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EXECUTIVE SUMMARY

INNOTRACK Objectives

The INNOTRACK project has been a joint
response of the major stakeholders in the
rail sector — infrastructure managers (1m),
railway supply industry and research bod-
ies — to further develop a cost effective
high performance track infrastructure by
providing innovative solutions towards
significant reduction of both investments
and maintenance related infrastructure
costs.

INNOTRACK has been a unique opportunity
to bring together rail im’s and industry
suppliers and to concentrate on the re-
search issues that has a strong influence
on the reduction of rail infrastructure

life cycle cost (Lcc). INNOTRACK has been
founded by the EC commission under the
6th Framework Programme, contract no
TIP5-CT-2006-031415. W

The philosophy of INNOTRACK

The future importance of the railways can increase if the new
demands on the railway can be met - tools to meet many of
these demands are handled in INNOTRACK

Today the railways are facing new de-
mands. Examples are higher speeds and
higher axle loads (often in combination),
higher availability, fewer disturbances and
reduced Lcc. At the same time environ-
mental demands and safety requirements
must be fulfilled. Most railways have also
many bottlenecks where there are very
small margins for disturbances. If these
new demands can be met, the future im-
portance of the railways can increase. The
results from INNOTRACK will help the rail-
ways tackle these issues in the important
area of track and substructure. This part
represents 50-60% of the maintenance
and renewal costs of a typical railway. This
means that the results from INNOTRACK
have a significant impact on the overall
cost reduction for the railways.
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These challenges are described more in
detail in chapter 2. It is important to un-
derstand that all these demands and chal-
lenges are not only empty phrases, but a
reality in the everyday operations of the
railways.

The result from INNOTRACK is like a
toolbox with many innovative solutions.
Some selected solutions are presented as
“highlights” in this chapter in order to give
an overview of the contents of INNOTRACK.
Some of these highlights are very techni-
cally oriented, while some are of a more
overall nature. In addition there is a full
list of implementable results from In-
NOTRACK presented in APPENDIX VI. ll

The railway system is very complex

The main reason for the complexity of the
railway system is that it often is a mixture
of components of different age and status
that have to work together in a system.
Replacement of components is also a con-
tinuous and ongoing process. Today the
railway infrastructure is therefore like a
patchwork that has to perform to higher
demands. For this reason changes have to
be carefully executed.

Another important factor is that a sig-
nificant part of the knowledge regarding
railways in general, and track structures in
particular, is empirical. This means that we
know what will happen if the situation is
static, but if we have to meet new demands
there will often be a radical change in the
system response. For this reason we must
not only know “how” (as is currently the
comment case), but also “why” in order to
predict the effect of changes. In INNOTRACK
a lot of new knowledge is brought forward
to understand exactly “why” phenomena
occur to make it possible to predict the fu-
ture response of the track structure.

To change (or rather to upgrade) parts
of the system with new, better performing
components means that the new com-
ponents must fit in the complex railway

Most cost drivers are international

Investigations in INNOTRACK have shown
that the most important cost drivers are
international. Therefore several proposed
implementation projects would be more
efficient if they were carried out in an in-
ternational cooperation. If it is possible to
create active international working groups,
the implementation of new solutions will
go faster and require fewer resources.

system. To introduce new components is

a necessity since many old components
need replacement and/or cannot meet new
demands. However, in order to avoid a
situation of trial-and-error, there is a need
to make this introduction in an ordered
fashion where it is ascertained that tech-
nical, Lcc and logistics demands are met.
This process has also been a focus of In-
NOTRACK.

To further complicate the situation,
there is a trend (generally positive) that
the components are becoming more and
more international. Further, the role of
the industry in developing new products
has changed and is changing even further,
see chapter 7. This means that new compo-
nents are to less extent tailored for specific
national needs. Further, the ™M has less
control of the development of the prod-
ucts, but must set their specifications based
on functional requirements. This puts new
demands on both v and industry in assur-
ing that components have a correct quality
and can perform in the railway system in
an expected way. INNOTRACK has scruti-
nized this issue from both a technical and
an Lcc point of view.

INNOTRACK has for the first time identified
the European track related cost drivers
and their root causes in the areas of sub-
structure, track and s&c. Further,
INNOTRACK has been and is actively en-
gaged in aiding and coordinating imple-
mentation on a European level. Bl

INNOTRACK Concluding Technical Report 9



Research and development is a necessity and an efficient
way of progressing, especially in the railway area

Today research and development (rR&D) in
the railway area is a necessity to achieve
cost reduction and better performance. It
is also a good way to cooperate between
mM’s and the industry so that the needs of
the M can be matched to the product de-
velopment in the industry, and to ensure
that the developed products/services/proc-
esses fit in the system and perform in the
intended manner.

This is still more important since a
larger part of r&D today is done in differ-
ent environments where the industry’s
part is successively increasing and today
is considered to have passed the M’s in
volume. W

Implementation of new knowledge is difficult but a necessity

It has traditionally been difficult to imple-
ment new knowledge in the railways. It is
today the Achilles heal of r&D. Here the
IM’s must become more efficient and as-
sure that if a new product is introduced
this introduction is carried out in an or-
dered fashion (see above) and that also

INNOTRACK

the knowledge related to this product is
incorporated in the organisation. In IN-
NOTRACK considerable resources have been
allocated from uic and UNIFE to support
implementation in a more professional
manner. [l

—a brief summary of highlights

Subsoil assessment

Cost driver

Variability in soil conditions leads to un-
stable track geometry and high needs for
maintenance.

Solution

INNOTRACK has carried out a comparison
between several assessment methods for
subsoil conditions to evaluate their capa-
bilities and accuracy. In addition, a database
for storing, finding and visualizing data on
subsoil conditions has been developed.

Benefits

Possibility to optimize reinforcement ef-
forts, which reduces track geometry degra-
dation and need for tamping.
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Next steps

Optimized use of national assessment
methods internationally “with the defini-
tion of assessment methology”. Wider use
and addition of further data to the devel-
oped track condition database. Evaluation
of time dependence of track conditions.

Track stiffness

Cost driver

Track stiffness is an important factor in
the interaction between train and track.
In simplistic terms the track stiffness gov-
erns the track’s impact on the vehicle. This
is especially crucial for high-speed and
heavy-freight operations. It should here
be noted that it is normally not the spe-
cific stiffness that is of most importance,

but rather the variation of the stiffness.
Further, the track stiffness has a natural
variation due to climate. Varying too low
or too high track stiffness leads to higher
dynamic loads, which is an important cost
driver.

Solution

INNOTRACK has taken a significant step
forward in concluding the question. Tech-
niques have been developed for measur-
ing and evaluating track stiffness. Through
this the understanding of the influence of
track stiffness has been increased, which
has made it possible to optimize the track
stiffness distribution. INNOTRACK has fur-
ther, for the first time, carried out interna-
tional comparisons of variations of track
stiffness in switches. The results clearly
show the significant potential for reduc-
ing dynamic forces. The measurements
demonstrated in INNOTRACK give a tool for
monitoring and maintaining proper stiff-
ness distributions in switches, but also e.g.
in transition zones.

Development and evaluation/compari-
son of several track stiffness measure-
ment methods has been performed in IN-
NOTRACK. To assess the influence of varying
subsoil conditions, INNOTRACK has further
developed and evaluated a number of nu-
merical and experimental techniques and
methods.

Benefits

Better knowledge of the track stiffness
gives the potential to lower dynamic
forces and reduce degradation of track
and s&cC.

Next steps
Track stiffness has a strong influence on
the loading of the track and rolling stock.
Track stiffness is still an open question in
the tsI Infrastructure. The result from IN-
NOTRACK can be a good input to enhance
the TsL

The results from INNOTRACK will further
be used to optimise s&c.

Four different methods for subgrade
improvements

Cost driver

Improving subgrade conditions is very cost-
ly. These costs relate not only to manpower
and materials etc, but also to costs for traf-
fic disturbances, speed regulations etc.

Solution

INNOTRACK has developed, implemented
and evaluated four different methods for
subgrade improvements. These include

an optimized use of geo-grids and geo-
textiles, the use of vertical soil-cement col-
umns, and the use of inclined lime-cement
columns. The latter method has been
applied without the need to close down
the track, which leads to significant cost
savings and minimal traffic disruptions.
All these methods have been verified by
numerical simulations/calculations and/or
experimental tests.

Benefits

The improved and optimised methods will,
as have been demonstrated, decrease Lcc
significantly. It will further decrease opera-
tional disturbances.

Next steps

The developed solutions need now be
integrated in national and international
regulations.

Two innovative track-forms

Cost driver

Variation in the support stiffness of track
is a key contributor to more rapid degra-
dation of track quality and rail integrity.
Consequently, the track requires more fre-
quent tamping to correct the line and lev-
el, rail grinding to remove surface defects
such as rolling contact fatigue, and non-
destructive testing of the rail to prevent
rail breaks and ensure safe operations. The
situation is further exacerbated for s&c
units because of the complexity of layouts
and the associated higher dynamic forces.

INNOTRACK Concluding Technical Report 1 1



Consequently, the key driver for the devel-
opment of new track forms was to reduce
life cycle cost of track by engineering out
variability through design and installation
techniques.

Solution
Two innovative track forms have been de-
veloped in INNOTRACK:

The Embedded Rail System

The system features high productivity
construction with sequential high output
concreting, alignment and railing. Up to
1.5 metres per minute for a high speed
railway. No tamping or ballast costs. An
innovative rail shape that allows 25%
more rail wear and a full use of harder rail
steels. A vehicle interactive design to mini-
mize rolling stock costs. The continuously
supported simple low component system
provides support for fully automated
vehicle-borne inspection including video,
ultrasonic and geometry. There is also a
potential for full fibre optic sensing in the
slab for settlement.

The Two-Layer Steel Track

This system has been specifically designed
for switch & crossing layouts that consume
a highly disproportionate amount of the
track maintenance budget. The steel —
concrete 2 Layer track is a novel track de-
sign that has been taken from concept to
prototype installation within the project.
It features a consistent support through
design to minimise maintenance require-
ments. It is a modular construction that
facilitates rapid installation, which leads to
reduced installation time and costs.

Benefits
Embedded Rail System

High productivity construction with 30%
reduced construction time, reduced con-
struction cost — competitive with ballast,
Low cost construction equipment from
road industry. The solution also features
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increased tunnel clearances with a low
construction depth. Maintenance is re-
duced with improved vehicle interaction,
no ballast maintenance, increased rail life
(fatigue and wear) and 60 years plus life
of track. Facilitates automated inspection
with full ultrasonic inspection. It also al-
lows for fully automated video/geometry
inspection by design. In addition several
failure modes have been eliminated.

Two Layer Steel Track

The two-layer design ensures consistency
of support and adjustability. The modular
construction with a panel-based design
enables rapid and cost effective installa-
tion and logistics. It provides the ability to
open at line speed at handover after each
possession. The degradation of support is
significantly reduced resulting in minimum
maintenance (no tamping) and increased
track availability. Further, the more con-
sistent support and rail — wheel contact
conditions leads to an increased rail life.
Installation costs are comparable to bal-
lasted track s&c when train delay costs are
taken into account.

Next steps
The solutions are now being implemented
in operations.

A guideline for optimum selection
of rail grades

Cost driver

The undifferentiated use of conventional
(non-heat treated standard carbon) rail
steels in curves up to 5.000 m results in
avoidable excessive maintenance cost and/
or premature re-investment cost for ex-
changing the rails.

Solution

Based on a multitude of long-term track
measurements INNOTRACK has been able
to develop and calibrate predictive mod-
els for overall rail degradation in terms
of wear and rolling contact fatigue (RCF).
Compared to standard rail grades, heat-

treated rails show a superior wear and RCF
resistance. Two different rail grade selec-
tion recommendations — a “radii based”
recommendation and a “deterioration
based” approach — were worked out. Both
methods have led to consistent results
that confirm the technical and economic
advantages of the extensive utilisation of
heat treated premium steel grades.

Benefits

The improved rail durability by a shift
towards heat treated premium steel leads
to a significantly extended service life,
substantially reduced life-cycle cost and, at
the same time, to an increased operational
availability of the track. Also the payback
of the incremental investment can be
achieved in a very short time. Respective
cost-savings can be specifically calculated
by using the Lcc model developed in IN-
NOTRACK, as has been shown in the project.

Next steps

The guideline developed in INNOTRACK is
now employed by the uic Track Expert
Group and is proposed to form the basis
for a uic/unire TecRec (replacing the uic
leaflet 721).

Squat formation

Cost driver

Squats are becoming increasingly more
common on the European network. Re-
medial maintenance actions of grinding,
weld restoration, or replacement of a short
length of rail containing the defect have

a significant impact on the maintenance
budget.

Solution

The knowledge of causes of squat forma-
tion and the factors affecting growth need
to be enhanced so that optimized mitigat-
ing actions can be applied. The work in
INNOTRACK has been a significant step in
this direction by the use of field meas-
urements and numerical simulations. In

particular, the question of which initial de-
fects that will propagate to form full-scale
squats has been thoroughly investigated.

Benefits

The work in INNOTRACK provides means in
optimizing maintenance actions and will
facilitate a move to planned maintenance.
The magnitude of maintenance cost re-
duction will be influenced by track and
traffic characteristics but is expected to be
significant.

Next steps

The gained knowledge needs to be in-
corporated into operational codes and
“minimum action” handbooks. The conclu-
sions are mainly based on observations
on the Dutch network. The study needs
to be expanded to examine if the findings
are equally applicable in other European
networks. There is still a major need for
further knowledge, e.g. regarding growth
rates under general operating conditions.

Corrugation

Cost driver

Corrugation increases noise emission
levels and wheel-rail contact forces. The
standard mitigating action is grinding,
which is costly and causes traffic distur-
bances. There is also some evidence for in-
creased susceptibility of corrugated track
to squat defects.

Solution

INNOTRACK has developed a method to de-
termine allowable corrugation magnitudes
with respect to noise pollution and risks
for the formation of wheel and rail cracks.

