number of stops made by the trains, being one of these a faster service than the others. 

To validate the simulation model, both timetables were simulated under normal track operation 

conditions, which revealed an acceptable error margin of under 30 seconds. 

Figure 3 shows the running diagram of the Cascais Line between 6:30 am and 8:30 am on a weekday. 

The dashed line represents the predicted timetable and the full line represents the simulation result 

for the trains’ movement.  

 

Figure 3 – Running diagram of the Cascais Line between 6:30 am and 8:30 am on a weekday 

 



To study the effects of renewal works in the normal operation of the Cascais Line, a pack of scenarios 

were defined to reflect the circulation conditions that may be imposed during the CTR. There are 

endless possible scenarios, however it was decided to approach those considered more conditioning 

and realistic, presented on Table 1. 

Table 1 – Scenarios defined for the simulations 

Weekdays 

Scenario 
11 pm – 06 am  06 am – 23 pm 

Upward Track Downward Track Upward Track Downward Track 

1 Normal operation Normal operation Normal operation Normal operation 

2 TST without SR Interdiction - Phase 5 Normal operation Normal operation 

3 TST without SR Interdiction - Phase 5 Normal operation SR 80km/h 

4 TST with SR 30km/h Interdiction - Phase 5 Normal operation SR 80km/h 

5 TST with SR 30km/h Interdiction - Phase 5 Normal operation 
SR 80km/h + Parcial 

SR 30km/h 

6 TST with SR 30km/h Interdiction - Phase 5 Normal operation SR 30km/h 

     

Weekdays 

Scenario 
11 pm – 07 am  07 am – 23 pm 

Upward Track Downward Track Upward Track Downward Track 

7 TST without SR Interdiction - Phase 5 Normal operation Normal operation 

8 TST without SR Interdiction - Phase 5 Normal operation SR 80km/h 

9 TST with SR 30km/h Interdiction - Phase 5 Normal operation SR 80km/h 

     

Weekends 

Scenario 
11 pm – 06 am  06 am – 23 pm 

Upward Track Downward Track Upward Track Downward Track 

10 Normal operation Normal operation Normal operation Normal operation 

11 TST without SR Interdiction - Phase 5 TST without SR Interdiction - Phase 5 

12 TST with SR 30km/h Interdiction - Phase 5 TST with SR 30km/h Interdiction - Phase 5 

 

In the analysis of the simulated scenarios, only the stations of Cais do Sodré, Alcântara, Algés, Oeiras 

and Cascais were considered. 

The Cais do Sodré station is the most important station of the Cascais Line, since all services have 

their origin or destination at this station, being a key point for the rotation of rolling stock. 

Alcântara and Algés stations are also main stations since all services stop there. On the other hand, 

these stations are located at the ends of the track section being intervened in Phase 5 of the CTR, 

so the data registered at these stations is most important for the intended analysis. 

The Oeiras and Cascais stations are the stations where, like Cais do Sodré, other services start or 

finish their itinerary. The Cascais Todas and Cascais Rápido services have their origin or destination 

in Cascais, both stopping in Oeiras. At Oeiras station only the Oeiras service starts and finishes its 

itinerary. Consequently, in the following analysis, the values presented for the Oeiras station concern 

only the Oeiras service, in order to isolate these service results. 

On the weekend days analysis, the Oeiras station was disregarded, since on these days only the 

Cascais Todas service is performed. Therefore, the values in this station would not add value to the 

ongoing analysis. 



Figure 4 shows, in percentage, the number of trains that remained on time or suffered delays in each 

scenario. These values refer only to the arrival at the terminal station and consider all trains as non-

punctual with a delay equal to or greater than one second. 

 

   

Figure 4 – Punctuality registered in upward and downward directions 

 

In this analysis, the punctuality of the trains was set to the minimum time unit to determine the total 

number of services affected in each scenario. In fact, on a suburban line, a train with a delay under 

one minute may not be considered as non-punctual. However, in the case of the Cascais Line, given 

that there are trains with safety margins (headways) of only 2 minutes, there is a possibility that small 

primary delays may generate secondary delays. 

According to the presented data, trains that run in the downward direction are more affected. 

Nevertheless, this situation is not significant, since it is due to the way the general running diagram 

of the Cascais Line is structured, so the opposite situation could be verified as well. 

As expected, with the increase of speed restrictions, the number of non-punctual trains increases. 

In Scenarios 3 and 4, the speed restriction on the intervened track considerably affects the punctuality 

of trains on the downward direction. However, only in 7 cases of Scenario 4, the arriving delay at Cais 

do Sodré is over one minute, and this delay is due to track occupation during the TST period. 

In Scenarios 5 and 6, the partial and total speed restrictions on the intervened track generate a 

significant increase in delays. In the downward direction, no service is punctual, leading, in some 

cases, to the departure delay of trains from Cais do Sodré, in such a way that they are unable to 

recover it and arrive in Oeiras and Cascais still delayed. 

In Scenario 5, and mainly in Scenario 6, there are a lot of delays in departures from the origin station 

due to the need of rolling stock rotation and the imposed minimum stopping time for trains at the 

terminal station before starting another service. 

