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Executive Summary 

In July 2011, the Transportation Technology Center, Inc. (TTCI), coordinated the joint Federal 
Railroad Administration (FRA)/Association of American Railroads (AAR) Workshop on Rolling 
Contact Fatigue (RCF). The workshop was held at the Congress Plaza Hotel in Chicago, IL. The 
objective of the workshop was to establish an understanding of the root causes for RCF and the 
procedures to eliminate, control, or mitigate the effects of RCF under passenger, freight, and 
mixed passenger/freight operation. Of particular concern is the impact of RCF on rail safety into 
future rail operations in North America, particularly with the advent of high-speed passenger rail 
operations. The workshop was tasked to identify any gaps in the current knowledge base so that 
timely research may be focused on these gaps in the near future. 

RCF on rails came to prominence when it was identified as the root cause for the Hatfield 
derailment in the United Kingdom (UK) in October 2000. Subsequently, much research has led 
to the introduction of rigorous maintenance standards on European railroads to ensure safety. In 
addition to safety concerns, RCF leads to wheel and rail degradation and reduced service life. 

The workshop was conducted over 2 days. Because implications of RCF differ for passenger and 
freight operations, two moderators were chosen to represent each point of view: John Tunna 
from FRA represented the interests of passenger operations and Semih Kalay from TTCI 
addressed freight issues. A series of 13 technical presentations and a panel discussion reflected 
various points of view on RCF implications, the current state of knowledge, and what still needs 
to be understood. The workshop was concluded with a moderated discussion, summarizing 
workshop results and identifying research needs. 

Results of the workshop clearly indicate that there is much to learn about the root causes and 
potential effects of RCF. One of the lessons from Hatfield is that those in charge of the railway 
did not see the problem coming. This highlights the need for research that will help the rail 
industry in North America be better prepared for the likely introduction of new equipment and 
traffic patterns over the next few years. 

A great deal of work has been done already. For example, extensive laboratory and field testing 
by Deutsche Bahn, Voestalpine, and others have allowed the INNOTRACK project to compile 
recommendations for rail grade, based on curvature versus tonnage or the surface condition of 
the rail being removed. Sophisticated wheel/rail roller rigs have been developed. In other 
projects, the Whole Life Rail Model (WLRM), based on T-gamma (Tγ) and developed in the 
UK, is used extensively; other models are currently in development.  

A flowchart was provided (see Figure 1) that gives a good overview of the factors influencing 
RCF. It provides a useful way of breaking down the problem and of identifying blank spaces in 
our knowledge. 

Many potential future research needs were identified. A few of the most important needs are 
summarized below. Nearly all apply to passenger, freight, and mixed traffic operations. 

• Interest centered on industry sponsorship of shared vehicle track interaction models along 
with standardized input data. 

• Calibration of damage functions to theoretical models is essential. Factors include wheel and 
rail material properties, traffic conditions, and climate. 
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• Measurement of RCF (crack size, depth, density) is essential to effective RCF management.  

• Although it is not expected that squats will arise as a problem for shared traffic corridors, 
squats are a threat on dedicated high-speed lines.  

• Tγ is probably the best available tool for rail RCF prediction. The AAR/TTCI is currently 
using Track-Ex to apply the Tγ approach. 

• The National Research Council Canada (NRC) roller rig in Ottawa is a convenient resource 
for, particularly, wheel steel RCF calibration and a possible resource for rail RCF calibration. 

• Traditional belief is that in heavy haul operations, cracks are unlikely to turn down. 
However, according to Australian experience on ultraheavy haul lines indicates that cracks 
do occasionally turn down potentially leading to broken rails.  

• The costs and benefits of remedial procedures need to be accurately quantified. 
All participants agreed about the need to follow up on the issues discussed. Information 
exchange regarding RCF is needed beyond this workshop to provide practitioners day-to-day 
management tools for RCF. 
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1. Introduction 

In July 2011, TTCI coordinated a joint FRA/AAR Workshop on RCF. The workshop was held at 
the Congress Plaza Hotel in Chicago, IL. The objective of the workshop was to establish an 
understanding of the root causes for RCF and the procedures to eliminate, control, or mitigate its 
effects under passenger, freight, and mixed passenger/freight operation. Of particular concern is 
the impact of RCF on the future of rail safety in North America, particularly with the advent of 
new and expanded high-speed passenger rail services. The purpose of the workshop was to 
identify gaps in the current knowledge base and to focus timely research efforts on them in the 
future. 

RCF on rails came to prominence when it was identified as the root cause for the Hatfield 
derailment in the UK in October 2000. Subsequently, much research has led to the introduction 
of rigorous maintenance standards on European railroads. In addition to safety concerns such as 
rail fracture  or interference with internal rail flaw inspection, RCF leads to wheel and rail 
degradation and reduced life. 

Wheel/rail RCF can be defined as one or a combination of crack formation, material flow, and 
wear of the running surface of the wheel or rail, leading to degradation of this surface, higher 
vertical forces, and premature failure of the wheel, the rail, or the accelerated degradation of the 
vehicle and track structure. Premature failure can lead to a reduction in safety performance; 
degradation can lead to unacceptably high maintenance costs. 

North American freight railroads are currently investigating the root causes for RCF under heavy 
axle loads (HAL) (286,000-pound (lb) cars or 32.5-metric ton axle loads) to further improve 
current wheel and rail life. However, North America is likely to see new and or expanded high-
speed passenger rail equipment and traffic patterns on both new, dedicated and mixed 
passenger/freight operations. The need is to more fully understand the impact of these operations 
on RCF and capital and operating costs. 

1.1 Objectives 
The workshop was intended to help determine RCF research needs for FRA and AAR to 
improve the safety of passenger, freight, and mixed passenger/freight operations and to identify 
RCF technical parameters critical to the safe and efficient operation in the evolving North 
American railroad environment. Specifically, the workshop was intended to: 

• Establish the current worldwide knowledge base of the root causes for RCF and 
applicable technologies useful to improve safety, extend wheel/rail life, and reduce 
maintenance costs. 

• Identify technologies and standards to support improved safety and reduction of 
operating costs and  

• Identify gaps in those technologies and standards. 

• Identify potential resources or solutions to fill these technology gaps. 
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1.2 Overall Approach 
An organizing committee was established to develop the conference agenda, invitees, and venue. 
The committee members were Ali Tajaddini from FRA, Jeff Gordon from the Volpe National 
Transportation Systems Center (Volpe), as well as Richard Joy and Harry Tournay from TTCI. 

The workshop included a series of 13 technical presentations, and a panel discussion reflecting 
various points of view on RCF implications, the current state of knowledge, and what still needs 
to be understood. The workshop was concluded with a moderated discussion, summarizing 
workshop results and identifying research needs. 

1.3 Organization of the Report 
Section 2 provides an overall description of the workshop; Section 3 summarizes the problem 
definition from the FRA and AAR points of view; Section 4 provides a brief summary of each 
technical presentation; Section 5 summarizes the wheel and rail suppliers’ panel discussion; 
Section 6 describes results of the moderated discussion summarizing workshop results/identified 
research needs; and Section 7 summarizes and draws conclusions from the workshop results. 
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2. Workshop Description 

There were 36 participants, 28 from North America and 8 from overseas. Workshop participants 
were chosen to represent a diverse range of wheel and rail RCF experience on freight and 
passenger rail systems. Table 1 lists the participants. 

The workshop was led by two moderators, John Tunna and Semih Kalay. Kalay focused on 
issues surrounding heavy haul freight, and Tunna concentrated on passenger rail. Both 
moderators considered issues surrounding mixed traffic.  

