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There is a worldwide need for a sustainable mode of transportation 
and the sustainability of railway transport is well established. The 
most important issue for the railway sector is to demonstrate the 
cost efficiency, reliability and competitiveness of railway in any 
weather conditions compared to other modes of transport. 

There is a concern to make railway transport reliable, robust and 
punctual. We at Luleå Railway Research Centre (JVTC) are fully 
aware of this critical and challenging issue, and accordingly we have 
defined and launched many R&D projects to create new knowledge 
and competence that are essential for strengthening the railway 
system. JVTC was successful in attracting grants from EU and Rail 
administration to initiate R&D projects focussed on increasing 
capacity, punctuality and reliability of the railway system. Further-
more, JVTC has initiated a pre-study to explore the feasibility of the 
establishment of a national Railway Capacity Center.  

 I must mention that JVTC achievements depend on the hard work 
and concerted efforts not just of academic staff, but also of our 
many partners and stakeholders in the railway sector. Operation- 
and maintenance-related research and development remain a key 
activity in solving many challenging issues in the railway sector.

I would like to express my sincere thanks to the management of the 
Centre for implementing the strategic business plan approved by 
the JVTC Board and facilitating smart and creative solutions to 
complex railway problems. I would also like to thank the members 
of the JVTC Board for their enthusiasm, support and guidance 
during the year.
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“The most important issue for the 
railway sector is to demonstrate the 
cost efficiency, reliability and com-
petitiveness of railway...”
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2010
The main focus of Luleå Railway Research Center (JVTC) is to provide 
engineering solutions to enhance the effectiveness and efficiency of 
the operation and maintenance of the railway system to make it 
economically viable, competitive and a safe mode of transportation.

The business plan and other strategic activities of JVTC are aligned 
to meet the need of the industry and at the same time create new 
knowledge and competence to make the industry cost effective and 
a sustainable mode of transport for the society. The centre has been 
able to undertake a number of challenging applied research 
projects, such as SustRail and AutoMain within the framework of EU 
FP 7. I am pleased to state that during the last year, JVTC has an 
impressive track record when it comes to R & D activities related to 
the area of operation and maintenance of infrastructure and rolling 
stock. We at JVTC are aware about the multidisciplinary nature of 
maintenance, which cuts across many disciplines of science and 
technologies. We are, therefore, actively working to strengthen our 
position for networking with leading research groups, worldwide. 
Finally, I would like to thank the members of the Board of JVTC, in 
particular our Chair Rune Lindbergh for guidance and support to the 
management team throughout the year. I also take this opportunity 
to thank the members of the management team, and other stake-
holders for their faith and continuous support in our efforts 
throughout the year. It gives me immense pleasure to present the 
annual report to the readers giving an overview of our activities for 
the past twelve months besides providing an evidence of our 
achievements.

Directoŕ s Report



JVTCAbout  
A key challenge for the modern railway sector is to improve its competitiveness while ensuring a 
reliable and sustainable mode of transportation for passengers and goods. This essentially necessi-
tates an effective and efficient operation and maintenance of infrastructure and rolling stocks. 

JVTC was established in 1998 and during the last 13 years it has built up a research program adopt-
ing a distinctive multidisciplinary approach to meet short term and long term challenges faced by 
the operation and maintenance engineers of the railway sector. Keeping in mind the fact that opera-
tion and maintenance of the railway system is a multidisciplinary area, the management at JVTC has 
continuously been working to strengthen its position by networking with researchers with similar 
interests locally and all over the world. Today, JVTC have collaboration with researchers from 
Australia, India, France, Norway, UK, Germany etc through various EU sponsored or other applied 
projects. The main focus of JVTC is to develop new and innovative engineering solutions to enhance 
the effectiveness and efficiency of the operation and maintenance of railway systems to ensure an 
economically viable, reliable, punctual and safe mode of transport system.  