Benefits

The numerical toolbox that has been de-
veloped can be employed to determine
grinding intervals etc.

INNOTRACK Concluding Technical Report 13



Next steps

The derived knowledge needs to be es-
tablished in operational codes, “minimum
action” handbooks and practices. To fur-
ther optimize maintenance actions, deeper
knowledge on corrugation growth and the
relationship between operational loading
conditions and crack formation would be
valuable.

Insulated joints

Cost driver

Insulated joints impose a discontinuity

in the rail. Due to this they will be sub-
jected to high operational loads that may
cause joint dips (leading to even higher
loads) and material rollout (causing short-
circuiting of the signalling system). The
remedial actions, unless detected at early
stages of deterioration, often result in re-
placement and hence add significantly to
maintenance costs and causes traffic distur-
bance.

Solution

INNOTRACK has carried out an extensive
simulation campaign on the mechanical
deterioration of insulated joints. In addi-
tion, field measurements have been made
in order to verify simulations. The result
is a significantly improved understanding
of the influence of various operational pa-
rameters and the associated deterioration
mechanisms.

Benefits

The work in INNOTRACK lays the foundation
for prescribing joint geometry and allow-
able tolerances for different operational
conditions. Furthermore, the improved
understanding of deterioration mecha-
nisms are also expected to contribute to
improved designs of insulated joints.

Next steps

The derived knowledge needs to be estab-
lished in operational codes, “minimum
action” handbooks and practices. Further
increased knowledge is needed, e.g. regard-
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ing the influence of traffic situation, support
conditions, material characteristics etc.

Rail cracks

Cost driver

Cracks in rails are ultimately a safety prob-
lem. In order to prevent cracks to grow to
failure, they need to be detected and miti-
gated in the early stages of growth. Further
excessive overloads need to be avoided.
Lack of accuracy in preventive measures,
including the permissible passing loads, lead
to increased costs and/or decreased levels
of safety.

Solution

The growth of rail cracks has been studied
in INNOTRACK with the aim of quantifying
the influence of operational parameters and
in predicting inspection and maintenance
needs. An example of use is the identifica-
tion of allowable load magnitudes induced
by wheel flats.

Benefits

With the work in INNOTRACK, the accuracy
of operational decisions and mitigating ac-
tions has increased. A particular benefit is
that existing “minimum actions” can be ex-
amined and verified/revised using scientifi-
cally proven techniques.

Next steps

The results from INNOTRACK have already
been employed for better regulations re-
garding operational loads. Harmonization
on a European scale is needed. Further-
more, the work related to inspection inter-
vals needs to be implemented in “minimum
action” handbooks and codes and the tech-
nique extended to other key defects
encountered on European networks.

Rail tests

Cost driver

Good tests of rail grades promote the
development of suitable rail grades and
pertinent maintenance strategies. This will
decrease maintenance costs. Field tests are

very costly and hard to carry out under
controlled conditions. If laboratory tests
can replace these significant cost savings
will be obtained. However, the current
European rail standard (pren 13674: 2009)
does not include any direct measure of the
various rail grades to the two key rail deg-
radation mechanisms of wear and rolling
contact fatigue (rcF). Instead, the stand-
ard and the railways rely on the indirect
measures of surface hardness and tensile
strength. Furthermore, the current tests
for wear and rcF undertaken by various
organisations (IM’s, rail manufacturers, and
academia) are not comparable and only
provide an indication of the operational
performance of the various rail grades. All
of these factors lead to less efficient and more
costly tests than needed and can contribute
to the non-optimum selection of rail grades.

Solution

INNOTRACK has carried out work on har-
monizing laboratory tests of rail grades
(scaled and full-scale) and relating these to
in-field operational conditions by the use
of numerical simulations and laboratory
investigations of micro-structural defor-
mation/damage. The systematic approach
adopted is unique in the railway world and
the results have provided further scientific
evidence of the benefits of premium steel
grades.

Benefits

The work in INNOTRACK has provided a
methodology of comparison of rail grades
and the guideline produced is expected to
be included in future Euronorm rail speci-
fications.

Next steps

The work carries on both in formalizing
and standardizing reporting of tests (also
field tests) and in improving the methods
of comparing test and operational condi-
tions through numerical simulations and
microstructural deformation / damage in-
vestigations.

An initiative will be taken to have this as
an important input to a new CeN standard.

Inspection methods and equipment
to detect rail cracks

Cost driver

Inability to detect rail cracks at an early
stage of growth hinders the planning of
mitigating actions such as grinding. It may
also lead to that cracks are allowed to
grow too long before removal, which leads
to higher grinding costs and more opera-
tional disturbances, and also to a shorter
rail life. In severe cases this may even be a
safety issue.

Solution

A significant number of inspection meth-
ods and equipment to detect rail cracks
have been tested in INNOTRACK. The dif-
ferent methods have been compared with
respect to accuracy for different types of
cracks. The equipment has been evaluated
in laboratory conditions, as well as in field.

Benefits

The work in INNOTRACK provides an IM
with a good basis to select suitable equip-
ment to detect rail cracks.

Next steps
The work is continuing in the European
projects INTERAIL and PM ‘n’ IDEA.

Grinding procedures

Cost driver

Grinding is a necessary maintenance
method used to increase rail life and re-
duce costs. Grinding costs are today high.
Two reasons for this are poor logistics
planning and lack of network grinding
strategies.

Solution

INNOTRACK has delivered a guideline on
optimized grinding procedures. This guide-
line includes not only technical specifica-
tions (e.g. profile tolerances), but also
logistical and strategic considerations.
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Benefits

The INNOTRACK guideline gives support

in deciding target profiles. It also aids an
IM in optimising grinding from a logistics
perspective and to impose a clear grinding
strategy for the whole network.

Next steps

The work is continued in a group that will
make a TecRec based on the INNOTRACK
guideline. The new TecRec shall be ex-
panded as compared to the guideline in
the following areas: How a strategy shall
be implemented, logistics aspects, eco-
nomical aspects, coordination with other
maintenance activities, and harmonisation
of target profiles.

Welds with a narrow heat affected
zone

Cost driver

The welds form a disturbance in the track
properties. This may lead to increased
loads, which promote rail degradation.
Further, welding consumes significant
amounts of energy, which is relevant both
from an Lcc and an environmental per-
spective.

Solution

INNOTRACK has developed and evaluated
the benefits of welds with a narrow heat
affected zone.

Benefits

The narrow heat affected zone welds are
superior from an energy management per-
spective. In addition, INNOTRACK has evalu-
ated the beneficial mechanical properties
of the narrow heat affected zones.

Next steps

The narrow heat affected zone welds need
now be wider deployed in operational
services and national and international
regulations adopted to account for the
findings from INNOTRACK.
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Charting of cost distributions

Cost driver

Lack of a standardized way of keeping
track of costs and relating them to compo-
nents, work tasks etc, prevents an identifi-
cation of cost drivers and an Lcc optimiza-
tion of the network.

Solution

INNOTRACK has carried out a charting of
main cost drivers on a European scale and
detailed charting of the distribution of
costs related to track, switches and cross-
ings. This charting has showed where the
potentials for cost savings are. Further In-
NOTRACK has proposed a framework for a
unified cost breakdown structure.

Benefits

Based on the identified cost drivers in
INNOTRACK, the work on decreasing Lcc
can be carried out in an efficient manner.
Further, unifying cost structures promote
international cooperation and exchange of
information and knowledge.

Next steps

The work in INNOTRACK is a first step. To gain
general acceptance there is a need to bring
the work forward in standardization bodies.

Optimizations of switches

& crossings

Cost driver

Switches & crossings (s&c) are disconti-

nuities in the track systems. They impose
dynamic loads on track and rolling stock
and are prone to mechanical failures.

Solution

Through numerical simulations calibrated
from in-field measurements, INNOTRACK
has been able to propose several measures
to optimize the mechanical characteristics
of s&cs and thereby decrease their detri-
mental influence. These measures include
gauge widening, optimized track stiffness
and component geometries.

Benefits

The innovative solutions promote a
decrease in operational loads that will
decrease the deterioration of the s&c as
well as the detrimental influence on pass-
ing vehicles.

Next steps

The proposed measures are now under
full-scale validation. Results so far indicate
a significantly increased performance of
the optimized s&cs.

Numerical damage prediction and
optimization of switch components
Cost driver

Switch components are highly dynamically
loaded components in the track system
and therefore prone to damage, which re-
quires costly maintenance and/or replace-
ment, often involving significant traffic
disruptions.

Solution

INNOTRACK has for the first time ever dem-
onstrated a methodology to numerically
predict the detailed deterioration in terms
of plastic deformations, wear and rolling
contact fatigue of an operational cross-
ing nose. To carry out this, a multitude of
advanced simulation packages had to be
combined together with a determination
of relevant material properties. Validations
towards operational components show a
very good accuracy. INNOTRACK has also
tested innovative s&C materials in labora-
tory tests with very interesting results. The
framework to implement the mechanical
characteristics of these innovative materi-
als in numerical simulations is developed.

Benefits

The result of INNOTRACK is a toolbox that
can be used to optimize switch compo-
nents already in the design stage. This will
save significant costs in premature track
tests and will lead to optimum choice of
both materials and design of switches &

crossings. Furthermore, definition of the
required material properties and testing
techniques has provided a much needed
technique to aid metallurgical design and
development of new steels used for the
crossing nose and other rail components.

Next steps

Currently the work continues with the
analysis of the effect of altered materials.
Further full-scale tests including some in-
novative materials are being carried out
to further validate the simulations. The
work now needs to continue with the de-
velopment of optimized solutions and the
operational integration of these in switch
systems.

Open standard for electronic inter-
locking and hollow sleepers

Cost driver

The lack of a standardized interlocking
interface is currently a hinder for obtain-
ing production scale effects and increase
competition within Europe. The same is
true for hollow sleepers, where a standard
geometry would also promote the adapta-
tion of tamping machines.

Solution

INNOTRACK has proposed an open standard
for electronic interlocking. In addition In-
NOTRACK has proposed a standardized hol-
low sleeper to house driving mechanisms
for switches.

Benefits

As mentioned above, the derived solu-
tions will promote benefits of scale etc. In
addition the standardization will facilitate
sourcing. For these reasons the standardi-
zations proposed by INNOTRACK are likely
to lead to significant costs reductions.

Next steps

The proposed standard on hollow sleeper
is now being processed by the cen. The
standardized interlocking interface needs

INNOTRACK Concluding Technical Report 17



some further development before being
forwarded to standardization bodies.

Key parameters for switch monitor-
ing systems

Cost driver

Unplanned maintenance of switches is
costly and leads to traffic disruptions. The
problem is further aggravated if there is lit-
tle information to aid the maintenance staff
in locating the error.

Solution

Key parameters for switch monitoring
systems have been identified in INNOTRACK.
Algorithms for fault detection have been
developed. To validate the monitoring
systems, laboratory and in-field tests have
been carried out.

Benefits

The work carried out in INNOTRACK will aid
in the development of switch monitoring
systems that can indicate malfunctioning
components and thus decrease time needed
for repair. They can also be used to identify
evolving faults so that maintenance can be
carried out before these become critical
and cause a malfunction of the switch.

Next steps

The solutions in INNOTRACK need now be
further developed and included in commer-
cial products.

LCC evaluation methodology

Cost driver

One of the most significant complications
in the introduction of innovative solutions
in the track sector is the assessment of their
Lcc impact. This may lead to incorrect deci-
sions and related increases in costs.

Solution

INNOTRACK has developed a stringent, uni-
fied methodology for Lcc evaluations on a
European level. The method provides the
ability to evaluate the Lcc impact of dif-
ferent scenarios. It further results in well-

18 INNOTRACK Concluding Technical Report

defined analyses that clearly define which
factors that have been taken into account.

Benefits

Apart from providing an objective tool for
decision making, the Lcc model developed
in INNOTRACK will be used for comparisons
between different scenarios. Further it can
highlight parametric influences such as the
effect of adopting different discount rates
or delaying interventions.

Next steps

The methodology is currently in operational
use e.g. at the pB. The further European use
is foreseen to lead to improvements such as
a more extensive analysis of the influence
of statistical scatter and the inclusion of im-
proved models to predict deterioration.

Logistics solutions

Cost driver

The logistics cost drivers comprise manage-

ment/organisational, strategic and technical

issues, such as:

e full or partial lack of track possession
policy with a clear plant and staff deploy-
ment, and identified minimum distur-
bance strategies and procedures

¢ insufficient long-term planning and fund-
ing with commitments from governments

e deficiencies in work programming and
project management

Further, local rules and regulations are often
key barriers to the opening of national markets.

Within INNOTRACK however only technical
cost drivers were dealt with.

Solution
INNOTRACK has derived solutions which
minimise track possession times, allow for
maintenance without traffic disruption,
provide a high output rates, minimise the
impact of rules & regulations by the use of
standard machinery. Examples of these are:
From Track Support and Superstructure:
inclined cement columns, embedded slab
track, and two layer steel slab track.

From Switches & Crossing: implementa-
tion of a modular S&C, “plug-and-play”-
solutions, and steel slab track.

From Rails & Welding: use of ultra-long
rails (up to 120m weld-free), less welding,
“just-in-time” direct transportation to con-
struction site, reduced manipulation and
stock keeping.

Benefits

Estimated savings in Lcc is 30%. This in-
cludes qualitative estimations, which are
however based on a tangible reality and
thus considered reasonable.

Next steps

Key issues often relate to processes, peo-
ple and culture. A key to success is to
build a closer and more open relationship
between infrastructure managers, indus-
trial companies and contractors. Important
next steps are the joint work groups that
have formed between EIM/CER/EFRTC and
other associations.

