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I nfrastructure is expensive. Tak-
en together, the track structure, 
rails, switches and crossings ac-
count for more than 50% of an-

nual maintenance and renewal costs 
for the rail industry. So any steps to 
improve the e�ciency and commer-
cial competitiveness of the rail mode 
must consider the �nancial impact of 
these areas.

�at, in a nutshell, is the back-
ground to Innotrack, an integrated 
research project funded by the Euro-
pean Commission’s 6th research 
framework programme. Launched 
in September 2006, Innotrack was 
intended to assess and improve the 
life-cycle cost of these three key track 
elements. �e project brought to-
gether 38 organisations (Table I) in a 
series of working groups to examine 
current practice, develop a range of 
innovations and come up with a se-
ries of recommendations that could 
improve the life-cycle cost of building 

Cutting the life-cycle 
cost of track
EFFICIENCY Launched in September 2006, the EU-funded Innotrack research project 
concludes with a �nal assembly on January 19. Recommendations aimed at reducing 
the maintenance and renewal costs of track will be shared with infrastructure managers 
at workshops and presentations over the coming months.
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Construction 
teams at work 
on quadrupling 
ProRail’s busy 
Amsterdam – 
Utrecht main line.

Bjorn Paulsson and Anders Ekberg * and maintaining rail infrastructure.
In each area, research began by 

identifying the most important cost 
drivers for each of the participating 
infrastructure managers. Failure and 
cost statistics were scrutinised at ex-
pert seminars, root causes investigat-
ed and compared at a European level. 
�is work also gave us a valuable in-
sight into how reporting strategies 
di�er across Europe and how they 
could be improved.

Having identi�ed the true cost driv-
ers, the partners could then consider 
‘innovative solutions’ to tackle them. 
In many cases this required deep 
technical analyses and cutting-edge 
research. It should be borne in mind 
that ‘innovative solutions’ covers not 
just products, but also better proc-
esses, such as logistics management, 

* Björn Paulsson  is Innotrack project 
co-ordinator at UIC. Dr Anders Ekberg  is 
senior researcher in applied mechanics
at Charmec, part of Chalmers Technical 
University in Göteborg.

or techniques for inspection and 
maintenance, as well as methodolo-
gies such as improved classi�cation 
methods for tracks and vehicles, bet-
ter maintenance limits, and methods 
of assessing life-cycle costs. Innotrack 
has addressed all of these issues, either 
separately or in combination.

Extensive evaluation 

It was initially envisaged that any 
derived solutions would need to be 
evaluated from a systems perspective. 
However, as work progressed it became 
clear that most points were covered by 
the detailed technical analysis in the 
vast majority of cases. One reason 
was the involvement of infrastructure 
managers in the development stage, 
and another was the way in which the 
Innotrack reports were reviewed. 

�e project results will be docu-
mented in no less than 141 reports, 
of which 15 have been designated as 
guidelines and focus particularly on 
practical implementation. All 141 
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reports had to be internally reviewed. 
In addition, around 40 were subjected 
to external review by the railway sec-
tor, with members of the UIC Track 
Expert Group providing around 100 
quality assurance review reports. 

Further reviews were undertaken 
by the supply industry through U����.
�ere were also around 20 scienti�c 
reviews to assess the quality of the re-
search, and in total we estimate that 
more than €100 000 has been spent 
on quality assurance and peer review. 
Several papers have already been pre-
sented at conferences or published in 
scienti�c journals. 

In addition to this technical analysis 
and review, the various recommenda-
tions were also scrutinised from the 
perspectives of both LCC (life-cycle 
cost) and RAMS (reliability, availabil-
ity, maintainability and safety). It was 
also necessary to consider logistics as-
pects such as the sourcing practices of 
di�erent infrastructure managers and 
the regulatory framework, as well as 
materials transport and installation 
methods. 