Each moderator provided opening remarks and a discussion of the workshop objectives and 
problem definition from his perspective. The introductions were followed by 13 formal 
presentations on topics chosen by the steering committee. This was followed by a panel 
discussion among the wheel and rail suppliers that was moderated by Gary Carr of FRA. 
Following the panel discussion, Kalay and Tunna presented a summary of key points raised, with 
emphasis on the research needs identified. This was followed by a discussion period during 
which a moderator’s comments were augmented and modified. 
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Table 1. Workshop Participants 

Name Company Country 
Peter Mutton Monash University Institute of Railway 

Technology (Monash-IRT) 
Australia 

Richard Stock Voestalpine Austria 
Eric Magel National Research Council of Canada (NRC) Canada 
Katrin Mädler Deutsche Bahn Germany 
Makoto Ishida Railway Technical Research Institute (RTRI) Japan 
Anders Ekberg Chalmers University of Technology Sweden 
Paul Molyneux-Berry Manchester Metropolitan University UK 
Mark A. Dembosky Network Rail  UK 
Ken Timmis Rail Safety and Standards Board (RSSB) UK 
Cameron Lonsdale Amsted Rail United States 
Steve Chrismer Amtrak United States 
Conrad Ruppert Amtrak United States 
Joe Smak Amtrak United States 
Robert Nester ArcelorMittal United States 
Dennis Morgart BNSF Railway United States 
Darrrel Iler Canadian National Railway Company United States 
Wain Strickland CSX United States 
Dan Daberkow Evraz Rocky Mountain Steel United States 
Glenn Eavenson Evraz Rocky Mountain Steel United States 
Gary Carr FRA United States 
Carlo M. Patrick FRA United States 
Ali Tajaddini FRA United States 
John Tunna FRA United States 
Dan Stone Hunter Holiday Consulting United States 
Brad Kerchof Norfolk Southern Railway United States 
Steven Dedmon Standard Steel United States 
Scott Cummings TTCI United States 
Richard Joy TTCI United States 
Semih Kalay TTCI United States 
Al Reinschmidt TTCI United States 
Daniel Szablewski TTCI United States 
Harry Tournay TTCI United States 
Huimin Wu  TTCI United States 
Sam Atkinson Union Pacific Railroad United States 
James M. Holder Union Pacific Railroad United States 
Jeff Gordon Volpe United States 
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3. Opening Remarks/Workshop Objectives 

Both moderators provided views on RCF-related problems facing the North American rail 
industry. As planned, Tunna’s remarks were more focused on passenger rail, and Kalay’s 
remarks were geared toward HAL freight.  

Tunna’s main exploratory objective was to better understand how to prevent RCF from causing 
safety problems in the United States in light of plans to increase the number and speed of 
passenger trains operating on freight corridors. Currently, regulations that give limits for RCF on 
rails or wheels do not exist.  

John recalled the experience at British Rail research in the 1980s in which a great deal of 
knowledge about the mechanisms surrounding RCF existed. However, in the 1990s due to 
restructuring of the railroad, corporate understanding of the means to measure, control, and avoid 
the deleterious effects of RCF was lost.  

Kalay noted that wheel tread and rail internal defects and surface damage are the primary causes 
of wheel/rail replacement in the North American freight rail environment. As of 2010, spending 
on rails grinding and replacement is $3 billion per year. Vehicle maintenance and replacement 
costs are approximately $2 billion per year, 56 percent of which is for wheelsets. 

With the large increases in rail life between 1994 and 2008, attributable to harder steels and 
improved wheel/rail interaction resulting in reduced wear, RCF has become a major degradation 
mode. In light of the sometimes conflicting requirements for shared track operations, the need to 
enhance understanding of RCF is immediate. 
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4. Technical Presentations 

RCF — A Comprehensive Review (Eric E. Magel — NRC Canada).  

Summary 
Magel presented a review of RCF based on a report sponsored by FRA. This report, Rolling 
Contact Fatigue: A Comprehensive Review (DOT/FRA/ORD-11/24), was posted online at 
http://www.fra.dot.gov/rpd/downloads/TR_Rolling_Contact_Fatigue_Comprehensive_Review_f
inal.pdf. Topics covered included RCF consequences, crack initiation, crack propagation, role of 
materials, monitoring technologies, management of RCF, rail grinding opportunities/needs, and 
systems for assessing vehicle track interaction (VTI) characteristics. 

Figure 1 shows a flowchart from the report that summarizes contributing factors to RCF. 

 

 

Figure 1. Flowchart Showing Factors Contributing to RCF  
(Eric E. Magel — NRC Canada) 

 

RCF on Rails and Wheels in Amtrak Service (Steve Chrismer, Joe Smak, and Conrad Ruppert 
— Amtrak and Ali Tajaddini — FRA, United States) 

Summary 
Chrismer and Smak discussed Amtrak’s experience with RCF, as well as results from an FRA-
sponsored study to mitigate wheel/rail wear and damage on the Northeast Corridor (NEC). A key 
challenge is dealing with the wide range of wheel profiles, conditions, and loads on the NEC 

http://www.fra.dot.gov/rpd/downloads/TR_Rolling_Contact_Fatigue_Comprehensive_Review_final.pdf
http://www.fra.dot.gov/rpd/downloads/TR_Rolling_Contact_Fatigue_Comprehensive_Review_final.pdf
http://www.fra.dot.gov/rpd/downloads/TR_Rolling_Contact_Fatigue_Comprehensive_Review_final.pdf
http://www.fra.dot.gov/rpd/downloads/TR_Rolling_Contact_Fatigue_Comprehensive_Review_final.pdf
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from mixed passenger and freight traffic. Evolution of Acela wheel profiles and NEC rail 
profiles was discussed along with rail grinding and friction management strategies. 

The FRA-sponsored study provided guidance to extend the service life of Acela wheels and NEC 
rail. NRC-design wheel profile and grinding patterns for rail are limiting wear and RCF damage. 
Despite conditions that could lead to RCF, little to no limiting wear or RCF damage was 
observed on the rails. This is likely the result of improved profiles, monitoring, and maintenance 
practices. 

Analysis to date suggests RCF remains under control because energy in the contact patch (Tγ) 
may be typically in the “Wear Only” regime. 

Discussion 

• The NEC accommodates up to 25 million gross tons (MGT) of freight annually on some 
parts of the lines.  

• Amtrak is a relatively small player in the contract grinding business, so grinding 
schedules need to be driven by the availability of grinders. 

UK RCF Models: Whole Life Rail Model and Wheel RCF Damage (Paul Molyneux-Berry — 
Manchester Metropolitan University Rail Technology Unit, Ken Timmis — RSSB, UK) 

Summary 
Molyneux-Berry began with an introduction to the Rail Technology Unit at Manchester 
Metropolitan University and a brief discussion of the Hatfield accident and how it affected rail 
safety research in the UK. This was followed by a description of the WLRM and a discussion on 
how it was developed as a result of renewed interest in RCF after Hatfield. The WLRM is based 
on Tγ, which is a measure of energy dissipation in the contact patch from tangential force and 
creepage. 

Factors influencing Tγ and RCF include curve radius, cant deficiency or excess (with cant excess 
generally worse), wheel and rail profiles (contacts near gauge corner are bad) vehicle suspension 
yaw stiffness, traction and braking forces, load conditions, and track irregularities. Comparisons 
between the WLRM and shakedown predictions are generally good. 

Although classic RCF is well predicted by the WLRM, other forms of damage exist for which 
other models are needed. Examples of damage include wear (for which several models exist), 
plastic flow, and low-cycle fatigue. A unique presentation tool is in use for which position and 
angle of forces and cracks are plotted using surface plots, the contact position and creep force 
angle is given as the position in a polar plot, and Tγ-magnitude is indicated by color. 

Discussion   

• A 250-meter (m) curve with cracks/plastic flow on the low rail and wear on the high rail 
was changed to premium grade (400, Hardness Brinell, HB). This led to RCF on the high 
rail and no plastic flow on the low rail.  

• The Hatfield rail was a 350-HB (not heat treated) rail. 

• Tγ is an empirical parameter. Changes may need to be made to the WLRM so that 
changes in friction, rail grades, etc., are considered. 
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Molyneux-Berry indicated that new RCF patterns were emerging from mixed passenger and 
freight operation on parts of the network. 