In Scenario 5, despite the significant increase of non-punctual trains, in the upward direction there 

are only 8 trains with a delay over 4 minutes on arrival at Cascais, and 22 trains arriving at Oeiras, 

with a delay under one minute. In the downward direction, there are only 7 trains with a delay over 4 

minutes on arrival at Cais do Sodré and the remaining 94 delays are under 3 minutes. 

Scenario 6 is the most restrictive one of those defined for weekdays, with a punctuality rate of only 

30% of all services performed in both directions, being 60% of the delays over 4 minutes. 
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In Scenarios 7 and 8, the effect of extending the TST by one hour has almost no impact. Only in 

Scenario 9 there are 25 trains delayed by more than 4 minutes, with the spread of delays affecting 

the departure time of 8 trains. 

It is important to note that in Scenarios 2, 3, 4, 5, 7 and 8, most delays are due to the unavailability 

of the banalized track. These are delays result from the forced stop of trains while waiting permission 

(via signaling) to enter on this track section, since it is occupied by another train that runs in the 

opposite direction. 

In Scenario 11, there are only delayed trains running in the upward direction, all of which are due to 

the occupation of the banalized track, which can be avoided by adjusting the general running diagram. 

In Scenario 12, the speed restriction on the banalized track section creates a situation where all trains 

arrive at the terminal station with a delay of over 4 minutes, with half of the trains arriving to their 

destination over than 10 minutes delayed. This situation can only be minimized by reducing the 

number of services provided, which results in a social cost, that can only be assessed through further 

study. 

Based on the collected data, it is possible to conclude that, by itself, the TST does not cause delays 

over one minute, except when it lasts until 7 am, even though, this situation only causes delays of 

over 2 minutes in 2 trains (Scenario 8). 

The speed restriction to 30 km/h on the banalized track during the period of TST leads to an increasing 

number of trains with a delay of over 4 minutes but does not significantly affects the movement of 

trains at rush hour, even when the TST is extended for an hour. 

The speed restrictions on the intervened track after the TST period cause the greater delays in the 

train’s movements. 

The speed restriction to 80 km/h on the intervened track only causes delays under 1 minute, but when 

a more restrictive limitation is imposed, whether local or total, the generated delays increase 

significantly. 

If the restriction is local, in spite no trains maintain punctuality, the delays do not exceed 3 minutes, 

except in the specific cases of occupation of the banalized track, which are not actually caused by 

this restriction. 

In the need of an extreme speed restriction across the entire length of the intervened track section, 

in addition to about 70% of trains arriving late at the destination station, their delay will be over 5 

minutes in almost 90% of these cases. 

 

5. Conclusions 

 

It was possible to conclude that the simulation model built within the scope of this work realistically 

represents the operation of the Cascais Line, reproducing in detail the characteristics of the 

infrastructure and obtaining, in a consistent way, values very close to reality, with error margins under 

30 seconds. 

In the specific case of the Cascais Line, since it is a short length line, with a high traffic density, it was 

very important that the error margins of the model errors were negligible. Thus, the results obtained 

are quite reliable. 

Through the analysis of the simulation results of the various scenarios for the work phase considered 

to be the most critical, it can be said that the work plan developed in REFER’s preliminary study is 

feasible and may not imply a significant indirect cost for non-punctuality of trains. 



However, this indirect cost will only be reduced through a detailed planning of each of the intervention 

phases, namely in the preview of the expected impacts in each phase and in the preparation of 

contingency plans for each of these impacts. These contingency plans will be formalized by 

alternative timetables that will be implemented in the track operation depending on the different 

restrictions imposed during the intervention. 

Based on the simulated scenarios in this study, it can be concluded that the most condition factor for 

the maintenance of the global trains punctuality is the speed limitation on the banalized track during 

the TST period and on the intervened track after it ends. 

During the weekends, since that only one track is available for 55 hours, the speed limit on the 

banalized track is the critical factor for punctuality. However, its impact can be minimized through the 

restructuring of the global timetable of the Cascais Line, so that trains that run in both directions have 

their crossing planned at one of the ends of the of the banalized track section. In this way, unforeseen 

stops are avoided due to track unavailability. 

The timetable restructuring process can be done in an iterative way for each of the work plan phases, 

although it should consider train movements. 

On weekdays, even though the speed limit on the banalized track affects train punctuality and the 

delay’s propagation, it is the speed limit on the intervened track that most influences the delays and 

their propagation. 

Regarding the 12 simulated scenarios, the one that comes closest to reality is Scenario 5. In this 

scenario, the speed limit on the banalized track is 30 km/h to ensure the safety of the work in progress 

on the adjacent track. The speed limit on the intervened track after the TST period is 80 km/h, with a 

track section where, for safety reasons, the speed is limited to 30 km/h. 

In this scenario, there is possibility to minimize the 15 cases of delay over 4 minutes by adjusting the 

departure time of some services, so that they do not have to make a forced stop. This adjustment 

allows the railway operator to communicate a timetable change to passengers of the Cascais Line, 

suffering no effect in public satisfaction caused by unforeseen delays. In a passenger’s point of view, 

it is better to previously know that a service will have a later departure than usual, than to arrive 

delayed at the destination. 

The timetable revision during the CTR can be based on regular simulation of the present operation 

conditions of the line, which can be done using computer simulation platforms like OpenTrack. 
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