The R&D activities of JVTC are built around these keywords: Safety, Sustainability, Availability and 
Capacity. To ensure excellence in these areas, the JVTC board has initiated a plan to build up world 
class competence in the areas of RAMS, maintenance threshold limits and eMaintenance. The main 
purposes of identifying these three research areas are to bring strategic focus to a few critical 
research topics which have considerable impacts on the performance of railway systems. The other 
reason is that Luleå University of Technology has a quite strong base in these areas and therefore, 
the amount of resources needed may not be prohibitory to facilitate knowledge and competence 
building.

A Railway Research Center with focus on Operation and Maintenance



Members
A number of Swedish industries and organizations have 
joined JVTC under different levels of membership. The 
following companies and organizations were members 
of JVTC at the close of 2010:

Trafikverket   LKAB
LTU    WSP
Vectura    Duroc Rail 
Euromaint   Jernbaneverket
ÅF Infrastruktur   Norut Teknologi
ALSTOM Transport, France  Etteplan   
Vossloh Nordic Switch Systems 

Organisation
JVTC, (Luleå Railway Research Centre) is a virtual competence centre located at Luleå University of 
Technology (LTU) and it’s organized directly under the president of the University. The main 
purpose of JVTC is to co-ordinate and distribute railway research and results between the Depart-
ments of LTU, satellite companies, members and interested parties. The information exchange 
between these different parties of JVTC, provide the Swedish railway a system to strive towards a 
high level of efficiency and effectiveness. 

JVTC Satellite companies are engaged in process management, field tests, laboratory tests, project 
analysis, product development and acceleration of research e.g. case studies.

Board of Representatives
Rune Lindberg, Director (Railway), Swedish Transport 
Agency Government of Sweden, Chairman

Eskil Sellgren, WSP
Roland Larsson, LTU
Lennart Elfgren, LTU
Dan Larsson, Damill AB
Thomas Nordmark, LKAB
Christian Ljungdahl, Vectura
Tomas Ramstedt, Trafikverket
Thor Brekkan, Jernbaneverket
Thomas Robertsson, Euromaint Rail 
Dan Bergman, Duroc Rail AB (Supplement)

Management
Uday Kumar, Director

Ulla Juntti, Deputy Director  
Veronica Jägare, Manager
Cecilia Glover, Administrator



 R&D areasStrategic  
The Railway research program is built around three keywords: Safety, Availability and Capacity. The 
strategic focus of research program is to ensure increased availability, capacity and safety on the 
existing network and rolling stocks by effective operation and maintenance of infrastructure and 
rolling stocks. The goal of Railway Research Program is to enhance the effectiveness of operation and 
maintenance process in a mixed traffic situation leading to higher availability, safety and track capac-
ity for the existing network. Considerable research is being undertaken to study the track mainte-
nance and renewal issues with focus on grinding, lubrication, maintenance strategies and track 
degradation. Current projects are sponsored by the Swedish Transport Administration (Trafikverket), 
LKAB, Alstom Transport and EU FP-7. 

Research  areas 
The research areas that are closely related to operation and 
maintenance of railway system have been identified for strate-
gic focus in research, development, competence building and 
networking with other research organizations and industries. 
These areas are as follows:
-  RAMS (Reliability, Availability, Maintainability and  Safety)
-  Capacity through effective maintenance
-  Maintenance Threshold Limits 
-  eMaintenance 



Traditionally maintenance decisions for the railway infrastructure have been based on past experi-
ence and expert estimations. The application of RAMS (Reliability, Availability, Maintainability and 
Safety) analysis for railway infrastructure is limited. 

RAMS characteristics for a railway system can be described as the confidence with which it can 
guarantee the achievement of an agreed volume of traffic with defined quality  in a given period. 
With increase in performance demands from governments, infrastructure managers and train 
operators are under pressure, to enhance the RAMS characteristics of their operating systems. As a 
result, during the last 5-7 years, RAMS issues have become critical for competitiveness and economic 
viability of the railway systems all over the world. 