 
Wheel and Rail Fatigue Prediction (Anders Ekberg — Chalmers Railway Mechanics 
(CHARMEC) at Chalmers University of Technology) 

Ekberg presented research from CHARMEC. Much of this research was conducted under the 
European Community’s INNOTRACK project. Topics included the following: 

• Effect of operating conditions on fatigue 

• Mechanisms for surface initiated RCF and two RCF prediction models 

• Thermal loading of wheels and rails 

• Experience with RCF in Sweden 

• Subsurface initiated RCF 

• Prediction of RCF and wear in switches and crossings 

• Miscellaneous issues/considerations 
Surface-initiated RCF is related to ratcheting at the surface layer. Two RCF initiation models 
were discussed. The Tγ model uses a damage function that accounts for wear. The FISurf model is 
still under development, and it includes provisions for traction, contact patch size cyclic yield 
stress, normal load, and damage. Knowing the limitations of each parameter is important.  

Causes of wheel cracking range from (almost) purely thermal to (almost) purely mechanical. One 
problem surrounding thermal loading of wheels is that wheel heat induces compressive stresses 
that may cause tensile residual stresses. These can cause radial crack growth. In addition, cold 
temperature induces tensile stresses in all-welded rails that promote crack growth and fracture. 
The influence of cold on initiation is less clear. 

RCF problems (both on wheels and rails) in Sweden are significantly related to winter weather 
conditions. Root causes include the following: 

• Changes in steel properties (ductility, toughness, etc.) 

• Thermal stresses in rails 

• Frozen track bed (increased vertical loads in cases of wheel flats, hanging sleepers, etc.) 

• Increased friction causing wear, RCF initiation 

• Melting snow promoting RCF crack growth 

• Ice accumulation on trains, on rails, in switches, etc.  

• Decreased suspension capabilities/performance 
Subsurface-initiated RCF is caused by a combination of poor contact geometry, high vertical 
loads, and material defects. 

Further research is required to establish a more fundamental understanding and to develop 
current knowledge. Also, railroad and operator management initiatives need to deal with 
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unbalanced incentives. For example, increased traction, while potentially damaging to the rail, 
will not give much cracking on the wheel. This leaves little incentive for operators to decrease 
traction (because it will increase travel times, etc.). It requires sufficient knowledge to quantify 
the costs and benefits of mitigation strategies.  

RCF prediction using Track-Ex: root causes & remedies for RCF focusing on the relationship 
between track alignment errors & incidence of RCF (Mark A. Dembosky — Systems 
Engineering at Network Rail, UK) 

Dembosky provided an introduction to Track-Ex, a tool developed by Network Rail to predict 
wheel/rail forces. Track-Ex sacrifices some of the accuracy of the more common packages such 
as Vampire® and NUCARS® for simplicity and speed. Advantages include: 

• Quick and easily obtained estimates by relatively untrained staff 

• In-house owned software running on typical PCs 

• Uses new RCF findings from research sponsored by RSSB, the Vehicle Track System 
Interface Committee and others 

The model’s overall purpose is to help local staff identify and remediate damage and to become 
proactive, as well as to help central staff optimize standards, procedures, budgets, etc. At least 
200 people in the UK have now been trained in its use. Training consists of 2 days including 
some theory and a 1-day top-up course.  

The Tγ-model is included in Track-Ex. Work is under way for deriving a curve for head-
hardened rails.  

Under UK traffic conditions, most RCF on the high rail is induced by the leading axle. On the 
lower rail, the leading axle causes metal flow, and the trailing axle causes crack growth. Track-
Ex approximates Tγ by using tables pregenerated by Vampire. The tables output Tγ is based on 
curvature and cant deficiency. Previous versions of Track-Ex simply interpolated the vehicle 
dynamic matrixes values by using curvature and cant. It often underestimated RCF, especially in 
shallow curves, because it took no account of track alignment variations. The Track-Ex Quasi-
Dynamic prediction now used is a compromise: an 80/20 “cheat” based on Klingel motion. 

The Route/Fleet Analysis function produces results from an entire fleet over the entire route for a 
specific method.  

Track-Ex is a tool established in the UK and used for many applications. It is important to 
consider how much accuracy is actually needed and whether a simplified model such as Track-
Ex may be sufficient for the applicable task. 

Discussion 

• Q. How sensitive is Tγ to lateral alignment and cant deficiency?  
▬ A. Very sensitive in some cases. 

• Q. Is there any part in the UK with similar fleets where the RCF can be correlated with 
the model?   

▬ A. Yes, there are some spots where this has been done. 

• Q. How much is the Klingel wavelength likely to be “smeared out” with a mixed fleet?  
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▬ A. On high-speed lines the wavelengths are consistent. The wavelength on 
commuter lines varies from the high-speed lines by maybe 5 m. 

• Note that Track-Ex is currently being used in the UK to evaluate vehicle performance 
during the procurement process. 

Wheel and Rail Material Concepts to Control RCF and Wear (Katrin Mädler, Detlev Ullrich, 
Rene Heyder, Andreas Zoll, Marcel Brehmer, and Henri Bettac — Deutsche Bahn AG, DB 
Systemtechnik, Germany) 

Summary 
Deutsche Bahn has 67,440 kilometers (km) of track, 66, 875 switches and crossings. Passenger 
and freight operations include approximately 27,000 passenger trains and 5,000 freight trains per 
day. Maximum speed is 300 km/hour (h) for passenger and 120 km/h for freight, with a 
maximum axle load of 22.5 tonnes (t).  

Head checks were first noticed in the 1980s, but there has been an enormous increase in the past 
10 years. Rail problems include the following: 

• Rail wear on sharp curves 

• Rail wear and head checks on curves less than 3,000 m  

• Head checks on curves between 3,000 and 5,000 m  

• Corrugations, Belgrospis (RCF cracks associated with corrugations) and squats on 
tangent track  

Rail material on Deutsche Bahn is mainly R260 and R350HT. Extensive long-term field tests 
were conducted between 1989 and 2009 with eight pearlitic and three bainitic rail grades. 
Bainitic steels did not show any RCF cracks. Two of them had relatively high wear, but 1400CrB 
showed also very low wear rates. These will now be adopted in curves 1500 < R < 3000 m.  

Three test stands are available in Kirchmöser, a heavy load wheelset test stand, a linear test stand 
for track components, and a wheel/rail system test stand. The wheel-rail system test stand started 
in1999 as a rolling test stand, yet in 2010, with modifications, it was used as a linear test stand to 
analyze track components including rails, frogs, and tongue rails In addition, frog testing is being 
conducted on a field test site near Hanover.  

Also, wheel surface RCF has increased enormously in the past 10 years. Subsurface-initiated 
RCF also shows a slight increase. Europe often uses a softer wheel material than the rest of the 
world. Field tests results were very positive for harder wheel steels. Extended field tests starting 
in 2005 showed longer lifetimes for C64RMwheels. Wheel material grade has a strong influence 
on RCF damages of wheels. 

Although harder rail and wheel materials offer many advantages, the risks associated with higher 
notch sensitivity must be considered. 
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Discussion 

• Bainitic steels were used in the United States some years ago. They exhibited excellent 
RCF performance characteristics but more wear. Absence of a welding process was the 
main problem. Processes for both flash-butt and thermite welding have now been 
developed in Germany. The complication depends on the amount of alloying elements 
included.  

RCF in Japan and application of twin disk machines: nature of wheel and rail RCF, root 
causes and remedial action in Japan (Makoto Ishida — RTRI, Railway Mechanics & Track 
Technology, Japan) 

Summary 
The main types of rail RCF seen in Japan are squats, gauge corner cracking, and head checks. 
The white etching layer is significant in the formation of squats. Wheel RCF consists of deep 
shells (also influenced by the white etching layer) and heat checks. The balance between RCF 
and wear is a key issue. Derivations of contact stresses under hertzian conditions and with rough 
surfaces were compared. Stresses are considerably higher when roughness is considered. 

