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JVTC Vision statement 
 

Luleå Railway research Center aims to be 
nationally  and internationally trusted and 

acknowledged center of competence in  
maintenance of railway systems.   

JVTC Mission statement 
 

With focus on maintenance, economy, and technol-
ogy, JVTC aims to carry out applied research and 

development for the increased efficiency of the railway 
sector. 
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Chairman’s Message 

 Over the past 10 years I have had a unique opportunity to observe and be engaged 
in the development and changes taking place in the Railway sector and government 
organizations involved in planning the operation and maintenance of Railway systems 
and infrastructure. I have been pleased to note that operation and maintenance of in-
frastructure and rolling stock has become a critical element of asset management in 
railway industry. Effective maintenance creates added value in the business process. This recognition in asset manage-
ment has provided the Board and the Management of JVTC with an added strength to find solutions to complex issues 
being faced by the industry. The R&D activities are aligned to provide solutions to current problems and develop 
knowledge to meet long term challenges being faced by the industry. The main focus of JVTC activities is to create 
knowledge and competence useful for increasing the capacity, availability and safety of railway systems and its opera-
tion.  
 
 As the Chairman of the JVTC Board 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. The business plan and other strategic activities of JVTC are aligned to meet the need of industry and at the same 
time create new knowledge and competence to make the industry cost effective and sustainable mode of transport for 
the society.  
 
 During the year 2008, JVTC also celebrated its 10th anniversary by arranging a two days seminar attended by repre-
sentatives of the railway sector and academia. JVTC was launched in 1998 by Banverket, MTAB among many others 
to meet the R&D need of the Swedish Railway industry with special reference to heavy haul. During the last 10 years, 
JVTC has become a mature and recognised supplier of R&D solutions and capable people in the area of operation and 
maintenance. 
 
 While there will undoubtedly be unforeseen challenges and possibilities within the next twelve months, I believe 
that the JVTC management is well prepared to exploit these opportunities. Any organisation is only as good as its 
management and staff, and past performance shows that the JVTC is a team of capable people. 
 
 I would like to thank the members of the JVTC Board for their enthusiasm, support and guidance during the year. 
I also take this opportunity to thank the management of the Center led by Professor Uday Kumar, for implementing 
the R&D strategies recommended by the Board and providing smarter and creative solutions to complex railway prob-
lems. I very much look forward to work with the Board and the management team in years to come with confidence 
to make JVTC a center of excellence with strategic focus on operation and maintenance of infrastructure and rolling 
stock.  This report highlights some of the activities of JVTC for the year 2008. 
 
 
 
Rune Lindberg           
Chairman,  Luleå Railway Research Center 
& 
Director (Railway) 
Swedish Transport Agency, Goverment of Sweden     30 March 2009 
           

”…. focus of JVTC activities is to create knowledge 
and competence useful for increasing the capacity,  
availability and safety of railway systems  



Director’s Report 

A key challenge for the modern day railway sector is to ensure a reliable, punctual and cost 
effective mode of transport system for passengers and goods. This necessitates a high level of 
reliability, availability (and capacity) and safety of railway infrastructure and rolling stocks 
which can only be ensured through highly efficient operation and maintenance of railway 

systems.  The area of operation and maintenance of infrastructures and rolling stock is a multidisciplinary in nature, 
transcending boundaries separating many disciplines of science, engineering and management. Keeping this in mind 
JVTC have continuously worked to strengthen its position by networking with other researchers locally and all over 
the world. We are pleased to inform you that to date we have been successful in creating a formal or informal network 
in our areas of interest, with leading research groups and laboratories in Australia, Canada, the USA, Europe and Asia. 
During the year 2008, JVTC established in 1998, celebrated its 10th anniversary by organising a two days seminar on 
December 4-5, 2008. 
 
