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1. Purpose 
1.1 The purpose of this paper is to outline Railway Safety’s response to the 

attached report, and to summarise the actions being taken by Railway 
Safety. 

1.2 The report was commissioned under the Railway Safety Research 
Programme (RSRP), and prepared by Professor Smith.  The research 
was designed to provide a review of the issues surrounding rolling 
contact fatigue (RCF) and suggest areas for further work. 

 
2 Railway Safety response 
2.1 The report provides a sound summary and review of the background to 

rolling contact fatigue.  It provides a good introduction to the issues 
associated with the interface between the wheel and rail, and the 
consequent structural fatigue of the rail. 

2.2 Recommendation 
The report identifies several areas of potential research.  These include 
the effects of lubrication and the need for improved and automated 
inspection techniques. 

2.3 Response 
2.4 The areas identified are being incorporated into the future work of the 

RSRP in this area.   
2.5 Two current research projects taking this work forward are: 

• Rolling contact fatigue (RCF) risk model.  This work is to better 
understand the different factors and consequences of RCF in order 
to enable the industry to better prioritise control measures and 
manage the risks.   

• Rolling contact fatigue (RCF) physical model.  To develop a 
model(s) to describe the physical processes that lead to the 
initiation and propagation of RCF cracks and to better understand 
the likelihood of RCF developing into rail breaks.  

2.6 Both of these projects are planned to be completed towards the end of 
2003. 

2.7 There is also research and development into the various causes, 
effects and mitigations of RCF, including consideration of wheel/rail 
lubrication processes, the acoustic monitoring of rail conditions and 
wheel impact measurement. These projects will complete at different 
times but should all be available by the middle of 2003. 
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Head of Engineering Research 
Research and Development Programme 
Rail Safety and Standards Board 
jim.lupton@rssb.co.uk 
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Summary 
This report considers some general features of our knowledge of fatigue 
which are particularly relevant to rolling contact fatigue (RCF) of rails. 
 
Some gaps in our knowledge are identified. Caution is expressed about the 
likely accuracy of quantitative predictions of the interactions between wear 
and fatigue processes. 
 
The effects of lubrication and the need for improved and automated inspection 
techniques are amongst the topics requiring further work. 
 
It is argued that the industry should generate a more extensive database of 
the occurrence of RCF, that existing knowledge be catalogued and that 
international exchanges of experience of RCF be encouraged. 
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INTRODUCTION 
 
 
The Hatfield derailment of 17 October 2000, has prompted many studies to be 
undertaken on the phenomenon known as rolling contact fatigue (RCF) of 
rails. 
 
We should recognise from the outset that this is not a new problem nor is it 
confined to the UK. In fact, it is a well known problem common to railway 
authorities throughout the world. The management and control of RCF has 
generally been achieved through programmes of inspection and grinding. The 
widespread extent of the problem which was discovered across the UK 
network subsequent to Hatfield was probably due to the relatively low use, in 
recent years, of grinding and the lack of utilisation of automated inspection 
techniques for the detection of rail cracks.  
 
Knowledge of rolling contact fatigue in rails has been publicly available in 
books, papers and conference reports for the last 20 years. The great 
attention given to this problem over the last year has rediscovered some (but 
not all!) of this information. It has also served to advance our knowledge of 
some of the practical details of railway operation in the UK which affect the 
problem. Much of this knowledge has been generated from studies on 
cracked rails removed from service, but it is a matter of regret that, after 
inadvertently conducting the largest experiment of rolling contact fatigue in 
history, not enough efforts were directed to capturing more of the information 
generated: from the greater than 2000 crack sites discovered, only 138 
samples of cracked rails were recovered and subsequently examined. A huge 
opportunity has therefore been insufficiently exploited. 
 
Several major reports have been issued describing the reason why the 
conditions which arose on the UK network arose, the basic known facts about 
rolling contact fatigue, including the particular manifestation know as gauge 
corner cracking, and what might be done to contain, manage and possibly 
eliminate the problem. 
 
It is not the purpose of this brief report to repeat all this detail. Instead it aims 
to highlight those areas of the problem which require further attention, both in 
a fundamental sense and in practical aspects. 
 
