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Governmental Subsidiary NETWORK RAIL INFRASTRUCTUE Ltd., UK, mounts overhead
Gantries for Electrification of British Railways

PREFACE:
Modern cost-efficient condition-based preventive and predictive
Maintenance Strategies/Planning’s are applicable on modern High Quality
Rail Tracks, as they exist on Central European Railways.
Such Maintenance Strategies/Planning`s are less applicable on Poor Quality
Tracks, which need frequent costly repair and maintenance - so-called “Fire
Brigade Repairs” or “Patch and Tinkering Repairs”, - nearly as every
train goes.
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The great challenge for IR is to bring all its rail-tracks on a high quality level
so that IR can harvest the full economical benefits of modern cost-efficient
condition-based preventive and predictive Maintenance Strategies/Planning’s.
Maximising the service value throughout the expected operational life-span of
the infrastructure/asset, while at the same time minimising costs,
should become the central logic in IR. This means a new way of thinking
and judging in term of value in use.
To achieve efficient Track Maintenance, rail operators need to develop more
innovative ways of reducing costs across the board. Improving the general
level of maintenance on the networks will result in fewer breakdowns, the
ability to run more trains and to provide more Safety.
Track Maintenance and Data Utilisation converting Data into value for
implementing innovative technology, driving track maintenance efficiency,
optimising costs and maximising safety is on the key agenda of modern and
advanced Railways; see Programme of the London 26-27th June 2018
Conference: TRACK MAINTENANCE & DATA UTILISATION 2018;
http://www.rail-track-maintenance.com/ ; see also F. Wingler, “MONITORING
INSTRUMENTS MOUNTED ON SCHEDULED RUNNING COMMERCIAL
TRAINS (INSTRUMENTED REVENUE VEHICLES, IRV) MAKE USE OF
NEWTON`S LAWS OF MECHANICS FOR TRAIN BASED AND INSERVICE TRACK-CONDITION MONITORING IN TARGET PLANING OF
MAINTENANCE”, published on April 22, 2018 on http://www.drwingler.com .

Infrastructure Management and best Practice in Maintenance:
European track operators are seeking out the most effective strategies for
improving track conditions while integrating new innovative
technologies and data utilisations.
But to guarantee track maintenance efficiency, operators must match
predictive maintenance requirements and data management..
IR will have to do a lot to catch up with global developments on their journey
to a World Class Railway.
As for infrastructure management, Indian Railways can learn from advanced
Central European Railways.
IR should split its management into an INFRASTRUCTURE MANAGEMENT
SECTOR and into a RAIL TRANSPORT MANAGEMENT SECTOR as
distinguished governmental subsidiaries/organisations similar to the
organisational structures of Central European Railways, which have their
distinguished
rail-track serviceand
infrastructureproviders/operators/enterprises/companies/agencies working under one
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umbrella. Latter are governmental subsidiaries/providers/establishments/
companies responsible and in charge of the total infrastructures and assets.
They provide state-to-the-art railway technology and operate the entire
infrastructure:
 ÖBB (Austria); ÖBB INFRASTRUKTUR AG – a governmental company,

which plans, develops, maintains and operates the entire ÖBB
infrastructure and provides state-to-the-art railway technology as a
service to the nation; see ANNEXURE I.
 SBB-CFF-FFS (Switzerland); SBB-CFF-CFF INFRASTRUKTUR,
 DB (Germany), DB NETZ AG and
 British Rail (UK); NETWORK RAIL Infrastructure Ltd. (UK); who owns
and operates the railway infrastructure in England, Wales and Scotland
on behalf of the nation.

Modern State-of-the-Art Rail Track of low Life Cycle Costs provided in Austria by ÖBB
INFRASTRUCTURE; Pict. by ÖBB Infrastruktur

The
governmental
Subsidiaries/Companies and
Infrastructure
Managers/Providers/Operators/Owners have their own management
structure, their own budged and long-term Funding Agreements with their
Governments, ensuring infrastructure management planning far ahead, which
take into account the actual condition of the network. They generate value
through engineering as a service for rail transport in their countries; see new
approach by Professor Andrew Starr, UK, on GENERATING VALUE
THROUGH ENGINEERING AS A SERVICE, with an explanation, how the
rail sector might benefit from such an approach, in Railway Gazette
International, April 2018, p. 32, and ANNEXURE I.
Basis for planning of the governmental Subsidiaries/Companies and
Infrastructure Managers/Providers/Operators/Owners are Status-Reports or
Audits on the condition/status of the countries’ full network (rail-tracks,
signalling, tunnels, bridges, stations) with regard to their assets-behaviour in
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order to provide correlations with output quantities and the required financial
recourses for re-investment in assets and infrastructures, and as well for
maintenance-strategies and planning’s.
A Status-Report or Audit could help India to gain information about how
sound, healthy and excellent the rail-system is and behaves – or how unhealthy the system is and behaves – and how much money for long-term
investment-schemes will be needed in the forthcoming years and what has to
be organised in order to bring “WORLD CLASS STANDARDS” on all tracks
of the Indian network; see F. Wingler, LEVERAGING STATUSREPORT/AUDIT ON TRACK-CONDITION OF THE WHOLE NETWORK OF
INDIAN RAILWAYS – A TOOL FOR LONGTERM CAPITAL INVESTMENTSCHEMES AND MAINTENANCE-STRATEGIES, published on December 25,
2017 by Chaminda Weerawarna, Category: Rail Track Engineering, on
http://www.drwingler.com.
Indian Railways is locked in a vicious Circle of insufficient investment in
quality infrastructure-, asset- and rail track-management, low performance,
low safety and high repair- and maintenance-expenditures with the obvious
result of high overall Life Cycle Costs (LCC), represented by inner vicious
circle of low performance:

Inner and outer vicious Circle of Performances representing high and low overall Life
Cycle Costs
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One can have the impression, that the political leadership provides the funds
for track maintenance and renewal management as if giving alms under the
motto: "Here is the money, look how far it will reach and what can be
achieved with it", rather than orientating the needed amount on the realistic
costs in leveraging the rail tracks on high quality fit to carry the traffic load of a
WORLD CLASS STANDARD RAILWAY, and to catch up the back-log
accumulated by underfunding in the past decades, under which IR is acute
suffering.
In order to reach the outer circle of high performance a paradigm shift is
needed. “Mission Mode Plan” is the new buzzword of the leadership.
Let’s hope, that the leadership will understand under “Mission Mode Plan”:
A WORLD CLASS RAILWAY SERVICE needs WORLD CLASS HIGH
QUALITY INFRASTRUCTURES, ASSETS AND RAIL-TRACKS as well as
WORLD
CLASS
INVESTMENTS AND BEST
PRACTICE
IN
MAINTENANCE STRATEGIES, and that a “Mission Mode Plan” should
encompass long-term high capital investment schemes with long-term
certainty for track-asset, -maintenance, -reengineering, -strengthening, upgrade and -renewal.
In regard of Infrastructure Management and best Practice in Maintenance
on the journey towards future, when transforming its Railway to a World Class
Standard Railway, India can learn from advanced Central European
Railways.
INFRASTRUCTURE MANAGEMENT STRATEGIES and overall Guidelines
for BEST PRACTICE IN TRACK MAINTENANCE are summarised in
Chapter 4 of the new edited book of Florian Auer, INFRASTRUCTURE
GmbH,
ISBN:
MANAGEMENT,
2018
PMC
Media
House
978-3-96245.155-4, Bingen, Germany.
The Technical University at Graz, Austria, is worldwide the forerunner in
pushing up Track Quality under overall LIFE CYCLE COSTS (LLC)
CONSIDERATIONS. In European countries, the aggregated HINDRANCE
COSTS, the costs/expenditures emerging when the trains cannot run or run
only at lower speed and capacity, are included in the overall cost
considerations/evaluations/calculations. In India one is not much concerned
about the incurred costs, when the trains cannot run or can run only at lower
speed or with lower capacity.
To keep trains running on a low or poor quality track is not only more risky
but also more cost intensive.
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A poor or low quality rail track needs more frequent surveillance than a
high quality track. The lower the track-quality, the more frequent trackinspection and monitoring are appropriate.
A low quality track deteriorates faster than a high quality track, and hence
it needs more maintenance expenditures causing higher costs.
Under overall Life-Cycle Considerations Quality is no Luxury; it is a
Must. Life Cycle Costs Considerations are tools for economical trackstrategies. Under such considerations modern track-technologies have been
pushed up.
In order to make it cheaper, it is jugglery to hope that through appeals to the
ingenuity of the Track-Men technical and physical laws, rules
and correlations can be overruled.
At the end, jugglery short-cut works will turn out to be far more costly and to
bring train-passenger`s freedom from bodily harm and injury at risk.
Heavy Traffic Load/Volume causes high wear leading to high maintenance
demands and hence to high maintenance expenditures, especially on poor
quality tracks not matching the traffic load/speed.
A healthy and sound rail-track with a high Inherent Quality keeps its
properties under given traffic load/volume/speed longer than a less healthy
and sound rail-track. Hence, a low quality track deteriorates faster than a high
quality track.
A high quality rail-track ages slower and has a longer service live than a
low quality track. A moderate reduction in Initial Quality results in the track
condition reaching the threshold for maintenance-intervention much earlier.
For a rail-track with low inherent quality the maintenance intervals become
shorter on account of unhealthy, unsound and poor bearing sub-structure as
well on account of poor drainage, than for a rail-track of higher inherent
quality.
Investment delivers just Initial Quality, not service life. Maintenance
transforms this initial quality into service life. Thus, neglected maintenance
devalues the investment done. When the track reacts, service live is already
gone.
See: F. Wingler, Fundamentals of Railway-Track Engineering and
Technology; Quotations for achieving sound and healthy Railway-Tracks of high
Quality fit for modern “World-Class” Railway-Service, published April 01,
2018 on http://www.drwingler.com; see also ibid: F. Wingler;
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INSTRUMENTS MOUNTED ON SCHEDULED RUNNING COMMERCIAL
TRAINS (INSTRUMENTED REVENUE VEHICLES, IRV) MAKE USE OF
NEWTON`S LAWS OF MECHANICS FOR TRAIN BASED AND IN-SERVICE
TRACK-CONDITION
MONITORING
IN
TARGET
PLANING
OF
MAINTENANCE”, published on April 22, 2018. by Chaminda Weerawarna,
Category: Rail Track Engineering.
Frequent preventive and target Rail Grinding extend the service live of rails:

VOSSLOH High-Speed Rail Grinder HSG-2

DB NETZ AG could prolong the service life of rails drastically by RAIL HEAD
MANAGEMENT TECHNOLOGY (grinding, milling) under their PREVENTIVE
MAINTENANCE PROGRAMME.
Under-Sleeper-Pads reduce ballast deterioration and extend the intervals for
tamping, ballast cleaning and ballast renewing:

GETZNER Under-Sleeper Pad
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A prerequisite for high quality tracks are strings of long milled rails, which are
factory welded to longer panels (300 to 500m) and delivered/unloaded on the
track by the manufacturer.
Main Cost Drivers in Maintenance are Curvatures and Turnouts/Crossings.
Heat Hardened/Bainitic Low Fatigue (BLF) Rails are asked for curvatures,
turnouts and crossings. Turnouts/Crossings should be installed with a
diagnosis system.
German Federal Railway (DB) works together with Munich-based Internet of
Things (IoT) startup KONUX to improve the availability of high-speed turnouts
through predictive maintenance.
The KONUX sensors detect vertical movement in sleepers as a train passes
over a turnout. Data collected by the sensors is transmitted to DB’s DIANA
diagnosis and analysis platform, which already monitors more than
15,700 point
motors
across
the
network;
see
F.
Wingler;
LEVERAGING DEVELOPMENTS IN MONITORING TECHNOLOGY FOR
OPTIMISING TRACK MAINTENANCE – Switch Monitoring and Diagnosis
Systems, published on http://www.drwingler.com on January 11, 2018 by
Chaminda Weerawarna; Category: Rail Track Engineering.
DB says, complementary applications such as KONUX enable a holistic
digital image of a turnout to be created.
The trial phase involved equipping 100 turnouts with the technology. With the
conclusion of the contract, DB and KONUX have agreed to investigate other
areas, where the system could be used to predict damage before it occurs.

KONUX Diagnose Sensor on DB Turnout
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To minimize the number of turnouts and crossings and to increase the route
capacity, IR should go for grade-separation as road highway engineers do;
see F. Wingler on http://www.drwingler.com: Challenge to increase Route
Transport-Capacity and to cut Journey-Time on Indian Railways without the Need
of a Mixed Traffic-Regime/Scheme with higher Axle-Load for Freight-Trains
combined with Semi High-Speed for Passenger-Trains; published Match 25,
2017:

Google Map of Grade Separation at Zurich Main Station, Switzerland

In India, when it comes to a sleeper renewal, the MARK III ERC rail fastening
system should be changed for a “FIT-AND-FORGET” System. The present
Indian MARK III ERC Fastening is by far NOT “FIT-AND-FORGET"!!!!

Laying new Sleepers and Rails with Dowel VOSSLOH SKL Tension Clamp Fastening
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Indian Tracks with Mark III ERC Fastening need constant Surveillance and patrolling
Key-Men to drive loose or fallen-off ERCs back into the Housing - a Practice, which
becomes prohibitive at Train-Speeds of 160 kmph

On a high quality rail-track, a speed of 160 kmph makes it prohibitive to send
a key-man regularly on patrol to hammer loose or fallen-off ERCs back into
the housing/tunnel; see Demand for Attendance-free “fit-and-forget” RailFastening on envisaged Indian Railway`s “Semi High-Speed” Routes; published
on: February 25, 2017 by Chaminda Weerawarna:
Although the indirect Pandrol Fast Clip fastening systems are superseding
worldwide the Pandrol Type ERCs, the Dowel-Bolt Type direct fastenings
with SKL tension clamps from VOSSLOH/SCHWIHAG will be more advisable
for India. Repair in case of corrosion will be easier. Such direct fastening
systems have also the advantage, that elasticity and clamping force can be
adjusted, especially on transits of abutments.
On Central European rail tracks one can NOT detect patrolling key-men
refastening or retightening the fastening systems, as in India. The dowel/SKL
direct systems are favoured by the Central European Railways of the DACH
working Groups (DB, ÖBB, SBB-CFF-FFS).
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Plasser&Theurer brings the Railway to your Desktop
Virtual Track:

with

Track Maintenance and Data Utilisation to convert data into value for
implementing innovative technology driving track maintenance efficiency,
optimising costs and maximising safety, is on the key agenda of modern and
advanced Railways.