 We have continued to build our research program adopting a distinctive interdisciplinary approach to meet short 
term and long term challenges faced by the railway sectors. The Annual report of the JVTC for the calendar year 2008 
demonstrates our continued commitment to first-rate academic research. During the last year, JVTC sponsored  re-
search has led to 6 PhDs in operation and maintenance of Railway Engineering at LTU and a publication of over 30 
articles, in leading journals and conference proceedings. The quality of our academic research and our willingness and 
ability to address matters of current railway concern has meant that our graduates and other researchers are engaged in 
more than 20 industry or government sponsored research projects. 
 
 I am also pleased to report that JVTC has brought R&D activities in Railway Maintenance Engineering to a leap 
ahead and been successful in getting Strategic Grant of 16 MSEK for a period of 4 years 2008-2011 from the Swedish 
National Rail administration. This has provided the management with much sought stability in launching new strategic 
projects in time. 
 
 In the coming years, we aim to build on our past performance, seeking particularly to increase substantially the 
number of R&D projects. We are aware of the challenges concerning the quality of our research and development 
work. Accordingly, we have had independent experts review our research program and give us feedback to improve 
the quality of our R&D work and strengthen our position as a centre of excellence in maintenance. We are always 
willing to reorient and reorganize to meet new challenges. 
 
 During the year 2008, Mr. Björn Paulsson a founding Board member left us due to changes in his organization. It is 
always difficult to bid farewell to an individual who has made significant contributions to establish JVTC as a formida-
ble R&D platform. I would like to express my sincere thanks for his efforts and contributions towards JVTC in various 
forms. 
 
 Finally, I would like to thank the members of the Board of the JVTC, in particular our Chair Rune Lindberg for 
guidance and support to the management team throughout the year I also take this opportunity to thank the members 
of management team, and other stakeholders for their faith and continuous support in our efforts throughout the year.  
 
 The Annual Report reflects the commitment to railway research and research support of all the stakeholders of 
JVTC, namely industries, academia and satellite companies. It is my pleasure to present the annual report covering the 
activities, results and important events for the year 2008. 
 
 
 
Uday Kumar             
Director, Luleå Railway Research Center        30 March 2009 

”….have continued to build our research program adopting 
a distinctive interdisciplinary approach to meet short term  
and long term challenges faced by the railway sector” 



Strategic R & D areas for JVTC 
The R&D activities of JVTC is built around three keywords: Safety,  Availability and Capacity. 
  
 The strategic focus of R&D activities at JVTC  is to ensure increased availability, increased capacity and safety on 
the existing network and rolling stocks by effective operation and maintenance of infrastructure and rolling stocks. The 
purpose is to enhance the effectiveness of operation and maintenance process in a mixed traffic situation leading to 
higher availability, safety and track capacity for the existing network. Considerable research is being undertaken to 
study the track maintenance and renewal issues with focus on grinding, lubrication, maintenance strategies and track 
degradation.   
  
 Three areas closely related to operation and maintenance of Railway system have been identified for strategic focus 
for research, development, competence building and networking with other research organization and industries by 
the JVTC Board. These areas are, namely: 
  
 
RAMS (Reliability, Availability, Maintainability and Safety)  
 RAMS is a characteristic of a system’s long term operation and can be characterized as a qualitative and quantitative 
indicator of system performance and technical integrity. RAMS characteristics for a railway system can describe the 
confidence with which it can guarantee the achievement of a defined level of rail traffic in a given time. 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 
  
 
Maintenance Threshold Limits for vehicles and rails 
 The concept of “maintenance limit“ is a new and innovative way to look at the railway system as a whole and the 
maintenance need for vehicles and track. The concept is based and analogous to safety limit used since many decades, 
but the idea is to identify the maintenance need as per operational requirements keeping the focus on operation and 
maintenance costs and specified performance.  
 
