Issue 1, April 2018
Foreword
Here is the ﬁrst issue of the in2Track
project newsletter. Started in September
2016, the In2Track project is now in its
second period. Within this newsletter, we
present some of the highlights from the
ﬁrst 16 months of the project.
In2Track is working to develop new
methods and techniques to optimise the
track systems, improve the operational
performance of existing switches and
crossings and extend the life of bridges
and tunnels, researching new methods
for maintaining and upgrading these
structures. It focuses on developing new,
more accurate methods for inspection
and assessment of structures. IN2TRACK
is developing new techniques for repair
and upgrade to reduce traﬃc disruption,
and the project is working on methods to
reduce noise and vibration. The project
focuses on developing safer methods of
assessment for tunnels and bridges that
include the use of embedded sensors for
self-diagnostics and condition monitoring.
Early results can now be presented.
These includes the ability to create
test specimens with a microstructure
very similar to the severely deformed
surface layer of an operational rail, an
investigation of grinding induced rail
damage, evaluation of requirements
for bituminous layers in the track
substructure, evaluation of operational
damage on bainitic rails, and a ﬁrst
investigation of an innovative method to
demolish slab for repairs.

Opening of the mid-term conference with (from left to right):
Prof Clive Roberts, Moderator, University of Birmingham;
Mr Giorgio Travaini, Shift2Rail Joint Undertaking; Mr Andy
Doherty, Chief Rail Technology Oﬃcer at Network Rail
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Objectives of In2Track
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Shift2Rail JU Funded IP3 Projects
IN2SMART, IN2TRACK and S-CODE Joint MidTerm Conference in Paris
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WP2: Enhanced switches and crossings
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WP3: Enhanced tracks

7

WP4: Structures

This project has received funding from the
Shift2Rail Joint Undertaking under the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 730841
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Objectives of In2Track
The main objective of In2Track project is to set the foundations for a resilient,
consistent, cost-efficient, high capacity European network by delivering important
building blocks that unlock the innovation potential that have been identified as
part of the Shift2Rail Innovation Programme.

The specific objectives of IN2TRACK
are divided into three parts

Facts and
Figures
Total Budget: €6.4 million
Duration: 30 months
Project Start Date: 01/09/2016
Project End Date: 28/02/2019
Partners: 25 from 10 countries
Grant agreement n° 730841

Project
coordinator

Enhancing and optimising
the switch & crossings and
track systems in order to
ensure the optimal line
usage and capacity
Development and
adoption of a holistic,
whole system-approach
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Sam Berggren
Trafikverket, TRV
in2track@eurtd.com

Investigating novel ways
of extending the life of
bridges and tunnel assets
through new approaches
to maintaining, repairing
and upgrading these
structures

twitter
@in2track

Website

A whole-system approach, which is defined as
the system boundaries extending from dynamic
wheel-rail interaction (loading input) through to
degradation of the S&C system, sub-systems,
individual components, and underlying track
foundation, will also be at the heart of IN2TRACK
on how to reach the objectives.
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Shift2Rail JU Funded IP3 Projects
IN2SMART, IN2TRACK and S-CODE Joint
Mid-Term Conference in Paris
The joint Mid-Term Conference of IN2SMART, IN2TRACK
and S-CODE, three Shift2Rail JU co-funded projects
working within Innovation Programme 3 of the Multi Annual
Action Plan, was held on 24 January 2018 at UIC in Paris.
Attended by more than 110 participants from 22 countries
across the European railway community and beyond,
the IN2SMART, IN2TRACK and S-CODE Joint Mid-Term
Conference was an excellent opportunity to share the initial
results and plans of the three projects to ensure continued
continuity and collaboration within the work of IP3, and to
communicate Shift2Rail’s ambition for the IP3 Technical
Demonstrators.

IN2SMART (Intelligent Innovative Smart Maintenance
of Assets by Integrated Technologies) is coordinated by
Ansaldo STS, IN2TRACK (Cost-Efficient and Reliable HighCapacity Infrastructure) is coordinated by Trafikverket and
the coordinator of S-CODE (Switch and Crossing Optimal
Design and Evaluation) is the University of Birmingham.
All of the presentations made during the conference are
now available at: http://bit.ly/2rGfXm7
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WP2 Enhanced switches and crossings
Leading partner: NETWORK RAIL INFRASTRUCTURE LIMITED
The main objective of this TD is to improve the operational performance of existing S&C designs through the delivery
of new S&C sub-systems with enhanced RAMS, LCC, sensing and monitoring capabilities, self-adjustment, noise and
vibration performance, interoperability and modularity.