Gathering Data on DB Track with EM 100 VT by DB NETZ AG Infrastructure Provider for
planned Track Maintenance

Every maintenance measure generates huge amounts of data on
infrastructure, geometry and operational parameters. For customers,
Plasser&Theurer turns this information into smart data. Life cycle
management and assessments according to RAM (Reliability, Availability and
Maintainability) require this source.
Operators are under increasing pressure to reduce maintenance costs and
time windows, as the availability of the line makes the railway competitive
with other modes of transportation. Pl&Th says: “We are already working on
the virtual track. It creates new opportunities of cooperation between track
maintenance machines and the infrastructure. The quality of the works
performed can be immediately inspected by the customer. The number of
people in the danger zone is reduced. Works can be inspected from safe
offices. The combination of trends and intelligent assessment methods makes
it possible to analyse and recommend predictive maintenance actions for the
track infrastructure”.
Since spring 2018, Plasser&Theurer have been operating the EM 100 VT. It
is the first separate testing vehicle for track inspection. VT stands for Virtual
Track. The vehicle provides a carrier platform for developing and testing new
measuring systems, making it an important basis for product development.
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Digitalised Plasser Smart Maintenance

UK is presently a leader in Europe for rail survey business, condition
monitoring, data harvesting & processing and investment in
infrastructure management.

FUGRO with its Rail Infrastructure Alignment Acquisition
System RILA provides accurate and up-to-date TrackCondition Information:
FUGRO with its Rail Infrastructure Alignment Acquisition system RILA
provides accurate and up-to-date information in a safer, faster more
affordable way and with limited disruption to railway traffic, to help rail
professionals’ worldwide to design, build, upgrade and maintain railway
infrastructure by creating a 3D virtual model of the railway corridor - including
track, catenary, switches and crossings; https://www.fugro.com/docs/defaultsource/.../rila-track-geometry-flyer.pdf?sfvrsn=0

A sound geotechnical investigation is crucial for designing the best track
configuration and for ensuring that any settlement of the ground or ballast
remains within normal parameters. After this, precise surveys will be
important to monitor any track movement, whether it is related to the high
speed traffic, the track and its foundations, or the underlying soils.
RILA takes absolute measurements of track geometry. It can be mounted on
commercial scheduled running trains (so-called Instrumented Revenue
Vehicles, IRV) capturing of thousands of kilometres high precision track data
at normal line speeds. By greatly reducing the need for surveyors working on
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foot, RILA promotes improved safety, and by reducing the need for specialist
survey trains it frees up train paths:

RILA Monitoring and Diagnosing System mounted on a scheduled running Train in UK

Traditional track survey trains measure in relative model. That is, they take
rail to rail measurements, for example track gauge and cross-fall, but are not
spatially located in 3D terms.
In contrast, the absolute measurement of RILA spatially plots track geometry
in every dimension, recording curvature starts and transitions, which are
locked to a customer defined grid and can be shown in a GIS model. It can
capture many kilometres of track data at a fraction of the cost and time of
more labour intensive traditional survey methods.
With RILA one can check whether the alignment of the tracks is where it
should be, and if not, locate the fault. The higher the train speed, the less
tolerance one can tolerate of any track deviation, so one need to monitor the
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network in an absolute sense. RILA offers the high specification monitoring
and therefore tight control needed for high-speed.
The RILA datasets are precise to a couple of millimetres, and along with 3D
point cloud data and video, a complete 360 degree picture of the
railway corridor can be captured – seeing the transition of BIM (Building
Information Modeling) to the real asset.
RILA offers the precision needed for as-built surveys of new track, and it
complements BIM with a spatially precise picture of the real asset.
Once trains are running, RILA can check that rails stay within the design
parameters. As well as measuring settlement, with RILA one can see if curvetransition lengths have changed, and it calculates remedial works. Gauge
is an important issue for trains passing through platforms and across
viaducts, so this can be accurately monitored for any deviation.
Geotechnical data on the subsoil and ground can also be integrated, giving
a complete above- and below-ground view for ongoing asset
management. Among many tasks, it can be used to interrogate pile
positions, for example, to see if there is any correlation with areas where
track movement has been spotted.
All the ground and spatial data need to be surveyed to the same grade.
Based on applications so far using revenue trains, RILA surveys at speeds
up to 200 kmph at the moment, although the technology is designed to
operate at 300 kmph. It is only the physical casing of the unit that would need
an upgrade to work at this speed.

Bentley, UK, analyse Rail and Track Condition for predictive
Maintenance; predictive Operational Analytics Software:
Bentley Information, Performance, Management, Reliability, Enterprise and
Interoperability Software ensure safe, reliable, compliant and cost-efficient
operations; https://www.bentley.com/en/products/brands/assetwise.
Bentley Systems’ AssetWise Operational Analytics platform provides users
the opportunity “to quickly assess every dimension of railway infrastructure
and its condition over time,” the company says.
 “Assess and learn from past maintenance activities.
 Make better decisions about track and other m/w assets.
 Determine what work needs to be done and where, and predict when it