 The term maintenance limits is used to show that the maintenance decision shall be based on knowledge about 
degradation 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 parameter for maintenance 
decisions and not only the engineering knowledge. The aim is to develop a conceptual framework incorporating all 
critical and important track and vehicle   parameters together with operational requirements defining and explaining 
their logical and theoretical relationship, which will minimize the total cost of operation and maintenance of vehicles 
and track. 
  
 
e-Maintenance 24-7:- ICT application in Railway Maintenance 
 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 information, in right time to right person in right formats. E-Maintenance ap-
proach is expected to provide solutions to some of these problems. With emergence of intelligent sensors to  
measure and monitor the health state of the component and gradual implementation of information and communica-
tion technologies (ICT) in organizations, conceptualization and implementation of e-maintenance is turning into a 
reality. While e-maintenance shows a lot of promise, seamless integration of information and communication tech-
nologies (ICT) into the industrial environment remains a challenge. 
  
 The main purposes of identifying these three areas are to bring strategic focus to a few critical research topics which 
have considerable impacts on the performance of railway systems. The areas identify have great potential to make con-
tribution towards improvement of availability, reliability and capacity on the existing track by developing new knowl-
edge and successful knowledge valorization for the railway sector.  The other reason is that Luleå University of Tech-
nology has a quite strong base in these areas and therefore, the amount of resources need may not be prohibitory to 
facilitate knowledge and competence building. A brief introduction to these areas are presented as follows 



Research Projects 

Projects 
 
 

Department/ 
Division 

Project leader/ 
Researcher 

Sponsor 

———- Civil, Mining & Enviromental Engineering ———- 
Increased punctuality through better 
maintenance II  
 
Indicators for operation and maintenance 
 
 
Degradation model ”DECOTRACK” 
Methodology for appraisal of track 
degradation Related to vehicle and 
track  
 
Maintenance limits vehicle/track 
 
 
Increased punctuality through better 
maintenance I 
 
RAMS and LCC for railway track 
 
 
Track switches maintenance, error statis-
tics and maintenance  
 
Infrastructure-related risks  
 
 
Design out maintenance  
 
 
Integrated logistics support for mainte-
nance and services 
 
 
Reinforcement of concrete structures 
whit application on railways bridges  
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Projects 
 
 

Department/ 
Division 

Project leader/ 
Researcher 

Sponsor 

 ———- Civil, Mining & Enviromental Engineering ———- 
Rock mechanics consequences of fire in 
tunnels  
 
 
 
Study of chemical properties of soil near 
railway track construction 

Rock Mechanics & 
Rock Engineering  
 
 
 
Waste Science  
Technology 

Erling Nordlund 
Kristina Larsson  
Christine Saiang 
Ping Zhang 
 
Christian Maurice 
Patrik von Heijne 

Banverket  
 
 
 
 
Ramboll  
EU mål 2 

Doctoral Theses 

The thesis describes how the 
maintenance effort required by 
infrastructure maintenance con-
tractors is affected by the main-
tenance effort conducted by 
traffic operators (and vice versa). 
The interaction between infra-
structure and rolling stock has a 
significant effect on the systems' 
punctuality and the degradation 
of bound capital. Hence, effec-
tive punctuality improvements 

through maintenance efforts must be based on a holistic 
railway system perspective, i.e. a joint consideration of 
infrastructure and rolling stock. The thesis also presents 
how condition information can be used as a manage-
ment tool to stimulate the fulfilment of performance 
requirements made on railway stakeholders. It is also 
shown that the same information can be used to predict 
and plan necessary preventive maintenance tasks, as well 
as to support continuous improvement of the technical 
systems. However, unless stakeholder needs are ac-
knowledged and unless proper scientific investigations 
precede the formation of requirements and the applica-
tions of condition monitoring technologies, it is likely 
that the desired system performance improvements will 
not be realised. In summary, the thesis outlines a possi-
ble scenario in which condition information could sup-
port railway stakeholders in improving the punctuality 
of the railway system by means of more effective and 
efficient maintenance. (http://epubl.ltu.se/1402-
1544/2008/36/) 

Rikard Granström  
“Management of condition information from railway 
punctuality perspectives” at the Division of Operation 
& Maintenance Engineering, Department of Civil, 
Mining & Environmental Engineering. 