Testing has resulted in a diagram of needed grinding depth (millimeters per 50 MGT) as function 
of accumulated passing tonnage. Rail grinding was implemented on the Tokaido–Shinkansen 
line in 1993. This drastically reduced the number of defects. Examples of existing defects 
(basically on other lines than the Shinkansen) are closely spaced squats in connection to white 
etching layers. In addition, gauge corner cracking and flaking are seen. These cracks typically do 
not grow deeply into the rail. Field measurements of the occurrence of head check in relation to 
the wear rate confirm that the balance of wear and fatigue is significantly important. 

RTRI has a rail/wheel high-speed contact fatigue testing machine. Laboratory results with 
various combinations of angle of attack, wheel profile, and lateral load are shown. The test rig is 
used for variation of wear with some experimental arrangements.   

Discussion 

• The gauge corner cracking usually occurs in curves approximately 600–1,200 m in 
radius. Also, “dark spots” are occurring on the gauge corner.  

• Roughly half of the RCF defects occurring in Japan are squats. More problems with 
white etching layers occur for head hardened rail grades. However, these are mainly used 
in tighter curves.  

• Flaking can be seen in sharp curves but also occasionally in shallow curves. 

Understanding the Root Causes and Remedies for Wheel and Rail RCF in Freight Service in 
North America (Harry Tournay — TTCI, United States) 

Summary 
RCF can be defined as crack initiation and propagation, material flow, and wear. 

In North American freight service, RCF research is driven by the high cost of rails and wheels. 
Wheelset replacement costs in North America are approximately $800 million per year. In 2009, 
capital and operating spending per year on rail replacement and grinding for U.S. railroads was 
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approximately $3.2 billion in total. Head loss as the result of grinding low rail could be as high 
as 50 percent of total loss because of crack generation, wear, and material flow. 

Thermal mechanical fatigue (TMS) accounts for approximately 50 percent of all high-impact 
wheels. Root causes include high steering tractions and high wheel temperatures (mainly because 
of stuck brakes). Solutions include controlled friction, controlled rail profiles, improved wheel 
steels, improved steering trucks, and reduced/controlled wheel temperatures. However, it is not 
yet clear how to quantify the relative benefits of each of these preventative measures.  

Potential methods to establish the relative roles of causal mechanisms include twin disk and 
rolling load machines, in-service monitoring, and shakedown-based analytical tools. In-service 
monitoring is ongoing with different vehicle types. On the basis of shakedown analysis, 
improved steering trucks have led to an improvement up to 6.5 times. An improvement in RCF 
by using a modified bogie has resulted in increased wheel life. This improvement has been 
limited by an increase in asymmetric wheel wear, presumably as the result of asymmetric wear 
associated with the action of tread brakes bearing asymmetrically on the wheel treads; this is, in 
turn, the result of insufficient lateral guidance of the brake beams relative to the wheelsets.  

Going forward, a shakedown-based model is in development, with the use of fatigue/Ekberg 
functions to incorporate temperature as well as friction limiting effects. An energy approach is in 
development as well. Rolling load testing is still an option, but cost/practicality is under 
exploration. TTCI will continue to obtain in-service performance data. 

For rail, an energy approach has proven effective for predicting wear. In addition, material flow 
(lip growth) on the low rail can be quantified/predicted. Crack initiation remains difficult to 
quantify, in part, because of the variation found in the freight environment. Use of top of rail 
friction modifier has reduced wear, but cracks still occur on the top of the low rail. In very 
shallow curves, cracks that have a different pitch, depending on position, are a problem.  

RCF is found in one 5-degree curve on the Facility for Accelerated Service Testing (FAST) test 
loop at the Transportation Technology Center (TTC) near Pueblo, CO. This proves to be an 
important test bed for model development and calibration, because vehicle and track parameters 
are very well defined, resulting in accurately quantified values for loads and creepages at specific 
rail locations.  

Going forward, contact energy models will be used for determining wear, material flow, and 
crack formation. FAST is a good “rolling load machine.” Energy-based models are in 
development to simulate FAST conditions. In-service performance monitoring and simulation 
continues. Crack measurement methods continue to be assessed.  

Discussion  

• Q. How good are we in modeling the variation in operational parameters?  
▬ A. Not that good, particularly with respect to some bogie component 

characteristics (friction, stiffness, clearances, and tolerances); that is why we are 
interested in using instrumented wheelsets to qualify vehicles (and track 
parameters). We are also starting to trace several problems (e.g., asymmetric 
wear) back to their impact on the stress state of the system (stresses and loads on 
both vehicle and track).  

• Q. Can we rely on top of rail lubrication for safety measures?  
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▬ A. It is always better to address the root causes (e.g., the truck steering).  

• Q. Is the population of asymmetrically worn wheels related to cant deficiency?  
▬ A. No, it is a consequence of the action of the brakes; it then results in poor 

contact conditions: two-point contact, high lateral loads, wear, and rail rollover.  

• Simulations for predicting lateral loads are very sensitive to initial conditions.  

• Inclusion of temperature as a variable in predicting wheel RCF may be possible by 
reducing the value of k on the shakedown map and based on tested yield limits.  

RCF in wheels and rails: Australian heavy haul operations (Peter Mutton — Monash-IRT and 
Ajay Kapoor — Swinburne University of Technology, Australia)  

Summary 
Australian heavy haul today consists of the following:  

• The Pilbara in the northwest — iron ore service with 35- to 40-tonne axle loads, 1,435-
millimeter gauge, 68-kilogram rail  

• Queensland — metallurgical coal service with 28-tonne axle loads, narrow gauge (1,067 
mm), 60-kilogram rail  

• New South Wales — thermal coal service with 32-tonne axle loads, standard gauge,  
60-kilogram rail  

Current practices include use of wear adapted wheel and rail profiles, forged multiwear wheels, 
heat treated rails, and preventive rail grinding. On the iron ore systems, use of hypereutectoid rail 
steels increased. No lubrication occurs in 400- to 900-meter curves. On the coal systems, 
extensive lubrications are used.  

On the iron ore systems, rim shelling (“shattered rim”) defects were a major problem. Since the 
mid-1990s, the problem has been eliminated through improved wheels, prequalification of wheel 
suppliers, and ultrasonic testing before reprofiling existing wheels. There is also surface-initiated 
RCF on wheels, which develops after ~200,000–250,000 km at 37-tonne axle load operations.  

On the iron ore systems (37-tonne axle loads), wheel RCF develops in high-mileage wheels 
(>200,000–250,000 km). Defect initiation is the result of plastic deformation and ratcheting 
failure at the tread surface. Defects are addressed through implementation of microalloyed wheel 
grades and improved wheel maintenance (reprofiling at ~200,000–250,000 km, limiting tread 
hollowing to 3–4 mm, minimizing metal removal during machining). 

For the rails, reduced rail wear rates and RCF have been obtained by profile optimization, 
preventive grinding, and monitoring of rail surface conditions. However, no robust monitoring 
system exists today. As rail hardness increases, there is a tendency to have finer spacing of head 
check cracks, which can make them hard to detect. Transverse defects originating from railhead 
RCF have an increased tendency to occur at higher rail head losses.  

Localized RCF damage is associated with aluminothermic welds with increased cracking in 
softened zones as the result of reduced material strength. In addition, spalling is occurring in 
flash-butt welds on hypereutectic rails. This problem can be exacerbated by extending grinding 
intervals. 
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Monash-IRT and Rio Tinto Iron Ore are developing a revised rail grinding strategy pertaining to 
mainline heavy haul rail operations. This is a five-stage process: (1) data acquisition and 
assessment, (2) detailed simulation and analysis, (3) preliminary strategy development, (4) trial 
and monitoring, and (5) scheduling and implementation. 

Monash-IRT and Swinburne University of Technology are working to improve prediction of 
RCF damage for premium rail grades and extend the WLRM to heavy haul conditions. Monash-
IRT and Swinburne are collaborating on another effort to predict conditions under which 
transverse defect development occurs from RCF damage. There is also a proposed project on the 
behavior of rail welds in wheel/rail contact. 