should be done”.
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“Data collection systems such as track geometry vehicles, ground penetrating
radar, laser scanners, video recorders, track walkers and more can produce
many gigabytes of data in a day. Within the realm of Big Data and IoT (The
Internet of Things), AssetWise efficiently stores, links to and correlates this
data for rapid access and analysis, enabling timely and accurate
maintenance decisions,” Bentley says: “AssetWise supports managing
datasets containing hundreds of thousands of surveys, and which can be
terabytes in size.”
AssetWise has a library of 200-plus linear “network-aware” data processing
rules and commands, that can be applied to extract actionable
information.” These rules can find clusters of defects and trend track
degradation to plan surfacing and filter spikes, among other functions,
from measurement data. These rules can also be combined “to perform
sophisticated data analysis to extract more value from existing data”, Bentley
notes.
Another feature of AssettWise is data visualization, described as “critical in
transforming vast quantities of complex linear data into actionable information,
that users can readily access, understand and utilize. Straight line diagram
visualization features provide instant access to an informative representation
of any combination of configured data types at any location on the railroad.
“AssetWise brings together linear asset data from any number of sources
and it correlates the data by location and time,” Bentley notes. “It
includes several integration capabilities for importing files, linking to existing
databases and web services to communicate with other systems.
AssetWise extends value to discrete or hierarchical asset data systems
like EAMs (Enterprise Asset Management) and other CMMS (Computerised
Maintenance Management Software) or asset management systems by
combining linear with discrete data analysis, then feeding results back to the
non-linear systems.”
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AssetWise Operational Analytics now includes the capabilities of Bentley’s
Optram platform.
AssetWise Operational Analytics helps to move beyond isolated business
intelligence applications. Understand operational performance data and costs
in near real-time and identify areas for improvement, which increase safety
and reliability, to optimize asset performance. With advances in industrial
sensor technology and the Internet of Things (IoT), massive amounts of asset
data is now available, and you need to harness the data from these diverse
sources and utilise it for actionable intelligence. AssetWise consolidates
operational and asset data and performs analytics to reveal patterns in
interactive dashboards and reports, enabling to visualise existing operation
and make informed decisions, which affect asset performance, safety,
security, and compliance.
 Bentley Rail Predictive Maintenance:
Bentley Systems’ Rail Predictive Maintenance platform “enables railways to
understand rail asset condition to improve maintenance decisions, predict
asset deterioration to help optimize maintenance schedules, and it allows to
access to data wherever it adds the most value, in the office or on site,” the
company says.
“Optimizing maintenance for rail assets is essential for delivering a safe,
reliable and profitable rail network. Having accurate information about rail
assets is a crucial part of a predictive maintenance decision support
environment.”
"Rail
predictive
maintenance
combines
asset
condition
data
with environmental, financial and design data, which allows users to
understand the state and operating condition of key rail assets to
improve the overall integrity and safety of a rail network".
“A common data environment for railway maintenance decision support
allows proactive management of railway assets based on current and
historical track and rail asset data,” Bentley notes. “Users can combine asset
condition data with environmental, financial and design data to understand
the state of the assets and how they are deteriorating over time. Budget,
resources and access constraints can be reviewed visually along with the
predicted deterioration of the asset and the impact of asset failure on the
overall system. This allows users to improve the effectiveness of
maintenance work planning.
“Our predictive maintenance solution combines current and historical rail
asset data. This is presented in linear, thematic track charts. You can also
interactively reference more than 200 types of railway asset data, including
track layouts, curves, track elements, planned work, work history, events
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history, rail defects, maintenance zones, area zones, track category and
mileposts”.

“Managing a reliable and safe rail corridor is mostly typically performed
with
insufficient
information
and
limited
resources."
“Compounding the problem is a continuous flood of data.”
"Such data is collected from activities such as track inspections, geometry
car surveys, rail defect detectors, ground-penetrating radar, rail
profile measurements, video surveys, infrared tests, asset surveys, work
records, train movement, wayside detectors and more. “Data is expensive
to collect, often difficult to access and interpret, and your decisions are only
as good as the information you have,” Bentley notes. “Converting this vast,
continuous and varied stream of data into management intelligence, that
is useful for developing a prioritized plan to optimize maintenance-of-way
resources, is a significant challenge.”
Bentley’s free On Demand Tech Talk, from Data to Information: How to
Use Big Data to maximize Rail ROI (Return on Investment), offers real
world examples of “how Big Data and the 5 ‘Vs’: Volume, Velocity, Veracity,
Variety and Value, can help you to reuse data to maximize investment,
ensure quality and accuracy to improve decision support and integrate
systems and processes to achieve return on investment”.
 Better Railroading through Big Data; new emerging Field of Data
Science:
Information can be distilled from large volumes of raw data, expressed in
petabytes, down to actionable insights.
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As railroads develop and implement new generations of sophisticated
inspection and monitoring systems, which find themselves
collecting large volumes of data at increased frequencies across a
variety of interrelated systems.