LCC assessment needs to consider 

Inclined piling 
under an 
operational track 
in Sweden
[Report D2.2.8].
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the entire lifespan of a proposed so-
lution, eliminating those that may 
appear cheap to install but are more 
expensive to maintain or potentially 
disruptive to future operations. Eu-
ropean infrastructure managers cur-
rently use several di�erent approach-
es to LCC analysis, but for Innotrack 
we needed a common method to 
compare di�erent solutions. Our ap-
proach was to break down the tech-
nical structure and cost structure, 
compare each proposal to a ‘reference 
con�guration’ and evaluate the poten-
tial LCC bene�ts. 

Subgrade improvements

To give some practical examples 
of the topics covered, Innotrack Sub-
Project 2 looked at track substructures 
and methods of subgrade improve-
ment, beginning with a review of the 
latest soil improvement techniques. 
One example considered was the use 
of piling using inclined lime-cement 
columns. �ese can be driven from 
the side of the track, which minimises 
any interruption to tra�c. �e costs 
are also much lower than for tradi-
tional piling, since related ground 
works which o�en represent 50% to 
60% of the total project cost might be 
avoided. 

Another option considered was 
vertical piling, where the piles are 
installed in the centre of the track 
or outside the track without remov-
ing the superstructure. �e results of 
both investigations look very prom-
ising, and both methods are likely to 
be used more widely as a result. Full 
details of the methods can be found in 

report D2.2.5 and operational guide-
lines in D2.2.8.

�e use of geotextiles was exten-
sively investigated, both through lab-
oratory tests and mathematical simu-
lation (D2.2.9) and from �eld tests on 
the reinforcement of transition zones 
(D2.2.7). Once again, practical rec-
ommendations have been compiled 
as  separate guidelines (D2.2.6).

Switches & crossings 

Adequate provision of turnouts is 
absolutely essential to ensure e�cient 
and �exible operation of train serv-
ices, but these key track components 
are severely loaded and prone to mal-
function. So Innotrack has devoted 
considerable e�ort to the develop-
ment and optimisation of switches & 
crossings. Simulations have been un-
dertaken to investigate the bene�ts of 
several possible modi�cations to S&C 
design including gauge optimisation, 
the sti�ness of the switch panel and 
crossing, and the choice of materials. 

A mathematical toolbox was de-
rived to assess the deterioration of 
S&C components. As input, this used 

UIC (co-ordinator)
UNIFE
European Federation of 

Railway Trackwork Contractors

ADIF Spain
Banverket Sweden
CD Czech Rep 
DB Netz  Germany
Network Rail UK
ÖBB Infrastruktur Bau Austria
ProRail Netherlands
RFF France
SNCF France
SZDC Czech Rep

Alstom Transport France
ARTTIC France
Balfour Beatty Rail Projects UK
Carillion Construction UK
Contraf�c Germany
Corus UK
Damill Sweden
G-Impuls Praha Czech Rep
Goldschmidt Thermit Germany
Speno International  Switzerland
TenCate Geosynthetics Austria
VAE Austria
Voestalpine Schienen Austria
Vossloh Cogifer France

Chalmers University of 
Technology Sweden

Laboratoire Central des 
Ponts et Chaussées France

Manchester Metropolitan University UK
Praha Technical University  Czech Rep
Rail Safety & Standards Board UK
TU Delft Netherlands
University of Birmingham UK
University of Karlsruhe Germany
University of Newcastle UK
University of Southampton (ISVR)  UK

Table I. Innotrack 
project partners

Sub-project Lead partner

SP0 Management UIC

SP1 Duty requirements Network Rail

SP2 Track support structure SNCF

SP3 Switches & crossings DB Netz

SP4 Rails and welding Corus/Voestalpine

SP5 Logistics for track maintenance and renewal Alstom

SP6 Life-cycle cost and RAMS assessment DB Netz

SP7 Dissemination and training UIC

Table II. Innotrack sub-projects
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the measured geometry of a switch 
and measured wheel pro�les, from 
which the simulation of repeated 
train passages can be performed, in 
order to extract data on contact loads 
and geometries. From these the plas-
tic deformation and wear of the rail 
pro�les can be evaluated, and the 
updated geometry fed back to a fur-
ther sequence of dynamic simulations 
(Figs 1 and 2). 

