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Glossary 

Abbreviation/acronym Description  

IM Infrastructure Manager 

LCC Life Cycle Costing 

EC European Commission 

R+D Research and Development 

RAMS Reliability, Availability, Maintenance and Security 

SP Sub-project 

SP1 Sub-project 1 

WP Work package 

WP1 Work Package 1 

ÖBB Oesterreichische Bundesbahnen 

CD České Dráhy a.s 

RFF Réseau Ferre de France 

DB Deutsche Bahn 

ADIF Administrador de Infraestructuras 

BV Banverket 

NR Network Rail 

ProRail ProRail 
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1. Executive Summary 

The European Commission-sponsored INNOTRACK project is aimed at reducing the life cycle cost of track 
maintenance by 30%. It will achieve this by developing innovative maintenance methods and technologies, 
targeted on those aspects of track maintenance that cause the most problems and lead to the highest costs. 
It will also use life cycle costing (LCC) methods to assess the cost impact of the new technologies and 
decide whether they provide value for money. 

This report describes two studies carried out in support of these aims. The first was a study to identify the 
principal track problems facing Europe’s IMs. The report explains the methodology used to do this and the 
results obtained. 

 

The second was a study to identify whether there is a common maintenance cost structure among 
INNOTRACK IMs, capable of supporting LCC analysis. The report describes the analysis of existing cost 
structures and identification of a set of principal European maintenance cost categories. 

 

Principal Track Problems 

The study involved close working with, and substantial input from, the INNOTRACK partner IMs, namely: 

• ADIF - Administrador de Infraestructuras 

• ÖBB - Oesterreichische Bundesbahnen 

• CD - České Dráhy a.s 

• RFF - Reseau Ferre de France 

• DB - Deutsche Bahn 

• BV - Banverket 

• NR - Network Rail 

• ProRail - ProRail 

 

In essence, the methodology adopted for the study involved asking each INNOTRACK partner IM to hold two 
internal workshops designed to try and identify the main track problems and rank them in order of 
importance. In outline, the methodology had eight basic steps as follows: 

1. Create a template to guide discussion in the Phase 1 IM Workshops; 

2. Hold the Phase 1 Workshops to identify the main track problems, their underlying causes, possible 
solutions and methods of evaluating performance; 

3. Consolidate the results of the Phase 1 Workshops based on the reported problems (ignore 
underlying causes at this stage; 

4. Rank the problems based on the frequency with which they were reported and omit from the ranking 
those problems reported by less than two IMs; 

5. Create a template to guide the discussion in the Phase 2 IM Workshops, based on the ranked list of 
problems from Phase 1 and include associated underlying causes; 

6. Hold the Phase 2 IM Workshops to rank problems and underlying causes from the point-of-view of 
cost; 

7. Consolidate the results of the Phase 2 IM Workshops, and finally; 

8. Create a list of track problems and underlying causes prioritised on the basis of cost impact. 

 

Analysis of the results from the Phase 1 Workshops identified the following track problems to be the most 
important based, on the number of IMs experiencing that particular type of problem. The problems are listed 
in descending order of importance: 

• Track: bad track geometry 

• Rail: cracks and fatigue 

• S+C: switch wear 
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• Substructure: unstable ground 

• Joints: insulating joint failure 

• Rail: corrugations 

• Rail: wear 

• Structures: major line closures 

• Fasteners: worn/missing pads 

• Sleepers: renewal optimisation 

• Culverts/pipes: flooding  

• Ballast: stone spray 

• Ballast: ballast wear 

• Rail: low friction/adhesion 

• Joints: weld quality 

• S+C: common crossings 

• S+C: Manganese crossings 

• S+C: geometry maintenance 

• S+C: loss of detection 

 

Analysis of the results from the Phase 2 Workshops identified the following track problems and underlying 
causes to be the most important based on their cost impact, again listed in descending order of importance: 

Track problems Causes 

Rail: cracks and fatigue creep forces 

Rail: cracks and fatigue bad wheel/rail interface 

Track: bad track geometry soft sub-structure/bad drainage 

S+C: wear in switches sub-structure 

Rail: corrugations vehicle/track interaction 

S+C: cracked manganese crossings weld quality 

S+C: geometry maintenance optimal maintenance regime? 

Sub-structure: unstable soft sub-structure/wet bed 

Track: bad track geometry sub-optimal maintenance 

Track: bad track geometry wrong/unknown stress free temperature 

 

Further analysis of the Phase 2 results showed there to be a positive correlation between the importance of 
a track problem as measured by frequency of reporting, and the importance as measured by cost impact. 