Degradation is an on-going proc-
ess in systems, equipments and 
components subjected to various 
stresses and adverse operating 
conditions. The factors influenc-
ing the degradation process may 
adversely affect the system or 
component performance. A study 
of these factors will provide a 
basis for making correct decisions 
concerning corrective and pre-

ventive measures. Such a study is also useful for reli-
ability analysis of the degrading systems/components 
for making maintenance decisions or for initiating 
measures for changes in the design. The present re-
search work also demonstrates an application of reli-
ability analysis to improve system reliability based on 
design changes. This has been illustrated with an exam-
ple from a manufacturing industry. The objective is 
achieved using cost-benefit analysis in combination 
with failure data and root cause analysis. The analysis of 
failure data with the different cost elements involved in 
the operation and maintenance of the complex systems 
is presented as a basis for choosing between alternative 
designs. In short, the thesis discusses the application of 
reliability analysis and cost modeling techniques to sup-
port the decision-making process in operation and 
maintenance activities and demonstrates its usefulness 
in real life.  (http://epubl.ltu.se/1402-1544/2008/15/) 

Saurabh Kumar 
“Reliability analysis and cost modeling of degrading 
systems ” at the Division of Operation & Maintenance 
Engineering, Department of Civil, Mining & Envi-
ronmental Engineering. 

 



Doctoral Theses 

The purpose of the research pre-
sented in this thesis is to explore 
and describe information and 
requirements related to railway 
punctuality in order to support 
systematic improvements. The 
focus is on delay causes related to 
infrastructure maintenance. To 
fulfil the stated purpose, punctu-
ality requirements, availability 

concepts, failure and delay data, as well as maintenance 
decisions, have been studied via theoretical and empiri-
cal approaches. It is found that punctuality require-
ments and performance are currently expressed in 
many, hardly commensurable, ways. Hence, it is diffi-
cult to compare punctuality data from different  

Birre Nyström 
”Aspects of improving punctuality : from data to deci-
sion in railway maintenance ” at the Division of Op-
eration & Maintenance Engineering, Department of 
Civil, Mining & Environmental Engineering. 

The research study has helped in 
understanding the function of 
railway signalling and detector 
installations from an EMC and 
EMI point of view. The knowl-
edge generated will be of assis-
tance in designing new signalling 
and detector equipment which 
will have a higher level of reliabil-
ity, leading to a smaller number of 
failures and EMC problems. The 

study has made a contribution towards an understand-
ing of the EMC and EMI characteristics of the signal-
ling and detector infrastructure of the railway system. 
These characteristics often lead to failures resulting in 
train delays. Presently, the existing failure reporting 
system at Banverket (the Swedish Rail Administration), 
which handles reports on the failures of the railway 
infrastructures and possible causes of failure, is not opti-
mum (or most suitable) when it comes to analysis of 
electromagnetic compatibility (EMC)- related failures 
and causes. This failure reporting system is reliant on 
correct reporting into the system, so that the right in-
formation can be sent back to the users, the mainte-
nance and service personnel, in real time. (http://
epubl.ltu.se/1402-1544/2008/76/) 

Stefan Niska 
“Measurements and analysis of electromagnetic interfer-
ences in the Swedish railway systems ” at the Division 
of Operation & Maintenance Engineering, Department 
of Civil, Mining & Environmental Engineering. 

railways. This is further complicated by the fact that 
delay attribution is inconsistently performed. It is also 
found that there is a lack of data on train traffic and 
infrastructure, for example, causes of delays. Although 
the consistency regarding ranking of decision-making 
criteria is rather high, the consistency of maintenance 
decisions is rather low. In addition, there are many 
interacting causes affecting punctuality, including infra-
structure, timetable, rolling stock, weather and person-
nel. It is also found that even though unpunctuality 
might be explained by unavailability of some parts of 
the railway system, the concept of availability is not 
well-established and agreed upon within the railway 
sector. To summarise, based on the results of this re-
search, it is possible to improve data collection and 
recording, select suitable indicators and increase the 
awareness of the grounds on which decisions are made, 
all of which contribute to improved punctuality. 
(http://epubl.luth.se/1402-1544/2008/11) 

Thomas Åhrén 
“Maintenance performance indicators (MPIs) for rail-
way infrastructure : identification and analysis for im-
provement ” at the Division of Operation & Mainte-
nance, Department of Civil, Mining & Environmental 
Engineering.  