Evaluating the effects of INNOTRACK

Evaluation of logistics benefits
In chapter 7 an overview of currently on-
going changes due to a more international
approach in the European railway land-
scape is described. Also a picture of the
present situation is given as background
to identify possible ways of improvements
related to the identification of logistics
constraints and ways to overcome these.
The interviews with both contractors and
M’s have indicated significant possible

cost reductions solely from mitigating
these logistics related issues. Possible im-
provements include more collaborative,
partnership-based approaches aimed at
optimizing the use of available possession
times, reducing costs and/or delivering
more for the available budget and thus
increasing the efficiency of providing a
railway infrastructure for operators in
general.

Technical and economical assessment

Evaluating Life Cycle Cost (rcc) of the
asset is an important tool in the decision
process. In INNOTRACK this has been ad-
dressed in a dedicated subproject. The work
is summarized in chapter 8 of this book.

An important result from INNOTRACK is
that a harmonized Lcc calculation method
at a European level has been established.
This method enables to identify cost driv-
ers, assess the costs of track components/
modules and to make cross-country com-
parison. In the evaluations it is found that
the discount rate has a significant impact
on Lcc as described and quantified for dif-
ferent situations.

Several complications in carrying out
Lcc-calculations are clarified. Examples
are the relation between technical and
economical aspects and how service life
is dependent on failure rates for different
components in the railway system. Other
factors like availability and influence of
repair rate are also considered.

Since the significant part of Lcc is fixed
before the installation phase it is here the
largest parts of the savings can be made.
This also means that it is very important
that im’s give feedback to the suppliers in
order to reduce LccC.

INNOTRACK Concluding Technical Report 19



rAMS (Reliability, Availability, Maintain-
ability and Safety) evaluations have also
been addressed in INNOTRACK. Use of RAMS
in the area of track and structures was

Overall cost reduction

The objectives of overall cost reductions
from INNOTRACK are explained in detail
in Chapter 2. The work in INNOTRACK has
demonstrated that it is not possible to
present a common international figure of
the total cost reduction related to the solu-
tions developed in INNOTRACK. The reason
for this is mainly that every m has a differ-
ent maintenance policy and that the costs
for maintenance and renewal vary a lot.
Of more interest is perhaps which re-
duction that can be achieved for a specific
railway. This is an important question since
the full implementation of result from

Dissemination and implementation

Many Eu-projects end when the project
is formally finalised. The reason is simply
that there are no economical benefits for
many participating members to carry on
with the implementation work. For this
reason too many EU-projects produce
“shelf warmers” that are not operationally
implemented. In INNOTRACK it has been an
ambition from the beginning to have a fo-
cus on implementation. This is the reason
for the engagement and contribution with
extra resources from the uic.

During and after the formal end of
the project, an extensive work has been
carried out to prepare and support imple-
mentation of the INNOTRACK results. This
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found to be in an early stage. Therefore
some basic considerations were done and
proposals for future development pre-
sented. W

INNOTRACK is a process that will take many
years. Which parts and areas shall a specif-
ic railway prioritise in this process? Chap-
ter 9 presents a summary of the evaluation
of the potential overall reduction in Lcc
obtained by implementation of a range of
INNOTRACK innovations at four mM’s.

These evaluations show that the poten-
tial Lcc reductions are on the order of the
set objective. This result is also backed by
detailed analyses of some innovative solu-
tions using a standardised Lcc process that
has been developed within INNOTRACK. W

work has engaged many railways both
within and outside the INNOTRACK consor-
tium as well as several organisations and
regulatory bodies. This is described more
in detail in chapter 10.

In addition an implementation group
has been established based on INNOTRACK
Steering Committee and Coordination
Group. The aim of this group is to pro-
mote and coordinate the Europe-wide
implementation of INNOTRACK results. This
makes INNOTRACK a unique project in the
way implementation is organised. l

INNOTRACK

- WHY AND HOW
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INNOTRACK - WHY AND HOW

Background
The discussions on what was to become
INNOTRACK started in early 2004 when the
preparatory work was targeted towards
two separate projects. After more than
a year, a project proposal was finally de-
livered to the European Commission in
September 2005. The proposal was com-
mented in October and a hearing took
place in Brussels in November. A planning
meeting with the Commission was held in
February 2006 and a draft “Description of
Work” sent to the Commission in March
2006. The final “Description of Work” was
sent to the Commission in April 2006. The
Consortium agreement was sent out for
signing in May 2006 and finally the project
started at the 1st of September 2006. In all
it took 2.5 years to prepare INNOTRACK.
The primary motivation for INNOTRACK
was that there is a continuous demand
for more cost efficient railways. This
should be contrasted with the fact that
track costs, the major cost component
for Infrastructure Managers (1M’s), have
not significantly decreased in the last 30
years. In the same period of time, compet-
ing modes of transportation have seen a
tremendous reduction of Life Cycle Costs
(rcc). This narrows the business case for
rail transportation, which has significant
repercussion on important societal issues
such as environment and safety. For this
reason, an R&D project focused on the area
of Lcc reductions was of the highest prior-
ity. The project must deliver results that
yield significant Lcc reductions and RAMS
improvements in order to strengthen the
competitiveness of the railway sector.
Rough figures shows that maintenance
costs for mixed traffic lines are higher than
maintenance costs for lines dedicated to
high speed or heavy haul. The reason for
this is quite simple. It is possible to opti-
mise a dedicated traffic situation far better
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than if you have to make compromises. An
illustrative example is that it is not possible
to optimise the cant deficiency for faster
passenger trains and at the same time fulfil
demands from freight traffic. Though some-
what simplistic, this reasoning indicates that
considerable cost savings are feasible in the
field of mixed traffic. Further, mixed traffic
is also the most common traffic situation in
the European railway network. For these
reasons INNOTRACK has focused on an opera-
tional scenario of mixed traffic.

Over many years, a lot of good ideas have
been proposed in order to reduce costs and
at the same time meet new demands for
the railways. Examples of new demands are
higher speeds; higher allowed axle loads;
better availability; fewer disturbances;
higher operational reliability, and more traf-
fic on existing lines. The good ideas brought
forward were proposals for improvement
of existing methods and products, but also
completely new innovative solutions. They
stemmed not only from the mv’s, but also
from industry, universities and R&D-insti-
tutes. Like most new technical ideas they
where often questioned from an economical
and practical point of view: What effects
do the new proposed solutions have on
improved performance and reduced costs?
Such questions are reasonable, but to be
able to respond, a new approach has to be
taken. This implies a broader approach to
R&D than normally adopted. The aim is to
gather hard evidence of technical and eco-
nomical benefits of innovative solutions so
that top management in the railways and in
the industry can be convinced of the bene-
fits of the innovative solutions. This broader
approach has been adopted in INNOTRACK.

To achieve this broad approach, a matrix
organisation was formed. The three techni-
cal sub-projects were developed to assess
the technical aspects of the innovative solu-
tions. In addition, three sub-projects where

created to gather input data to the tech-
nical analysis and to verify the solutions
from a technical, economical and logistics
perspective. See Figure 2-1 for a broad
overview of the INNOTRACK work plan
structure.

SP0 INNOTRACK coordination
uiC
SP1 Network
Duty SP2 SP3 SP4 Rail
Track [| Switches | Rails
support and and
Egg structure crossings welding DB
SNCF [| DB [ ]voestalpine
SP5 Corus
Logistics Alstom

SP7 Dissemination and training
uiC

Figure 2-1 The INNOTRACK project organisation.
The sub-projects are indicated with their responsible
partners.

The three technical (vertical) sub-projects
are.

¢ Track support structure (denoted sp2 in
the project)
The sub-project has studied track subgra-
de monitoring and assessment. Further-
more, evaluation and test of superstruc-
ture innovations have been carried out.

¢ Switches and crossings
(denoted spr3 in the project)

The sub-project has studied optimized
switch designs where predictive modelling
has played a key role. Further standardi-
sation of driving and locking devices, and
also the development of switch monito-
ring equipment have been key elements.

¢ Rails and welding
(denoted sp4 in the project)

The sub-project has dealt with metho-
dologies to establish rail deterioration
under varying operational conditions. It
has established maintenance criteria and
methodologies. It has further studied im-
proved methods for test of rail materials,
for rail inspection and for welding.

These sub-projects could be described as
traditional technical projects. They are
supported by three cross-disciplinary
(horizontal) sub-projects:

* Duty and requirements
(denoted spr in the project)

The aim of this subproject was first to
identify current problems and cost dri-
vers for the existing infrastructure. After
the root causes had been identified, the
project would propose innovative solu-
tions in order to mitigate the problems.
In the end of the project a technical
verification of technical solutions that
had not been validated in the technical
sub-projects was carried out. The aim
was to deliver innovative solutions that
were both technically and economically
verified (see “Life cycle cost assessment”
below). Since the validation should
comprise operational conditions from all
over Europe, variations in vehicle and
track characteristics had to be carefully
investigated. Finally, this sub-project
also had the responsibility to assess the
overall potential cost reduction derived
from the INNOTRACK solutions.

Life cycle cost assessment
(denoted sp6 in the project)

There were two ideas with this subpro-
ject. The first was to economically verify
the innovative solutions to the technical
problems. This was carried out with Lcc
and RAMS analyses. The second was to an
Europe-wide accepted evalation/develop
process.

Logistics

(denoted sps in the project)

Here the potential for logistic improve-
ments where identified and proposals for
promising areas of improvement brought
forward. Furthermore, the sub-project
was responsible for a logistics assessment
of derived technical solutions. Logistics
should here be understood in a broad
sense that incorporates aspects such as
sourcing and contracting.
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Supporting activities

In order to make dissemination, training
and implementation more efficient, it was
already from the beginning decided that
uic with the support of UNIFE should coor-
dinate these activities in INNOTRACK. The
activities were collected in a separate sub-
project (denoted sp7 in the project). It was
particulary important that the results from
INNOTRACK really were implemented and
not only resulted in “shelf warmers”. The
experience from previous projects from
several participants was clear: Organisa-
tions with experience of dissemination
must play a central role to assure a suc-
cessful implementation.

Finally, a sub-project was dealing with
the overall coordination and management
of INNOTRACK (denoted spo), see more
details in the section “Management and
organisation”.

INNOTRACK s role in the railway sector
A second important reason for INNOTRACK
is that there exist a large number of codes
and standards in the area of track and
substructures that are based on empiric
knowledge. These answer the question
“how” but not the question “why”. How-
ever, when the new demands mentioned
above are to be met, the current “how” is
not valid anymore since the operational
conditions change. In such situations there
is a need to really understand “why” so
that changes in operational conditions can
be met and handled in a safe and cost ef-
ficient manner. This is further emphasized
by the known fact that the railway system
is very sensitive to changes. Even minor
modifications can result in considerable
deterioration of the railway system. Con-
sequently, changes to the railway system
have to be introduced with accuracy and
modifications be kept within acceptable
limits (which in turn have to be estab-
lished). Consequently, there is a need for a
pre-verification of technical solutions that
are to be operationally introduced.
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What does a verification of the solutions
imply? The m’s have the responsibility for
the railway system. This means that it is the
performance of the whole system that is
the priority for the im’s. The industry deliv-
ers products that must fit into this system
so that the overall performance is kept or
enhanced. Since the system is very complex,
projects like INNOTRACK are important as
they enable a comprehensive cooperation
between 1mM’s and the industry regarding the
entire track construction. This need for co-
operation is necessary for all partners and
is further discussed in chapter 11.

The need for verification is seemingly
in contrast to the need to reduce time to
market for innovative solutions. However,
through a better knowledge of “why”, there
is a major potential in actually decreasing
time needed for verification. Furthermore,
the mode of operation adopted in IN-
NOTRACK Where 1M’s, industry and research
organisations work in close co-operations
lead to solutions that are verified already in
the design phase. This leads to an additional
decrease in time-to-market. However, when
it comes to the issue of legal and operatio-
nal procedures for verification and appro-
val, it was realised that this is an extensive
question, which ranges outside the scope of IN-
NOTRACK. This issue has therefore been handed
over to suitable bodies for further work.

EU-funded R&D projects are limited in
time and often very focused on imple-
mentation. For this and other reasons it is
difficult to carry out basic R&D within EU-
projects. Input from ongoing or recently
ended projects is therefore important in
projects such as INNOTRACK. Consequently,
the choice of participating organisations
has been very important. It was for this
reason also important that the universities
and research institutes that participated en-
gaged senior researchers.

Finally, if innovative solutions are to be
implemented it is vital to assure a good
quality. For this reason a considerable
amount of reviewing has been carried
out in INNOTRACK. In fact several external

experts where contacted already before
the project started. Details on the review
process are given in chapter 10 where the
review process is described. Here it is suf-
ficient to note that, in addition to increas-
ing the quality, the reviewing has also
facilitated implementation. The reason is
that much reviewing has been carried out
by iM’s outside of INNOTRACK. In reviewing
the reports they have gained knowledge
of the INNOTRACK results and been able to
estimate the benefits of implementation at
their railways.

INNOTRACK and the current
regulatory framework
In theory, the hierarchy of the regulatory
framework in Europe can be described as
a pyramid, see Figure 2-2. This is described
more in detail in deliverable p7.1.5 [1].
The top level consists of directives. These
are usually of very good quality. The sec-
ond level includes the legal specifications.
For the railways the most important are
the Technical Specifications for Interoper-
ability (ts1). The third level consists
of codes, norms and standards. Here
CEN codes are dominating. It should
be noted that the levels 1 to 3
exist also on a national level.
The amount of harmonization
between national and Eu-
ropean regulations varies
between countries, both

Legal
specifications

responsible for this regulatory framework
differs between countries. This makes it
difficult to make general remarks on the
interaction with the work in INNOTRACK.

At levels 4 to 7 the situation is still more
diffuse and the actual situation may vary
even more between countries. In Figure
2-2 we have tried to include some typical
levels in order to explain the clear inten-
tion in INNOTRACK to place the result as
high up as possible in the hierarchy. The
reason is simple: the higher up in the hier-
archy the results are introduced, the easier
they are to implement Europe-wide.

In our categorization, level 4 consists
of leaflets and equivalent documents. The
leaflets (where uic leaflets is the typical
example) represent the common opinion
of several organisations (typically infra-
structure managers). A lot of the results
from INNOTRACK Will be employed as back-
ground material to update current leaflets.