 

Maintenance Cost Categories 

IMs were asked to list the cost categories they currently use and state the percentage of their maintenance 
budget allocated to each one. An analysis of this data was then carried out to determine whether a set of 
cost categories existed, common to all of the INNOTRACK IMs. 

 

Analysis of the initial data found some commonality between the cost categories, but also a degree of 
variability. Further work was carried out therefore, to remove cost headings used by only to one or two IMs 
(for example, snow clearance), and to consolidate some detailed costs into higher-level cost categories (for 
example, consolidating the detailed category of ‘ultrasonic inspection’ into the higher level category of 
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‘inspection’). As a result, the following existing principal cost categories were identified for use in LCC 
analysis: 

• Welding; 

• Grinding; 

• Inspection; 

• Rail Lubrication; 

• Track renewal; 

• Sub-grade; 

• Geometry; 

• Drainage, and; 

• Minor periodic maintenance. 
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2. Introduction 

The European Commission-sponsored INNOTRACK project is aimed at reducing the life cycle cost of track 
maintenance by 30%. It will achieve this by developing innovative maintenance methods and technologies, 
targeted on those aspects of track maintenance that cause the most problems and lead to the highest costs. 
It will also use life cycle costing (LCC) methods to assess the cost impact of the new technologies and 
decide whether they provide value for money. 

This report describes two studies carried out in support of these aims. The first was a study to identify the 
principal track problems facing Europe’s IMs. The report explains the methodology used to do this and the 
results obtained. 

 

The second was a study to identify whether there is a common maintenance cost structure among 
INNOTRACK IMs, capable of supporting LCC analysis. The report describes the analysis of existing cost 
structures and identification of a set of principal European maintenance cost categories. 

The report has four main sections, numbered 3 to 6, in addition to this introduction. Section 3 provides 
background to the INNOTRACK project and the reasons why it was necessary to carry out the work covered 
by this study. Section 4 describes the methodologies adopted and section 5 describes the results. Finally, 
Section 6 concludes with the study’s findings. 

 

Diagrams and results tables referred to in the text are provided as figures and appendices at the end of the 
report 
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3. Background 

It is EU policy to improve the environmental sustainability of transport. This will require a reduction in road 
transport, with more freight and passengers travelling by rail. To achieve this, rail will have to become more 
competitive. This issue can only be tackled by increased research and development (R+D) focused on 
standardisation at the European level. 

 

The European Commission (EC) White Paper on Transport (September 2002) has set ambitious efficiency 
improvement targets for transport. The railways have responded by: 

• Increasing speed and acceleration of trains, 

• Increasing train axle loads and traction power, and; 

• Introducing more rigid vehicles with greater stiffness. 

These innovations have a downside, however, causing more damage to the track and generating higher 
maintenance costs. 

 

In response to these problems, INNOTRACK has the task of developing ways to reduce the LCC of railway 
track, while improving the reliability, availability, maintainability and safety (RAMS) characteristics of a 
conventional, mixed-traffic line. Investment alone will not be enough; significant innovation and technology 
transfer will be essential. This can only happen with very close co-operation between IMs and industry 
suppliers. INNOTRACK will therefore, bring these two groups together in a programme of research based on 
four key topics: 

• Track support structure; 

• Switches and crossings; 

• Rails, and; 

• Logistics for track maintenance and renewal. 

 

INNOTRACK is a large project. To facilitate its management, it has been divided into the following seven 
sub-projects: 

• Sub-project 1 (SP1) (Requirements); 

• SP2 (Track support – support structures below the level of the rail); 

• SP3 (Switches and crossings); 

• SP4 (Rails); 

• SP5 (Logistics); 

• SP6 (LCC assessment and RAMS), and; 

• SP7 (Dissemination and training). 

 

The principal objectives of SP1 are: 

• To manage the collection of information in a standardised format relating to the types of vehicle and 
track that result in high cost for maintenance and renewal; 

• To categorise the key degradation conditions chosen by the participating IMs, using the concept of 
‘track segments’; 

• To determine the root causes of these degradation conditions by modelling at an appropriate level; 

• To provide technical data to enable the RAMS and LCC benefit of innovative solutions to be 
determined; 

• To develop a relational database of information developed in the SPs, and; 