Tasks # Description
2.1

Identifying and Understanding Core S&C Issues

2.2

Enhanced S&C Whole System Analysis, Design and
Virtual Validation

2.3

Enhanced Monitoring, Operation, Control and
Maintenance of S&C

The performances of different rail steel
grades have been assessed in track test
sites (heat treated rails and bainitic rails
in switch and crossings). The excellent
resistance to wear of heat treated rails and
to head checking of these bainitic grades
was proven.

WP2 In2Track – Work Done
A European Failure Modes,
Effects & Criticality Analysis
(FMECA) of the S&C system
has been developed for
D2.1 with input from the involved
partners, to identify prioritised areas
for improvement. Using data from the
UK rail network, life histories have
been constructed for components of
S&C units over the available period. A
Weibull Analysis has been performed
to identify the distribution parameters
for different S&C components and
the number of failures has been
modelled using a Non-Homogeneous
Poisson Process to confirm the trends
observed. A study on load transfer
performance of different S&C jointed
bearers is being carried out using a
variety of partner bearer types and
some simplified numerical simulations
have been completed.

2.1

A record of switch & crossing profiles
in service has been completed using
turnouts installed at the Innotrack
project in Eslöv in Sweden in 2009.
The
turnouts
were
inspected,
measured and analysed. The results
give detailed information about
component condition and provide
further information for lifecycle
cost (LCC) considerations and
maintenance information.
Comparison has been made against
R260 rail in S&C (R350HT & bainitic
B360) and check rails (HP335) tested
on suburban passenger track. On
high-speed track, bainitic B360 rail
has also been tested against R260.

A series of tests has been planned
on different types of jointed bearers
used in S&C in the EU and worldwide.
Preparations have been made for
S&C bearer testing in a lab environment.
The project will test the performance of
jointed bearers under varying track stiffness
conditions (with particular focus on variable
track stiffness across the joint itself).

2.2

A literature review on additive manufacturing
has been carried out, primarily focused on
the laser cladding technique to improve
the fatigue performance of crossings. The
intention is to select substrate materials
that perform well in fatigue whilst using
additive welded materials on the running
surface, to provide the high wear and
crack propagation performance for which
Austenitic Manganese Steel (AMS) is
chosen. Modelling is underway and lab
testing has been planned. Separate to this,
five different laser layers were welded onto
sample plates in research related to switch
slide plates. After application, the hardness
profile, dilution and microstructures were
analysed in more detail. The laser process
was modified several times to get the best
possible properties and the coefficient of
friction and wear rates compared.
An in depth literature review has been
carried out on empirical and mathematical
models used to describe track ballast
settlement behaviour. A structural model
of a track section has been developed in
a simulation environment. As the full track
structure is represented, the model allows
for the extraction of physical track responses
that will be used for the calculations of track
settlements.

Work has been initiated
on intervention limits
in track and crossing
geometry.
Model
developments that will be
needed in this task are currently
undergoing in Task 2.2. A first
list of relevant measures and
intervention limits for existing
European S&C inspection and
maintenance practices has
been prepared.

2.3

A sensor system specification
for S&C assets is currently
being developed, specifically
focussing on wired and wireless
transmission
methods
for
‘last
mile’ communications
(between wayside sensors
and aggregator nodes located
remotely from the S&C). This
work will be prototyped with
physical samples during the
latter stages of the task.
Modelling work being conducted
in Task 2.2 will help inform the
sensor system applications
within
S&C.
Although
geometrical
intervention
limits may not form part of
the prototype system being
developed in this task, they will
be considered when designing
the system which is intended
to assist ‘plug-and-play’ type
connectivity.
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Work by Linked 3rd Parties in In2Track
University of Birmingham

University of Sheffield

The University of Birmingham is developing an S&C
sensor system, which ties into the S-Code open call for
which they are the coordinator. The work is focused on
Enhanced Monitoring, Operation, Control & Maintenance
of S&C and will demonstrate a Whole S&C sensor system
at TRL4. The detailed design and initial prototypes in the
previous activity will be implemented in this demonstrator.
This activity will also demonstrate applicability to the
railway environment by including evidence of rail mounted
equipment, environmental testing (BS EN 50125-3) and
compatible telecommunications with the existing railway
telecoms network.