Level 5 consists of guidelines. These

are a way to express more precise state-
ments on recommendations for implemen-

tation than ordinary reports. They are

in this sense generally more “hands-
on” than leaflets. In INNOTRACK it has
been a clear ambition to place sever-
al deliverables at this level. To this
end, several selected INNOTRACK
reports have been classified
as “INNOTRACK guidelines”.
Level 6 consists of

2

in terms of how much of

3
the European frame-  /Codes and Standards

reports from research,
development and

work that is fully
adopted and in the
amount of addi-

Leafletsand 4
Codes of practice of state-of-

investigations and
level 7 consists

tional national

the-art and re-

5

regulations. Guidelines search reports.
Also the or- Most of the
ganisation results from

ities

of author- Reports from experts and R&D °

INNOTRACK are
initially posi-

State-of-the-art and Research

7 tioned at this

Figure 2-2 Theoretical hierarchy of regulations in the European rail sector
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level. Here it is important that the results
are well documented and maintained so that
future r&D and work of creating regulatory
documents at a higher level can benefit from
the work done.

Note that the higher up you are in the
pyramid, the more time it has generally
taken to establish the regulatory documents.
The significant time it takes to produce a
standard or a TsI (in the order of a decade
from initiation to final code/specification)
means that a considerable amount of the
content is old and out of date. If this is not
mitigated, the railways will not benefit from
R&D in an efficient way. INNOTRACK has been
trying to help in this aspect by a rapid com-
munication of research results to the regula-
tory bodies through its established dissemi-
nation platform.

A more detailed description, and also
an overview of some current regulations
and practices is given in D7.1.(1). From this
description, it is obvious both how com-
plex the current regulatory situation is and
the amount of work which remains before
harmonisation of standards is a reality in
Europe.

Objectives
The main objective of INNOTRACK can be
expressed in one sentence:

Increase the competitiveness of the rail-
way sector by decreasing track related life
cycle costs.

Within this overall scope there are of
course additional requirements: Safety
must not be compromised, environmental
issues (mainly noise pollution) need to be
dealt with, and the performance, efficiency,
reliability, availability and maintainability
of the railway has to be improved.

These objectives have been addressed by
the Ec White Paper on transport (Septem-
ber 2002). This report sets ambitious targets
for railway operations that include:

® Double amount of passenger traffic and
triple amount of freight traffic by 2020
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¢ Improved travel times by 25% — 50%
¢ Reducing life cycle cost by 30%

* Reducing noise to 69 dB for freight and 83
dB for high speed rails

¢ Increasing safety — reduce fatalities by 75%

The Railway Business Scenario 2020 also
requires that:

¢ Railways capture 15% of the freight and
12% of the passenger market

These objectives can only be met by in-
creased rR&D and standardisation at a
European level!

The railway vehicle industry has already
responded to the new challenges set before
it, and will continue to respond by imple-
menting:
¢ Increased speed and acceleration
¢ Increased axle loads and traction power

® More rigid vehicles with greater running
gear stiffness

These innovations however have a downside:
they place greater demands on the track,
causing more damage and higher mainte-
nance costs. A main challenge of INNOTRACK
was to address these altered operational
conditions.

The second major objective of
INNOTRACK that has also been discussed
above is to streamline the introduction of
innovative solutions: Railways have suffered
for too long from innovative technologies
that turn out to be too ambitious and expen-
sive to maintain. At one of the latest World
Congress of Rail Research, it was claimed
that two-thirds of all railway research is un-
dertaken by the supply industry. This leads
to significant innovation in products and
services offered by the industry. However,
to assure that the innovative solutions do in-
deed bring benefit to both industry and 1m’s
two issues need to be tackled:

® The time to market and acceptance by m’s
needs to be significantly reduced to justify
the continued investment in rR&D by the
supply industry.

¢ Innovative solutions have to be verified
from a railway system perspective.

If these challenges are not met, the railway
sector will face technological stagnation
and eventually lose ground to other means
of transportation.

As mentioned above, INNOTRACK has re-
sponded to these needs in several ways:

® The increased level of knowledge gives
the potential for a more focused verifica-
tion, which will decrease the time needed

® The close cooperation in INNOTRACK
between 1M’s, industry, and research orga-
nisations has resulted in already verified
(fully or partially) technical solutions. The
verification comprises both technical and
economical aspects. This leads to an ad-
ditional decrease in time-to-market.

e Issues regarding legal and operational
procedures for verification and approval,
have been identified and handed over to
suitable bodies for further work.

As an overall measurable objective,
INNOTRACK aims at a 30% Lcc reduction of
track-related costs. To quantify the ben-
efit of developed solutions INNOTRACK has
developed a harmonised method for Lcc
calculations. This harmonised model also
facilitates Lcc comparisons on a European
wide basis.

Regarding the objectives of INNOTRACK,
it should finally be noted that INNOTRACK
has provided a unique opportunity to bring
together all major stakeholders — manu-
facturing and contractors; supply industry;
infrastructure managers; railway undertak-
ings; system integrators, and the elite of
the European railway research community.
During the course of INNOTRACK it has been
possible to have a concentrated focus by
all these parties on identified common
European cost drivers. The outcome of
these concentrated efforts, as manifested
in INNOTRACK'S Over 140 R&D reports, will
shape the development of the railway track
sector of Europe for a long time.

Management and organisation

The INNOTRACK consortium was comprised
of 36 partners. This high number of organi-
sations was necessary due to the need for
the multi-disciplinary expertise that was re-
quired for the project. Further, the partners
comprised infrastructure managers, railway
industry suppliers and research bodies
spread over Europe.

Integration aspects were thus the key for
the success of INNOTRACK. To this end, the
management structure had to be adapted
to the specific project context. The starting
point for the INNOTRACK management struc-
ture came from the experience of previous
large r&D projects: Both the lessons learnt
and the successful methods and tools from
these projects have been exploited in IN-
NOTRACK.

The overall project management struc-
ture has been discussed above. A more
detailed picture is given in detail at the next
page in, Figure 2-3.

Deliverables and responsible partners
In simplistic terms one can say that the IN-
NOTRACK organisation sets out from the ex-
pected results of INNOTRACK: the deliverables.
All results are reported in the form of
deliverables, i.e. reports that describe the
results (which can be installed ground rein-
forcements, gained knowledge, populated
databases etc). To ensure a strict respon-
sibility for each deliverable, a responsible
partner (i.e. organisation) was assigned.
Further, a responsible person in this organi-
sation was identified. This person was re-
sponsible for quality assurance of the report
and for delivering the report on time.

Work packages (WP) and work

package leaders

The tasks carried out in INNOTRACK were al-
ready in the preparation of the project
clustered into work packages. These con-
tained well-defined areas of r&D. Each work
package had an assigned work package
leader (organisation) and a person responsible
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Figure 2.3 Management Structure

for coordinating the work. This included
supervising the preparation of deliverables
in the wp and maintaining good communi-
cation between the wp partners. To give an
idea of the size of a wr it can be noted that
the number of deliverables produced in an
INNOTRACK WP ranged from 2 to 16.

Sub-projects (SP) and sub-project leaders
The responsibilities of the sub-projects
were to coordinate the work packages in

a scientific/technical area and to maintain
good communication within the sp and with
the project manager. Each sub-project had
an assigned sp-leader and one (or several)
assigned person(s) responsible for the op-
erational work. The number of deliverables
in an sp varied between 13 and 32.

The mode of operation in general, and
the organisation of meetings in particular
were kept very informal within INNOTRACK.
Smaller sps often had meetings encom-
passing the entire sp, whereas larger sps
mainly had wp meetings and occasionally
meetings between the wp-leaders and the
sp-leader(s).
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The technical coordination group (CG)
The two main motivations for the coordi-
nation group were to coordinate R&D at

a project scale and to prepare upcoming
questions to be approved by the steer-
ing committee. The technical coordina-
tion group consisted of the sp-leaders, the
project manager (chair), representative(s)
from the project office and the scientific/
technical coordinator.

The coordination group has met four
times a year with extra meeting during the
last year. The coordination group has fo-
cused on the progress of the technical work.
This included supervision of the prepara-
tion of deliverables, proposal of changes
to the project programme (including allo-
cation of funding), and integration and
coordination between the different sub-
projects. The latter was especially important
between the horizontal and the vertical sps.

The steering committee (SC)

The steering committee had a strategic role
that included deciding upon allocation of
project budget and major changes in sub-

projects and work packages. It was com-
posed of the representatives of ten core part-
ners, namely: UIC, UNIFE, Alstom, Banverket,
Balfour Beatty Rail, Corus, Deutsche Bahn,
Network Rail, voestalpine, Réseau Ferré

de France. In addition, the project manager
and representative(s) from the project office
have been present at the steering committee
meetings. These were held three times a year
during the two first years and four times dur-
ing the last year. The preparation of the items
to be handled during the steering committee
meetings was made by the project manager.

The steering committee was continuously
informed of the progress of INNOTRACK and
all major questions were brought up and
handled by the steering committee. The role,
responsibility and decision power of the
steering committee was clearly formalised in
the INNOTRACK consortium agreement.

A strong steering committee was a neces-
sity for a project as large and with as many
partners as INNOTRACK. The work in the steer-
ing committee has run smoothly with a clear
aim and direction to support INNOTRACK. De-
cisions were taken based on consensus in all
cases except one where voting was applied.

The project manager (PM)

The project manager has been responsible
for all aspects of the interface between the
project and the Ec. Through the coordination
group the project manager has ensured that
the progress of INNOTRACK has followed plans
in terms of the project schedule and objec-
tives; and further that the quality of the de-
liverables has been high. To this end, the project
manager chaired the coordination group.

The project manager has also ensured that
questions like reallocation of resources and
under performing participants have been
handled and that decided actions were for-
mally correct and swift. Here the steering
committee played an important role.

The project manager has also maintained
regular contacts with other European or-
ganisations like CEN, EIM, CER, efc.

The project manager has also ensured
that scientific, industry and railway review

was carried out by assuring sufficient re-
sources and contacts.

The project office

The project office has been staffed by the
project manager and a project team. The
project manager and project team have
handled the daily management work and
project logistics. All pertinent information
has been placed on the uic website, which
all project partners have had access to.

The project office has continuously pre-
pared material for the steering committee
and coordination group meetings to provide
a basis for productive meetings. The project
office has also handled all overall economi-
cal questions in INNOTRACK.

Due to the dimension and complexity of
INNOTRACK the management has been led
by ARTTIC, an experienced SME specialised in
the management of large complex interna-
tional R&D projects.

The scientific/technical coordinator

The scientific/technical coordinator of

INNOTRACK had the role of assuring the qual-

ity of the produced deliverables. This was

mainly carried out through peer reviewing

at three levels:

1. Internal reviewing during the drafting of
the deliverable report

2. Internal reviewing by an independent
project partner

3. External reviewing

Here, the scientific/technical coordinator
was responsible for the last two levels. Op-
erationally, the external scientific and rail-
way reviewing has been organized directly
by the scientific/technical coordinator. The
industrial review was carried out through
UNIFE. The outcome and impact of the re-
viewing is described in detail in chapter 10.

It was also the responsibility of the sci-
entific/technical coordinator to inform the
project manager, the sp-leaders and the Ec
officer on the deliverable status including
the status of the reviewing.
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Coordination of dissemination and training
Dissemination and training have been
considered especially important in
INNOTRACK. The coordination of dissemina-
tion and training has been managed by uic
and UNIFE through their natural network
of contacts.

The training activities have mainly been
managed through uic where there are
established groups for such activities. The
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main exception was the targeted training
on Lcc analysis that was organised and
carried out by DB.
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COST DRIVERS AND HOW
THEY ARE ADRESSED IN

INNOTRACK

John Amoore, Network Rail; Anders Ekberg, Chalmers; Jay Jaiswal, Corus
More information is available in Deliverables D1.4.6 and D1.3.3

The cost of track maintenance and renew-
al is a major constraint on the increased
use of rail for both passenger and rail traf-
fic. The railway industry has traditionally
used classic methods for reducing costs
such as “right first time”, “lean mainte-
nance”, optimisation of possessions and
high output machines. Generally the sav-
ings achieved through these approaches
reduce through each new initiative as
waste is driven out of the system, but in
many cases customer costs for rail trans-
port nevertheless continue to rise in com-
parison with road transport.

The INNOTRACK project seeks to create
a step change in cost reduction for track
maintenance and renewal by the introduc-
tion of new products and processes that
have a longer life or lower process cost
than present systems.

The first question to address is whether
there is a general case for the European
railway system, or if the railways of Eu-
rope significantly differ due to historic
reasons of construction, development,
standards and maintenance practices. Sig-
nificant differences between the technical
cost drivers would require to investigate
the reasons by modelling typical vehicles
and track characteristics of the railways
experiencing the differing problems.

If the principle technical cost drivers
for track maintenance and renewal for
the participating Infrastructure Managers
(1m’s) could be matched, excluding dif-
ferences due to geographic location, the
INNOTRACK innovation should work on
general cases with reasonable confidence
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that the solutions are generally applicable
to the INNOTRACK partners.