• To verify that the technical solutions have successfully addressed the root causes within the railway 
system context, and are suitable for a wide range of present and future traffic conditions across 
Europe. 
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Information relating to the types of vehicle and track that result in high cost for maintenance and renewal has 
been gathered in conjunction with the IMs. In addition, each national IM involved in the INNOTRACK project 
was asked to hold two workshops: the first to identify the most common track problems, and the second to 
prioritise them in terms of which generate the highest costs. Outputs from the workshops have been used to 
help focus the work of INNOTRACK sub-projects 2, 3, 4, 5 and 6. 
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4. Planned Methodology 

Principal Track Maintenance Problems 

To identify the most common European track maintenance problems, each of the national IM organisations 
participating in INNOTRACK was asked to hold a workshop to discuss and record their track maintenance 
experiences (referred to as the Phase 1 Workshop in this report). Invitations went to: Oesterreichische 
Bundesbahn (ÖBB); České Dráhy a.s (CD); Reseau Ferre de France (RFF); Deutsche Bahn (DB); 
Administrador de Infraestructuras (ADIF); ProRail (ProRail); Banverket (BV), and; Network Rail (NR). 

 

To ensure that the discussions and outputs from the workshops were consistent across all the IMs, the 
template shown as figure 1 in Annex A to this report was developed. In essence, the template divided the 
railway into its principal physical components. The IMs were then asked to identify the symptoms (principal 
track problems) they were experiencing for each one. They were also asked to suggest the underlying 
causes of the problems, possible solutions, and methods for evaluating component performance. 

 

The results from the Phase 1 Workshops were consolidated on the basis of the track problems identified: no 
consideration was given to underlying causes at this stage. The problems in the consolidated list were then 
placed in order of importance, based on the frequency with which they were reported by the workshops: the 
higher then number of workshops reporting the problem, the higher the asumed importance. 

 

IMs were then asked to hold additional workshops (referred to as the Phase 2 Workshops in this report) to 
identify which of the problems in the consolidated list were most important from the point-of-view of cost. To 
provide a common basis for workshop discussions, the IMs were provided with the consolidated list of 
problems derived from the Phase 1 Workshop, but with the addition of the appropriate underlying causes 
(see Figure 11 of Annex K). The list contained only those track problems identified by two or more of the IMs 
in Phase 1: the assumption being that a problem identified by only one IM was unlikely to be of great 
importance from a cost reduction point-of-view. 

 

The results from the Phase 2 Workshops were brought together into one consolidated table based on Figure 
11 mentioned above. The consolidated results were then analysed to create a prioritised list of track 
problems and underlying causes. The problems at the top of the list were those identified as having the 
greatest impact on track maintenance costs and therefore, perhaps, offering the greatest potential for cost 
savings using innovative new maintenance techniques 

 

The process steps described above are summarised below as follows: 

1. Create a template to guide discussion in the Phase 1 IM Workshops; 

2. Hold the Phase 1 Workshops to identify the main track problems, their underlying causes, possible 
solutions and methods of evaluating performance; 

3. Consolidate the results of the Phase 1 Workshops based on the reported problems; 

4. Rank the problems based on the frequency with which they were reported and omit from the ranking 
those problems reported by less than two IMs; 

5. Create a template to guide the discussion in the Phase 2 IM Workshops, based on the ranked list of 
problems from Phase 1 and including the underlying causes; 

6. Hold the Phase 2 IM Workshops to rank problems and underlying causes from the point-of-view of 
cost; 

7. Consolidate the results of the Phase 2 IM Workshops, and; 

8. Create a list of track problems and underlying causes prioritised on the basis cost impact. 
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Maintenance Cost Categories 

With regard to checking the suitability of existing maintenance cost categories for LCC work, IMs were asked 
to list the categories they currently use and state the percentage of their maintenance budget allocated to 
each one. An analysis of this data was then carried out to determine whether a set of cost categories 
existed, common to all of the INNOTRACK IMs. 
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5. Results 

5.1 Results of Phase 1 IM Workshops 

INNOTRACK IMs were asked to identify the principal track problems that they face, together with the 
underlying causes, possible solutions and methods of evaluating maintenance performance. The results of 
this exercise are shown in the following appendices to this report: 

• ADIF: Annex B; 

• RFF: Annex C; 

• BV: Annex D; 

• DB: Annex E; 

• ProRail: Annex F; 

• ÖBB: Annex G, and; 

• NR: Annex H 

 

The original request for IMs to hold the Phase 1 Workshops was made at a meeting in Paris on Wednesday 
4th October 2006, attended by representatives from DB, CD, ÖBB, RFF and NR. BV was unable to attend, 
but had already participated in development of the workshop template and was therefore, very aware of the 
process. ADIF and ProRail were also unable to attend, but received a similar, shorter briefing to the one 
given on the 4th, at the INNOTRACK Kick-off meeting in Paris on 6th October 2006. 