Modelling of S&C components coated with premium
materials is underway at the University of Sheffield,
focusing on stress analysis within the coatingsubstrate system. The target is the understanding of
the thickness of clad needed for best wear performance
and reduced risk of cladding break-away.

This work forms part of the wider Task 2.3 of In2Track WP2.
The task aims to continue Task 2.2 of In2Rail by finalising
an S&C sensor system specification and producing
prototypes with a higher technology readiness level (TRL).
It is anticipated higher TRLs and thus deployment in a
live railway application will be implemented at the next
Shift2Rail Member’s Call project.
The University was awarded a Queen’s Anniversary Prize
for Higher Education in round Twelve (2016-18) for its
contribution to making railways around the world safer and
more efficient. Their reputation is part of the reason they
are so heavily involved in the project.

University of Nottingham
Experts in Risk, Reliability and Maintainability Engineering
at the University of Nottingham are carrying out a piece of
work relating to task 2.1. They are utilising data relating
to the design, maintenance and operation of S&C units
in the UK to model and predict S&C asset lifetimes and
create a methodology to determine the remaining life of the
existing assets. This could be used to carry out predictive
maintenance and asset replacement.

University of Southampton
A numerical tool already developed at the University of
Southampton has been modified for use on a study of the
load transfer performance of different S&C jointed bearers.
A series of tests are being carried out on different types of
jointed bearers used in S&C in the EU and worldwide. The
University of Southampton carried out modifications to their
testing equipment in their heavy structures laboratory and
made preparations for S&C bearer testing.
Within Task 2.1, they will contribute towards a European
whole system S&C Failure Modes, Effects & Criticality
Analysis (FMECA). This will include all previous laboratory
testing and field experimentation work and specify
laboratory /site instrumentation work.
Within Task 2.2, the University will compile existing
knowledge to establish a benchmark for comparison
and In2Track starting point, review existing trials and
specifications for composite sleeper/bearers, develop
test specification and agree required outcome and input
recommendation into enhanced S&C system specification.

The University of Sheffield is carrying out modelling, with
lab testing to support modelling tasks. They are tasked to
simulate additive manufacturing stresses and how these
stresses drive failure in additive manufacturing, map
position of critical stresses against common failure position
in S&C and provide design guidance indicating required
coating thickness, carry out targeted lab tests to increase
certainty in prediction of component life extension through
additive manufacturing.
This is intended to provide a service life far greater than
exists currently and improve the overall strength of the rail.
This is done by injecting powdered material through a laser
to provide an even and consistent coat. The University
of Sheffield is well suited to this task as they have the
equipment and expertise to apply a “wrap around” coat,
necessary for complete cladding of the rail/wheel interface
and have the facilities to test this cladded rail.
This is supporting In2Track modelling and experimental
work with material property data and information on the
previous application of the technique.

University of Huddersfield
The University of Huddersfield has worked to provide input
to Whole System Modelling of Task 2.2 from In2Track. The
aim is to be capable of providing a whole system model
of a switch and how it behaves to better understand the
system. A library of tools, virtual switch models and switch
profile data files, have been established and is being used
to provide input to dynamic simulation projects. They have
developed a 3D switch/stock rail model for all foreseen
features.
The University of Huddersfield are tasked to define
requirements for whole system modelling approach in terms
of wheel/rail damage and track forces/damage prediction
and identify necessary improvements to existing models
and conduct a fundamental study of switch performance
with regards to optimisation of wheel/rail interaction and
associated degradation considering both switch geometry
and rail profile.
A third party of the University, Andy Foan Ltd is carrying
out a fundamental study of S&C ‘families’ to categorise
the different types of UK and European S&C design. This
would form a catalogue of available switch rail machining.
From these tasks, the University will develop
recommendations for enhanced existing S&C system
optimisation.
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WP3 Enhanced tracks
Leading partner: TRAFIKVERKET – TRV
The research in WP3 aims to significantly improve the performance of the track structure (in terms of costs, robustness
and performance)

Tasks # Description
3.1

Status, prioritised areas of improvement, and key
influencing parameters

3.2

Enhanced prediction and design of track

3.3

Enhanced track maintenance and operation

Examples of results
The performances of different rail steel grades have been assessed in track test sites (bainitic grades in plain track curves).
The excellent resistance to head checking of these bainitic grades
was proven. We are studying the metallurgical modifications
along the bainitic welds, in order to improve the softening of the
heat affected zone, which is the weak point of these grades; the
objective is to design optimised welding procedures.
The influence of rail maintenance (grinding and lubrification) on the
initiation of some rolling contact fatigue defects (flaking and squat
looking defects) on high rails in sharp curves has been identified
and recommendations have been given to mitigate these issues
(low energy grinding, limited grinding facets, grinding marks and
lubrication).