The first step in the process of under-
standing whether we should consider the
technical cost drivers as a single system
and where the greatest opportunity for
cost reduction could be achieved required
knowledge of

* What are considered to be the chief cost
drivers for each participating country
e What proportion of total cost do these
cost drivers represent
e How do these costs compare with other
participating M’s
These questions were addressed at a se-
ries of national workshops attended by
track engineers and others with special-
ist knowledge relating to the technical
cost drivers. The process is reported in
the deliverable D1.4.6 A report providing
detailed analysis of the key railway infra-
structure problems and recommendation as
to how appropriate existing cost categories
are for future data collection
The main track problems based on the
frequency with which they were reported
by INNOTRACK partner IM’s, and listed in
order of importance, were:

e Track: bad track geometry

¢ Rail: cracks and fatigue (the term crack
is here used in a broad sense)

e Switches and crossings (s&c:): switch wear
¢ Substructure: unstable ground

¢ Joints: insulating block joint failure

¢ Rail: corrugation

e Rail: wear

e Structures: major line closures
¢ Fasteners: worn/missing pads

¢ Sleepers: renewal optimisation
e Culverts/pipes: flooding

¢ Ballast: stone spray on passing axles
¢ Ballast: ballast wear

e Rail: low friction/adhesion

¢ Joints: weld quality

® S&C:cOmMmMmon Crossings

® S&C:Mmanganese crossings

® s&C: geometry maintenance

e s&c:loss of detection

The study has shown that there is a positive
correlation between the importance of a
track problem as assessed by the frequency
of reporting and as assessed by cost impact.
Most significantly for the INNOTRACK appli-
cation of new products and processes there
is strong similarity in technical cost drivers
for the participating m’s once the cost im-
plications of severe winter conditions are
eliminated.

Once the most significant cost drivers
have been established from the national
workshops, the next step was to investi-
gate what was known, about the root caus-
es of the conditions responsible for the
identified cost drivers. Once root causes
are known innovation should be targeted
at eliminating or mitigating these, which-
ever has the lowest Lcc. Deliverable p1.3.3
Final report on root causes of problem
conditions and priorities for innovation
explained in detail the root causes of the
problem conditions and suggested some
priorities for innovation without being
specific regarding the nature.

The following sections give an over-
view of the investigation of root causes
and priorities for innovation as outlined
in deliverable p1.3.3 Final report on root
causes of problem conditions and priorities
for innovation. It further gives details on
how the priorities have been addressed in
INNOTRACK.

The ten most important track problems and their underlying causes,
identified by iM’s on the basis of their cost impact, were:

TRACK PROBLEMS

POTENTIAL CAUSES

Rail: cracks and fatigue

Rail: cracks and fatigue
Track: bad track geometry
S&C: wear in switches
Rail: corrugations

S&C: cracked manganese crossings

S&C: geometry maintenance
Sub-structure: unstable
Track: bad track geometry

Track: bad track geometry

creep forces, stresses that exceed the
material strength

bad wheel/rail interface

soft sub-structure/bad drainage
sub-structure

vehicle/track interaction

weld quality, lack of grinding maintenance,
porosity, high impact loads

unknown optimal maintenance regime
soft sub-structure/wet bed
sub-optimal maintenance

wrong/unknown stress free temperature
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3.1 Rail: Cracks and fatigue

Causes

Main causes for rail cracks and fatigue
include rolling contact fatigue (RCF)
mechanisms as detailed below, initiation at
corrosion spots, welded joints (see section
3.8), stress concentrations at machined
holes and other notches, and misaligned
rail joints.

Rolling contact fatigue (RCF) cracks
on the rail can be classified into those
that are subsurface-initiated and surface-
initiated. Subsurface-initiated cracks are
normally a consequence of high vertical
loading in combination with any micro-
structural features that represent a critical
defect size to initiate fatigue. On the other
hand, most surface initiated cracks are the
result of tangential wheel-rail interaction.
A more specific division can be made into
shelling, head checks, taches ovale, and
squats etc (see vic leaflet 712).

When the crack length reaches a critical
value the crack may turn down into the
rail, giving rise to transverse fracture of
the rail.

The mechanisms of wear are similar to
those leading to surface crack initiation.
There is a continuous interaction between
the two mechanisms. As the wear rate in-
creases some of the material in which RCF
has initiated is worn off, reducing the rate
of RCF initiation.

Priorities for innovation

1. Wheel and rail profiles to minimise
energy generated in the contact patch

2. Friction management

3. Rail steels with increased resistance to
RCF and wear

4. Methods for absorbing or damping en-
ergy away from the wheel-rail interface

5. High speed rail re-profiling systems
6. Monitoring systems
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How INNOTRACK has addressed these

priorities

1. Maintaining wheel and rail profiles
through grinding has been thoroughly
studied. The study is reported in de-
liverables D4.5.1 Overview of existing
rail grinding strategies and new and
optimised approaches for Europe, Dy.5.2
Target Profiles, D4.5.3 Input for LCC-
calculations, and the guideline D4.5.5
Concluding grinding recommendations.
The latter focuses on how to introduce
a shift from rectification to preven-
tive cyclic grinding. It deals also with
aspects such as logistics and allowable
tolerances.

2. Friction management and lubrication
studies were originally not included in
the work programme. However, studies
on rail-wheel profile management
necessitated consideration of this area.
Hence, friction management practices
throughout Europe have been discus-
sed in deliverable p4.5.4 Friction mana-
gement methods. Potential for impro-
vements have been pointed out. It was
concluded that the benefits arising from
friction management practices have to
be evaluated in field trials. Such trials
would require at least five years, which
is significantly beyond the timescale of
the INNOTRACK project.

3. The issue of rail steels with increased
resistance to rRcF and wear has been
thoroughly investigated in deliverables
D4.1.2 Interim rail degradation algo-
rithms, D4.1.3 Interim guidelines on
the selection of rail grades, D4.1.4 Rail
degradation algorithms. The conclusions
have been compiled in the guideline
D4.1.5 Definitive guidelines on the use
of different rail grades. This guideline
is intended as a basis for an update of
the uic leaflet 721 and is a focus in the
dissemination programme. In particular

practical observations in track and in
controlled laboratory tests show that
the resistance to both wear and initia-
tion of rolling contact fatigue cracks
increases with increasing hardness of
the rail.

4. Methods for absorbing or damping
energy away from the wheel rail inter-
face have not been explicitly addressed.
However, work has been carried out on
the overall resilience of the track sys-
tems, see e.g. chapter 4 on track support,
and also the work that has been done
on support of switches and crossings,
see chapter 6.

5. High-speed rail re-profiling systems
have not been explicitly addressed.
Optimisation of logistics to improve
productivity of grinding has been discu-
ssed in the guideline D4.5.5 Guidleines
for management of rail grinding.

6. Various monitoring systems have been
investigated and tested. The investi-
gation is reported in the deliverables
D4.4.1 Assessment of rail inspection
technologies in terms of industrial ri-
peness, D4.4.2 Operational evaluation of
a multifunctional inspection equipment
(phase 1 : laboratory and static tests),
and D4.4.3 Operational evaluation of a
multifunctional inspection equipment
(phase 2 : track tests).

In addition to these studies, INNOTRACK
has also carried out extensive investiga-
tions on “minimum actions”. These are
the minimum efforts in form of inspec-
tions, maintenance and repair that can be
allowed if the rail is going to be operated
in a safe, reliable and efficient manner.
The studies include rail breaks due to ini-
tiation at corrosion spots in the rail foot
and head checks in the railhead, squats
and corrugation. Also the deterioration
of insulated joints, including the effect of
misaligned rail joints, has been thoroughly

investigated. The details are available in
deliverables D4.2.1 Estimations of the in-
fluence of rail/joint degradation on opera-
tional loads and subsequent deterioration.
Tentative report. D4.2.2 Interim report on
“Minimum Action” rules for selected defect
types, D4.2.3 Improved model for loading
and subsequent deterioration of insulated
joints, D4.2.4 Improved model for loading
and subsequent deterioration due to squats
and corrugation, D4.2.5 Improved model
for the influence of vehicle conditions
(wheel flats, speed, axle load) on the load-
ing and subsequent deterioration of rails.
The recommendations are compiled in the
guideline D4.2.6 Recommendation of, and
scientific basis for minimum action rules
and maintenance limits.

Further, investigations have been carried
out on rail testing and characterisation of
the deformed microstructure as an objec-
tive assessment of rail damage. This will
benefit the predictive capabilities regard-
ing rail performance under different oper-
ational conditions. The investigations are
summarized in deliverables D4.3.7 Innova-
tive laboratory tests for rail steels — Final
report, and d4.3.8 Guideline for laboratory
tests of rail steels.

See chapter 5 for a more extensive de-
scription of these studies.
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3.2 Track geometry: Poor track support and
suboptimal maintenance

Causes
Bad track geometry includes the following
conditions:

¢ Poor vertical profile and cross-level often
related to poor ballast and/or formation.

¢ Poor gauge and alignment that often oc-
curs in curves or transitions when track
does not possess adequate gauge strength
or panel shift strength.

Excessive vertical and lateral wheel/rail
forces or poor installation and mainte-
nance including inadequate drainage are
other possible causes of track geometry
degradation. There is strong evidence that
where the installed track quality is good, it
will take longer to degrade due to reduced
energy input into the track system by rail
traffic.

For many 1v’s, rectification of poor track
geometry is one of the highest track main-
tenance costs, including acquisition and
analysis of track recording car data, tamp-
ing, ballast cleaning and replacing ballast.

However, these activities are designed to
reinstate the track quality to the original
condition. If there are no other changes to
the system, the track quality will degrade
as before. Increasing traffic, higher axle
loads or speed will result in an increased
rate of degradation.

There are a number of methods currently
used to reduce track degradation rates
including under sleeper pads designed to
reduce the sleeper/ballast contact stresses
and the energy transmitted into the bal-
last and subgrade. Where poor subgrade is
known to contribute to high track degrada-
tion rates there are a number of subgrade
reinforcement techniques available. The
study reported in deliverable D2.2.1 State
of the art report on soil improvement meth-
ods and experience describes twentyfive
subgrade enhancement methods. There is
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clearly a need to develop a toolset that will
assist the maintenance teams to select the
improvement technique offering the low-
est Lcc solution for a specific site. This has
been targeted e.g. in the guidelines D2.2.6
Guideline for subgrade reinforcement with
geosynthetics Part 1: enhancement of track
using under-ballast geosynthetics Part 2:
Improvement study of transition zone on
conventional line and 02.2.8 Guidelines for
subgrade reinforcement with columns. Part
1; vertical columns and Part 2; inclined col-
umns.

Priorities for innovation

Reduction in the cost of track maintenance
must begin with addressing the high cost
of periodically reinstating the track quality.
Other measures such as the introduction of
high strength steel rails or advanced grind-
ing strategies will be largely negated if the
track quality is not maintained at a high
level.

Suggested methods to eliminate or reduce
the cost of bad track geometry are:

1. A ballastless track design with low Lcc

2. Novel sleeper or ladder track designs to
reduce the stress on track support

3. Improved designs for energy absorbing
devices that are tuned for the traffic and
track characteristics, or may be used in
combination with novel sleeper designs

4. Self adjusting rail support that maintains
track quality to a limited degree

5. Improved design and installation to mi-
nimize the influence of track transitions

6. Elastic fastening systems to maintain
adequate gauge strength

7. Methods and designs to improve panel
shift strength

How INNOTRACK has addressed these

priorities

1. Two ballastless track solutions have been
developed and Lcc assessed. Details are
available in deliverables p2.3.2 Optimised
design of steel-concrete-steel track form,
D2.3 Design and manufacture of embed-
ded slab track components, D2.3.4 Testing
of the innovative BB ERS trackform, and
the guideline D2.3.5 A novel two-layer
steel-concrete trackform for low mainte-
nance S&C.

2. Novel sleeper or ladder track designs
have not been addressed in INNOTRACK.
However an Lcc assessment of ladder
track designs has been carried out.

3. Improved designs for energy absorbing
devices has to some extent been asses-
sed in the studies of subsoil reinforce-
ment, see chapter 4. See also chapter 6
on the improvement of vertical stiffness
in switches and crossings.

4. Self-adjusting rail supports have not

been investigated.

5. Track transitions have been studied

both regarding plain track (see delive-
rables D2.1.10 Study of variation of the
vertical stiffness in transition zone and
D2.2.7 Substructure impovement of a
transition zone on a conventional rail
line and in switches & crossings, see
D3.1.5 Recommendation of, and scienti-
fic basis for, optimization of switches &
crossings — part 1, and D3.1.11 Results of
continous RSMV stiffness measurements
on switches at DB.

6. Fastening systems have not been eva-

luated in INNOTRACK.

7. Panel shift strength has not been expli-

citly investigated in INNOTRACK. Howe-
ver it is part of the general studies on
track reinforcements, see chapter 4.

In addition to this, the work in INNOTRACK
includes extensive studies on investigation
and assessment of subsoil strength and on
track reinforcement. See section 3.3 and
chapter 4.
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3.3 Substructure: Unstable ground

Causes

Unstable ground may relate to the geotech-
nical nature of the location, or the method
of construction used at the site.

When track substructure is defined as
ballast, sub-ballast and formation, causes of
unstable ground can relate to any of these
layers. Very often, unstable ground is also
associated with poor drainage.

In the ballast layer, fouled ballast is often
the culprit. Fouled ballast has very high
stiffness and little damping, and therefore is
not capable of accommodating high wheel/
rail forces, which eventually results in poor
track geometry.

Due to poor drainage the ballast layer
can become weak, deforming excessively.
This leads to poor track geometry, which in
turn causes higher wheel/rail forces.

A saturated sub-ballast layer (a layer
between ballast and formation) due to foul-
ing materials and poor drainage can lose
its strength under repeated dynamic wheel
loads, thus becoming an unstable layer.