 

Some IMs found it easier than others to hold the Phase 1 Workshops. For internal reasons associated with 
major reorganisation of Czech Railways, CD was unable to hold its workshop and therefore, did not provide 
any data to this exercise. The other INNOTRACK IMs provided output from their workshops on the following 
dates: 

• ADIF: 16th January 2007; 

• RFF: 27th February 2007; 

• BV: 4th October 2006; 

• DB: 7th February 2007 

• ProRail: 1st February 2007 

• ÖBB: 16th November 2006 

• NR: 4th October 2006 

 

The consistency of workshop output in terms of quantity, quality and presentational format, varied 
substantially across the IMs. The output received from each IM is described in outline below: 

• ADIF: A comprehensive set of data addressing key problems, underlying causes, possible solutions 
and evaluation methods for most of the component groups listed on the workshop template. 
Generally, several problems were listed for each of the main component categories. Additional notes 
were provided for some of the problems. The workshop template was used as the format for 
presentation of the results; 

• RFF: A very limited set of data, with problem identification restricted to the major components; for 
example: rail, sleepers, ballast. In most cases only one problem was identified for each component 
group. For some of the problems data was provided on possible solutions and evaluation methods, 
but there was confusion over the classification of problems and underlying causes. Additional notes 
were not provided for any of the problems listed. An edited version of the workshop template was 
used as the format for the presentation of the results; 

• BV: A comprehensive set of data addressing key problems, underlying causes, possible solutions 
and evaluation methods for most of the component groups listed on the workshop template. 
Generally, several problems were listed for each of the main component categories. Additional notes 
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were provided for some of the problems. The workshop template was used as the format for the 
presentation of the results; 

• DB: Comprehensive data provided for the principal track components (rail, ballast, switches and 
crossings, drives and lockings, ballast, drainage/sub-grade, and system issues). Data covered 
problems, underlying causes, boundary conditions and potential solutions. Additional notes were 
provided for some of the problems, but these are not included in this report, because of lack of 
space. Problems were assessed and rated according to their operational and economic impact on 
maintenance. The ratings were from 1 to 4, where 4 indicated the highest impact. The data was 
presented as an Excel spreadsheet in a format based on the workshop template. The data was 
provided in German, requiring translation into English; 

• ProRail: A comprehensive set of data addressing key problems, underlying causes, possible 
solutions and evaluation methods for most of the component groups listed on the workshop 
template. Generally, several problems were listed for each of the main component categories. 
Additional notes were provided for some of the problems. The workshop template was used as the 
format for the presentation of the results; 

• ÖBB: A very limited set of data extracted from the minutes of an ÖBB internal meeting held to 
discuss the INNOTRACK project as a whole. The data lists a small number of problems without 
reference to the track components described in the workshop template. The data does not state 
underlying causes, possible solutions or evaluation methods. There were no additional notes. The 
data was provided in German, requiring translation into English; 

• NR: A comprehensive list of drivers of track maintenance cost was provided, and a small number of 
possible solutions were also provided 

 

In order to facilitate the drawing of Europe-wide conclusions from the workshops, the results were 
consolidated into one table shown as Figure 7 in Annex J to this report. Due to the variable consistency of 
workshop output, consolidation required some interpretation of individual IM results when assigning them to 
the consolidated list of track problems. Also, in cases where the description of a problem given by an IM was 
not clear, that problem was omitted from the consolidated list. The number of interpretations/omissions was 
small and was not felt to have de-valued the consolidated results as a basis for drawing conclusions on 
Europe-wide track problems. 

 

The table in Figure 7 lists the full range of problems identified and shows the IMs affected by each one. It 
does not, however, attempt to show the underlying causes of each problem; this is dealt with as part of the 
Phase 2 IM Workshops. 

 

Figure 8 of Annex J has a histogram showing the frequency with which various problems were reported by 
IMs. The problems are listed on the Y-axis of the histogram, with each entry stating firstly the track 
component involved, and then the problem itself. The principal problems and the percentage of IMs reporting 
each one were as follows: 

Problems Frequency of reports 

Track: bad track geometry 75% 

Rail: cracks and fatigue 75% 

S+C: switch wear 75% 

Substructure: unstable ground 62.5% 

Joints: insulating joint failure 50% 

Rail: corrugations 37.5% 

Rail: wear 37.5% 

Structures: major line closures 25% 

Fasteners: worn/missing pads 25% 
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Problems Frequency of reports 

