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HOW MUCH SAFETY ON INDIAN RAILWAYS? 

Part III

- Proactive Maintenance Strategies and Deployment of Heavy-

Duty On-Track Machineries a Way to High Track Quality in 

order to bring down the Number of killed and injured Train-

Passengers in nasty and unwanted Derailment-Disasters

UMR 700: The Multitalented Heavy-Duty On-Track Machinery for Ballast and Sub-Grade 

Rehabilitation 

By Dr. F. Wingler, February 2017
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“PROACTIVE MAINTENANCE STRATEGIES AND LIFE CYCLE COST 
MANAGEMENT” had been the topics of the 20th International Convention: 
OPTIMIZING THE WHEEL/RAIL-SYSTEM – TECHNOLOGICAL
PROGRESS FOR SAFETY, COST-EFFICIENCY AND RELIABILITY - , held 
at Salzburg, Austria from 15-17th September 2015 by the Österreichische
Verkehrswissenschaftliche Gesellschaft, ÖVG. The author together with Mr. 
J.S. Mundrey, Consultant in Track Technology and formerly Advisor Civil 
Engineering, Railway Board, had the privilege, sponsored by 
Plasser&Theurer, to participate at this top level Track Technology 
Convention. 

The lessons learned, prompted the author to elaborate a Preface to Chapter 
11, Track Maintenance, of the drafts of J.S. Mundrey for the forthcoming 5th

edition of his handbook RAILWAY TRACK ENGINEERING – see page 360ff 
of the private edition INDIAN RAILWAY TRACKS – a TRACK 
ENGINEERING COMPENDIUM, free for download  the 
website http://www.drwingler.com under the rubric PUBLICATIONS.
Excerpts one can find below.

Mr. J. S. Mundrey of Rail Consult India processed the topics and the 
messages of the ÖVG Convention in his technical Paper “REACTIVE TO 
PROACTIVE APPROACH TO TRACK MAINTENANCE ON INDIAN 
RAILWAYS”, presented in Session I of the IPWE International Technical 
Seminar held on 12th & 13th January 2017 at Mumbai, as can be found below.

Nasty Derailment Disasters with killed and injured train-passengers are 
frequent on Indian Railway`s network. Since 2014 the fatal Derailment-
Disasters and the number of killed and injured train-passengers are on
increase; see the technical papers “HOW MUCH SAFETY ON INDIAN 
RAILWAYS”,  and “INDIAN RAILWAYS ON A RISKY
COURSE”, free for download from the website: http://www.drwingler.com . 

On HIGH QUALITY RAIL TRACKS of European Railways there are no fatal 
Derailment Disasters with killed or injured train-passengers.

What are a HIGH QUALITY RAIL TRACKS had been defined by Prof. P. 
Veith and Dr. B. Lichtberger, Austria, amongst others; see Technical Papers
on the above cited website.  

PROACTIVE MAINTENANCE STRATEGIES in optimizing rail-roads are
nowadays a tool of Modern Railways to achieve long-term High Track 
Quality, Safety, Reliability and Cost-Efficiency. To achieve High Quality
HEAVY-DUTY ON-TRACK MACHINERIES and modern TRACK 
RECORDING CARS, EQUIPMENTS and DEVICES are needed.  



Reactive to Proactive Approach to

Track Maintenance on Indian Railways

J .S. Mundrey*Synopsis

     Advanced Railway Systems are shifting the focus of   Track Maintenance from 

"REACTIVE" to "PROACTIVE" domain. This system is based on the capability to

identify defects for their planned rectification much before they need any panic 

intervention, presently possible with sophisticated computer aided techniques.

       In the last "ÖVG" international convention held in Salzburg, Austria, attended 

by delegates from over 50 countries, the subject of Track Maintenance was 

deliberated upon, through 25 high quality technical papers presented by track experts 

from Europe, America, Canada, Australia and Japan. The author had the privilege to 

participate at this top level rack Technology Convention.