If formation is built with soft or marginal
soils, it can become unstable either in a
progressive manner or suddenly. Sudden
formation failure rarely occurs, unless
there is a dramatic change of environ-
ment (such as high rainfall and flooding)
or load conditions (such as a large increase
of wheel loads). Progressive deformation
(shear), however, often occurs for forma-
tions built with soft or marginal soil types.
This progressive deformation can become
rapid, leading to rapid track geometry deg-
radation when speed or axle load increase,
because the bearing capacity of formation
soil may not be sufficient to withstand the
stresses caused by traffic loads. In addition,
poor drainage or ingress of water to the
formation may reduce soil strength, lead-
ing to excessive deformation or unstable
ground.
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Established techniques for correcting
unstable ground include:

1. Geogrids that can improve bearing
capacity of formation

2. Short piling, geo(stone) piers or
lime-cement pillars installed under the
ballast layer to improve bearing capa-
city of formation

3. Ballast undercutting and shoulder clea-
ning to improve ballast drainage

4. Stone blowing or design lift tamping to
improve ballast deformation characte-
ristics

5. Sufficient ballast layer thickness with
good quality ballast materials to reduce
stresses transmitted to the formation

6. Adequate sub-ballast layer (formation
protection layer)

7. Removal and replacement of poor
formation soil

8. Hot mix asphalt underlay (between
ballast and formation) to reduce stres-
ses transmitted to the formation and to
prevent surface water penetration into
the formation

Priorities for innovation
1. Novel substructure improvement techni-
ques with low Lcc

2. Geotechnical practices that can improve
track drainage

3. Production use of latest track substruc-
ture inspection technologies such as
track modulus testing and Gpr (ground
penetrating radar) testing as an aid to
identifying the nature of problem sites

How INNOTRACK has addressed these

priorities

1. This has been extensively investigated
in INNOTRACK. The investigation (with
pertinent Lcc evaluations) includes:

a. Piling with short columns and
inclined lime cement columns. Both
are innovative techniques that
remove the necessity of dismantling
the track. See deliverable D2.2.5
Subgrade reinforcement with co-
lumns Part 1: vertical columns Part
2:inclined columns, and the guide-
line 02.2.8 Guideline for subgrade
reinforcement with columns. Part 1;
vertical columns and Part 2; inclined
columns.

b. Geogrids. Experimental testing
has been employed to improve the
knowledge of reinforcement capabi-
lity and mechanisms. Together with
numerical simulations this facilitates
an optimization of reinforcements.
Full-scale tests have also been car-
ried out with the aim of reinforcing
the track at transition zones and
at locations with poor drainage.
Details can be found in deliverables
D2.2.7 Substructure improvement of
a transition zone on a conventional
rail line, and D2.2.9 Subgrade rein-
forcement with geosynthetics.

2. Geotechnical practices that can impro-
ve track drainage have to some degree
been investigated in D2.2.9 Subgrade
reinforcement with geosynthetics.

3. Substructure inspection technologies
have been extensively charted, im-
proved and validated. Details may be
found in deliverables D2.1.2 Adap-
ted Portancemeter for track structure
stiffness measurement on existing tracks,
D2.1.6 RSMV stiffness measurements,
D2.1.7 Investigation with PANDA/geo-
endoscopy — Results and analysis of
measurements, D2.1.9 Adapted Portan-
cemetre for track structure stiffness
measurement of existing track meter,
D2.1.10 Study of variation of the vertical
stiffness in transition zone, D2.1.13

Stiffness data processing and evaluation,
D2.1.15 Non-destructive geophysical
methods, and are summarized in the
guidelines D2.1.5 Methodology of ge-
ophysical investigation of track defects,
and D2.1.11 Methods of track stiffness
measurement.

In addition, significant efforts have been
made in INNOTRACK to translate the
measured characteristics to operational
capabilities through numerical simulations.
Details are found in deliverable p2.1.3
First phase report on the modelling of poor
quality sites, and D2.1.16 Final report on
the modelling of poor quality sites, and

in the guideline D2.1.12 Modelling of the
track subgrade Part 1: Final report on the
modelling of poor quality sites Part 2: Vari-
ability accounting in numerical modelling
of the track subgrade.

Furthermore, all measurement data
have been compiled in a database with a
developed interface that makes it readily
accessible from a web browser. Details are
found in deliverables D2.1.1 In-situ meas-
urement preliminary database, based on in-
formation management framework, D2.1.8
In-situ measurement database, based on
information management framework, and
D2.1.14 Concluding update of p2.1.8. Ex-
amples of use of the data can be found in
the deliverable D2.1.4 Report on sampling
and analysis of geotecnical test results.
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3.4 S&C: Switch wear, plastic deformation

and cracking

Causes

A switch forms a discontinuity in the track.
It is a discontinuity with regards to track
support due to the altered sleeper dimen-
sions and arrangement. During tamping
operations this may also require a separate
operation or manual correction. A switch
also forms a discontinuity for the wheel

rail contact patch that may give rise to high
transient vertical and creep forces. High lat-
eral forces from vehicles in diverging routes
will also add to the deterioration.

A switch will experience higher forces
than plain line and the life of the switch
will generally be reduced by plastic defor-
mations, wear and/or fatigue cracks. The
installation and maintenance of a switch is
critical to its performance. An error may
not be immediately apparent.

Priorities for innovation

The present design of rail vehicles where
stability at higher speeds is considered
more important than a design for minimum
track damage and low angles of attack
makes the design of a highly reliable long
life switch increasingly difficult. Areas for
innovation that should reduce the Lcc and
improve raMs for switches include:

1. Novel designs of switch reducing
wheel-rail forces to the minimum pos-
sible and using advanced materials to
reduce wear and crack initiation.

2. When properly used, established vehicle
dynamics models have proven to be ex-
tremely useful for evaluating proposed
turnout geometries. However, the model
output accuracy is dependant on input
data, including wheel and rail profiles,
vehicle suspension characteristics and
track and rail stiffness parameters. The
development of modelling guidelines
to be applied specifically for analysis of
s&c designs is worth consideration.
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3. Revised switch point and closure curve
geometry that encourage axle and bo-
gie steering to reduce wheel-rail forces.

4. Improved frog design to reduce wheel—-
rail impact forces.

5. Easily replaceable components where
wear and cracking occurs.

6. Switches designed for automated
maintenance methods, specifically but
not only the use of hollow steel bearers
to house operating and lock rods and
over-the-bearer stretcher bar designs.

How INNOTRACK has addressed these

priorities

1. Novel designs have been a major focus
in the INNOTRACK research. The innova-
tive solutions include gauge widening,
tuned support and optimized compo-
nent geometries. The investigation also
includes the influence of novel s&c
materials and field studies are on-going.
Details are available in the deliverable
D3.1.1 Definition of key parameters and
constraints in optimisation of s&c, and
D3.1.3 Draft specification of the s&c de-
monstrators, and in the guidelines D3.1.5
Recommendation of, and scientific basis
for, optimization of switches & crossings
— part 1, and D3.1.6 Recommendation of,
and scientific basis for, optimization of
switches & crossings — part 2.

2. The first part of the study in INNOTRACK
was a benchmark of different vehicle—
track interaction models. This identified
capabilities and limitations of the diffe-
rent numerical codes and models used. It
also highlighted capabilities and limita-
tions in the field measurements. Details
are available in deliverable D3.1.4
Summary of results from simulations and
optimisation of switches. The continued
work in INNOTRACK included a pioneering
effort of predicting plastic deformation

and wear through a coupled vehicle
dynamics — elasto-plastic finite element
simulation. The predictions have been
validated towards field measurements
under operational conditions.

. Optimized switch point and closure

curve geometries have been developed.
Details are available in D3.1.5 Recom-
mendation of, and scientific basis for, opti-
mization of switches & crossings — part 1.
The optimized geometries are currently
evaluated in full-scale tests.

. Optimized frog geometries have been

developed. Details are available in D3.1.5
Recommendation of, and scientific basis
for, optimization of switches & crossings
—part 1,and D3.1.6 Recommendation

of, and scientific basis for, optimization
of switches & crossings — part 2. The
innovative frog designs are currently in
operational tests.

. Easily replaceable components are part

of the development of the innovative s&c
solutions in INNOTRACK. The solutions are
being assessed from a logistics point of
view.

. Automated maintenance methods have

been a major topic in INNOTRACK. Diffe-
rent algorithms for error detection have
been developed and tested in laboratory
and in field. Details are available in
deliverables D3.3.3 Requirements and
functional description for s&c monito-
ring, D3.3.4 Algorithms for detection and
diagnosis of faults on s&c, p3.3.5 Draft
specification of the monitoring demon-
strator, and D3.3.6 Quantification of be-
nefits available from switch and crossing
monitoring. Regarding hollow sleepers,
a draft specification has been developed,
see D3.2.2 Functional requirements for
hollow sleepers for uic 60 and similar
types of switches. This specification has
been forwarded to the CEN where a wor-

king group is currently adopting it to a

European code.
In addition, major efforts have also been
targeted towards driving and locking de-
vises. This includes the draft of an open
standard interface for electronic interlock-
ing, see D3.2.3 Functional requirements for
the open standard interface for electronic
interlocking, and D3.2.5 Technical and
RAMS requirements/recomendations for the
actuation system, the locking and the detec-
tion device for uic 60-500/1200 switches.
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3.5 S&C: Cracked manganese crossings

The failure of manganese crossings is a
consequence of high vertical and lateral
contact forces in combination with poor
contact geometry. The priorities for in-
novation to mitigate these are included
in the priorities for innovation outlined
in section 1.4. Consequently the relevant
studies in INNOTRACK outlined above are
equally relevant in this context.
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It can also be noted that within INNOTRACK
new steel grades for crossings have been
tested in the laboratory and are undergo-
ing service tests. Details are available in the
guideline D3.1.6 Recommendation of, and
scientific basis for, optimization of switches
& crossings — part 2. The service tests will be
reported in D3.1.7 Results from laboratory
testing of frog materials in Kirchmdoser.

3.6 Rail: Corrugation

Causes

Rail corrugation is a surface defect of the
rail, manifested as periodic wear or plastic
deformation. If the corrugation is not re-
moved it will cause high levels of wheel
rail noise and crack initiation.

The mechanism of corrugation can
always be defined as the result of both
dynamic and structural factors. For corruga-
tion to occur, a wavelength fixing mecha-
nism and damage mechanism are required.
For this reason the rate of corrugation for-
mation and corrugation characteristics will
depend on several vehicle and track related
factors in complex interaction.

Current practice consists predominantly
of using grinding regimes as corrective ac-
tion by removing existing corrugations, and
preventive action by removing other defects
that may trigger dynamic forces and by re-

storing optimum wheel rail contact condition.

Harder steel rails may be used on curves to
also reduce wear and deformation.

Priorities for Innovation
1. Rail steel grades resistant to corrugation

2. Optimised wheel and rail profile mana-
gement

3. Rail pads and other rail damping devices
designed to minimise formation of cor-
rugation

4. Innovative rail and sleeper support
systems designed to decouple natural
frequencies of vehicles and track

5. Methods to manage railhead friction,
through use of engineered friction modi-
fiers.

6. Optimised grinding strategy for corruga-
tion management

How INNOTRACK has addressed these
priorities
1. The influence of rail steel grades is

part of the study on rail grade selection
discussed in section 3.1 above. However,
note that neither the deliverables on
rail degradation algorithms nor the rail
grade selection guideline discuss the
subject of corrugation — this is an area
where little data was available from
organized and controlled track trials.

. In INNOTRACK, a method of determining

allowable magnitudes of corrugation has
been developed. This method is based
on validated models for predicting ver-
tical and longitudinal rail-wheel contact
forces and resulting noise emission and
risk of RCF formation. By this numeri-
cal assessment method, the effects of
mitigating actions as proposed here
e.g.in D4.5.5 can be assessed through
numerical simulations before field tests
are initiated. Details are given in D4.2.1
Estimations of the influence of rail/joint
degradation on operational loads and
subsequent deterioration, D4.2.4 Impro-
ved model for loading and subsequent
deterioration due to squats and corruga-
tion, and in the guideline D4.2.6 Recom-
mendation of, and scientific basis for
minimum action rules and maintenance
limits.

3. See 2 above
4. See 2 above
. This has to some extent been addressed

in deliverable p4.5.4 Friction manage-
ment methods.

. This has been addressed in guideline

D4.5.5 Guidelines for management of
rail grinding.
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3.7 Poor track geometry — Wrong or unknown

stress free temperature (SFT)

Causes

High rail temperatures as compared to the
stress free temperature result in the neces-
sity to impose speed restrictions, and hence
train delays, due to the increased risk of
track buckling. This may be a real risk due
to the rail temperature exceeding the safe
limit established from the rail stressing
procedure, or a potential risk due to lack of
confidence in the stress free temperature
(sFr) in a track section. The problem for the
track maintainer is that the Srr is almost
always unknown and non-destructive and
non-invasive measurement technologies
capable of continuously characterising the
SFT of continuously does not exist. Climate
change may result in more delays due to
speed restrictions imposed as a result of hot
rails, raising the priority for solutions to this
problem condition.

Priorities for innovation

The need for a continuous and non-destruc-

tive technique to measure the SFT is gener-

ally recognised as the primary innovation

for srT maintenance as shown below. Other

areas for possible improvement include:

1. Non invasive methods for determining
rail SFT

2. Guidelines for sFT maintenance related

to the repair of broken rails during cold
weather

3. Evaluation of current srr and rail stres-
sing requirements in and around swit-
ches & crossings.

4. On board train sensors for monitoring
rail stress

5. Improved or novel rail support to in-
crease the rail buckling temperature

6. Rail section designed for increased buck-
ling resistance
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How INNOTRACK has addressed these
priorities

The issues of rail buckling and evaluation
of stress free temperatures has not been
an explicit topic of INNOTRACK. There is
however high competence in this area in
the consortium. A good starting point for
the current state-of-the-art is the Kabo et
al (2004).

This report was the starting point for
a fairly recent and very extensive study
that included charting and development
of methods for sFr evaluations as well as
evaluation of lateral track resistance and
the risk of track buckling. The project is
summarized in Johnson et al (2007) where
also the 20 reports of the project (13 in
English) are listed.

Further, a trial evaluation of a non-
invasive technology for the measurement
of the longitudinal stress developed by
Goldschmidt as part of a track trial instal-

lation of novel rail welding technologies is

expected to be undertaken on an M and
supply industry partnership outside the
scope of INNOTRACK.
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3.8 Rail welds

Causes
Rail welds are track discontinuities with re-
gard to their metallurgical and mechanical
properties. Rail welds tend to have lower
hardness in the adjacent heat affected
zones in comparison to the parent rail.
Weld microstructures may also vary signifi-
cantly from the parent rail. Two weld types
comprise the majority of welds used in rail
service: aluminothermic welds and electric
flash-butt (EFB) welds.