Currently, JVTC is engaged in some of the projects which have direct or indirect focus on RAMS analy-
sis. Two of these projects are within the framework of EU FP 7 Program and JVTC is one of the key 
player for the analysis of RAMS of railway systems. 

RAMS

Development of SVM model for reliability analysis of 
railway system

This project aims to develop Support Vector Machine 
(SVM) models to estimate and predict railway system 
reliability. The SVM method has been found to be more 
accurate and powerful in identifying the trends and 
deviations in data sets. During the project, mathemati-
cal algorithm is developed to identify deviation from 
normal operation indicating on coming failures. This 
method can also help identifying any abnormal opera-
tion state thereby providing warning for impending 
failures. During the research, SVM models will be 
combined with classical statistical techniques such as 
Bayesian Inference, ANOVA, etc.

 

Maintenance Decision Support Models for Railway 
Infrastructure using RAMS

The objective of the project is to illustrate and demon-
strate the applicability of RAMS and LCC analysis in the 
decision making process governing the cost effective 
maintenance of the railway infrastructure, taking the 
associated risks and uncertainties into consideration. In 
this project, models are developed to estimate RAMS 
targets based on punctuality, capacity and safety 
requirements. 
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Link and effect model of maintenance investment for 
infrastructure effectiveness improvement

In order to manage the railway infrastructure assets 
effectively against the agreed and set objectives, effect 
of maintenance works must be measured and moni-
tored. Different systems are used for collecting and 
exchange of key values. Failure data, inspection 
remarks, track quality data are collected by other 
systems. However, it is necessary to verify, follow-up 
and modify, as required, to achieve the objectives In 
addition, key values for maintenance contracts, are also 
important for monitoring methods for boundary condi-
tions that can change the operating conditions of the 
facilities and maintenance contractor, such as to 
changes in traffic, reduced maintenance condition of 
rolling stock, extreme weather situations. To achieve 
these objectives, a link and effect model is required to 
be developed.

Improvement of Railway infrastructure Capacity 
through effective Maintenance

In railway system, the monitoring and assessment of the 
infrastructure condition is quite needful to ascertain the 
integrity of the asset at any point in time for infrastruc-
ture capacity concerns. It is necessary to engineer the 
maintenance function to support the growing quality 
and quantity of traffic demand on the railway infrastruc-
ture. This project investigates the possibility of expand-
ing the operational capacity of the railway network by 
increasing the quality and availability of the infrastruc-
ture through the implementation of effective mainte-
nance. To achieve this, an effective prognostic tool to 
estimate the remaining useful life of the railway system 
and effective logistics support system will be developed. 
This will result in an optimum maintenance policy with 
reduced track occupation and interruption of traffic. 

Capacity through effective maintenance 

Increasing awareness of people regarding environment, focus on sustainable life style and similar 
other factors, there is pressure to increase the capacity of the existing network so that number of 
goods and freights trains can be increased on the existing network. The increase in volume of rail 
traffic often leads to reduction of maintenance time window of rail track and other infrastructure, 
which gradually affects the reliability and availability which eventually leads to reduction in track 
capacity. The aim of this project is to increase the capacity of the existing railway infrastructure 
through effective and efficient maintenance process.
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Maintenance Threshold  

The concept of “maintenance limit“ is a new and innovative way to look at the operation and mainte-
nance of railway system as a single entity to ensure high level of transport system reliability. The 
concept is based and analogous to safety limit used since many decades. The term maintenance 
limits is used to show that the maintenance decision should be based on knowledge about degrada-
tion rates and taken in such a good time that corrective maintenance can be avoided. Maintenance 
limits also implicates that the total cost for maintaining rail and wheel sets combined, should be used 
as a parameter for maintenance decisions. Currently, JVTC is running two projects within the frame-
work of maintenance threshold.