     From the information gathered from the convention, the steps that can be taken 

on Indian Railways to upgrade their system, have been suggested in this paper, both

in respect to reduc the Track Design Deficiencies and upgrad the Track

Maintenance Methodologies. 

*
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J.S. MUNDREY Railway Track Engineering

Chapter 11

Track Maintenance

“MUD-PUMP” of a badly maintained Track 

“Quality cuts Costs”

Revised by Dr. Frank Wingler, JANUARY, 2016
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PREFACE

PROACTIVE LIFE CYCLE COSTS MANAGAMENT CONSIDERATIONS

“PROACTIVE LIFE CYCLE COST MANAGEMENT” had been a topic of the 20th

International Convention: OPTIMIZING THE WHEEL/RAIL-SYSTEM – 
TECHNOLOGICAL PROGRESS FOR SAFETY, COST-EFFICIENCY AND RELIABILITY
- , held at Salzburg, Austria from 15-17th September 2015 by the Österreichische 
Verkehrswissenschaftliche Gesellschaft, ÖVG. The tenor of the convention has been:

“QUALITY CUTS COSTS”

A Rail Track can behave like a sturdy Elephant. An Elephant can tolerate for a longer 
period a certain amount of ill-treatment. If the ill-treatment lasts too long, suddenly the 
Elephant takes revenge and runs berserk. A Rail-Track can show the same behaviour. But 
than maintenance becomes expensive and Life Cycle Costs will explode (Prof. P.Veith, 
Technical University Graz, Austria).

The main Life Cycle Costs Drivers are
1. Tight Curvatures,
2. Turnouts, especially the Vee-Crossings and
3. Water.

See also Michael Mach, Integrated Management of Permanent Way at ÖBB Infrastructure 
in ETR, Eisenbahntechnische Rundschau, 12/2015, p. 81, eurailpress.

The remedy for 1. is: FRICTION MANAGEMENT with TARGET RAIL PROFILING for 
low friction of wheels on rails and with RAIL LUBRICATION, either by patrol-men or 
automatically, on rails with Friction Modifiers or by wheel-flange lubrication; see
Paragraph 2.34/2.35. The following Picture delineates typical running corner wear of a
non-lubricated outer 6 Degree curve rail.

The remedy for 2. is: A Vee-Crossing made of harder material, in India elaborated from 
Cast-Manganese-Steel (CMS); see Paragraph 7.3. But this solution is not without 
problems. Caused by inferior production procedures there appear alloy defects, especially 
at the Vee-Nose resulting in early corrosion, which can be detected all over the Indian Rail 
Network:  
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Typical Wear Marks on Nose and Wing-Rails of Indian CMS Vee-Crossing
with Spallings and Material-Ablation

There are also dimensional defects at the rail-joints to inner and outer lead-rails to be 
observed: 

Build-up CrossingTypical Profile Defect at Indian
CMS Crossing manufactured from  

Heat-hardened Rails by Rahee
Industries for Bangladesh

To avoid this problem in India there are CMS-blocks with weld-able legs under trial, but 
this creates difficulties when welding rail-steel onto to the CMS-alloy. Build-up Crossings 
(see Paragraph 7.3), manufactured from heat-hardened rails, are sometimes a better 
maintainable solution. Rahee Industries, Kolkata, prefers such crossing for its track works 
in Bangladesh, see above.

The inherent and unsolved problem of a wheel jumping at fixed Vee-Crossing from the 
Nose onto the Wing-Rail or vice-versa is the different spinning velocity of the coined wheel 
on the flange side and the outer wheel-treat side. Due to this impact caused through the 
transition of wheels, the fixed crossings are subjected to high mechanical stress.
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Wheel trailing Pattern when trailing from Lead-Rail to Nose of a Turnout; see Dr. Ing. 
Ulf Gerber et al. in ETR, Eisenbahn Technische Rundschau, Jan.-Feb.2015, p.36; 

ISSN 0013-2845, DW Media Group, Hamburg, Germany

Trials with elastic suspended Vee-Crossings have been reported on the ÖVG.