Aluminothermic welds are susceptible
to porosity and cleanliness problems, such
as inclusions, typical of cast structures.
Aluminothermic weld production is highly
operator dependant and as a result may ex-
perience significant variation in weld quality.
EFB welds are much less operator depend-
ant and produce the highest quality welds.

Priorities for innovation

1. Develop rail welding methods that incor-
porate the portability and cost benefits
of aluminothermic welding and the weld
quality of EFB welds.

2. Weld treatment methods that improve
the metallurgical and mechanical pro-
perties of adjacent heat affected zones,
in aluminothermic welds.

How INNOTRACK has addressed these

priorities

1. Along with currently available techni-
ques, such as mobile flash butt welding
(MFBW) plants, gas pressure welding,
which is a new method for the European
market has been investigated in the
project. Details on these investigations
may be found in deliverables D4.6.3 /
D4.6.4 Analysis of equipment design and
optimisation of parameters for gas pres-
sure welding, and D4.6.5 Gas pressure
welding — Quality of test welds.

. Extensive research and development

has been put into this area. The work
and results are described in the delive-
rables D4.6.1 Report on the influence of
the working procedures on the formation
and shape of the HAZ of flash butt and
aluminothermic welds in rails , D4.6.2
Report on the influence of working pro-
cedures and post treatment on static and
dynamic fatigue behaviour of alumino-
thermic welds, and D4.6.6 Weld perfor-
mance in track test — supervision of weld
properties in terms of rail profile, rail
straightness and neutral temperature.
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TRACK SUPPORT AND
SUPERSTRUCTURE

Florence Margiocchi and Jérome Chalansonnet, SNCF

Nowadays, the European railway network

still consists mainly of old conventional

lines where the design for the most part

is not optimized and the subgrade, which

has often been neglected for years, is of a

poor quality (contrary to new lines). As the

operational loading and the traffic density
are currently increasing due to economic
developments, there are needs to get a bet-
ter knowledge of these tracks, and to inves-
tigate possible subgrade improvements — in
order to bring them to an acceptable level
of quality and capacity — and new super-
structure designs. The sub-project “Track
support and superstructure” of INNOTRACK
aimed to answer these three aspects.

In order to satisfy the first point, the
work package “Subgrade assessment” had
the following objectives:

—To asses and monitor parameters vital to
subgrade performance on experimental
sites with both poor and good quality
areas regarding maintenance, as well as
specific zones (such as transition zo-
nes between plain track and bridge). A
database has here been constructed and
the results of measurements uploaded for
comparisons and further studies.

—To develop new tools and methods for the
investigation of a set of subgrade charac-
teristics.

—To propose an innovative substructure
assessment method, based on a compre-
hensive analysis of different parameters.

—To investigate poor quality sites both th-
rough long term laboratory experiments
and numerical simulations.

— To determine and model the variability
of the geotechnical properties of the sub-
grade.
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The objectives of the second work package
“Subgrade improvements” were to provide
evaluation and implementation of innova-
tive methods of track substructure retrofit-
ting, allowing higher levels of duty loads
with a minimal impact on track availability
and costs. Several innovative improvement
methods have been identified and tested us-
ing numerical and physical modelling and/or
by applying the methods on selected sites:

— Reinforcement with geogrids at the bal-
last/sub-ballast interface: laboratory expe-
riments, numerical modelling and in-situ
testing have been achieved to evaluate the
performance of this technique.

— Cement mixing columns: numerical model-
ling from a previous in-situ test has been
done

— Inclined cement columns below the em-
bankment have been tested in situ with no
impact on train traffic.

— Improvement of a transition zone between
plain track and a culvert passage has been
monitored before and after treatment.

As the ballasted track concept is historical
in the railway domain, the third work pack-
age “Superstructure optimisation” aimed to
study alternative support systems, designing,
evaluating and testing innovative superstruc-
ture solutions:

— An innovative modular track support
structure produced from a steel-concrete—
steel composite technology, successfully
used in the construction and defence
sectors.

— An innovative embedded rail technology
that allows for optimised rail support and
efficient slab track design and construc-
tion.

4.1 Subgrade assessment

The key point in improving subgrade
conditions is an understanding of what
the current conditions are and what effect
this will have on the operating traffic. To
this end, INNOTRACK has made significant
efforts in the field of subgrade assess-
ment. One key issue is here to interpret
and compare results obtained by different
measurement techniques. As is described
in section 4.1.1, INNOTRACK has adopted a
number of techniques including various
geophysical methods, rolling stiffness me-
asurement methods and methods able to
obtain point-wise depth dependent profi-
les of the subgrade resistance.

To being able to evaluate, compare and
retrieve the massive amount of data col-
lected, significant efforts have also been
put into storing the data in an easy-to-
access database. Apart from providing
an operational tool where data obtained
by different methods can be stored, this
database will also provide the possibility
for long-term storage to compare and
evaluate trends over time.

A key issue is the stiffness in transition
zones. If the stiffness transition is not de-
signed and maintained in a proper man-
ner the consequence may be significant
costs and operational disturbances. Much
efforts in INNOTRACK have been devoted
to analysis and mitigating actions related
to stiffness transitions.

In addition to measurements, and
evaluation of measured data, INNOTRACK
also features a significant amount of nu-
merical simulations. Among other things,
these simulations provide a link between
measurements and operations in the
sense that they can be used to predict
consequences of operational conditions,
e.g. in the form of increased axle loads. In
this analysis the major statistical scatter
in subgrade conditions is a major com-
plicating factor. How to account for this
scatter in a stringent manner has been
addressed in INNOTRACK.
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4.1.1 The measurement campaigns and

database of results

Gerhard Huber, Universitét Karlsruhe

More information on the database is available in deliverables D2.1.1, D2.1.8 and D2.1.14.
For contents see D2.1.2, D2.1.4, D2.1.5, D2.1.6, D2.1.7, D2.1.9, D2.1.10, D2.1.11, D2.1.13,

D2.1.15 and D2.2.4.

Background

This section describes the measurement
campaign for track bed quality assessment
including the problems encountered. The
campaign includes the following measure-
ment sites:

— Czech Republic (Bechovice, Lipnik,
Polom): repeated degradation of track
geometry especially track level, mainly
caused by subsoil conditions

- France (Cavaillon, Chambery, Port Auto-
nome de Rouen): testing of assessment
methods with and without testing vehic-
les, quality of drainage condition

— Germany (Bad Krozingen, Uelzen, Nord-
enham): evolution of track irregularities,
state of embankments and trenches

— Spain (Montagut, Lleida): improvements
of sub-ballast layers at subsoil and compa-
risons between different transition zones

— Sweden (Central part, West coast, Torp):
assessment of large track segments and
soil improvement of soft soil embank-
ment with inclined lime columns

The major task of the campaigns was gath-
ering of data along the track (longitudinal
data) monitoring of the state of track and/
or its variations.

Applied tools

Geophysical methods being applied are
non destructive. They are able to identify
the variations of profiles through layers
like ballast, sub-ballast, subsoil etc. at least
along track line (x-axis). Methods applied
are:

1. Seismic methods that use transmis-
sion, refraction and reflection of elastic
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waves. Results are spatial distributions
of wave speeds, in general cuts over 2 di-
mensions (2D) over x and depth z. Areas
with same order of wave speeds are
assigned the same material properties.

2. Resistivity measurements that are very
sensitive to the spatial distribution of
the water content.

3. Time domain reflectometry (TDR)
detecting changes on permittivity. This
method allows identifying the distribu-
tion of water contents with high spatial
resolution.

4. Micro gravimetry measurements are
used to identify deviations of the local
gravity field. Applications are e.g. detec-
tion of fractures in rock masses.

5. Ground penetrating radar (Gpr) is used
to detect e.g. track sections being pol-
luted with fine grained particles like
higher moisture content at the lower
boundary of the ballast layer or the
depth of layers with high water content
(near surface). Only GPR can also be
applied on-board driving vehicles.

Results of the geophysical methods men-
tioned above are processed with inversion
and/or tomography methods accordingly.
Interpretation of the results related to a
known soil profile is required.

Rolling Stiffness Measurement Vehicle
(rMsv) and Portancemetre (for details see
sections 4.1.3 and 4.1.4) are employed to
determine the stiffness of the track in the
vertical direction continuously along the
track. Adjustable bias loading is provided
with the test vehicles. Currently processing
is based on transfer functions (linearized
models). However, nonlinear models can

be adapted as well. They could be adopted
for high magnitudes of the dynamic part
and/or lower bias loading under sinusoidal
excitation.

Dynamic soundings like PANDA or dy-
namic probe light (DPL) are interpreted as
depth dependent profiles of the so-called
dynamic cone resistance (each for single
points at the surface). For comparable soil
layers the results could also be used for
density estimation. PANDA is a lightweight
device and therefore very useful if the ac-
cess is limited. It is equipped with an auto-
mated data acquisition system.

For identification of the soil, geoendo-
scope, slotted probes or undisturbed sam-
pling are used. The benefits of the geo-
endoscope are that the soil stays at its
place and that the loss of material, that
is always a risk using slotted probes, is
avoided with the geo-endoscope. How-
ever, the interpretation of images requires
experience.

Local stiffness has been evaluated for
passing trains at transition zones. Verti-
cal (Q) forces are obtained from shear
strain measurements at rails between
sleepers and deflections evaluated using
laser displacement measurements. Unlike
measurements obtained from vehicles, the

response is evaluated without bias loading.

Figure 4.1.1.-1: Selected
previews from database
for site Chambery:
sleeper-types vs. position
(SNCF), RMSV stiffness
(magnitude of combined
data) for track 1 and 2
(BV)

The influence of the bedding conditions of
the track has to be examined and “hanging
sleepers” has to be avoided.

The database

The data of all measurements including
track irregularity measurements are in-
cluded in the database. The data along the
track line is supplied not only for historical
reasons. It appears to be advantageous also
for the approach used here and for the ba-
sic concept arranging the data. Information
of area (2p) of maps was also included for
convenience of the user.

A web based front end allows a tree
structured overview and selection of avail-
able data. Descriptions of contents and
reports are also accessible. Data included
in the database can be structured (raw or
processed data) or unstructured (images or
graphs from processing software). Created
previews of structured data (mainly results
and site information) can be used for visual
correlation without any further processing.

A simple example shows the visual cor-
relation of stiffness measured by the Rsmv
and sleeper type for the site at Chambery
in France. The results indicate the depend-
ence on stiffness of the types of sleepers,
see Figures 4.1.1-1 and 4.1.1-2.
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Figure 4.1.1-2: Previews from database for site
Chambery for visual correlation: sleeper-types vs.
position, RMSV stiffness (magnitude of combined
data) for track 2

A two-step approach using xmL (Ex-
tensible Markup Language) was adopted.
A rule set was created to validate the
xML-files. In a first step a set of definitions
down to the low level of single data was
created, see D2.1.8. The approach imple-
mented here is based on that structure
but only metadata (information on the
structure of files and their relations) are
used for the database, see D2.1.14. The cor-
responding xMmL-files for each site had to
be created. The web front end is generated
from a rule set and the xmL-files.

Examples of benefits from the database of
measurement results
The database gives a detailed overview of
the obtained results. It is not only a well-
organized set of measurement data. The
previews included allow fast access to re-
sults supplied as structured data. Even at
this stage many relations can be inspected
by visual correlation. A benefit of the com-
mon longitudinal scale is that e.g. previews
of measurement results and site conditions
can be displayed and compared directly.
For further usage an easy export and drag-
and-drop function is contained.

The xML organization allows the data
contained in the database to easily be im-
ported into any other database.
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The evolution of track irregularities along
the track, stiffness-based measurements
like rMsV together with track related data
(sleeper type, slope, embankment, geologi-
cal conditions, etc.) allows detecting sensi-
tive sections or spots. Depending on the
evolution of these sections, decisions could
be made whether only a decreased tamping
interval or an improvement below the bal-
last is required.

Open questions

For future projects a uniform scheme for
measured and processed data like xmML
should be used for all data down to the
individual dataset. The acquisition and
processing tools that are currently used
mainly do not have this functionality.

The current version of the database uses
Geographic Information System (c1s) data
from an open software project. The property
rights of these map data have to be consid-
ered if the convenient map oriented view of
data are used for commercial applications.

References

1. INNOTRACK Deliverable D2.1.4, In-situ measure-
ment preliminary database, based on informa-
tion management framework, 17 pp, 2008

2. INNOTRACK Deliverable D2.1.2, Adapted “Portan-
cemetre” for track structure stiffness measure-
ment on existing tracks, 27 pp (and 4 annexes
7+2+3+3 pp), 2007

3. INNOTRACK Deliverable D2.1.4, Report on sampling
and analysis of geotechnical test results, 88
pp (and 1 annex 11 pp), 2009 [restricted to
programme participants]

4. INNOTRACK Deliverable D2.1.5, Methodology of geop-
hysical investigation of track defects, 28 pp, 2009

5. INNOTRACK Deliverable D2.1.6, RsMv Stiffness Measu-
rements, 23 pp (and 1 annex 59 pp [extract]), 2009

6. INNOTRACK Deliverable D2.1.7, Investigations with
PANDA /Geoendoscope — Results and analy-
sis of measurements, 44 pp (and 10 annexes
46+8+8+12+21+1+45+9+1+1 pp), 2009  [res-
tricted to programme particjpants]

7. INNOTRACK Deliverable D2.1.8, In-situ measure-
ment database, based on information manage-
ment framework, 33 pp (and 2 annexes 82+24
pp), 2009 [restricted to programme participants]

8. INNOTRACK Deliverable D2.1.9, Adapted
“Portancemetre” for track structure stiffness
measurement on existing tracks, 56 pp (and 6
annexes 1+1+1+2+1+1 pp), 2009 [restricted to
programme participants]

9. INNOTRACK Deliverable D2.1.10, Study of variation
of vertical stiffness in transition zone, 94 pp
(and 10 annexes 7+1+9+1+6+26+31+30+1+9
pp), 2009 [restricted to programme partici-
pants]

10. INNOTRACK Deliverable D2.1.11, Methods of track
stiffness measurements, 36 pp, 2009

11. INNOTRACK Deliverable D2.1.13, Stiffness data
processing and evaluation, 7 pp (and 1 annex, 9
pp); 2009

12. INNOTRACK Deliverable D2.1.14, Concluding
update of D2.1.8, 30 pp (and 4 annexes
4+13+3+1 pp), 2009 [restricted to programme
participants]

13. INNOTRACK Deliverable D2.1.15, Non-destructive
geophysical methods, 17 pp (and 8 annexes,
16+10+13+10+7+7+9+6 pp), 2009 [restricted
to programme participants]

14. INNOTRACK Deliverable D2.2.4, Description of
measurement sites + LCC reference sites, 57
pp, 2009 [restricted to programme participants]

INNOTRACK Concluding Technical Report 53



4.1.2 The concept of onset of settlement

Gerhard Huber, Unikarl

More information is available in deliverable D2.1.4.