We envisage that this toolbox will 
be a very powerful addition to support 
future development of switches and 
crossings. Details of the research and 
guidelines for optimisation may be 
found in reports D3.1.5 and D3.1.6.

Rail grades and grinding

SP4 looked at the choice of rail steel 
grades, rail welding and grinding, 
where our review of rail maintenance 
strategies found that current practice 
di�ers signi�cantly across Europe. 
Based on the �ndings of the review 
and recent research, Innotrack has 
developed two speci�c guidelines. 

D4.1.5 on the use of di�erent rail 
grades proposes an update to the 
current UIC lea�et 721, re�ecting 
the increase in operational demands 
since the original lea�et was �rst 
dra�ed. Our research found that 
many infrastructure managers are al-
ready employing harder rail grades at 
shallower curve radii than prescribed 
by UIC 721. �e new guideline also 
includes a proposal for selecting the 
most appropriate rail grade based on 
observed deterioration mechanisms 
and magnitudes.

�e second guideline, D4.5.5, pro-
vides recommendations on optimised 
grinding practices, including a shi� 
from recti�cation to preventive cyclic 
grinding. One of the bene�ts of mov-
ing towards a preventive approach is 
that this will facilitate the optimisation 

conditions and material selection, and 
how to take advantage of wear testing, 
prediction and measurement. 

Insulated joints: A procedure has 
been developed to de�ne the level 
of dip to be allowed in operational 
terms, together with guidelines on 
choosing insulating gaps and intro-
ducing joint modi�cations, based on 
simulation results.

Wheel �ats: We have developed a 
way to prescribe allowable wheel im-
pact loads, and recommendations for 
working practices to avoid rail breaks.

Rail crack growth: �e report 
proposes a probabilistic approach to 
assessing the rate of growth of rail 
cracks and rail breaks in situations 
where wheel–rail impact forces are 
not explicitly measured.

Inspection techniques

With the increasing incidence of 
rolling contact fatigue cracking over 
recent years, a major focus for Inno-
track was to look at innovative meth-
ods of automatic inspection to detect 
and monitor rail degradation reliably. 
�is began with a survey of di�erent 
inspection techniques, of which four 
were selected for subsequent labora-
tory tests: eddy-current inspection 
(using both transmitter–receiver and 
�exible EC array probes), a magnetic 
�ux leakage probe, AC �eld measure-
ment and ultrasonic phased arrays. 
In addition, track tests, were carried 
out with ACFM, vision-based  in-
spection (using video recording and 

Fig 1. Methodology for simulating wheel-rail contact, plastic 
deformation and wear in switches and crossings: (I)  simulation 
of dynamic wheel–rail contact forces, (II) calculation of 
contact stresses, contact patch sizes and contact pressure, 
(III) simulation of plastic deformation and wear, and (IV) 
summation and smoothing of pro�le change [Report D3 .1.6].

of grinding logistics and ensure that 
best use is made of expensive high-
performance equipment.

Minimum action rules 

Whilst safety remains a top prior-
ity, some massive savings could be 
gained from reducing inspection and 
maintenance costs whilst keeping 
track operational, ensuring reliabil-
ity and avoiding failures. Innotrack 
has therefore given a great deal of at-
tention to the concept of ‘minimum 
action’ rules, which attempt to opti-
mise maintenance limits and reduce 
the amount of intervention needed 
to maintain track in the appropriate 
condition.

�e recommendations are sum-
marised in guideline D4.2.6, which 
explains the scienti�c basis for setting 
minimum action rules and mainte-
nance limits. Along with an evalua-
tion of the current state of the art, this 
report contains recommendations for 
minimum action rules to deal with a 
number of common phenomena:

Squats: Based on simulation and 
�eld observation of surface defects in 
the Netherlands, recommendations  
are given for detection, counter-
measures, and design changes to 
prevent the formation and growth of 
squats.

Corrugation: Innotrack has put 
forward a scienti�cally sound and op-
erationally validated procedure to de-
�ne acceptance criteria for allowable 
rail corrugation, which takes account 
of both noise emission and the risks of 
rolling contact fatigue.