Key issues still to be addressed include the following: 

• Understanding and managing the risks associated with RCF versus wear as the main 
damage mode 

• More effective method of quantifying surface-initiated RCF damage during rail 
inspection; this is important because crack depth data is required for planning rail 
grinding 

• Hypereutectoid rail grades 

• Influence of material properties on RCF initiation 

• Grinding requirements to offset reduced wear 

• Development of transverse defects from RCF damage in rails 

• Localized RCF damage associated with rail welds 

Discussion  
Q. [A] previous report states that transverse defects very rarely develop from head checks in 
Australia. Has that changed?  

A. It became apparent at railways where the minimum head dimensions are low. Also, 
these railways had standard carbon rail.  

 
Strategies to extend freight wheel life and eliminate failures in North America (Scott 
Cummings — TTCI, United States) 

Summary 
Wheel shelling, as the result of fatigue (RCF and TMS) and spalls (because of martensite from 
sliding), is a major concern in North American freight rail operations. The overall wheel tread 
damage problem is split about evenly between shells and spalls. Broken rims are third in 
frequency of all equipment accident causes. Broken rim wheels frequently exhibit increased 
impact loads before failure. 

There are three ways to reduce wheel shelling: (1) improve wheel resistance, (2) decrease 
thermal loading, or (3) decrease contact loads. This presentation focused on the first two. 

Improved wheel resistance comes from high-performance wheel steels. AAR is currently testing 
eight types of high-performance wheel steels in the field. Laboratory testing was completed in 
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2009. Durability testing at FAST and in revenue service is under way. The laboratory tests 
showed some wheels have substantially higher yield strength than AAR Class C wheels. All of 
the wheel types are performing well at 100,000 miles.  

To reduce Thermal Mechanical Shell (TMS), heat input should be controlled. The maximum 
acceptable operating tread temperature to minimize TMS is approximately 315°C (600°F). 
Wayside temperature detectors are being used to measure wheel temperature to attain a similar 
brake work load at all wheels in the train. A large variation currently exists between wheel 
temperatures in individual cars as the result of variation in brake shoe force and variation in 
brake shoe friction. 

Less than 1 percent of the wheels measured at a particular location in a grade had temperatures 
above 315°C (600°F). However, if the braking efforts could be evenly spread over the car, this 
could be reduced by a factor of 8. Sources for uneven braking include uneven brake levers. This 
also relates to the asymmetric wear that Tournay discussed. It is also an effect of the brake shoe 
composition.  

Going forward will require accurate quantification of the effects of TMS. This is difficult 
without a laboratory test. Wayside detectors do not provide continuous wheel temperature 
history. Furthermore, it is impractical to continuously measure wheel/rail tangential forces on a 
large sample size of wheels. The state of knowledge could be dramatically increased with a twin 
disc roller rig. 

Discussion  
Temperature is measured on the wheel tread using contacting thermocouples.  

Vertical split rims occur both toward the field side and the flange side. The field side is more 
common. 

 

Use of a rolling load machine to simulate and predict RCF (Richard Stock, Voestalpine 
Schienen GmbH, Austria) 

The Voestalpine experience is that the predominant failure mode on sharp curves is wear, on 
medium curves head checks, and on wide curves and tangent track squats. 

Voestalpine has a full-scale rail–wheel test rig with the capability of applying up to 40 t wheel 
load and 15 t lateral load. Both rail inclination and angle of attack can be varied. Simulation of 
bidirectional or unidirectional traffic is possible. The total loaded length for testing is 
approximately 1 m, and the machine is capable of approximately 25,000 test cycles per day. 

Results are reported for R260, R350HT, R400HT and bainitic grade rail. The rail section used 
was 60EI (132 lb/yard). Contact conditions were chosen to ensure formation of RCF defects 
within 100,000 wheel passes. In general, all rails showed decreased wear and plastic depth with 
increasing hardness. Bainitic steels fall between R260 and R350HT in hardness but can vary 
depending on the bainitic steel grade. Generally, higher rail hardness decreases crack spacing, 
but no cracks were observed for the bainitic steels tested. Results indicate that rail hardness does 
not affect the rate of wheel wear. Application of the friction modifier resulted in reduced wear 
and cracking. The improvement factor with premium rail grades for the rig is less than for what 
is observed from field tests. 
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Squats are defined as shallow surface impressions with a crack network below. They are 
associated with low wear conditions, tractive conditions, stiffness of track and vehicles, and 
material transformation (white etching layers). Mechanisms are not yet fully understood. There 
seems to be a difference in current squats and in the squats of the 1980s. 

Voestalpine is developing a new test rig that is expected to generate head checks in a shorter 
period of time, allow generation of squats, and allow automated rail inspection. 

Discussion 

• Q. With regard to crack spacing depending on the material properties. Does it stay 
constant with time?  

▬ A. Crack spacing evolve in time in the test rig over larger distances. 

• The term “squat” is not much used in the United States. It seems that squats are not 
occurring in the United States today. 

• The squats in the 1980s occurred as the result of hydrogen embrittlement. The defects 
today are different and have a different cause (surface defects). 

• Q.  Have you tried to apply a spectrum loading to see how differences between rail 
grades change as operational conditions change?  

▬ A. No, but we have thought about it and it should have an effect. 

• Q. Can you simulate low rail contact?  
▬ A. Yes. 

• Q. Has it been confirmed that the white etching layer is martensite?  
▬ A. For thicker layers it has been confirmed. For thinner layers it is difficult to 

know what it is. 

Wear and RCF Prediction Algorithms for North American Railway Service (Huimin Wu — 
TTCI, United States) 

TTCI has developed a wheel/rail interface management (WRIM) model and is adapting the 
model for mixed high-speed passenger and lower speed freight operations. WRIM has three 
modules: (1) precomputation of wheel contact parameters, (2) determination of Tγ values of all 
contact points, based on the simulation results, and (3) accumulation of the associated wear and 
RCF damage for all contact positions using the WLRM.  

North American operational conditions include axle loads from 29.8 to 32.4 t, with some up to 
35.7, three-piece bogies, and many small radius curves. There is much higher deviation in wheel 
and rail profiles as compared with the UK and, therefore, less feasible to do simulations with 
nominal profiles. Instead, WRIM precomputes wheel/rail contact parameters, using a 
representative group of wheel pairs and measured rail profiles.  

Simulation results correlate well with reality, but based on results at FAST, the WLRM damage 
curve was revised with a start of RCF at 0.1 percent, peak RCF at 0.2 percent, and wear only 
above 2-percent slip. A question remains on how RCF damage values should be spatially 
distributed and accumulated in the contact patch to predict the initiation of RCF. Another issue is 
how to account for the material characteristics. 
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TTCI has also developed a Wheel/Rail Contact Inspection (WRCI) System, which combines 
output from an automated wheel profile measurement system with precollected wheel profiles to 
output wheel/rail interaction parameters and maintenance recommendations.  

Additional work includes further field verification of prediction algorithms, more elaborate 
simulations, and laboratory tests to determine material characteristics. 

Discussion 

• FAST tests were bidirectional, whereas the operational data was a division of 
approximately 80/20 in two directions. It is also believed that outliers (e.g., the 
asymmetric wheel profiles) are responsible for much of the scatter in the data. 

• The software is not commercially available, but it can probably be arranged so that it can 
be used by others. 
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5. Suppliers’ Panel Discussion 

Participants in the Suppliers’ Panel Discussion included the following: 

• Dan Daberkow — Evraz Rocky Mountain Steel, United States 

• Steven Dedmon — Standard Steel, United States 

• Glenn Eavenson — Evraz Rocky Mountain Steel, United States 

• Cameron Lonsdale — Amsted Rail, United States 

• Robert Nester — ArcelorMittal, United States 

• Richard Stock — voestalpine, Austria 
Gary Carr of FRA’s Office of Railroad Policy and Development, Track Research Division, 
moderated the discussion. 

The discussion was initiated with a summary of each supplier’s perspective on the current state 
of RCF ongoing developments. 