This large volume of data, often referred to as “Big Data,” generally refers to
data sets, which are so voluminous and complex that traditional dataprocessing application software is inadequate to deal with them. More
recently, the term Big Data tends to refer to the use of predictive analytics or
other advanced data analytics methods, which extract value from data. This is
considered part of the newly emerging field of Data Science.
Data Science is an interdisciplinary field using evolving analysis tools and
techniques to extract knowledge or insights from data in various
forms, structured or unstructured. Data Science provides the means to deal
with and benefit from Big Data, to include ways to see patterns, discover
relationships and develop predictive analytic capabilities, as well as make
sense of varied images, data streams and information.
In railway applications, Data Science can look at the full range of inspection
and management systems with the goal of obtaining new and useful insights
into such phenomenon as track and equipment component degradation,
interaction and failure. Data Science has all of the characteristics needed by
railway engineering and maintenance personnel to address and handle the
enormous amount of data generated by the various technology platforms
currently in place.
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Railroads are starting to look at the predictive analytics tools within Data
Science to help monitor infrastructure and equipment condition, optimise and
plan maintenance and improve safety — all while trying to keep track of
exponential growth in the amount of data being collected. Thus, while
traditional data analysis, particularly “threshold” based analysis, is still being
used, there is a growing awareness and use of Data Science to provide new
and innovative insights and an improved understanding of maintenance and
safety issues.
As part of this increased focus on Big Data, the University of
Delaware organises an annual “Big Data in Railroad Maintenance
Planning” Conference, with the goal of bringing together railroad users,
data science professionals, consultants, suppliers and academia to look at
the latest trends in Data Science analytics and its application in the
railroad industry. The 2017 conference focused on the railroads’
specific needs and practical applications to date of Big Data analytics.
Information can be distilled from large volumes of raw data, expressed
in petabytes, down to actionable insights.
The conference brought together approximately 200 railroad and data
analysis professionals to hear 32 technical presentations, led off by a keynote
address by Wick Moorman, former Norfolk Southern chief executive. This
was followed by a CIO session, where the Chief Information Officers of three
railroads (Union Pacific, Amtrak and SEPTA) talked about the strategic
importance of making use of the large volumes of data generated by railroad
inspection and management systems. Among the key points, made by the
Chief Information Officers, are:
•
•
•

Sensors and data analytics continue to drive railroad innovations and
growth.
Not all data will be actionable.
Analytics can serve as a guide to which actions would be most effective.

Applications of Big Data Analytics included track and equipment
maintenance analysis, as well as forecasting and planning algorithms based
on large volumes of collected data.
In the case of track maintenance analysis and planning, one presentation
looked at the application of deep neural network techniques applied to rail
wear data. Using multi-layer models, such as the one consisting of 2 layers of
7 and 5 neurons, resulted in excellent agreement corresponding to an actual
predicated fit of 87.5%. Such an approach uses a data subset to train the
forecasting model and then predict on remaining (or future) data.
Another presentation showed how a logistic regression model (with Sigmoid
function) can be used to identify exact curve locations from track geometry
car data to a high degree of accuracy. This included identification of curve
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points for simple and compound curves. The resulting benefits include the
ability to automatically and accurately detect 8,000 curve points on 1,560
curves in a matter of hours rather than the months needed with traditional
surveying practices, with a significant savings in cost as well as time.
Several presentations addressed the use of Big Data Analytics in switch
(turnout) monitoring and maintenance prediction. Noting that a switch is a
complex system with numerous failure types that can occur simultaneously,
application of Data Analytics (k-Means Clustering, Statistical Process
Control, Decision Tree analysis) has shown the ability to identify decaying
asset status in an early stage, which in turn allows to optimise maintenance
intervals with associated reduction in failures and cost. By relating anomalies
to known root causes, it is possible to improve repair time and save money by
performing the right maintenance action at the right time.
It was noted that predicting that a failure will occur has limited value, if you
can’t predict what failure mode it will be: For a maintenance crew, accurate
and detailed information is needed.
In the area of equipment and rolling stock maintenance, there has also been
an evolution of maintenance management, as shown by the changing
shape of analysis of onboard diagnostic data from scheduled running rolling
stocks.
This in turn translates into practical savings on the track (through prevention
of road failures, optimisation of asset performance and asset tracking to
inform rail network planning), in the shop (through increased shop
productivity, accurate repairs the first time to mitigate repeat repairs and
decrease in total shop time) and in the yard (through decreased time needed
to assemble trains, optimised allocation of locomotives and cars for missions,
and full visibility of fleet inventory).
Organisations such as Railinc, the AAR’s rail data and messaging subsidiary,
which services the North American freight railway industry, have of the order
of 100 Terabytes of data currently in active data repositories. This order of
magnitude of data was echoed by many of the presenters at the Big Data
Conference, including railroads, rolling stock service (and data) managers
and other service providers.
The common theme heard throughout the 2017 conference was that
the potential use of this Big Data has only been scratched, and that as
railways learn how to more effectively “mine” their data, the most
actionable insights, systems and processes will be available to help
optimise maintenance management across the entire spectrum of railway
operations. The University of Delaware expects even more insightful
information to be available in its 2018 Big Data conference. The 2018
Big Data in Railroad Maintenance Planning Conference will be held on
Dec. 13-14, 2018 at the University of Delaware’s Newark, Del., Campus.
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Further Information on Data Science and Big Data:
For data generation through monitoring and diagnosing instruments mounted
on scheduled running, commercial revenue-trains see also: “STRETCHING
THE MAINTENANCE DOLLAR USING STATE-OF-THE-ART AUTOMATED
IN-SERVICE VEHICLE-TRACK CONDITION MONITORING” by Ravi
Ravitharan, Director, Institute of Railway Technology Monash University,
Australia; paper presented on the Permanent Way Institution NSW Annual
Convention
27th
Oct.
2017
at
Sydney,
Australia;
https://pwinsw.org.au/pdf/Convention/PWINSW_Convention2017_Journal_we
b.pdf ; Railway Gazette International, March 2018, page 34; and ANNEXURE
of F. Wingler,
“MONITORING INSTRUMENTS MOUNTED ON
SCHEDULED RUNNING COMMERCIAL TRAINS (INSTRUMENTED
REVENUE VEHICLES, IRV) MAKE USE OF NEWTON`S LAWS OF
MECHANICS FOR TRAIN BASED AND IN-SERVICE TRACK-CONDITION
MONITORING IN TARGET PLANING OF MAINTENANCE”, published on
April 22, 2018, on http://www.drwingler.com .