Sleepers: renewal optimisation 25% 

Culverts/pipes: flooding 25% 

Ballast: stone spray 25% 

Ballast: ballast wear 25% 

Rail: low friction/adhesion 25% 

Joints: weld quality 25% 

S+C: common crossings 25% 

S+C: manganese crossings 25% 

S+C: geometry maintenance 25% 

S+C: loss of detection 25% 

5.2 Results of Phase 2 IM Workshops 

INNOTRACK partner IMs were asked to prioritise on the basis of cost, the track maintenance problems and 
underlying causes identified in Phase 1. The results are shown in the following appendices to this report: 

• ADIF: Annex L; 

• RFF: Annex M; 

• BV: Annex N; 

• DB: Annex E; 

• ÖBB: Annex P, and; 

• NR: Annex R 

 

The initial request to IMs to hold the Phase 2 Workshops was made by email dated 31st January 2007. As 
with the Phase 1 Workshops, some IMs found it easier to comply than others. This time, in addition to CD, 
ProRail was unable to provide input to this part of the project. The other IMs submitted the results of their 
workshops on the following dates: 

• ADIF: 15th February 2007 

• RFF: 27th March 2007 

• BV: 19th March 2007 (re-issued in June 2007 with amendments) 

• DB: 7th February 2007 (included in Phase 1 Workshop) 

• ÖBB: 1st March 2007 

• NR: 21st April 2007 

 

The template issued to guide the Phase 2 Workshop discussions (see Figure 9, Annex K) originally 
envisaged that IMs would rank each problem and underlying cause from 1 to 5, with 1 signifying the most 
important. Once the workshops were underway, however, it was realised that this was an unnecessary level 
of detail, and that it was easier for IMs to rank each problem from 1 to 4. This late change meant that some 
IMs supplied rankings based on the 1 to 5, therefore when it came to consolidating the workshop results, the 
ranking for each problem was changed from 1 to 4, with the original 5 being incorporated within the new 4. 

 

The output received from each of the participating IMs is described below: 

• ADIF: Output provided as requested; 

• RFF: Output provided using a draft of the Phase 2 consolidated results table, rather than the 
original Phase 2 Workshop template. All of the problems on the table were ranked, not just those 
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identified by RFF in Phase 1. Only the problems RFF identified in Phase 1 were carried through to 
the consolidation table; 

• BV: Output provided as requested; 

• DB: Output provided on an amended version of the Phase 1 Workshop template, as an output 
from the Phase 1 Workshop. Originally, DB ranked problems from 1 to 4, with 4 the most important. 
That ranking was reversed to ensure compatibility with the rankings provided by the other IMs; 

• ÖBB: Output provided as requested; 

• NR: Output provided using a draft of the Phase 2 consolidated results table. Rankings were 
provided by both maintenance and renewals specialists. These were incorporated into the 
consolidated table by taking the most important ranking in each case: for example, if the ranking 
from Maintenance was 3 and the ranking from Renewal 2, the 2 ranking was entered into the 
consolidated table 

 

Figure 15 in Annex S to this report shows the consolidated results of the Phase 2 Workshops. The problems 
are listed in order of importance based on the frequency of IM reporting; the higher the number of IMs 
reporting the problem, the more important it is. The table also shows the importance assigned by IMs to the 
problems and underlying causes, based on cost. The table provides a useful format for comparing the two 
methods of ranking problems. It shows there to be a higher incidence of red and purple shading at the top of 
the table, while at the bottom orange and yellow shading predominates. This indicates that there is a 
reasonable positive correlation between the importance of a problem as judged by frequency of reporting, 
and the importance as judged by its cost impact 

 

A further analysis of the results was carried out to rank each problem and its underlying cause solely on the 
basis of cost. The results of that exercise are shown in Figure 18 of Annex T to this report. The top ten 
problems and their causes were as follows: 

Problems Causes 

Rail: cracks and fatigue  creep forces 

Rail: cracks and fatigue bad wheel/rail interface 

Track: bad track geometry soft sub-structure/bad drainage 

S+C: wear in switches sub-structure 

Rail: corrugations vehicle/track interaction 

S+C: cracked manganese crossings weld quality 

S+C: geometry maintenance optimal maintenance regime? 