Nearly all the material produced during the last year has discussed the special 
case of the fatigue of rail. It is worth stepping back from this position to first 
consider fatigue in general, because the principal observations which arise 
are equally applicable to the particular case of the fatigue of rails. 
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FATIGUE IN GENERAL 
 
 
Fatigue was first recognised as a problem with failures associated with 
railways from the 1840s. Axles in particular caused problems and much early 
work was directed to failures of these in particular. Rails, of course, fractured: 
largely because of lack of resistance to impact load of the brittle iron materials 
used and because of excessive wear. Both problems were eased by the 
introduction of steel to replace wrought and cast irons from the 1860s on. 
 
Much of the detailed experimental work was conducted in Germany, by 
Wöhler in particular. His work elucidated some of the key facts of fatigue:  
 
• That cyclic, rather than static, loads lead to failure 
• A fatigue limit(ing) stress existed for steels. That is, lives greater than 106 

or 107 cycles could be achieved if cyclic stresses were kept below a 
experimentally determined fatigue limit. (This limit was about 1/3 of the 
static strength of the steel.) 

• That finite fatigue lives at cyclic stress levels above the fatigue limit were 
very sensitive to stress levels.  

• There is considerable scatter on life for a given stress range. Typically 
larger than an order of magnitude in life for a given cyclic stress level 
applied under nominally identical conditions to samples of the same steel. 
This has important repercussions for the prediction of fatigue lives. 

• Mean stress affects the life: compressive mean stresses around which the 
cyclic stresses are superimposed, retard or suppress fatigue: conversely 
high positive mean stresses shorten fatigue lives. 

 
All this early work was phenomenological and ignored study of the internal 
mechanisms which caused fatigue. This knowledge was slowly unravelled 
during the twentieth century, particularly in the post World War II years after 
failures in ships and the Comet jet aircraft. 
It is now common knowledge that fatigue is the result of the progressive 
initiation and subsequent propagation of cracks. 
 
Initiation  is typically accepted to involve crack development up to µ m 
Microcacks  are up to mm in size 
Macrocracks   are greater than mm, and up to as long as sizeable fractions 

of a metre. 
 
Quantification leading to so-called “laws” of crack development is relatively 
recent. 
As cracks get longer, this quantification becomes more reliable, through the 
use of a branch of mechanics known as Fracture Mechanics. 
The rate of crack growth increases strongly with crack size, over many orders 
of magnitude.  It is then possible to get what appear to be instantaneous 
failures. 

 3



 
In general crack detection and sizing techniques (non-destructive testing, 
NDT) have great difficulty with small cracks.  In practical applications, defects 
of surface length several to ten mm are the smallest we can reliably detect, 
although much smaller cracks can be sized under ideal laboratory conditions. 
 
The really important crack dimension which determines fatigue life is 
penetration into the load bearing area.  The ability of NDT techniques to 
penetrate below the surface is both very limited and limiting. The depth of 
defect which can be detected is therefore larger than the minimum length and 
this remains the Achilles heel of the practical monitoring and containment of 
growing fatigue cracks. 
 
Quantification of initiation is extremely poor, almost impossible, in real 
circumstances. Although lab based tests are claimed to confirm good 
correlations, extrapolation to service conditions is generally difficult. 
Real service loads, particularly those arising from dynamic effects, are often 
unknown and therefore achieving similitude between test and application is 
very difficult. 
 
Fatigue is often only one of several simultaneous failure mechanisms, for 
example, corrosion, creep (at high temperatures) and wear, are often present 
at the same time. Conjoint action is often not merely by linear superposition, 
as there are sometimes complicated interactions. 
 
Initiation is dependent on slip processes, governed by cyclic shear stresses. 
Propagation is generally governed by cyclic tensile stresses, and is caused by 
repeated plastic stretching and blunting at the crack tip. The classic 
explanation is that when a flat crack is opened by a tensile stress, stretching 
occurs normal to the existing crack tip, thus creating new surface at the now 
blunted crack tip. When the stress is then reduced back to zero, this new 
surface folds back on itself, ahead of the crack tip, thereby advancing its 
position. It is generally difficult to produce sustained crack growth by shear, 
the crack usually attempts to change direction in response to tensile stresses 
and to develop normal to the local principal stress. However, in a generally 
compressive field, such as that under a contact, early growth by shear is the 
only possible mechanism available to advance the crack. Only later, under the 
influence of bulk bending stresses in the body of the rail, does the crack grow 
by tensile opening and closing. 
 
Most experimental data is generated for constant amplitude loading: many 
applications have variable amplitude or even random loading. Superposition 
of the effects of different amplitudes is not trivial; there can be interaction 
effects which depend on the sequence in which the stresses are applied. 
 