The main purpose of this research 
work is to identify and study the 
existing operation and maintenance 
performance indicators related to 
railway infrastructure, their appli-
cation in short term and long-term 
perspective to analyse their useful-
ness for operation and maintenance 
planning of the railway infrastruc-
ture. Furthermore, the study is to 
find a structured, reliable, and cost 

effective method using maintenance performance indi-
cators (MPI) such as OEE-values to facilitate the opera-
tion and maintenance decision making process both in 
short term and long term perspective for the railway 
infrastructure management. A model for calculating the 
overall railway infrastructure effectiveness (ORIE) is 
presented in this thesis. The findings indicate that 
ORIE can be used as a key performance indicator by 
the railway infrastructure manager. To conclude, in this 
research study relevant MPIs for effective management 
of operation and maintenance of the railway infrastruc-
ture are identified and analyzed. Further, models like 
LinkEM and ORIE are suggested for the railway infra-
structure managers to facilitate in the decision-making. 
(http://epubl.ltu.se/1402-1544/2008/19/) 



Doctoral Theses 

David Saiang 
“Behavior of blast-induced damaged zone around un-
derground excavations in hard rock mass” at the Divi-
sion of Rock Mechanics, Department of Civil, Mining 
& Environmental Engineering. 

The presence of blast-induced 
damaged zone around an excava-
tion boundary has been an im-
portant concern in rock con-
struction. It is generally believed 
that the presence of this zone can 
pose problems related to stability 
and flow and consequently impair 
the performance and functional-
ity of the excavation. Since shot-
crete or sprayed concrete is a 

widely used surface rock support, its performance de-
pends primarily on the competence of the damaged 
zone. To gain an understanding of the damaged or dis-
turbed zone in general, significant efforts have been 
made over the last few decades in a broader area; the 
excavation disturbed zone. These efforts mainly focused 
on the characterization and classification of the damaged 
zone. Quantification of this zone has also been done in 
terms of mechanical, hydraulic and physical parameters, 
particularly to delineate the extent of the damaged zone. 
The characterization, classification and quantification of 
damaged zone were purpose specific and therefore, the 
definitions for damage zone are different and varying. In 
this thesis the damaged zone is defined as the zone 
where the rock has been significantly damaged such that 
the mechanical properties have been affected and that 
these changes are measurable by any state of the art 
measurement techniques. This definition also applies to 
the blast-induced damage zone. To be able to assess the 
significance of the blast-induced damage zone and its 
influence on the performance of an excavation, the me-
chanical behaviour of this zone must be understood. 
This thesis is therefore aimed in that direction and thus 
the objective. Several issues were investigated including; 
effects and consequences of blast-induced damage zone, 
most likely failure mechanisms, mechanical parameter 
sensitivity and their impact on the behaviour of the 
damaged zone, numerical modelling approach for dam-
aged zone and indicators for failure from a continuum 
model, etc. A literature review and industrial question-
naire gave the direction for the investigations. Field and 
numerical methods were employed in the investiga-
tions. The results of these investigations are published in 
a series of papers that make up the thesis. (http://
epubl.ltu.se/1402-1544/2008/60/) 

Licentiate Theses 

Banverket is expecting that the 
number of railway tunnels in 
densely populated areas will in-
crease over the next 20 years due 
to the lack of available space on 
the ground surface, but also since 
the railway is considered an envi-
ronmentally friendly solution of 
transportation for the future. The 
need for good predictions of vi-
bration and noise levels in dwell-

ings along the planned tunnels is therefore evident. 
Due to lack of understanding of the propagation of 
train-induced vibrations from tunnels in rock a research 
project has been initiated by Banverket.  
 