Sub-structure: unstable soft sub-structure/wet bed 

Track: bad track geometry sub-optimal maintenance 

Track: bad track geometry wrong/unknown stress free temperature 

5.3 Results of Maintenance Cost Category Analysis 

The maintenance cost data received from each of the IMs is shown in Annex U as follows: 

• Figure 17: Cost categories and maintenance spend for Banverket; 

• Figure 18: Cost categories and maintenance spend for ADIF; 

• Figure 19: Cost categories and maintenance spend for CD; 

• Figure 20: Cost categories and maintenance spend for ÖBB, and; 

• Figure 21: Cost categories and maintenance spend for NR. 
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Initial inspection of the data showed there to be insufficient agreement among the cost categories used by 
the IMs to support a quick conclusion on a common set. For example, ADIF included replacement of 
longitudinal timbers as a separate cost heading in its data, while other IMs did not. Also, some IMs (for 
example ÖBB) recorded snow clearance as a cost, while others (for example, NR) did not. Finally, most IMs’ 
data had ‘Other’ costs as a significant proportion of the overall maintenance budget; it was not clear, 
however, what ‘Other’ costs actually included. 

 

Work was carried out therefore, to consolidate and simplify the data, in an effort to develop a clearer picture. 
For example, in the case of ADIF, longitudinal timber replacement was incorporated with sleeper 
replacement, and ultrasonic inspection was incorporated with inspection. Costs peculiar to only one or two 
IMs (for example, snow clearance) were removed and the remaining costs normalised to take account of 
this. Finally, ‘Other’ costs were removed and again, remaining costs normalised. 

 

The results of this work are shown in Figure 22 of Annex U. The table shows the principal cost categories for 
each IM, ranked in terms of expenditure, with the category attracting the highest expenditure at the top of the 
column. In addition, the categories are colour-coded to make it easier to compare between IMs the relative 
cost rankings. The table shows a reasonably consistent set of cost categories across all the IMs. It also 
shows, with the exception of ADIF’s data, that the cost ranking of maintenance activities is similar between 
IMs. 

 

Although the cost categories were found to be reasonably consistent across the IMs, a small amount of 
additional work was done to consolidate the categories further. The results of this are shown in Figure 23 of 
Annex U. The final set of common cost categories were determined as: 

• Welding; 

• Grinding; 

• Inspection; 

• Rail lubrication; 

• Track renewal; 

• Sub-grade; 

• Geometry; 

• Drainage, and; 

• Periodic. 

Figure 23 suggests also how these high-level cost categories could be broken don to provide more detailed 
cost information. 

 

Figures included in Annex V suggests how the cost categories might be related to the principal track faults 
identified from the IM workshops. 
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6. Conclusions 

The main track problems based on the frequency with which they were reported by INNOTRACK partner 
IMs, and listed in order of importance, were as follows: 

• Track: bad track geometry 

• Rail: cracks and fatigue 

• S+C: switch wear 

• Substructure: unstable ground 

• Joints: isolation joint failure 

• Rail: corrugations 

• Rail: wear 

• Structures: major line closures 

• Fasteners: worn/missing pads 

• Sleepers: renewal optimisation 

• Culverts/pipes: flooding  

• Ballast: stone spray 

• Ballast: ballast wear 

• Rail: low friction/adhesion 

• Joints: weld quality 

• S+C: common crossings 

• S+C: Manganese crossings 

• S+C: geometry maintenance 

• S+C: loss of detection 

 

The ten most important track problems and their underlying causes, identified by IMs on the basis of their 
cost impact, were as follows: 

Problems Causes 

Rail: cracks and fatigue  creep forces 

Rail: cracks and fatigue bad wheel/rail interface 

Track: bad track geometry soft sub-structure/bad drainage 

S+C: wear in switches sub-structure 

Rail: corrugations vehicle/track interaction 

S+C: cracked manganese crossings weld quality 

S+C: geometry maintenance optimal maintenance regime? 

Sub-structure: unstable soft sub-structure/wet bed 

Track: bad track geometry sub-optimal maintenance 

Track: bad track geometry wrong/unknown stress free temperature 

 

This study has shown there to be a positive correlation between the importance of a track problem as 
assessed by the frequency of reporting and as assessed by cost impact. 