If tests are carried out on nominally smooth specimens, life is dominated by 
the initiation phase. 
 
But in real situations fatigue is initiated at some form of stress concentration 
feature.  As the stress concentration becomes more severe, the initiation 
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phase becomes less important and propagation becomes the life determining 
mechanism. An important technological example is that of fatigue at welds, 
the toe region of which contains crack-like defects which immediately grow as 
micro or even macro cracks. 
 
Defects can range from microscopic metallurgical discontinuities to 
macroscopic holes. An example of initiation from a large internal defect is the 
“tache ovale” type of rail failure, now largely eliminated by improving the purity 
of steels via continuous casting etc. 
 
An important fact has been elucidated by studies on cracks growing from 
sharp notches. It has been recognised that conditions can be so severe in the 
vicinity of the notch that, although early growth is easy, when the crack 
emerges from the influence of the notch into the bulk stress field, the bulk 
stresses can be insufficient to “handshake” with the first notch phase of 
growth and the crack arrests. This so-called non-propagating crack will later 
be shown to be an important feature of cracks growing in rails. 
 
Appendix 1 is a paper, published more than two years ago, which reviews 
fatigue in a wide range of transport applications, Attention is particularly 
directed to the discussion on pages 218-219 on the problems associated with 
the fatigue of rails. 
 
 

Rolling Contact Fatigue (RCF) in Rails 
 
 
There are some particular features of fatigue in rails that distinguish it from 
general fatigue considerations. 
 
The stress concentration feature which causes the initiation of RCF cracks is 
not a geometric notch, but is the high stress field produced locally by the 
contact  between the wheel and the rail. 
 
The stresses which result are complex and governed by the detail of the 
wheel/rail geometry near the contact patch, the position of which is governed 
by, inter alia, curving behaviour, vehicle suspension characteristics, existing 
conditions of wheel and rail. 
 
The contact stresses are short range, intense and largely compressive, but 
produce cyclic shear stress ranges in the contact zone. 
 
These stresses are so high that every passage of every wheel over the rail 
causes irreversible damage either through the production of wear or the 
development of a crack. It is worth adding that these loads are transmitted 
down to the support and foundation of the rail in which they also cause 
damage which needs correction by maintenance in order to prevent increases 
in the dynamic component of load at the rail head. 
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The extremely high contact stresses and the enormous power density (ie. the 
power passing through per unit) concentrated at the contact under the vertical 
loads are enhanced by lateral (curving) and longitudinal (traction and braking) 
loads. In these circumstances, the initiation of cracks is almost  inevitable. 
 
The contact conditions are conveniently represented on a so-called 
“shakedown map”, see Figure 1 as an example. It should be remembered that 
these maps only refer to conditions at the rail running surface and thus are 
used to describe the possibility of the initiation of cracks, but are not 
applicable to questions of subsequent  deeper crack propagation. 
 
These contact stresses govern both the initiation and early growth and they 
differ in detail from “ordinary” fatigue, in that they are predominately 
compressive, but have reversed shear components during the passage of the 
load over the surface of the rail. 
 
Quantification of their effect is very difficult (impossible??) to obtain from lab 
experiments.  A little progress has been made over the last decade, but 
similitude with actual conditions in the railhead has proved elusive. 
Large scale tests have been performed (Nippon Steel) at great expense, but 
to little practical effect. New equipment has recently been commissioned in 
Germany and Austria, and results from these sources are awaited. 
 
A major component of information which is lacking is reliable field data for 
load distributions on the railhead and their variation throughout the life of the 
rail. 
 
A correlation with tonnage and vehicle type for the initiation and shallow 
propagation phases is key to managing this process. It should be noted that 
local features of track geometry can enhance stresses by dynamic effects and 
can therefore be instrumental in initiating fatigue cracks at particular locations 
along the track. 
 
The conjoint action we are concerned with is that of wear and fatigue, 
corrosion is secondary. (Corrosion at the head of the rail is removed with 
every passage of the wheel and in this sense is indistinguishable from wear. 
Gross corrosion at the foot of the rail is, of course, a separate matter.) 
 
If we can quantify the simultaneous actions of these two processes, we can 
rationally manage the maintenance of the railhead (profile). 
 
The change over from contact stress control to the control of the progress of 
the turned down crack by the bulk stresses is very important as far as safety 
is concerned.  It is difficult to predict or indeed to observe by NDT when and 
where this will happen.   
 