Amsted Rail and Standard Steel 
Lonsdale of Amsted Rail and Dedmon of Standard Steel presented perspectives on wheel RCF. 
A summary of the presentation follows. The presentation materials are included in the appendix. 

Known factors related to wheel RCF include the following: 

• Elastic limit must be exceeded for RCF to occur 

• Thermal mechanical shelling is more common in unit train service than mixed freight 
service 

• Initial material strength and work hardening are important 

• Lateral and longitudinal creepage plays a role, but we do not know how important this is 
in North American freight service 

Multiple unknown factors related to wheel RCF include the following: 

• The effect of impact loads – related to vertical shelled rims 

• High strain rate dynamics 

• The role of anisotropy 

• How properties change in service 

• Brake heating effects 

• Role of residual stresses 

• Rail grinding’s effect on wheels 

• Environment: dust, humidity, temperature, etc. 
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Development of a Class D wheel is described. Pearlitic wheel steels are microalloyed with 
chromium, molybdenum, vanadium, niobium, boron, or tungsten or some combination of these 
alloying elements. Increased strength is accomplished by ferrite strengthening and grain 
refinement and by increasing hardenability. Bainitic wheel steels, with different microstructure, 
are alloyed primarily with manganese, nickel, chromium, molybdenum, vanadium, niobium,  or 
boron or some combination of these elements. Increasing strength is accomplished by increasing 
hardenability. However, at comparable hardness levels, bainitic steels wear worse than pearlitic 
steels. Improved wheels do not only relate to harder steels because this normally decreases the 
ductility. Furthermore, elevated surface temperature properties may decrease.  

An example of Class D steel improvements, based on field tests, shows a 72-percent 
improvement in wheel life with average mileage to first reprofile increasing from 213,600 for a 
Class C wheel to 368,150 for a microalloy wheel. 

Axial residual stresses have been measured in radial slices removed from various wheels. Results 
were presented at the American Society of Mechanical Engineers Fall Rail Transportation 
Division Conference in September 2011. Measurements suggest that new wheels have little 
residual stress compared with the residual stress development during the wheel life. Future 
residual stress measurements should include hoop and radial stress measurements.  

ArcelorMittal 
Nester noted that ArcelorMittal has an advanced head hardened rail development program. 
Although no specific RCF-related research is being conducted, he noted that improvements in 
mechanical properties generally result in a reduction in RCF. 

Voestalpine 
Richard Stock described voestalpine’s systems approach and stressed the importance of 
mechanical properties in RCF initiation. Much of the research reported was funded through 
INNOTRACK and is available on the INNOTRACK Web site. Developments at Voestalpine 
include: 

• Improvement of pearlitic rails (wear resistance, defect resistance) 

• Bainitic rail development (for mixed and passenger traffic in Europe) 

• Long rail production (120-meter rail lengths, issues with manufacture and transport of 
this rail length, working closely with welding companies toward that end) 

Evraz Rocky Mountain Steel 
Daberkow and Eavenson reported that Evraz Rocky Mountain Steel research includes head 
hardened and hypereutectoid rail development programs as well as work to characterize RCF and 
wear development with twin disk tests. Several head hardened and hypereutectoid grades are 
being tested to see whether crack initiation is reduced in-service applications. There is currently 
no bainitic rail research. 

Discussion 
Key discussion points are included below as follows: 

• What is the influence of lateral forces? If lateral forces are important, how can we 
quantify this? Note that the Tγ and the FIsub parameters do quantify this. 
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• Wheel/rail profile management is very important. 

• The life of wheels is increasing with the new steels. Also, there is a shift to more coherent 
failure modes, which means that both the longest and the shortest lives increase. 

• Are there test existing rig systems that can be used, or does one have to be developed for 
North America? Can we rent time on other dynamometers or do we need to build our 
own?  

▬ The Korean test rig is used for RCF testing for high-speed rails. The system is 
available for purchase (approximate cost is $1–2 million). It can handle 1,400-
millimeter diameter wheels (up to 38-inch wheels) with large contact forces. It 
would likely provide good replication of North American HAL traffic conditions. 

▬ The two others investigated are voestalpine’s rig and the Deutsche Bahn rig, but 
they are being constantly used.  

▬ The brake shoe wear seems to be significant. Thus, a dynamometer should also 
include braking. 

▬ NRC has had a wheelset test rig for about 20 years, which can apply brakes. It 
was previously used to calibrate instrumented wheelsets. Tournay will follow up 
on its capabilities. 

• Do savings from improved wheel and rail steels justify their extra expense? 

▬ Yes. North American railroads are buying them. 

▬ Yes. Life-cycle costs were evaluated as part of the INNOTRACK project with 
positive results. See their Web page. 

▬ Yes. ArcelorMittal and Evraz Rocky Mountain Steel consider life-cycle costs 
when developing new products. 

• It would be useful to look at INNOTRACK program test results and how they compare to 
what AAR research is trying to accomplish with regard to wheel/rail contact patch 
measurements. 
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6. Moderators’ Key Points and Workshop Discussion 

6.1 John Tunna 
Tunna posed a number of questions to generate discussion. The questions below are in boldface 
and are followed by many of the discussion points raised. Some of the discussion points were 
received via email. 

North America is likely to see new equipment and new traffic patterns. Similarly, in the 
UK after privatization, stiffer European vehicles were introduced. What do we need to do 
to prepare for the changes?  

• One of the lessons from Hatfield is that those in charge of the railway did not see the 
problem coming. This highlights the need for research to assure that we understand both 
root causes and potential effects of RCF under mixed traffic. 

There was much discussion about a theoretical versus practical approach. Magel’s 
flowchart (see Figure 1) gives a good overview and is a useful way of breaking down the 
problem. It is also a useful way to identify blank spaces in our knowledge, and it is 
applicable to either approach.  
Freight railroads are dealing with RCF by grinding and reprofiling. Amtrak is managing 
RCF with optimized contact conditions. What more do we need to do?   

• Optimization of wheel and rail profiles is necessary with changes in traffic mix. 

• Optimization of curve superelevation should be considered. 

• The Dang Van criterion is a high-cycle fatigue criterion—better for subsurface fatigue, 
not as good for surface fatigue. More information can be obtained from Ekberg. 

Is this issue a safety issue or a maintenance issue? 
The UK attempts to manage the problem by track access charges tied to how much damage 
a vehicle may cause. How are track access charges handled in the United States? 

• A Class 1 freight railroad has the policy that passenger traffic will be allowed as long as it 
does not encroach on capacity or affect business. 

• Another Class 1 freight railroad requires passenger operators to fund any updates required to 
accommodate passenger traffic. 

• Another Class 1 railroad has considered charging private car owners different rates 
depending on equipment condition. 

• Another Class 1 freight railroad reported using wayside detectors to identify poorly 
performing vehicles but cannot remove equipment unless the car violates an AAR rule. 

We have NUCARS, Simpack, Vampire, SAMS/Rail, etc., for vehicle-track modeling. Do we 
really want more than one package for wheel/rail contact modeling? Should FRA sponsor 
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development of shared models? Wheel Rail Tolerance (WRTOL) and pummeling are also 
well developed wheel/rail interaction tools. Should the FRA be developing a model that 
combines the two? 

• Potential uses for standardized vehicle models include Railroad Safety Advisory Committee 
work, validations of the safety and economics of new trucks, etc.  

• Similar to what the RSSB has done with the WLRM in the UK, some agency would need to 
take charge of such a tool to ensure that it is capable, widely available, and maintained for 
the foreseeable future.  

• Would it be possible to develop a shared tool and assure that adequate, consistent data is 
available?  UK has developed a “virtual test track” that incorporates a standard modeling 
environment for vehicle acceptance. 

▬ The idea of the virtual track is one that makes sense, especially as new (high speed) 
vehicles are expected to land on U.S. freight railroads. Presumably these new vehicles 
will be subject to VTI criteria that include stability (lateral accelerations), forces in 
curves, derailment criteria (L/V, wheel lift), and wear rates (Tγ). A virtual track 
representative of planned shared use rail corridors should be created. Perhaps 
California, the Midwest, and Florida lines would have sufficiently different 
characteristics that would warrant two or three models? For VTI purposes, the virtual 
track would include typical geometry, perturbations, friction conditions, and rail 
profiles.  