ANNEXURE I

Austrian Government Subsidiary
ÖBB INFRASTUKTUR
Future Rail, Target Network 2025+

ÖBB INFRASTRUCTURE engineering Track for Future Mobility in Austria;
Pict. by M. Pillizari, ÖBB
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From the website: https://infrastruktur.oebb.at/en/company/for-austria/future-rail-targetnetwork:

Welcome to ÖBB-Infrastructure
We are pioneers of modern and customer-oriented rail transport in Austria. We plan, develop,
maintain and operate rail infrastructure and ensure punctuality, security, cleanliness and open access
to the rail system. We thereby provide the right conditions for an efficient and reliable passenger
and freight service by rail.

The World of ÖBB-Infrastructure: “We plan, develop,
maintain and operate the entire ÖBB Rail Infrastructure”
With around 18,000 employees, we plan, develop, maintain and operate the entire ÖBB rail
infrastructure; train stations, routes, buildings, terminals, telecommunication systems and plants for
environmentally-friendly railways. We manage the total property assets, and we are therefore one of
the largest property owners and developers in Austria. In our company, the majority of ÖBB
apprenticeships and the railway-specific, operational and technical training are integrated.
On behalf of the federal government, we invest more than 2 million Euro into the Austrian rail
network each year and provide state-of-the-art railway technology. ÖBB-Infrastruktur AG is a 100
percent subsidiary of ÖBB-Holding AG. It is wholly owned by the Republic of Austria.

State-to-the Art modern Rail-Track in Austria provided by ÖBB Infrastructure

Target Network 2025+ is an expansion strategy for developing the rail infrastructure and is part
of the "Overall Transport Scheme" for Austria. Objective is an efficient infrastructure as basis for
more trains, more freight and even better synchronised scheduling.
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“Our Plan for the further Development of the Railway in
Austria”
The "Overall Transport Scheme" formulates objectives and strategies for a comprehensive
transport policy up to 2025. Target Network 2025+ is a comprehensive overall concept with
specific implementation measures for rail infrastructure in Austria. It provides answers to the
challenges of tomorrow's transport policy and is implemented through framework plans and clear
funding. Target Network 2025+ is our plan for a modern, efficient infrastructure and the basis for
environmentally-friendly mobility for the next 100 years. It contains investment in expansion and
modernisation beyond the year 2025, and it has been prepared by ÖBB-Infrastruktur on the basis of
the Railway Act in close coordination with the Austrian Federal Ministry for Transport, Innovation
and Technology (BMVIT) and the Federal Ministry of Finance, together with external transport
planners. Target Network 2025+ is being implemented in several stages. The main foci for
investment are demographic and economic factors. These are based on the Transport Prognosis
2025+ of the BMVIT compiled by the institutes and universities.

“More Traffic on our Rails”
Where large numbers of people and large quantities of freight have to be moved, the railway has
huge advantages as a means of mass transport. It is worthwhile to support and further develop these
railway lines by investing in the infrastructure. Conversely, investment is reduced, where only small
numbers of people and small quantities of goods can be moved, because there is no potential for a
further traffic shift. For several railway lines of strongly regional character, a take-over by the
respective state is sought in the medium term, as attested by good examples in the recent past.

ÖBB, Graz Main Station; modernised by ÖBB INFRASTRUCTURE; Pict. ÖBB Infrastructure
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Sensible Investment
A modern infrastructure is the prerequisite for more and faster rail traffic. The concept behind
the strategy is based on the Transport Prognosis 2025+ with increasing volumes of traffic. We want
to put this forecast growth in traffic on the rails. Therefore, we must make sure today that the
railway is even more efficient tomorrow. Today we are laying the cornerstone for more capacity on
the rails. This should strengthen the market position of rail through more trains, shorter journey
times and modern stations and terminals. Investment based on the target network creates the
prerequisite for synchronised scheduling in passenger traffic with stable, punctual travel times, and
it supports the shift of freight traffic on to rail and thus contributes to the reduction in CO2
emissions. In this way we make the railway even more attractive and efficient for our customers and
ensure that we can cope with the forecast demand for freight and passenger traffic.