The remedy for 3.: Comprehensive Drainage Methods taking the Water out and to keep 
the Water away from the track-bed. Water is always the enemy of the Rail Road; see
Paragraph 8.10. Water disturbs the bearing capacity of Blanket-Layers, Formation, Sub-
Soil and Sub-Grade, and water is often the root of “memory effects” for track 
misalignments. A comprehensive Surface-Water Managements becomes essential; 
especially for new Rail-Roads.

Water is the Enemy of the Rail Road
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INCREASING ROLLING CONTACT FATIGUE DEFECTS CAUSED BY MODERN
POWERFULL AC TRACTION:

Unluckily the technical developments of Rolling-
heavier and more powerful Locomotives with insulated Gate Bipolar Transistor (IGBT)
converter and three phase asynchronous AC Traction are preferred because of a more 
favourable friction-adhesion coefficient and a higher energy efficiency. With the arrival of 
heavy haul AC Locomotives with asynchronous traction motors the Rolling Contact 
Fatigue (RCF) and Head-Check Rail Defects are on increase; see Paragraph 2.22
and Annexure to Chapter 2.

This makes earlier preventive rail grinding necessary. Another solution 
had been offered by Voest Alpine, Austria, with low wear chrome bainite steel and/or Ultra 
High Carbon (400 UHC®HSH®) Rails. But to weld bainite steel rails there are still some 
welding problems not yet solved to full satisfaction; see also Markus Ölfinger, 
Technological Progress in Welding of Rails, in ETR, Eisenbahntechnische Rundschau, 
12/2015, p. 85, eurailpress; see also Paragraph 2.14.9.

Indian Railways have recently made a joint-venture deal with GE, USA, for the evolution of 
6000 hps heavy haul Diesel-electric locomotives and with ALSTOM, France, for twin 
section AC electric locomotives with IGBT Traction control rating up to 12000 hps. These 
high tractive effort Locomotives will increase the RCF and head-check problems on Indian 
Tracks. 

PROACTIVE MAINTENANCE STRATEGIES

Modern Track assets management strategies collect as many as possible data as 
essential components for a PROACTIVE APROACH to ensure predictability of 
infrastructure behaviour. Anticipation of futures behaviour has great potential for 
shifting the focus of maintenance from “REACTIVE” to a “PROACTIVE” Policy. The 
vision of a future orientated maintenance is based on the capability to identify 
damage before it actually develops to become dangerous for traffic and costly for 
maintenance and repairs.  The basic of a proactive Life Cycle Cost Management 
Approach is to define the right intervention at the right time and to deal with the near 
future. Leading Railways are the Austrian, Swiss and Germany Railway operating 
together under the “DACH” (“Roof”) project.

Since long “OVERALL LIFE CYCLE COSTS CONSIDERATIONS” are ruling over 
Investment, Repair, Maintenance and Renewal of leading world Railways. Much money 
can be saved, if the live span of a track and its assets can be elongated. What also
counts are the so-called “AGGREGATED HINDERANCE COSTS”, the socio-
economical costs generated when trains are not running, running only a  reduced 
speed or with low restricted route capacity. Those costs are often forgotten by politicians 
and managers.