 

Finally, the study has shown that the cost categories currently used by IMs can form the basis for a general 
European cost structure. The common, high-level cost categories are: 
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• Welding; 

• Grinding; 

• Inspection; 

• Rail lubrication; 

• Track renewal; 

• Sub-grade; 

• Geometry; 

• Drainage, and; 

• Minor periodic maintenance. 
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7. Annexes 

7.1 Annex A: IM Workshop Template 

 

Figure 1 - Template Created to Guide IM Workshop Discussions 
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7.2 Annex B: ADIF IM Workshop - Phase 1 Results 
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Figure 2 - Results of ADIF IM Workshop Phase 1 (1 to 5) 

7.3 Annex C: RFF IM Workshop - Phase 1 Results 

 

Figure 3 - Results of RFF IM Workshop Phase 1 
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7.4 Annex D: BV IM Workshop - Phase 1 Results 

 

 

Figure 4 - Results of BV IM Workshop Phase 1 (2 of 2) 
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7.5 Annex E: DB IM Workshop - Phase 1 Results 

Rails 
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Switches and Crossings 
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Drives and Locking Devices 

 



D1.4.6 - Key Infrastructure Problems and Associated Cost Categories INNOTRACK TIP5-CT-2006-031415 
D146-F3P-KEY_RAILWAY_INFRA_PROBLEMS_AND_RECOMMENDED_COST_CATEGORIES 2009/01/30 

INNOTRACK Confidential   Page 30 

Ballast 
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Drainage 
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System 

 

Figure 5 - Results of DB IM Workshop Phase 1 (8 of 8) 
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7.6 Annex F: ProRail IM Workshop - Phase 1 Results 
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Figure 6 - Results of ProRail IM Workshop Phase 1 (3 of 3) 

7.7 Annex G: ÖBB IM Workshop - Phase 1 Results  

Track Problems 

1. Drainage 

2. Ballast quality 

3. Ballast damage arising from poor track maintenance 

4. Grinding requirements 

5. Poor sub-grade quality 

6. Maintenance of track design geometry 

7. Maintenance of sub-grade stiffness 

8. Damage from high track forces 

9. Switch wear 
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7.8 Annex H: NR IM Workshop - Phase 1 Results 

Specific Cost Drivers 

• Inspection – visual 

• Inspection – train based (geometry, ultrasonic, eddy current, visual, etc.) 

• Track geometry maintenance 

• Reliability of switch diamonds 

• S&C geometry maintenance 

• Curve geometry maintenance (predictive inspections) 

• Measurement of geometry 

• Embankments and structures 

• Management of stress in rails (measurement) particularly at S&C, structures, etc. 

• Maintaining existing S&C 

• Wet beds 

• Dynamic track stabilisation 

• Lack of tools to identify root causes and reoccurring problems 

• Weld repair technology and strategy (speed, reliability) 

• Stressing of rails during welding 

• Cost of complying with European TSIs (e.g. noise, new build requirements) 

• Joint design and maintenance (supported vs. insulated) 

• Lubrication of plain track and S&C (understanding LCC issue and optimisation) – noise, wheel wear, 
etc. 

• Management of wheelset defects (monitoring, wheel profile management) 

• Level crossing track maintenance and design (geometry) 

• Rail foot corrosion and coatings 

• Rail pad design and renewal 

• Rail foot stresses (management and reduction) 

• Top of rail friction control both rail and wheel based (leaf fall, management of damage) 

• Ballast out of specification prior to installation (logistics, quality control) 

• Timber quality and preservation 

 

Potential New Solutions 

• Under sleeper pads to reduce tamping requirements 

• Remote monitoring (S&C, etc.) 

• Drainage maintenance and installation (identification of drainage issues) 

• New tools for the prediction of the impact of fleets on routes (maintenance and renewals) 

• Limiting access to heavy axle vehicles on fragile routes (allocated freight routes, cost implications of 
usage) 

• Innovate rail defect removal 

 

Requirements for New Solutions 

• Asset renewal/maintenance decision making 

• Life extension of track 

• Improved understanding and management of defects 
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• Tamping decisions (complexity/efficiency) 

• Rural railways (community railway) standards 

• First cost (and construction approach) of slab track 

• Recycling materials (rail) 

• Quality of track installation (right quality first time) 

o Straight track 

o Curved track 

• Quality of maintenance (focussing of maintenance at high risk locations) 

• Possession and isolation management (time to setup, cost of safety rules) 

• Improved utilisation of track renewal, maintenance, labour and plant 

• Improved effectiveness (competency) of work force (problem solving) 

• Supporting tools (and data) to help decision making  

• Improved work force skills 

• Improved quality and telescoping of track renewals planning 

• More mechanisation of processes 

• Understanding optimal (acceptable) levels (KPIs, cost drivers) – e.g. rail breaks, TSRs 

• Formation renewal strategy 

• Understanding LCC of stiffness and drainage 

• More rapid re-railing (particularly short sections with defects) 

• Benefits available from track friendly vehicles 

• Strategy for track design and maintenance for track unfriendly vehicles 

• Grinding strategy (optimisation of LCC) – rail hardness, route specific 

• Locations for different rail grade usage 

• Assessment of minimum action for defects 

• Understanding the relationship between defect growth and duty conditions 

• Is there a need to inspect new rail that is obviously defect free? 