This thesis constitutes the first stage of that project. In 
this thesis, the propagation of vibrations through a rock 
mass has been reviewed. The emphasis has been on 
wave propagation in hard rock masses. Areas, such as 
the generation of vibrations at the train-rail interface, 
the response of buildings and humans, national and 
international recommended noise and vibrations levels, 
and possible countermeasures are briefly reviewed as 
well. Finally, suggestions for the continued research are 
presented. (http://epubl.luth.se/1402-1757/2008/54)  

Andreas Eitzenberger 
”Train-induced vibrations in tunnels : a review ” at the 
Division of Rock Mechanics and Rock  
Engineering, Department of Civil, Mining & Environ-
mental Engineering. 

Banverket Research Group visits JVTC 



Graduation Cermony Ph.D. 2008 

Prof. Uday Kumar (2nd from left) with his newly graduated students, Rikard Gran-
ström, Thomas Åhren, Saurabh Kumar, Birre Nyström, and Ulla Juntti (sitting) 

Railway Research Station  
A major requirement for several of JVTC’s ongoing research projects is on-line access of data from railway operations. 
In 2006, Luleå Railway research Center (JVTC) with a close cooperation with Damill AB, a satellite company to 
JVTC. They developed a measurement station located at Sävast 30 km north-west of Luleå on a Boden to Luleå track 
section, on the Iron Ore Line. The location has been chosen depending on the large difference in traffic volume and 
the close closeness of Luleå University of Technology.  The measurement station is equipped with instrumentation to 
measure forces which are induced by the vehicles on the track, data is stored in their computer system.  The measure-
ments automatically starts when ever a train passes the sensors, located on the rail. The sensors provide the stakeholder 
with separation of vertical and lateral forces. In addition, accelerometer is used to measure vibration in the rail when 
train passes. The measured data are transferred to SAMPLA (Samordna/Coordinate, Lagra/Save, Planera/plan, Ana-
lysera/analyse), which is a web platform were further data processing is done and useful information can be extracted 
by train operators and infrastructure managers. The first grant for establishing the research station was provided by 
Banverket, the Kempe Foundation and LKAB 

Outputs from the Railway Research Station:  
• Delivers real time data 24 hours/day  
• Identifies trains and wagons 
• A top-forty list of poorly performing axles   
• Daily summary charts listing forces of all trains pass-

ing measurements station 
• Internet access to real time data 
• Information is displayed in user friendly formats Photos: Damill Inc. 

© Atelje Grodan, Luleå 



JVTC — 10th Anniversary Celebration 

The JVTC – Luleå Railway research Center, established in 1998, celebrated its 10th anniversary by organising a two- 
day seminar and workshop on “Railway sector: Present Status and Future Trends” at Luleå University of Technology, 
Luleå Dec 4-5, 2008. The seminar was attended by senior executives from Swedish National Rail Administration 
(Banverket), Norwegian Rail Administration (JBV), Euromaint Rail AB, Duroc Rail AB, LKAB and other interested 
stakeholders. From academia Chalmers University of Technology, Chalmers Railway Research Center and KTH Cen-
ter for Operation and Maintenance also participated in the seminar by presenting their vision and status of R&D in 
railway. Even though there was a concern among the participants about the state of the world economy, the mood of 
railway executives were buoyant and all were looking for a challenging time ahead. The inaugural address was made by 
the County Governor, His Excellency, Per-Ola Eriksson. Who highlighted the role of Railway in development of 
community and region and in the opening messages, JVTC Chairman reiterated the importance of continuous invest-
ments in R&D for the railway sector to ensure safe and reliable and sustainable transport systems. 
Images taken by Per Pettersson ©   