“Quality is no Luxury” under “OVERALL LIFE CYCLE COSTS CONSIDERATIONS”.
An Initial High Quality Track deteriorates much slower, loses its alignment properties over 
the time under given traffic load with a lower deterioration rate, than a Low Quality Track 
(Prof. P. Veith, Technical University Graz, Austria). The Track-Deterioration Parameters, 
the loss of alignment with the time under given traffic load, represent the TRACK 
QUALITY; see P. Veith in RTR Special July 2007, Maintenance and Renewal, p.8, ISBN 
978-3-771-0367-9, eurailpress.
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ONLINE DATA COLLECTION AND PROCESSING TRAIN BASED IN-SERVICE 
MONITORING for TARGET PLANING OF MAINTENANCE

The prerequisite for a proactive Life Cycle Cost Management Approach with the evolution 
of the development prognosis is the all-encompassing data collection of the continuous 
online condition monitored on all track assets; see K.U.Wolter et. al. in 
Eisenbahntechnische Rundschau, ETR, 7+8, p. 32-36, 2014, eurailpress, Hamburg, 
Germany.

The continuous surveillance of Rail Tracks with Recording and Monitoring Systems 
mounted on regularly running trains is on increasing focus. The Institute for Transport 
System Technology of the German Aerospace Centre (DLR) conducts the development of 
modern Data Management Systems for collecting, transferring and telemetry. The data
must be precisely geo-referenced according the track locations. On lines with sufficient 
global satellite reception the monitoring cars communicate directly with the central data-
bank. The data can also be locally stored and transmitted in intervals by WILAN over the 
internet at Stations or Depots. For lower data volumes the mobile telephone networks can 
be used. The System is under trial on Swiss Sections; Lars Johannes et. al. in DER 
EISENBAHNINGENIEUR, EI, 11, November 2015, p. 12, eurailpress.   

The “Continuous Track Alignment Parameter Monitoring” in programmes for TRAIN 
BASED  IN-SERVICE  MONITORING for TARGET   PLANING  OF MAINTENANCE
make use of NEWTON`s Law Mechanics.

Newton`s FIRST LAW suggests that any change of velocity of a body under 
consideration must be associated with the counter-action of a resultant force, which acts 
on his body. This in turn suggests a relationship between the resultant force and the 
acceleration of the body. Newton assumed by his SECOND LAW the very simple relation 
that the resultant force, which acts on the body and causes acceleration, is linear related. 
The THIRD LAW is the LAW OF ACTION AND REACTION. It states that to every action 
or force there is an equal and opposite reaction or force. In other words, when a body 
(rail- vehicle) exerts a force on a second body (rail-track), in consequence the second 
body (rail-track) exerts a numerically equal but opposite force on the first body (rail-
vehicle). The laws are useful to analyse mutual track-vehicle interactions and to 
determine track irregularities and track defects by vehicle mounted 
ACCELEROMETERS.

This means, by measuring vehicle accelerations, the cause in form of track irregularities 
can be determined. And by continuous track monitoring with repeated runs over the
same track, the development of track- defects and track-irregularities, the
development over the time of such defects and irregularities can be measured and 
the point of necessary interactions by repair or maintenance can be forecasted.

, MSR165, -
o s

; www.microdaq.com
 .
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German Railways equipped one of its Intercity Trains with acceleration-sensors mounted 
on the axle-box for transmitting during scheduled train runs in-service monitoring data of 
vertical and horizontal alignment defects as so-called “TRAIN BASED IN SERVICE
MONITORING for TARGET PLANING OF MAINTENANCE”. This ICE transmits daily 
the acceleration rates cum position on its route. The computer evaluates a history 
diagram, from which a forecast for the further deterioration rate can be estimated.

Axle-Box mounted Accelerometer

By the wheel/bogie acceleration rates values the running trains will transmit in future to 
the IPW-Engineer the telemetric data of developing track defects with their exact location, 
how the defects develop with the time under given traffic load and with what rates 
(dynamic of deterioration). The IPW will get alarm, when he will have to interfere by repair 
or maintenance. This method includes also the monitoring of turnouts.