Wear: Based on testing and simu-
lation, we have prepared operational 
guidelines on wear management, ac-
counting for factors such as weather 

Fig 2. Measured 
and simulated 
crossing nose 
pro�les at Haste 
before and after 
�ve weeks of 
mixed-traf�c 
operation 
[Report D3.1.6].

Monitoring of squat growth as a basis 
for recommendation of minimum 
action rules and maintenance limits. 
[Report D4.2.6] 
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remote analysis) and electro magnetic 
acoustic transducers. � is work is ex-
plained in two reports: D4.4.2 cover-
ing the laboratory and static tests and 
D4.4.3 for the track tests.

When looking at automated in-
spection of switches & crossings, the 
initial aim was to detect malfunctions 
and their causes. Ideally, this work 
could then be extended to the detec-
tion of incipient failures, to permit 
timely intervention so that emerging 
faults can be mitigated before any 
failure interrupts regular operations. 
Using a series of laboratory tests on 
both AC and DC-motored switches, 
Innotrack has investigated possible 
parameters to be measured. Report 
D3.3.4 puts forward a range of algo-
rithms for the detection and diagnosis 
of S&C faults.

Innovative trackforms

Looking to the future, Innotrack 
has also examined two radically dif-
ferent trackforms which o� er poten-
tial for reducing life-cycle costs. Both 
concepts were examined to assess the 
circumstances in which they might 
o� er economic bene� ts.

One is a further development of the 
Balfour Beatty Embedded Slab Track 
concept, launched some years ago, for 
which a number of test sections had 
already been constructed (RG 10.02 
p649). B���� replaces the conven-
tional girder rail pro� le by a solid rail 
with a roughly rectangular section, re-
siliently embedded in a concrete slab. 
� is construction provides a contin-
uously-supported rail which requires 
no separate fastenings. Testing results 
are provided in report D2.3.4.

� e other concept is a two-layer 
trackform developed by Corus, which 
consists of a sti�  frame supported on a 
load-spreading platform. � is means 

Above:  Two-
layer steel and 
concrete track 
developed by 
Corus being 
installed at 
Scunthorpe
[Report D2.3.5].

Right:  Testing the 
Balfour Beatty 
embedded 
trackform
[Report D2.3.4].

that the components can be delivered 
to site pre-assembled. During con-
struction, the upper steel frame can 
transmit loads directly to the forma-
tion independently of the base while 
the concrete slab is curing. Applica-
tions and bene� ts of this concept are 
considered in report D2.3.5. 

From research to application

Given the scale of the research and 
development undertaken during the 
four-year project, this article can only 
provide a glimpse of a few key topics. 
For example, there has not been space 
to consider work carried out on sub-
structure classi� cation, rail testing, 
improvements in turnout drive and 
locking devices, or the development 
of databases for track components 
and vehicle characteristics. Given that 
the published documentation already 
� lls several metres of bookshelf, this is 
perhaps inevitable. 

However, it is important to recog-
nise that simply producing the reports 
themselves is worthless. � e true ben-
e� t of Innotrack will come with the 
widespread implementation of the 

results and recommendations over 
the next few years. To this end, the 
dissemination phase will be crucial.

Most of the reports are now avail-
able at www.innotrack.eu. A con-
densed description of the entire 
project will be available in the Con-
cluding Technical Report, which will 
be published shortly.

Two seminars were held last Octo-
ber to consider the more innovative 
technical solutions, whilst a seminar 
focusing on logistics and LCC will 
take place this month. Plans are be-
ing developed for a series of training 
courses during 2010. 

� e project partners have started 
holding face-to-face meetings with 
infrastructure managers to facilitate 
and co-ordinate their implementation 
strategies. � ese have led to decisions 
on future co-operation and a shortlist 
of projects for implementation by dif-
ferent infrastructure man agers. 

Based on the positive response we 
are already seeing, we are con� dent 
that Innotrack’s work will bring sig-
ni� cant savings for the European rail 
sector over the next few years. And we 
have the calculations to prove it! l

Moving from 
reactive grinding 
to proactive 
management 
of rail condition 
can bring major 
savings in life-
cycle costs.
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