There can be sufficient residual life after turndown to enable the rail to remain 
in service until replacement can happen.  To quantify how much service life is 
left, we need to know about service loads (again), what bending stresses they 
produce and residual stresses from manufacture and laying. Although our  
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Fig 1. On this simplified typical 
“Shakedown Map”, the vertical axis is the 
maximum contact stress divided by the 
appropriate shear yield stress of the rail 
steel. The horizontal axis is vector sum of 
the lateral and longitudinal forces acting in 
the plane of the top of the rail, normalised 
by the vertical wheel load. 
As the traction coefficient increases, less 
contact stress is needed to initiate plastic 
flow and therefore the initiation of cracks by 
gross plastic deformation or ratchetting. 
Some operational factors which increase 
the severity of loading are indicated. 
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Lack of lubrication 
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knowledge of bending stresses due to the regular passage of the wheel is 
high, the effects of irregularities on both the wheel tread, for example flats or 
out of roundness, and on the rail head, are difficult to predict with the same 
certainty. The values of residual stresses both from manufacture, 
straightening on laying and continuous welding, are, in general, not well 
known. 
 
Many of these questions can be answered empirically and practically, by 
observations taken in rails removed from service, coupled with knowledge of 
their service load histories. Indeed, was potentially the greatest value output 
item from this whole episode, and as has been previously mentioned, it is a 
matter of regret that this opportunity has not been comprehensively grasped. 
 
It is worth summarising the three stages of initiation and growth of fatigue 
cracks in rails. 
1. Cracks are initiated by severe plastic flow at and just below the surface of 

the head of the rail. The initially high growth rate is rapidly attenuated as 
the crack deepens into the rail. These cracks are inclined at a very shallow 
angle, about 15 degrees, to the head of the rail and in the same direction 
as the direction of the passage of wheels. The severe plastic strains in this 
region locally modify the metallurgical structure of the rail. 

2. Continued propagation in the same inclined direction occurs under the 
influence of the stress field produced by the wheel rail contact. The 
reversed shear stresses which cause the growth, first increase with depth 
causing an acceleration, but then decease with distance from the contact 
causing a slowing down. Typically the effect of the contact stress field 
extends some 10 to 15mm below the surface. 

3. The interaction between the contact stress field and the bulk stresses in 
the rail causes, by an imperfectly understood criterion, a branching, either 
up or down. Upward branching leads to a flake of material becoming 
detached. Downward branching, at an angle of about 70 degrees 
inclination, can cause continued propagation until a fracture of the rail 
occurs. 

The sequence of growth rates of cracks is therefore initially high, followed by 
a dip before “handshaking” with the increasing rates of stage 2, which then 
decrease to a further handshake with stage 3. It is important to realise that the 
handshake between each stage is not automatic and crack arrest is possible. 
Not all initiated cracks inevitably lead to failure. For example we might 
envisage very low bending stresses which are insufficient to couple stage 2 
with stage 3. Furthermore, there are interactions with the prevailing wear rates 
at the head of the rail (discussed later). 
 
There are parallels here to the sequence of events in fretting fatigue (in the 
failure of axles under the press fit between wheel and axle) and in thermal 
fatigue (in the failure of brake discs). Study of these parallels may serve to 
inform the rail fatigue problem. 

 8



 
 

Interaction with wear 
 
 
The service life of a rail is determined by the conjoint action of wear and 
fatigue. As a physical deterioration process, wear has been much studied but 
remains very difficult to predict over the wide variety of situations in which rail 
is used. Of particular importance to rails is the corrosive influence of the 
atmosphere (for example wear in tunnels is, in general, much greater than in 
open air, probably due to poor dispersion of corrosive fumes etc.). In general, 
wear rates are empirically related to particular circumstances by only order of 
magnitude correlations. 
 
Since for a given stress level, the life for both the fatigue and wear 
mechanisms can rarely be estimated to better than an order of magnitude, we 
should not expect any improvement of this in the case of rail fatigue, 
particularly when it is born in mind that the loads (stresses) cannot be defined 
accurately at a given location. 
 
The interaction of fatigue and wear is important because at its simplest level, 
if the wear rate at the head of the rail is high, then cracks will be worn away 
faster than they can form. 
 