The standard passenger coaching stock of INR is commissioned for a maximal 
speed of 110 kmph. The new stocks of LHB coaches, commissioned for 160 kmph, 
with the Bombardier/Fiat Bogies, have a different oscillation frequency, and the 
vertical and horizontal sways are better damped; see Paragraph 20.12.4.  The
problem with the standard passenger coaches is the “nosing” in resonance with 
horizontal track alignment irregularities of welded 13 m rail panels. If one sleeps in a 
sleeper coach at one of the ends, one get often terrible disturbed by these oscillating 
horizontal movements (nosing jerks). In Response according Newton’s Third Law: 
“ACTIO = REACTIO” the track alignment gets lateral and horizontal disturbed.

The nosing of the Indian standard passenger coaches is a big problem for the INR 
Tracks. The remedies are longer milled rails, better aligned welds and new longer 
coaches with better damped more track friendly bogies. But exchanging the fleet of 
a stock of over  cannot be performed in short period. On LWR/CWR, 
constituting of welded 13 m rails (often poor aligned welds), Speed Increase is 
hampered because of 
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the track unfriendly running quality of the Coach stocks on those LWR/CWR. Not
the longer new LHB coaches with Fiat type bogies disturb the track at up to 150 
kmph, but the old standard coaches running max. 110 kmph are the track distorting 
culprits when running at the lower speed of 80 to 90 kmph.

Following the “NEWTON`S LAW MECHANISM” the acceleration rate ‘g’ values can be 
measured by an accelerometer, positioned as close as possible over the centre of the 
bogie or better direct on the axle box. They transmit INDICES for the TRACK 
DISTORTING FORCES the rolling stocks are exerting onto the rails. If a value of 0.35 ‘g’ 
for the horizontal acceleration is measured, this means that at the relevant speed a 120
tonnes locomotive will exert with its relevant bogie a horizontal (lateral) counter vector-
force of 60 x 0.35 x 10 = 210 kN onto the rail (note that 1 metric ton generates a force of 
say 10 kN). The cumulative track torturing forces of consecutive running trains can print 
dangerous UNDULATIONS into the track, as demonstrated by in Chapter 15 by Fig. 
15.4 and 15.6. Once this self-destroying Rail-Wheel process had been initiated by a 
certain degree of lateral and horizontal track distortion, the deterioration process 
continues with increasing (logarithmical) rate (velocity). Short wave length undulations as 
depicted by the Fig. 15.4 and Fig. 15.6 are therefore the most dangerous. Measuring of 
accelerometer indices with schedule passenger trains is a most valuable, effective, cheap 
and easy mode in order to describe the quality, state-of-affairs and the development of 
defects over the time of a track. The positioning can be determined with GPS location 
detection.

According US Standards horizontal acceleration indices over 0.35 ‘g’ and vertical indices 
over 0.5 ‘g’ of rolling stocks, especially of heavy locomotives, are regarded as unhealthy 
for the track.

Since the acceleration rates are speed dependent, train-speed has to be reduced, when 
the rates become intolerable high.

What counts is not so much the absolute value in mm of a misalignment measured by a 
TRACK RECORDING CAR, but what counts is the effect of the misalignment or track 
defect on the running wheel at given train speed, how the wheels jump over the defects 
and respond with what acceleration and deceleration values (in terms of corresponding 
extra impression forces measured in [MN/m²] inflicting according the Newton`s Law 
Mechanism further damage to the track in vertical as well in horizontal directions.

The DYNAMICS of the Rolling Stocks on the Track is what counts!!

TRACK SUB-STRUCTURE DIAGNOSTICS

Short wave vertical deviations have mostly their reason in poor ballast conditions; long 
wave vertical deviations are mostly caused by formation defects. Ground Penetration 
Radar is a method to detect formation troubles.

NON-DESTRUCTIVE TESTING METHODS FOR RAIL DEFECTS

Test Methods for Rail Defects are 
1. Ultrasonic Testing with Test Trains.
2. Eddy-Current Testing with Test Trains.
3. Video Recording with Tests Trains.

Those Methods are described in Chapter 15.



Unwanted nasty fatal Derailment-Disasters killing and injuring 
Train-Passengers on increase in India
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