Some of the participants at 10th anniversary celebration  

Director, JVTC 
Prof. Uday Kumar 
Presenting JVTC 
activities 

Chairman, JVTC  
Mr. Rune Lindberg 
Delivering welcome speech  

His Excellence 
County Governor 
P-O Eriksson 
Delivering inaugural 

Deputy Director General  
Mr. Björn Östlund 
Presenting R&D vision  
of Banverket 



Glimpses from JVTC - 10th Anniversary Celebration 



Publications 
Doctoral Theses 

Granström, R. (2008): Management of condition infor
 mation from railway punctuality perspectives.  
 Doctoral thesis LTU 2008:36, ISSN:1402-1544 / 
 ISRN  LTU-DT--08/36—SE. 
 
Kumar, S. (2008): Reliability analysis and cost modeling 
 of degrading systems. Doctoral thesis LTU 2008:15, 
 ISSN:1402-1544 / ISRN LTU-DT--08/15—SE. 
 
Niska, S. (2008): Measurements and analysis of electro
 magnetic interferences in the Swedish railway sys
 tems. Doctoral thesis LTU, ISSN:1402-1544 / 
 ISRN LTU-DT--08/76—SE. 
 
Nyström, B. (2008): Aspects of improving punctual
 ity : from data to decision in rail way maintenance. 
 Doctoral thesis LTU, ISSN:1402-1544 / ISRN 
 LTU-DT--08/11—SE. 
 
Åhrén, T. (2008): Maintenance performance indicators 
 (MPIs) for railway infrastructure : identification and 
 analysis for improvement. Doctoral thesis LTU, 
 ISSN:1402-1544 / ISRN LTU-DT--08/19—SE. 
 
Saiang, D. (2008): Behaviour of blast-induced damaged 
 zone around underground excavations in hard rock 
 mass. Doctoral thesis LTU, ISSN:1402-1544 / 
 ISRN LTU-DT-- 08/60 —SE 

Licentiate Theses 

Eitzenberger, A. (2008): Train-induced vibrations in 
 tunnels : a review. Doctoral thesis LTU, ISSN:1402-
 1757 / ISRN LTU-LIC--08/54—SE. 

Bennitz, A. Täljsten, B. Danielsson, G. (2008): 
Strengthening of a railway bridge with NSMR and 
CFRP tubes. FRP Composites in Civil Engineering. 
Conference proceedings of the 4th International Con-
ference on FRP Composites in Civil Engineering, 
EMPA-Akademie, Zürich, Schweiz, 22nd – 24th July 
2008. ISBN: 978-3-905594-50-8 
 
Christian, C. Johansson, B. Larsson, T. Patron, A. 
Hoehler, S. Eichler, B. (2008): Improved assessment 
methods for static and fatigue resistance of old metal 
railway bridges. Conference proceedings of the Fourth 
International Conference on Bridge Maintenance, 
Safety and Management - IABMAS '08, Seoul, Korea, 
13th – 17th July 2008, pp. 3666-3674.  
ISBN: 978-0-415-46844-2 
 
Enochsson, O. Elfgren, L. Kronborg, A. Paulsson, B. 
(2008): Assessment and monitoring of an old railway 
steel truss bridge in northern Sweden. Conference pro-
ceedings of the Fourth International Conference on 
Bridge Maintenance, Safety and Management - IAB-
MAS '08, Seoul, Korea, 13th – 17th July 2008, pp. 
3617-3624. ISBN: 978-0-415-46844-2 
 
He, G. Zou, Z. Enochsson, O. Bennitz, A. Elfgren, L. 
Kronborg, A. Töyrä, B. Paulsson, B. (2008): Assess-
ment of railway concrete arch bridge by numerical 
modelling and measurements. Conference proceedings 
of the Fourth International Conference on Bridge 
Maintenance, Safety and Management - IABMAS '08, 
Seoul, Korea, 13th – 17th July 2008, pp. 3733-3742. 
ISBN: 978-0-415-46844-2 
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