More subtly, the three stages of growth of crack previously discussed, need to 
“handshake” as stage 1 changes to 2 and 2 becomes 3. This changeover 
occurs at a minimum  growth rate, which might be higher or lower than the 
wear rate at the head of the rail. Crack arrest is therefore possible if the 
handshake growth rate is lower than the wear rate. The details of these 
interactions are currently being studied in the AEATechnology Whole Life 
Model supported by theoretical work from Dr. A Kapoor of the University of 
Sheffield. 
 
 
 
SCIENTIFIC RESEARCH NEEDED TO UNDERSTAND RAIL FAILURE 
 
Although considerable information of RCF in rail exists as a result of many 
studies conducted in various countries over the last two decades, some key 
gaps in our knowledge still exist.  The following appear to be the main 
background scientific gaps: 
 

Crack initiation and wear 
 
The thin surface layer immediately under the wheel/rail contact is subjected to 
severe loading conditions. The initial stages of wear and fatigue are 
essentially identical.  The material accumulates damage and fails locally.  The 
rate at which material detaches as wear debris, must be greater than the 
deepening of cracks if fatigue is to be avoided.  Currently the quantification of 
wear is order-of-magnitude, as is our ability to quantify initial crack 
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development.  Research is needed on parameters such as initial roughness of 
both wheel and rail, the role of hydrostatic compression on extending ductility 
and on the detailed mechanics of the stresses arising from combinations of 
new and worn wheel and rail profiles, and the effect of longitudinal and 
tangential stresses. 
 

Crack propagation by contact stresses 
 
As cracks deepen and grow away from the severely stressed surface region, 
the sub-surface contact stresses control their development.  More detailed 3-
dimensional models need to be developed and combined with fatigue crack 
growth properties of materials subjected to equivalent complex stresses.  
Some particular features, which need further understanding, include: 
 
• the effect of the crack surface roughness on the developing cracks.  It is 

reasonable to assume that over part of the loading cycle, the rough crack 
faces interlock and reduce sliding motion along the direction of the crack.  
Continued cycling may smooth the crack surfaces, wear debris may 
become detached and act as rollers to facilitate crack movement.  This 
problem is connected with the theories of enhanced crack growth due to 
fluid entrapment.  Despite much previous research, it is not clear if fluid 
pressurises the crack, thus enhancing growth rates, although order-of-
magnitude calculations suggest it may. 

 
• the residual stresses in the rail are vital in determining around what mean 

stress the cyclic fatigue stress operates. 
 
• the residual stresses locked into the rail head during manufacture need to 

be measured.  Investigations on the modification of these stresses by the 
severe surface stresses need to be made.  Thus detailed examinations 
need to be made of rails of various grades at various stages of their 
service lives. 

 
Crack propagation controlled by bending stresses 

 
At a later stage of RCF crack growth a transition is made from control by 
contact stresses to control by bending stresses.  The exact criterion governing 
the changeover from cracks propagating at a shallow angle to cracks turning 
down and propagating into the body of the rail is as yet unclear.  Furthermore, 
what causes some cracks to turn upwards leading to the detachment of large 
flakes of material needs elucidation.  Models need be developed to quantify 
the turned-down growth phase.  These models need to understand, inter alia, 
the effects of manufacturing residual stresses, continuously welded rail 
(CWR) stress and its variations with temperature, rail section shape and size, 
sleeper spacing and dynamic loading due to wheel flats, out-of-round wheels 
and surface irregularities on the rail head.  Any steps that can be taken to 
reduce the bulk bending stresses and lower the mean stress around which 
they operate will reduce the possibilities of turned-down cracks propagating to 
failure. 
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All the phases of the development of RCF cracks are currently being brought 
together in a so-called Whole Life Model. The above work will serve to 
enhance the credibility of this model and make it a more realistic tool for the 
guidance of maintenance. 
 

Similitude between laboratory and field conditions 
 
In common with all areas of fatigue, great care needs to be taken in 
establishing similitude between conditions applied to sample specimens in the 
laboratory and what is actually happening in real rails in service. A major 
problem here is the appropriateness of the size scale to which non-linear 
plastic deformation effects are applied to a small crack near the head of the 
rail.  The crack is effectively surrounded by a sea of plasticity: a condition 
which is often not matched in the laboratory.  Thus the values of material 
properties such as crack growth rates and thresholds may be changed 
because of these effects. 
 
Furthermore, laboratory tests often fail to match the dynamic stresses to 
which real rails are subjected. These dynamic effects are, of course, amplified 
by speed and the magnitude of enhancement for various kinds of irregularities 
needs clear elucidation. 
 