Maintenance Thresholds Limits
The project aim is to streamline the maintenance, 
increase the life length by reducing the number of 
change of wheels and rails per year, and to get a better 
feedback of maintenance actions, its effects and how 
these are reflected in the maintenance economy. The 
project aim is also to define a methodology and an 
approach which makes it possible to apply cost-effective 
limits values for vehicle and railway maintenance in 
synergy.

eMaintenance
Effectiveness of Operation and maintenance of infrastructure and rolling stocks depends on the 
quality, timeliness, accuracy and completeness of information related to plant and machine 
degradation state, based on which decisions are made. It is a challenge to provide right informa-
tion, in right time to right person in right formats. E-Maintenance approach is expected to provide 
solutions to some of these problems. While e-maintenance shows a lot of promise, seamless 
integration of information and communication technologies (ICT) into the industrial environment 
remains a challenge.

eMaintenance solutions for effective decision-making 
in maintenance
This project aims to explore and describe how the 
appropriate information logistics as support to the 
production of the maintenance process can be estab-
lished, based on two case studies, one at Vattenfall 
Hydropower and at Banverket Delivery Power Plant. The 
project shall, for each case study, provide a demonstra-
tor consisting of concepts, methodologies, technologies 
and processes. The main aim of the demonstrators is to 
show how the increased use of ICT can facilitate and 
streamline decision making in the maintenance process 
in its various phases such as management, planning, 
preparation, implementation, evaluation and improve-
ment.

 







Research Station
To stream line data collection to meet research requirement, JVTC has established a measurement 
station to measure forces exerted by vehicles on the track. The mounting pattern of sensors at meas-
urement point separates the vertical and lateral forces. The measured data are automatically trans-
ferred to our SAMPLA web platform using internet for processing it into useful information and 
knowledge that can be used by train operators and infrastructure managers. Some of the high lights 
of this measurement station are:  delivers real time data 24 hours a day, identifies trains and wagons, 
a top 10 list of poorly performing axels and internet access to real time data. The real time data after 
processing is displayed in real time in a user friendly manner. 

 



ReRail
The Project ReRail is sponsored by VINNOVA and engaged in developing a new innovative concept to 
prolong the life of the existing worn out rail. If successful this innovative method is likely to reduce 
the consumption of steel and which in turn will result in reduced CO2 emission. The outcome from 
the project will help Transport Companies to meet CO2 emission target. The project is led by Dr. Ulla 
Juntti and the principal investigator is Anders Sundgren of Rerail AB. It consists of a rolling format, 
modern hardened steel, which forms a wear surface. The hardened steel in ReRail is nearly twice as 
hard as normal rail steel. ReRail tread is about 10 mm thick and is mounted around the head of the 
original rail which is milled down when it is worn out and adapted to the tread of the internal form. 
The advantage of a two-track rail is that it can be renovated into place, then only the surface needs 
to be replaced. 

The production of 10 000 meter rail produces around 24 000 tonnes of carbon dioxide. With ReRail 
the emissions is reduced to about 5000 tons. In order to upgrade and re-use a worn rail with ReRail 
required only 10% new rail materials. 



Research Projects

Project Project Leader / PhD-Student Sponsor Status 

Department of Civil, Mining and Environmental Engineering/ Division of Operation and Maintenance Engineering 

DeCoTrack, Track Degradation Modelling 
and Analysis Related to Change in Railway 
Traffic 

Uday Kumar, +46 920-491826 
Dan Larsson (Damill AB) +46 920-19250 
Larsson 2004 - Licentiate Thesis (PDF) 

Trafikverket Active 

Reliability analysis of Switches and 
Crossings 

Behzad Ghodrati, +46 920-491456 ALSTOM & Trafikverket Active 

Network  Capacity  Uday Kumar, +46 920-491826 Trafikverket Active 

LCC and RAMS for Railway Vehicles Uday Kumar, +46 920-491826 
Ambika Patra/Alireza Ahmadi, +46 920-493129 
Patra 2007 - Licentiate Thesis (PDF) 