▬ If there is a concern about whether analysts with computer models are comparing 
apples to apples, and especially when we start talking about regulations applied to 
freight, it would be very helpful (necessary?) to have available standard libraries of 
rail profiles for use in such modeling. 

▬ It is well understood that friction plays a huge role in any dynamic, Tγ or wheel/rail 
contact analyses. Libraries with typical tribometer measurements should be included, 
and a standard approach for their implementation derived. This includes 
distinguishing between gage face and top of rail contacts (there is no standard to 
dictate which coefficient applies when) as well as the Kalker slope of the friction 
characteristic. 

Would development of appropriate measurement methods be more effective than modeling 
which may become overly complex (requiring extensive calibration to specific conditions)? 

• Vision, eddy current, or ultrasonic approaches to either qualifying or quantifying surface 
RCF do not currently exist in North America. These are expected to  

▬ Be crucial as research tools for developing a confident understanding the 
relationship between operating conditions and the rates of crack initiation and 
propagation. With such a tool, it will be possible to develop correlations between 
surface crack characteristics (e.g., length, shape, spacing, orientation) and the 
depth of damage that needs to be treated. For this purpose, even a hand-held unit 
would be sufficient. 
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▬ Enable dramatic improvements in monitoring of rail for purposes of improved 
safety and optimized (preventive or just-in-time) maintenance. Higher speed units 
would be required for this purpose. 

• Although suppliers continue to work on and apply these with some success in Europe, it 
is time for North America to begin familiarizing itself with this technology and directing 
their development efforts. Ensuring that suppliers become familiar with the North 
American operating environment, steels, and expectations will facilitate their application 
and dissemination into the North American rail industry. 

Should we be concerned about squats in the United States? 

• Squats appear to be the result of traction effect in light traffic conditions. 

• Ballast crushing under the wheels might be a contributing factor. 

• Microscopic martensite on the surface (caused by maximum tractive effort) has been 
observed on some Amtrak lines in the past; however, squats have NOT been observed. The 
wear rate is probably too high on mixed passenger/freight lines in North America. Freight 
traffic probably wipes out these martensite layers. 

• Designated high-speed lines may be another issue. 

• Japan has squats in service. Their solution is to grind every 50 MGT of traffic. 

• Although it is not expected that squats will arise as a problem for shared traffic corridors 
(vigilance of course is required nonetheless), one must certainly be conscious that they are a 
threat on dedicated high-speed lines. Accordingly, maintenance plans for such lines need to 
be vetted against experience gathered elsewhere and then subsequently monitored and 
reviewed. 

How do we get around the problem of testing for defects in rail when there is rail surface 
damage? 

• Work is progressing within the main detection companies to develop new probes that look 
across the rail. 

• A freight railroad representative noted that automated ultrasonic inspections have improved 
dramatically in recent years, with many more detail fractures being identified prior to failure. 

Should we develop a U.S. version of Track-Ex that uses a Tγ model calibrated for U.S. 
operating conditions? Should Track-Ex be used to look at optimized operation on the 
Northeast Corridor? 

• TTCI has agreement with Network Rail to use Track-Ex and is working on calibrating it at 
FAST and later in revenue service. 

• Models such as Track-Ex are tuned to existing conditions, whereas many models are invoked 
considering “normal” conditions. 
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• One way to assure that RCF is considered is to require economic analyses with a tool such as 
Track-Ex that includes financial implication outputs. 

Should we set up a shared track service test site to study RCF? 

• Would RCF monitoring be practical? 

• How long would we expect it to take to get results? 

• If installed early enough, a base case will be available. 

• Besides initial design and the procurement and installation of monitoring equipment, it is 
important to ensure sufficient and appropriate monitoring and reporting. 

Do we know why subsurface cracks sometimes break out to the surface and sometimes turn 
down into the rail? 

• Shear initiates these cracks, whereas vertical force drives them down. Explore effect of 
residual stress: anisotropy, contact stresses, environmental factors (weather, lubrication, etc.), 
and combinations of the above. 

• Cracks may turn down because of residual stresses. Residual stress testing may be useful. 

• Traditional belief is that in heavy haul operations cracks are unlikely to turn down. However, 
experience on ultraheavy haul lines in the Pilbara iron ore region of Australia indicates that 
cracks do occasionally turn down. The problem is worse in rails with extreme head loss. This 
has been managed to date by tightening rail wear limits. 

• Factors include shear stress at the surface, contact stress deeper, then bending stress, which 
drives crack growth. 

• Although the influencing parameters can be anticipated, the theories remain to be validated 
and applied to North America’s wide range of conditions and predictive and treatment 
algorithms derived. 

Should we review the U.S. track geometry standards in the light of RCF? FRA sets 
minimum track safety limits but expects railroads to maintain to higher, sustainable 
standards. Should FRA consider a similar approach for RCF? 

• Geometry standards generally based on mid-chord offsets—how should appropriate chord 
lengths be determined? 

• In the UK, 20-meter mid-chord offsets do a good job of highlighting track geometry 
problems that will cause RCF. The 20-meter chord tends to correspond to Klingel 
wavelengths. 
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• With so many input variables, we should be cautious about implementing track geometry 
standards. Should FRA just be sure that railroads have a system in place to manage the RCF 
problem? 

• Panel expressed concerns about how varying conditions such as wet and dry climates might 
be included in a FRA standard. 

• Management of Tγ may be a way to account for variables (such as the effects of moisture and 
friction coefficient, which are not well understood). 

• Limits may be difficult to apply evenly.  Should the same standard apply to a railroad that 
has a well developed preventive grinding program to a railroad that does not grind regularly? 

• FRA should help with the research but continue to allow the railroads to manage the 
problem. 

• It would need to be a performance-based standard. 

Deutsche Bahn’s 10-year service test provides information on wheel and rail life. The 
INNOTRACK project has combined results into a decision table that makes 
recommendations for choosing rail grade based on traffic and rail condition. The 
methodology also includes a life-cycle cost element. Should FRA fund testing to develop a 
similar decision matrix for selection of rail grade? 
Observations indicate that spacing of RCF cracks is related to material hardness—this is 
currently unexplained. Is this an opportunity to advance the knowledge of root causes of 
RCF? Are there other similar opportunities? 
Test rigs are a great way of producing results. But why are results from service testing in 
some cases better than test rigs? What is [the] balance between laboratory testing and 
service testing? 

• With FRA and industry support, it may be possible to refurbish the NRC roller rig to 
serve the industry’s wide range of expressed needs. 

Track and vehicle concerns are typically dealt with separately by engineering and 
mechanical groups. However, vehicle track interaction is a system. Should a group be set 
up in the United States similar to the UK Wheel Rail Interface System Authority to address 
cross-interface issues? 
There has been much discussion of a “magic wear rate” that is just enough to wear RCF 
away as it is formed. Should we look for a “magic traffic pattern” in which wear-prevalent 
traffic would remove RCF formed by fatigue-producing traffic? 
Should a Tγ specification be used as a criterion for ordering new vehicles? 

• This is practiced in the UK. 

• Industry needs to understand why premium equipment is worthwhile. 
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The UK uses crack length as a standard to determine required maintenance actions for 
existing RCF. Do we need similar limits? 

• May apply differently, depending on particular railroads standards. 

• Crack length-to-depth relationships are different, depending on environment. 

• The UK now monitors depth with ultrasonic acoustically because a good depth versus 
length relationship does not exist. 

• Passenger traffic implies a higher consequence for broken rails. 

Are there additional gaps that need to be bridged? 
• Friction is a governing parameter in numerous wheel/rail phenomenon including hunting, 

curving forces, derailment, wear, and fatigue. But for modeling purposes, it is often 
trivialized as having a dry (theoretical Kalker characteristic) with a nominal value. There is 
very little understanding of what the real friction levels are, how they change through the 
day, through the seasons, and from region to region. 