It would therefore be valuable to establish a monitored section of mainline, 
which would provide, over a number of years, detailed data on the 
development of RCF over a range of rail geometry and condition. 
 
PRACTICAL ASPECTS AND MAINTENANCE STRATEGIES 
 
Despite a huge volume of work over the last few decades, clearly catalogued 
field observations of the extent, development and rate of fatigue development 
and/or wear are still sparse. The data collected after the Hatfield accident will 
contribute much useful information.  But there still exists the need for the 
collection of much more information from the field for many types of operating 
conditions.  It is important that such information is disseminated as widely as 
possible throughout the world’s railway industry. 
 
It is clear that a competition exists between wear and the development of 
rolling fatigue cracks in rails.  Historical trends towards decreasing wear rates 
coincide with increasing rail break problems.  Only by better quantification of 
both wear and fatigue, can rational choices be made of lowest economic wear 
rates which will eliminate rail failures.  In situations where crack initiation is 
unavoidable, the progress of cracking can be checked by appropriate rail 
grinding: but again, rational and economic strategy needs quantitative 
understanding.  
 
Lubrication, applied to reduce flange wear, needs to be properly understood, 
otherwise fatigue problems may increase.  The balance here is between 
reducing wear and reducing the tangential stresses which enhance crack 
initiation, and the possible enhancement of crack growth away from the 
surface by the presence of the lubricant. In simple terms, where lubrication is 
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used to reduce severe wear of either rail or wheel flange on, for example, 
small radii curves, care must be taken to ensure that the reduced wear does 
not allow fatigue cracks to deepen. 
 
The inspection of rails for cracking is expensive, but necessary. Automated 
techniques, coupled with locational identification have been developed and 
are being improved.  But surface measurement alone may not give sufficient 
information.  Accurate sizing of the extent of cracks below the surface 
continues to pose problems.  In particular, any methods which reliably and 
unambiguously identify cracks, which have started to turn down, would be 
extremely useful.  Although this happens at the later stages of the fatigue life 
of the rail, knowledge and confidence of the likely life remaining after this 
event would help to avoid the necessity for imposing the kind of speed 
restrictions which were deemed to be vital after the Hatfield accident. 
 
Recent reports have emphasised the containment and management of the 
RCF problem, but little has been said of the need to make judgements on 
safety and remaining life of rails when cracks are discovered. A particular 
problem is that the visible surface development of cracks is an unreliable 
guide to the depth of penetration of cracks below the surface and hence their 
potential for causing fracture. In many cases what appears to be extensive 
surface cracking need not cause concern about the imminence of failure. If a 
“proof test” method could be found, a period of safe operation could be 
guaranteed. A “proof test” involves the application of stresses in excess of the 
service stresses. If the component survives, a life equal to that corresponding 
to the crack growing from the smaller critical crack size due to the proof load 
to the larger crack size corresponding to the working stresses, can be 
guaranteed. The beauty and strength of this technique, which is well known in 
the pressure vessel industry, is that the test cannot fail to identify a crack 
greater than that set by the proof test level – such a crack would cause failure 
and enforced retirement! Such a technique would require more detailed 
information about the propagation of cracks in the deep bulk zone. 
 
The use of grinding to contain the development of RCF cracks is well 
established. However, its practical application needs a clear strategy on the 
balance to be struck between removing cracks and the control of head profile 
and longitudinal rail profile. An established rule of grinding is “little and often”. 
Work needs to be undertaken to establish practical limits of depth of cut, heat 
input and shape control in order to better quantify this empirical rule. 
 
Although much is known about the interactions of wheel profile and rail head 
shapes, detailed work on particular combinations is still needed. The rapid 
establishing of conformal contact conditions is desirable, but not always 
possible on mixed traffic routes. 
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Further general considerations 
 
Despite all the recent efforts, a comprehensive catalogue of published work 
has not yet been produced. This should include a detailed survey of books, 
journals, papers, project reports and conference proceedings. Such a 
gathering could form the basis of an international effort of information 
exchange. 
 
Within the UK, a great deal of work was performed and published by the 
former BR Research. The results of this work, the present author 
understands, remain in the public domain (at least as far as the ex-BR railway 
industry is concerned). At the moment access to this material is difficult, ways 
need to be found to catalogue what is available and to improve access 
(perhaps the custodians should be changed?). 
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