Trafikverket/LTU Active 

Condition based maintenance for Vehicles 
II 

Håkan Schunnesson +46 920-491826 
Mikael Palo, +46 920-492009 

Trafikverket/LTU Active 

Maintenance limits Håkan Schunnesson, +46 920-491696 
Iman Arastehkhouy, +46 920-492071 

Trafikverket Active 

Wear in crossings Jan Lundberg, +46 920-491748 Trafikverket Active 

Technical specifications for crossings Jan Lundberg, +46 920-491748 Trafikverket Active 

Ultrasonic measurements of internal 
cracks in manganese crossings 

Jan Lundberg, +46 920-491748 Trafikverket Active 

Infrastructure Winter ability -analysis Ulla Juntti +46 920-491991 UIC Completed 

Increased track Capacity through effective 
maintenance 

Uday Kumar, +46 920-491826 
Matti Rantatalo, M Stephen   

Trafikverket Active 

Link and effect models in railway 
maintenance 

Aditya Parida, +46 920-491437 
Christer Stenström, +46 920491476 

Trafikverket Active 

From measurement to maintenance 
decision 

Håkan Schunnesson, +46 920-491696 
Mikael Palo, +46 920-492009 
Iman Arastehkhouy, +46 920-492071 

LTU, LKAB Completed 

Department of Civil, Mining and Environmental Engineering/ Division of Structural Engineering                        

Sustainable Bridges Lennart Elfgren, +46 920-491360 EU/UIC Dissemination 

Design Performance Björn Täljsten, +46 920-493360 Formas Active 

Assessment of  Bridge Condition Lennart Elfgren, +46 920-491360 
Ulf Ohlsson/Natalia Sabourova +46 920-491853 

Formas Active 

Assessment of Vindelälven Bridge Martin Nilsson/Ola Enochsson, +46 920-492533 Trafikverket Active 

Assessment of Långforsen Bridge Martin Nilsson/Ola Enochsson, +46 920-492533 Trafikverket Active 

Assessment of Byskeälv Bridge Lennart Elfgren/Ola Enochsson, +46 920-491360 Trafikverket Completed 

Sustainable Renovation Björn Täljsten/Jonny Nilimaa, +46 920-493360 Formas/Trafikverket Active 

Kiruna Mine Bridge Mats Emborg/Ola Enochsson, +46 920-491348 LKAB Active 

 

Active/completed



 

Rock Mechanics Consequences of Fire in 
Tunnels 

Erling Nordlund, +46 920-491335 
Kristina Larsson, + 46 920-492913 

Trafikverket Active 

Structural Sound Erling Nordlund, +46 920-491335 
Andreas Eitzenberger + 46 920-492267 
Eitzenberger 2008 - Licentiate Thesis 

Trafikverket Active 

Deformation and failure of hard  Erling Nordlund, +46 920-491335 
David Saiang, + 46 920-491053 
Perez, Kelvis 

Trafikverket Active 

Department of Applied Physics and Mechanical Engineering/Division of Machine Elements 

Surface Roughness and rail grinding Jens Hardell +46 920-491 000 
 

Trafikverket  
 

Active 

Department of Industrial Economy and Social Structure/Division of Logistics  

Teknikhistoria Elektrifiering av Malmbana Roine Wiklund Trafikverket Completed 

Some of the completed projects  

Maintenance performance indicators (MPIs) 
for Swedish Rail 
Administration 

Thomas Åhren, Aditya Parida & Uday Kumar Banverket Completed 

Design for/out maintenance Stefan Niska, Håkan Schunnesson & Uday Kumar Banverket Completed 

LCC analysis of Railway Switches and 
Crossings (S&C). 