• Sleeper selection based on duty, wear, track quality (plastic sleepers) 

• Appropriate sleeper spacing given duty and rail weight 

• Efficiency of usage of work force 

• Rail fastening characteristics 
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7.9 Annex J: Consolidated Results from IM Workshop Phase 1 
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Figure 7 - Consolidated Results from IM Workshop Phase 1 
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Figure 8 - Histogram Showing the Principal Track Problems Identified by the IM Workshops Phase 1 
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7.10 Annex K: Track Problem Prioritisation Template – IM 
Workshops Phase 2 
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Figure 9 - Template used in the Prioritisation of Track Problems  
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7.11 Annex L: ADIF IM Workshop – Phase 2 Results 
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Figure 10 -Results of ADIF IM Workshop Phase 2 
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7.12 Annex M: RFF IM Workshop – Phase 2 Results 

 

Figure 11 - Results of RFF IM Workshop Phase 2 
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7.13 Annex N: BV IM Workshop – Phase 2 Results 

 

 

 

Figure 12 - Results of BV IM Workshop Phase 2 
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7.14 Annex P: ÖBB IM Workshop – Phase 2 Results 

 

Figure 13 - Results of ÖBB IM Workshop Phase 2 
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7.15 Annex R: NR IM Workshop – Phase 2 Results 

 

 

Figure 14 - Results of NR IM Workshop Phase 2 
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7.16 Annex S: Consolidated Results of IM Workshops Phase 2 
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Figure 15 - Consolidated Results of IM Workshops Phase 2, Showing Component Problems in 
Descending Order of Importance  

7.17 Annex T: Schedule of Track Maintenance Problems and 
Underlying Causes in Descending Order of Importance 

 

Figure 16 - Schedule of Track Maintenance Problems and Underlying Causes in Descending Order of 
Importance 
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7.18 Annex U: IM Cost Category and Maintenance Spend Data  

 

Figure 17 - Cost Categories and Maintenance Spend for Banverket 
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Figure 18 - Cost Categories and Maintenance Spend for ADIF 

 

Cost Category Percentage of Maintenance Budget  

(Normalised to exclude structures work) 

Rail changing 5% 

Track line and levelling 4% 

Supervision 11% 

S+C line and levelling 1% 

Plain line ballast cleaning 8% 

S+C ballast cleaning 3% 

Re-sleepering 8% 

CWR S+C 1% 

CWR plain line 4% 

Track recording car 4% 

Grinding 2% 

Other 49% 

Figure 19 - Cost Categories and Maintenance Spend Data for CD 
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Figure 20 - Cost Categories and Maintenance Spend for ÖBB 
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Figure 21 - Cost Categories and Maintenance Spend for Network Rail 
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Figure 22 - Summary of Cost Categories and Maintenance Spend for the five IMs 

(See right hand column for key to colour coding. Spend labelled as ‘Other’ and ‘Winter Service’ removed from table and remaining 
percentages normalised) 
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Figure 23 - Mapping of IM cost categories to suggested general set of European principal cost categories 
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7.19 Annex V: Relationships between principal faults and cost categories  

 

Figure 24 – Diagram linking rail cracks and fatigue caused by creep forces to maintenance cost categories 
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Figure 27: Diagram Linking Rail Cracks and Fatigue Caused by Wheel-rail Interface to Maintenance Cost 
Categories
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Figure 25 – Diagram linking rail cracks and fatigue caused by wheel-rail interface to maintenance cost categories 
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Figure 26 – Diagram linking bad track geometry caused by soft ground/drainage to maintenance cost categories 
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Figure 27 – Diagram linking bad track geometry caused by soft ground to maintenance cost categories 
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Figure 28 – Diagram linking rail corrugations caused by wheel-rail interface to maintenance cost categories 
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Figure 29 – Diagram linking S+C cracked manganese crossings caused by weld quality to maintenance cost categories 
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Figure 32: Diagram Linking S+C Geometry Optimisation to Maintenance Cost Categories
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Figure 30 – Diagram linking S+C geometry optimisation to maintenance cost categories 
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Figure 31 – Diagram linking bad track geometry caused by soft ground/wet beds to maintenance cost categories 
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Figure 32 – Diagram linking bad track geometry caused by sub-optimal maintenance to maintenance cost categories 
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Figure 33 – Diagram linking bad track geometry caused by incorrect stress free temperature to maintenance cost categories 

 