Background

Railway lines suffer settlements caused by
the passage of trains. The vehicle passages
subject the track construction and the sub-
soil to a huge number of shear cycles. An
evolution of track irregularities occurs since
these layers behave non-uniformly. Increas-
ing vehicle speed or axle load can lead to a
pronounced increase of settlements.

In INNOTRACK, an assessment of the onset
of settlements was evaluated for cyclic and
dynamic loading. While increasing the shear
strain ¥, at a certain level an onset of set-
tlements is observed. For applications on
construction and soil layers under railway
tracks, the shear strain under the track has
to be estimated. In many cases this is car-
ried out by assigning measured velocities
as particle velocities of a shear wave v,. For
plane shear waves the shear strain is then
given by y = v,/c,, with shear wave velocity
¢,. In the case of a near field of a moving
load this approximation is not appropriate.
A different approach is required.

Applied tools and methods

In a first step the shear strain levels for
ballast layer (in case of a conventional
track), substratum and subsoil have to be
estimated. The magnitude of shear strain y
was assessed by finite element (FE) calcula-
tions for the moving load problem with a
linear 2-dimensional elastic model (2p) for
the subsonic case. The load distribution of
the track was taken from previous research
projects. The results of the FE-simulations
were verified for zero speed by comparing
to the static solutions. The distribution of
shear strain versus depth, its dependences
on elastic properties and train speed were
evaluated. Only the upper layers with the
highest shear strain magnitudes are of in-
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terest. For a homogeneous material (with
the properties shear-modulus G=42.5 MN/
m?, Poisson’s ratio v=0.3, mass density
p=1800 kg/m?) roughly the first 2.5 m
below the track have to be considered.
The moving pair of loads considered is
equivalent to a boogie with an axle load
of 200 kN. This estimation concerns only
the deterministic part. Imperfections of
wheels, rails, track support etc. as well as
their interactions increase the level of vi-
bration. These effects are not considered
here. The particle velocities increase with
train speed, e.g. a value of about 40 mm/s
(depth 0.1m) is obtained for a train speed
of 50 m/s. Only a low increase of the shear
strain is found for train speeds lower than
50% of the velocity of the shear wave. For
a train speed of 50 m/s the maximum shear
strain magnitude yoccurred in the subsoil
at a depth of about 1 m with y- values of
about 6:10*. An increase of the G-modulus
in the model reduces yand vice versa. The
2D-model overestimates slightly the shear
strain level.

The shear strain level for an onset of set-
tlements was found with resonant column
tests at a shear strain level yof 2-10* to
5-10**. This required shear strain level is
common for resonant column (rc) devices.
One of the advantages of the rc-device
is that due to the range of the resonance
frequency a large number of cycles can be
gathered in short time.

During the test the sample in the rc-
device is subjected to a large number of
cycles and with stepwise increasing ampli-
tudes. The state of the sample is changing
and therefore also the natural frequency
also. For continuous operation the auto-
mated control of the phase condition for
resonance was used.

Increased knowledge, implementable re-
sults and related cost reductions

The results applied to test sites considered
in INNOTRACK could explain for which cases
settlements occur. Sections or spots with
progressing track irregularities are found.
For an approximation only the onset from
some samples has to be gained. For similar
soil conditions the shear stiffness expressed
as G-modulus or shear wave velocity can
be used for identification. Since lower G
values lead to higher shear strain, meas-
ured values could be compared with the
onset level. In many cases less expensive
tests based on transmission of ultrasonic
shear waves through samples are sufficient
if the materials are comparable and differ
only in their shear stiffness (state).

A validation of the concept requires
more sites with failures to be examined.
The ideas for this approach had been de-
veloped during the project. Additionally
an improvement of the rc-test has been
carried out. The method for testing coarse-
grained material as it is applied at transi-
tion zones has been successfully modified
and used within the project.

Open questions

The 2D linear Fe-model applied for the
moving load problem has to be improved
at least in allowing for an increasing stiff-
ness with depth. This will have a non-
negligible influence on the shear strain
distribution. It is expected that the evaluat-
ed shear strain level with this modification
will increase near the surface and decrease
with depth.

The computing time for the 2D linear
model is up to tens of hours for a multi-
processor computer server. Moving load
problems require huge model sizes to

prevent reflections at least from the lower
boundary. Thus for certain cases a 3D
model could be developed. The use of con-
stitutive relations for soils that include the
non-linear behaviour cannot be covered
by this approach, due to the computa-
tional demands.

The influence of the stress ratio on the
onset of settlements needs further atten-
tion.

References

1. INNOTRACK Deliverable D2.1.4, Report on samp-
ling and analysis of geotechnical test results,
88 pp (and 1 annex 11 pp), 2009 [restricted to
programme participants]
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4.1.3 The concept of track stiffness

Eric Berggren, Banverket and Gilles Saussine, SNCF
More information is available in deliverables D2.1.1, D2.1.2, D2.1.6, D2.1.7, D2.1.8, D2.1.9,

D2.1.10,D2.1.11, D2.1.13, D2.1.14, D3.1.11.

Background

Historically, most attention has been paid
to inspection techniques targeted at the
superstructure. Several such techniques are
standard measurements used worldwide.
Inspection of substructure has been given
much less consideration, especially the
subballast and subsoil components, even
though it has a major influence on the cost
of track maintenance. Most of the substruc-
ture investigation techniques are not stand-
ard measurements and are not performed
regularly.

The term global stiffness is used if the
whole track structure is considered. It is
often measured as applied force to rail
divided by rail displacement. Global track
stiffness varies both with frequency, dy-
namic amplitude, applied preload and posi-
tion along the track. Global track stiffness
is an important interaction parameter in the
wheel/rail contact, and variations of track
stiffness as well as extreme values (both low
and high) will affect the degradation of the
track. Global track stiffness can be meas-
ured both at standstill and while rolling
along the track.

Local track stiffness of components can
often be quantified from lab-tests by the
manufacturer. Usually also the variability
of the local track stiffness can be quanti-
fied. Local stiffness of different layers can
be measured in laboratories if soil-samples
are used, however there are also methods
for site investigations by means of cone-
penetration tests and similar.

The work done in the frame of INNOTRACK
focuses on condition monitoring techniques
to assess the vertical stiffness of the track.
The results of measurement campaigns
have been included into the measurement
database described in section 4.1.1.
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In the following we present the techniques
used within INNOTRACK to investigate track
stiffness; motivations with regard to main-
tenance and some open points for further
research.

Increased knowledge on global stiffness
measurement techniques

The Rolling Stiffness Measurement Vehicle
(rRsMv) is a rebuilt two-axle freight wagon
equipped with loading and measurement
devices. The track is dynamically excited
through two oscillating masses above an
ordinary wheel axle. The track stiffness is
evaluated from measured axle box forces
and accelerations. The dynamic stiffness is
a complex valued quantity, represented by
its magnitude and phase. While the magni-
tude is the direct relation between applied
load and deflection (kn/mm), the phase is a
measure of deflection-delay in comparison
to the applied force. The phase has a par-
tial relationship with damping properties
and ground vibrations.

The static axle load of the Rsmv is 180 kN
and the maximum dynamic axle load am-
plitude is 60 kN. The RsMv can measure the
dynamic track stiffness up to 50 Hz. Both
overall measurements at higher speeds (up
to 50 km/h) with 1 to 3 simultaneous sinu-
soidal excitation frequencies or detailed
investigations at lower speeds (below 10
km/h) with noise excitation can be per-
formed. The rRsmv has been in use since
2004 and several hundreds kilometres of
track have been measured. The reasons for
measurements have varied between for ex-
ample measurements to support research,
to investigations of specific issues, e. g. up-
grading of a track for higher axle load.

The Railway Portancemetre (see section
4.1.4) is a new apparatus designed and

built in the frame of the project. It is made
of a vibrating wheel axle (wheel-set) to
measure the dynamic stiffness of the rail-
way track. It includes an un-sprung mass (a
vibrating wheel axle) and suspension mass
instrumented by accelerometers on both
axle sides. The track is excited through a
dynamic force generated by two electric
vibrators with adjustable eccentricity. The
total applied force is calculated by vector
summation of all acting components. The
vertical displacement is calculated by dou-
ble integration of the wheel acceleration.

The fabrication of the demonstrator of
the Portancemeter was done in February of
2009. Since then a series of measurements
have been performed. The maximum run-
ning speed for the demonstrator is about
15 km/h and the calculation of the stiffness
is done on post treatment for both left and
right rails. At present, the irregularities of
the rails in the stiffness calculation and the
influence of the phase between force and
displacement are ignored.

Increased knowledge on local
stiffness measurement techniques
The procedures to evaluate the stiffness
of a short portion of railway have been
based on the use of sensors external to the
track mounted on the rails (used e.g. by
ADIF, CEDEX). They have been used to detect
the wheel loads and the rail movements
induced in the track by trains operating
the railway lines during the measurements.
The wheel loads have been assessed by a
method based on the determination of the
maximum shear stress induced in the rail
cross section by the train passages, while
both direct and indirect methods have been
adopted for measuring rail deflections.
Penetration testing (static or dynamic) is
widely used all over the world. It consists
of driving a calibrated cone through the
granular material and recording the data
representing the driving resistance with
depth. The penetrometer PANDA has been
used for several years for investigations on
railway track. The main advantage of this

test consists in its quick set-up and its local
measure recording, which allows precise
information on the granular material resist-
ance and estimation of the variability in
material behaviour. Provided that physi-
cal properties of the material are known,

it is possible to find the in situ density of
the studied granular material on the basis
of the cone resistance. This technique has
been applied for several years in order to
provide control over the quality of road
embankments (French standard xp 94-
105). Nevertheless penetration testing is a
“blind” test and a complete approach to
granular material characterisation neces-
sitates a material identification. Nowadays
this identification is possible thanks to an
endoscope introduced in the cavity created
during the penetration test.

For the railway track it is important to un-
derline these different points:

® The paNDA penetrometer and the endos-
cope are non-destructive tests, with a very
light setup. They can be easily used to
investigate a railway track.

¢ The information can be collected for each
point of the track. It is clearly possible to
do some tests with only 1 hour of halted
traffic and there is no restriction as to the
time of year to do these kinds of tests.

¢ From the measurements it is possible to
obtain local information about the pro-
perties of the track, in particular an evalu-
ation of the track stiffness. By employing
some statistical concepts it is possible to
have a continuous description of the track
properties from a set of tests.

Implementable results: some proposals for
maintenance

There are several areas where track
stiffness measurements have a potential for
supporting track maintenance decisions:
They can act as indicators of root causes at
problem sites. They can aid in the upgrad-
ing of tracks for higher speed and/or axle
load, and in verifications of newly built
tracks. Points to consider include:
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® Measurement of track geometry quality
is the most commonly used automated
condition assessment technique in railway
maintenance. Most problems with the
track (at least the ones concerning the bal-
last and substructure) will be visible
as track geometry irregularities. However
the root cause of the problem is not detec-
ted with the help of track geometry measu-
rements. In these cases, track stiffness
measurements can help in finding the root
cause of the problem, e.g. a transition zone,
the presence of water, or a week subgrade.

In upgrading a track, there are many
aspects that have to be considered: bearing
capacity, stability, and future maintenance
needs of the track. Infrastructures, like for
example bridges, are in some sense known
structures in terms of materials and can

be subjected to visual inspections. The
substructure of the track is on the contrary
often unknown and only limited visual
inspection is possible. The possibility to
measure the vertical track stiffness could
be a help for determining which sites along
the track that needs of substructure rein-
forcement or further investigations.

For a verification of a newly built track
there is currently a lack of recommenda-
tions for allowed track stiffness variability.
However the recommendation from the
Eurobalt 11 project was that variations in
the stiffness of the subgrade should be
limited to less than 10% of the mean value.
With the help of continuous track stiffness
measurements, it is possible to verify the
stiffness of newly built tracks; both regar-
ding magnitudes and variability.

Open questions

Stiffness measurement techniques have
developed into almost mature methods for
condition assessment of the track substruc-
ture. The use of the obtained data is still
partly an open question. Stiffness data is
one part of the condition, but other parts
are needed as well. Besides track geometry
quality, also georadar and penetrometer
data are beneficial for condition assessment.
There is a need for more investigations to
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establish relations between different condi-
tion data and the best way to combine them.

As much work has been put into track
stiffness measurements, the next step might
be to start standardization work in this area.
Both measurement techniques and recom-
mended values could be taken into consid-
eration.
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4.1.4 A new tool for track stiffness investigations:

the Portancemeter

Hugues Vialletel, CETE (LCPC)

More information is available in deliverable D2.1.1, D2.1.2, D2.1.8, D2.1.9, D2.1.14

Background

The INNOTRACK project enabled the study,
development, construction, set-up and
testing of a demonstrator for measuring
the stiffness of railway tracks in service.

It is based on the principle of the Road
Portancemeter MmLPC, which has already
proved its efficiency in the domain of roads
and railways in Europe for the acceptance
of new pla