One of the preliminary designs under study
A new optimised continuously supported modular track is being
designed. The proposed design, having a continuous support for
the rail, pursues a track receptance in which there is no pinned-pinned resonance. This will avoid the parametric excitation
of the track, which has dynamic consequences in terms of rail corrugation, noise and groundborne vibrations.
An innovative replacement system is set as a premise. The modularity of the supporting precast elements will allow an
easy placement and an equally easy replacement. The longitudinal beams will not be monolithically joined on-site. There
are already some other existing systems that present a correct behaviour acting as isolated elements. Ensuring the good
performance without the need to connect along the supporting elements will lead to an easy replacement process.
A study is performed in Task 3.2 with the goal to understand and predict fatigue of rails under combined thermal and
mechanical loadings. Cracks form in rails due to local thermal damage, from so called white etching layers (WELs) and
this decreases the life of the rails. Both experimental work including production of artificial WEL damage on test bars and
successive fatigue loading in laboratory, and computer simulation of the WEL formation and following mechanical loading
has been done. The experimental study came to the conclusion that fatigue cracks originated at the edge of the WEL, and
that fatigue lives were decreased due to the WEL. The computer simulations included computation of residual stresses
and strength gradients in a volume around a WEL and their impact on following fatigue damage. Preliminary results
showed a large increase in fatigue damage at the edge of the WEL, especially when traction was high. Work in progress
includes establishing a more general framework to compute thermo-mechanical processes which will improve
simulations of WEL formation. This work will be presented at the coming Contact Mechanics and Wear of
Rail/Wheel Systems conference.
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WP4 Structures
Leading partner: ACCIONA INFRAESTRUCTURAS S.A.
Work in WP 4 aims at developing:
»» developing faster and more accurate methods for
inspection and assessment of tunnels and bridges
including improved repeatability, reproducibility, quality
and effectiveness,
»» developing new repair, strengthening and upgrading
techniques which result in reduced traffic disruption and
fast installation with short track access time,

Tasks # Description
4.1

Inspection and monitoring technologies for
tunnels

4.2

Inspection and monitoring technologies for
bridges

4.3

Improvement of tunnels and bridges

4.4

Planning and design of bridge and tunnel
demonstrators

»» and setting the base for future development of noise and
vibration damping methods for structures.

Improvement of tunnels and bridges
The picture "Tunnel drainage inventory" corresponds to chapter 6.1.2 Phase
2: Experimental phase, (a) Research on calcium carbonate scale deposits
of the In2Track document. Up to now, we’ve done an inventory of the tunnel
drainages in 15 Austrian railway tunnels. This picture shows two researchers of
Boku (University of Natural Resources and Life Sciences at Vienna) taking water
and scale samples in an inspection pit at the Lainzer Tunnel at Vienna.
The picture "Calcium carbonate crystals" corresponds to chapter 6.1.2 Phase 2:
Experimental phase, (b) Evaluation and improvement of pipe materials. At
the moment we are running tests regarding the calcium carbonate crystallisation
on various pipe materials with the goal to develop new pipe materials. The
picture was made with a scanning electron microscope. It shows a typical
polymer surface with various kinds of calcium carbonate crystals.
The picture "Test changes of the pipes mass moment of inertia" corresponds to
chapter 6.1.2 Phase 2: Experimental phase, (d) Development of sensors for
remote scale deposits monitoring. This is a small scale demonstrator we’re
running at the moment at the JKU (Johannes Kepler University Linz). With its
help we are trying to detect the amount of scale deposits by monitoring the
changes of the pipe’s mass moment of inertia.
Besides this, we checked the possibility of X-Ray tomographic determination of
scale deposits which doesn’t seem to be suitable because of potentially harmful
ionizing radiation. But, a further promising technology to detect the amount of
scale deposits seems to be capacitive tomography, at the moment we’re running
the first tests (pictures: electrodes outside of pipe, simulation of capacitive
tomography).

Electrodes outside of pipe

Simulation of capacitive tomography

Tunnel drainage inventory

Calcium carbonate crystals

Test changes of the pipes mass
moment of inertia