Arne Nissen & Uday Kumar Banverket Completed 

Maintenance strategy for railway 
infrastructure 

Ulla Espling & Uday Kumar Banverket Completed 

Condition based maintenance strategy for 
railway systems 

Robert Lagnebäck & Uday Kumar Banverket, LKAB Completed 

Improved train punctuality through 
improvement in engineering systems 

Rikard Granström & Uday Kumar 
Banverket, EU 
structural funds 

Completed 

Improved punctuality through effective 
maintenance management 

Birre Nyström, Per-Anders Akersten & Uday Kumar 
Banverket, EU 
structural funds 

Completed 

 



Seminar & Workshop
During 2010, JVTC organized a seminar on Maintenance Contracting and Outsourcing, where leading 
professors and experts from Sweden, UK and Australia delivered lectures for the benefit of our 
industrial partners. The seminar gave a unique opportunity to see how Game Theory can be used to 
manage outsourcing issues and contracting problems in the industry.

Other seminars and conferences include:
Railway maintenance workshop, Luleå, June 21-23, 2010
Winter workshop, phone conference,  May 19, 2010
OMICOLD  Workshop, Kiruna, Dec 2-4, 2010
  

The seminar on maintenance contracting and outsourc-
ing was organised in order to find out how Game Theory 
can be used to manage outsourcing issues and contract-
ing problems in the industry. The seminar was given by 
three experts in the area.
1.    Professor D. N. P. Murthuy, Division of Mechanical 
Engineering, The University of Queensland, Australia
2.   Dr. Nat Jack, Dundee Buisness School, The United 
Kingdom
3.   Professor Uday Kumar, Luleå University of Technol-
ogy, Sweden

Dr. Nat Jack providing information 
on maintenance contracting and 
outsourcing.

Workshop on Mainte-
nance Contracting 
& Outsourcing

Prof. Murthuy giving seminar 
on maintenance contracting 
and outsourcing.

Workshop on Railway 
Maintenance 
During eMaintenance congress, a Railway workshop 
was organised to discuss the issues & challanges in 
railway maintenance. About 17 representatives from 
ProRail, Network Rail, SNCF, University of Birmingham 
and others participated in the workshop which was 
co-ordinated by Dr.  P-O Larsson Kråik. Furthermore, a 
special session on the railway project AUTOMAIN was 
conducted. In this session, issues like, how to improve 
effective inspection and maintenance in a short period 
of time and how to optimise and automate mainte-
nance and inspection were discussed.



OMICOLD Workshop
JVTC organised an international conference in Kiruna on 
the 2-3 of December2010: OMICOLD Operation and 
Maintenance of Infrastructure in Cold Climate where 
the main purpose was to start a knowledge network. 
The focus was on issues, challenges and opportunities 
to develop and improve the operation and mainte-
nance of infrastructure in winter climate.  

There were opportunities to interact with experienced 
speakers presenting topics like preparedness and 
contingency plans for extreme weather. The program 
also included a site visit to the Arena Arctica where 
winter equipment and procedures are in place.

There were around 50 participants from Sweden, 
Finland, Norway, the Netherlands, Germany and 
Switzerland. There was a strong interest in continuing 
the work to form a knowledge network.

Winter Workshop
Upon request from TURSAM there was a Winter Work-
shop on May 19th 2010  with 15 participants from the 
JVTC stakeholders and via phone the UIC office in Paris.

The winter problems were not specific for Sweden but 
also other railway administrations in Europe had large 
difficulties. Therefore UIC arranged a Winter Workshop 
in Paris where causes to the winter problems that arised 
in 2009/2010 were presented. The workshop resulted in 
two assignments consisting of finding the root causes to 
the winter related shutdowns for infrastructure and 
railway. JVTC got the assignment to find out the root 
causes for the shutdowns for infrastructure. The study 
involves Trafikverket in Sweden, VR Track in Finland, 
Banedanmark in Denmark, Jernbaneverket in Norway, 
Network Rail in the UK, Deutsche Bahn in Germany and 
ProRail in the Netherlands. 
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Results 2010
JVTC has a financial turnover of 15.67 MSEK, 2010.
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Fördelning intäkter mellan finansiärer 2010

Trafikverket, 
56%

Utländska, 5%

Formas, 6%

LTU, 14%

Vinnova, 10%
Företag , 9%
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