▬ Can the instrumented wheelset (IWS) be used as a tribometer? NRC experience 
suggests that the top of low rail friction can readily be analyzed from IWS data, and 
this information may be useful on its own. It is unknown whether it would be 
possible, even with further refinement, for the IWS to be able to measure high rail 
friction (especially for two-point contacts). 

▬ Preliminary inquiries suggest that it “should be possible” to extract traction-creepage 
information from locomotives for assessment of friction conditions. This is an 
obvious avenue to explore. 

▬ FRA has already provided significant sponsorship for an NRC research (push) 
tribometer designed to measure the complete friction characteristic using lateral 
creepage. Although functioning in principle, further work remains. 

6.2 Semih Kalay 
Kalay identified the following research needs from the AAR’s perspective. 

There is a need for more fundamental understanding of root causes of RCF: 

• Modeling — effects and causes. How important is it to realistically model the performance of 
the actual vehicle? How good are we at doing this? Outliers are those which produce the 
most RCF damage. High-precision models are sensitive to slight perturbations, which may 
affect their ability to reflect reality. 

• Increasing state of knowledge with a TMS machine (i.e., twin disc roller rig). What is the 
effect of wheel temperature on contact patch energy? A roller rig should include the 
capability to apply brakes. 

• Using full-scale laboratory tests (quicker) and field evaluations (more realistic). 

• Addressing root cause(s) more appropriate than “quick-fix” solutions. 
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We need to validate existing models for all axle loads, wheel/rail steels, and mixed 
freight/passenger operations by: 

• Conducting laboratory tests to determine shear yield strength and other material parameters 
used in prediction models. 

• Improving prediction of RCF damage for premium rail grades. 

• Determining whether rail wear limits are appropriate for RCF-affected rails? 

Extend WLRM to heavy haul conditions by the following: 

• Validating WRIM, Track-Ex, and other models. 

RCF measurement systems for heavy haul conditions are needed urgently: 

• Obtaining crack depth data required for optimized rail grinding. 

• Adjusting inspection/maintenance frequencies, based on presence of RCF and size of cracks? 

• What is not measured and quantified is not managed—another possible cause for missing the 
problems at Hatfield. 

Management of RCF is needed in light of different stakeholder incentives (i.e., operators and 
infrastructure owners). What are industry incentives to invest in improvements? 

We need to quantify the costs and benefits of remedial procedures such as friction control, 
improved wheel/rail steels, controlled wheel/rail profiles, improved steering trucks, and 
controlled wheel temperatures. 

The following are open questions regarding performance of high-strength, high-carbon rail 
steels: 

• What is the influence of material properties on RCF initiation? Will improved/more realistic 
data for material properties (nonstatic) make a substantial difference from the point of view 
of modeling? 

• How should grinding requirements be established to offset reduced wear? 

• Understanding and managing the risks associated with RCF versus wear. Design profiles 
such that wear prevents RCF accumulation? 

• Limits on rail weldability must be understood (i.e., a process has been developed for welding 
certain types of bainitic rail to pearlitic rail). 

What is the risk of developing transverse defects from RCF damage in rails? 

RCF damage associated with rail welds is becoming an important consideration: 

• Need improved flash-butt welding process(es). 
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• Need improved methodology to predict behavior of welds under dynamic loading conditions. 

Further development of cost-effective maintenance methods is needed: 

• Track geometry and rail flaw inspection 

• Wheel/rail profile management and grinding 

• Wheel/rail interface treatment 

• Training and education 

Further development of cost-effective prevention methods is needed: 

• Improved truck characteristics. 

• Improved wheel/rail materials. Should new materials be adopted without demonstrated 
economic benefit? 

• Use models/empirical data to evaluate “track friendliness” of fleet types prior to acquisition 
or introduction into service. 

All participants agreed followup was needed on the issues discussed. Information exchange 
regarding RCF is needed beyond this workshop to provide practitioners day-to-day management 
tools for addressing RCF. The Biannual Contact Mechanics Conference may provide an 
opportunity; the Brisbane conference in 2006 had large industry participation. 
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7. Conclusions 

Results of the joint workshop on RCF clearly indicate that there is still much to learn about the 
root causes and potential effects of RCF. One of the lessons from Hatfield is that those in charge 
of the railway did not see the problem coming. This highlights the need for research that will 
help the rail industry in North America be better prepared for the expected introduction of new 
equipment and traffic patterns over the next few years. 

A great deal of work has been done already. For example, extensive laboratory and field testing 
by Deutsche Bahn, Voestalpine, and others have allowed the INNOTRACK project to compile 
recommendations for rail grade, based on curvature versus tonnage or the surface condition of 
the rail being removed. Sophisticated wheel/rail roller rigs have been developed. In other 
projects, the WLRM (based on Tγ) developed in the UK is being used extensively; other models 
are currently in development. A flowchart was provided (see Figure 1) that gives a good 
overview of the factors influencing RCF. It provides a useful way of breaking down the problem. 
It is also a useful way to identify blank spaces in our knowledge. 

Many potential research needs were identified. A few of the most important ones are 
summarized below. Nearly all apply to passenger freight and mixed traffic operations. 

• Interest centered on industry and FRA sponsorship of shared vehicle track interaction models 
along with standardized input data. A “virtual test track” representative of planned shared use 
rail corridors would allow side-by-side comparison of vehicle performance. Some agency 
would need to take charge of such a tool to ensure that it is viable, widely available, and 
maintained for the foreseeable future. 

• Calibration of damage functions to theoretical models is essential. Factors include wheel and 
rail material properties, traffic conditions, and climate. 

• Measurement of RCF (crack size, depth, density) is essential to RCF management. Vision, 
eddy current, or ultrasonic approaches to either qualifying or quantifying surface RCF do not 
currently exist in North America. 

• Although it is not expected that squats will arise as a problem for shared traffic corridors 
(vigilance of course is required), nonetheless, squats are a threat on dedicated high-speed 
lines. Accordingly, maintenance plans for such lines need to be vetted against experience 
gathered elsewhere and then subsequently monitored and reviewed. 

• Tγ is probably the best available tool for rail RCF prediction. The AAR/TTCI is currently 
using Track-Ex to apply the Tγ approach. Wheel RCF remains a challenge. The AAR/TTCI 
is currently using shakedown theory and is exploring using Tγ. 

• The NRC roller rig in Ottawa is a convenient resource, particularly for wheel steel RCF 
calibration and a possible resource for rail RCF calibration. 

• Traditional belief is that in heavy haul operations cracks are unlikely to turn down. However, 
experience on ultraheavy haul lines in the Pilbara iron ore region of Australia indicates that 
cracks do occasionally turn down potentially leading to broken rails. The problem is worse in 
rails with extreme head loss. This has been managed to date by tightening rail wear limits. 
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• The costs and benefits of remedial procedures such as friction control, improved wheel/rail 
steels, controlled wheel/rail profiles, improved steering trucks, and controlled wheel 
temperatures need to be quantified. 

All participants agreed there was a need to follow up on the issues discussed. Information 
exchange regarding RCF is needed beyond this workshop to provide practitioners day-to-day 
management tools for addressing RCF. 
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Abbreviations and Acronyms 

AAR Association of American Railroads 

CHARMEC Chalmers Railway Mechanics 

FRA Federal Railroad Administration 

HAL heavy axle load 

IWS instrumented wheelset 

MGT million gross tons 

Monash-IRT Monash University Institute of Railway Technology 

NEC Northeast Corridor 

NRC National Research Council Canada 

RCF rolling contact fatigue 

RTRI Railway Technical Research Institute 

TMS thermal mechanical fatigue (shelling) 

TTC Transportation Technology Center (the site) 

TTCI Transportation Technology Center, Inc. (the company) 

UK United Kingdom 

Volpe Volpe National Transportation Systems Center 

VTI vehicle track interaction 

WLRM Whole Life Rail Model 

WRCI wheel/rail contact inspection 

WRIM wheel/rail interface management  
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