Clear Commitment to Rail
Every year the Federation invests more than two million Euros in expanding and modernising the
route network and the railway stations - an amount larger than ever before. For this reason
investment in the railway is twice as high as in roads. One hundred railway stations are being
modernised or newly constructed and made accessible, substantial portions of the existing rail
network, and noise abatement are being improved and park and ride facilities constructed. The
objective is, to further improve the quality of travel on local traffic and on commuter routes. Of
course, as well as restructuring existing stock, the hub of the programme is the expansion of the
major transport axes, such as the Western Route, the Southern Route or the Brenner Axis. All these
projects are included in the Framework Plan and are part of the European Network.

Passengers benefit from environmentally-friendly, affordable
Mobility
•

Some 30 per cent more trains and train kilometres.
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•

A wider range of rail connections in express traffic along the major axes between cities
depending on need.

•

Better, more stable range of services for commuters around the conurbations.

•

More freight traffic shifted by rail.

•

Shorter journey times, higher speeds and more comfort due to routes with modern equipment
and fewer lines subject to speed restrictions.

•

Basis for synchronised scheduling with well-linked connections without long waiting times.

•

Some 100 attractive, new or modernised railway stations throughout Austria.

The whole Country benefits
•

Additional employment and value creation during implementation and thereafter.

•

Safer and more environmentally-friendly traffic, for instance due to fewer HGV's on the roads.

•

Efficient use of public resources.

Pioneer in Sustainability
•

Society, economy and ecology. For us sustainability means capacity for the future, by
achieving a fair balance between economic, ecological and social objectives.

“We are creating the Prerequisites for Future-oriented
Mobility”
•

Sustainability is an inherent part of our corporate purpose: Construction and operation
of infrastructure for future generations. The high social, economic and of course, ecological
sustainability of rail as a transport infrastructure is a decisive contribution to the sustainable
development of Austria.

Prime Status of ÖBB-Infrastruktur
•

We managed to come first in the most recent, independently-conducted evaluation, performed
by the international ratings agency OEKOM RESEARCH, which was published in 2014. A
total of 44 transport infrastructure companies from Europe, the USA, Brazil, Asia and
Australia were examined and assessed. Only five of them reached prime status. Since 2012
ÖBB-Infrastruktur has twice been the winner. In the corporate responsibility sector, OEKOM
RESEARCH is one of the leading ratings agencies in the world. It specialises in analysis and
evaluation of companies' ecological and social services, which receive capital from the
financial market. The evaluation by OEKOM RESEARCH shows that we are internationally
among the best.

Rail as an economic Driver
•
•

What does the railway bring to Austria? ÖBB-Infrastruktur ensures mobility for people and
goods, and it is an engine for growth, employment and innovation.
Investing in the rail infrastructure is the basis for the economic development of our country.
We invest more than two billion Euros for a modern, efficient infrastructure, and as an
employer we promote the development of Austria as a business location. Companies, cities,
regions and people benefit from an attractive and sustainable rail system.
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Growth and Employment
•

The rail system is an important economic driver with high added value for growth and
employment. A well-developed transport infrastructure creates the backbone of efficient
national economies. Without outstandingly developed transport routes and efficiently provided
transport services, collaborative economies would not be possible.

ÖBB INFTASTRUCTURE Tunnel Track Laying Works; Pict. by ÖBB Infrastructure

Positive Effects
•

The overall analysis shows that investment in rail infrastructure has highly positive effects
on economic growth and employment and has a stabilising effect on the national economy.
Investing in the railway makes good sense.
• In terms of business economics operating costs can be reduced and income can be increased.
The national economy benefits from investment in railway construction and expansion in
several ways. During the construction phase service providers and construction companies
connected with the work receive remuneration (direct effects) and in addition demand is
increased for suppliers (indirect effects). This leads to more employment. Additional income
in the form of wages, salaries and profits also increases private consumption. Returns on
Value Added Tax, payroll tax and social insurance contributions increase.
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ÖBB Freight Centre Vienna South; Pict. by ÖBB Infrastructure

Rail System as a Location Factor
•

During the operational phase the improvement in the location quality makes the regions
more accessible and opens them up. Fast, comfortable connections between conurbations
link people and markets. This favours location development, secures and creates permanent
employment. An efficient railway infrastructure is not only an important location factor, it is
also the condition, which must exist, if we are to cope with the increasing mobility of people
and freight in an environmentally-friendly way. A well-developed infrastructure creates
ecological uses, supports climate objectives, especially in the area of reduction of CO2. An
additional factor is that is becomes an initiator of projects for the innovative Austrian rail
industry.

Fully mechanised Track Laying by ÖBB INFRASTUCTURE; Pict. by ÖBB
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New Track laid by ÖBB INFRASTRUCTURE, Vienna-St.Pölten; Pict. by ÖBB

World Class Standard High Quality and clean Track with Vossloh SKL Tension Clamp
Rail-Fastening in Ethiopia
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