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Congratulations to Gordon Bachinsky, Bob Tuzik and 
Brandon Koenig on the 25th Anniversary of the 
Wheel – Rail Interaction Conference!
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• Wheels
– Ultrasonic testing

– Magnetic particle testing

– Shot peening

– New wheel designs

– AAR Quality Program

– Curved plate

– Microcleanliness, 
chemistry specifications

– Microalloy specifications

– Storage requirements

– Defect codes added

– Tread worn hollow 
specifications
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Improvements to Wheels
• 1971 Ultrasonic testing of wheel rims added –

rejection standard 1/8” flat bottom hole

• July 1999 – Ultrasonic rejection tightened to 
50% of a 1/8” flat bottom hole

• June 2006 – Ultrasonic rejection tightened to 
25% of a 1/8” flat bottom hole
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Improvements to Wheels

Ultrasonic Testing of Wheel
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Improvements to Wheels

• 1971 – Magnetic particle testing of wheel 
plates

• 2004 – Magnetic particle rejection length 
standard for plates added
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Improvements to Wheels

Magnetic Particle Testing
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Improvements to Wheels

• 1971 – Shot peening required for wheel plates

• Shot peening requirements refined and 
improved
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Improvements to Wheels

Shot Peening of Wheel
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Improvements to Wheels
• 1981 - AAR S-660 finite element analysis computer 

simulation required for acceptance of new wheel 
designs

• 1985 – AAR M-1003 Quality Program

• September 1988 – AAR requires new wheels to be 
curved plate “low stress” and heat treated (rim 
quenched)
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Improvements to Wheels

Finite Element Analysis
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Improvements to Wheels

Heat Treatment of Wheels
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Improvements to Wheels

• 2004 – Microcleanliness testing of rim samples 
added based upon ASTM-1245

• 2004 – Chemistry requirements tightened, 
Class D added

• Class D “microalloy wheel” approval process is 
added
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Improvements to Wheels

• Wheel storage provisions added to prevent 
wheels from being excessively corroded before 
mounting

• Why Made Code 65 added to account for wheels 
being removed via detectors for high impact load

• Tread Worn Hollow requirements added
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Improvements to Wheels

Storage of Wheels
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Improvements to Wheels

Storage of Wheels
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Improvements to Wheels

Wheel Impact Load Detector
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Improvements to Wheels

Hollow Worn Wheel
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Improvements to Wheels

• Class B (locomotive and passenger cars), 15 
years ago, hardness was 277-341HB. Now 302-
341HB

• Class C (freight cars), 321-363HB

• Class D same as Class C, with microalloys, 341-
415HB
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• Rails
– Length

– Rail Handling

– Design

– Manufacturing

– Hydrogen Elimination

– Workmanship

– Testing of rail

– Brands and Stamps

– Marking

– Chemical Composition

– Mechanical Properties

– New Technologies 
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Improvements to Rail
• Length

– 39 feet (loaded into 40 foot gondola)

– 80 feet

– 320 feet (US domestic, Steel Dynamics)

– 420 feet (imported, Nippon)

– Welded into Continuous Welded Rail, longer rail decreases welds 
per string

– Standard lengths of rail developed, with short rail lengths defined
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Improvements to Rail

39 Foot Rail In 40 Foot Gondola
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Improvements to Rail

80 Foot Rail



24

Improvements to Rail

Steel Dynamics 320 foot rail
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Improvements to Rail

Nippon 480 foot rail on “Pacific Spike”
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Improvements to Rail

• Rail Handling

– Not specified until 2017

– AREMA produced rail handling procedures for 
shippers

– Inspection, loading and unloading
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Improvements to Rail
• Design of Rail

– 25 years ago, recommended rail sections: 115 RE, 119 RE, 132 RE, 133 
RE, 136 RE, 140 RE

– Current recommended rail sections: 115 RE, 136 RE, 141 RE

– 25 years ago, head radius was 10 inches with a simple compound corner 
radius

– Currently, head radius is 8 inches, with a triple compound corner radius 
and a 1 in 40 side slope, conformal to an average worn wheel profile

– The head area was increased from 132 RE to 136 RE to 141 RE, to 
provide more head material for longer life cycle
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Improvements to Rail
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Improvements to Rail
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Improvements to Rail
• Manufacture of Rail

– Clean steel technology

– Ingot versus continuous casting

– Control cooling of bloom/rail versus vacuum degassing

– Argon gas stirring

– Magnetic stirring

– Head hardening
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Improvements to Rail

Ingot versus Continuous Casting
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Improvements to Rail

Control Cooling versus Vacuum Degassing
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Improvements to Rail

Argon Stirring
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Improvements to Rail

Magnetic Stirring
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Improvements to Rail

• Workmanship

– Quality control processes

– Tighter tolerance

– Trackwork tolerance rail

– High speed rail 
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Improvements to Rail

Trackwork Tolerance
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Improvements to Rail

High Speed Rail Straightness Tolerance
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Improvements to Rail

• Testing of Rail

– Ultrasonic

– Eddy current

– Laser dimension measurement
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Improvements to Rail

Ultrasonic Testing of Rail
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Improvements to Rail

Eddy Current Testing of Rail
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Improvements to Rail

Laser Dimension Measurement of Rail
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Improvements to Rail

• Brands and stamps

– Eliminate sharp letters and numbers

– Control cooled (CC), vacuum treated (VT), no brand



43

Improvements to Rail

• Marking

– Paint
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Improvements to Rail

Marking of Rail
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Improvements to Rail

• Chemical composition

– Carbon

– Alloys

– Other elements

• Copper

• Trace elements
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Improvements to Rail

Chemical Composition of Rail-1995
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Improvements to Rail

Chemical Composition of Rail-2019
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Improvements to Rail

• Mechanical properties

– Hardness

• Standard strength

• Intermediate strength

• High strength
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Improvements to Rail

Surface Hardness of Rail-1995
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Improvements to Rail

Surface Hardness of Rail-2019
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New Technologies

• Harder rail

– Wear resistance

– Resistance to rolling contact fatigue (RCF)

– Better fracture toughness

– Intermediate and High strength rails

– Use of alloys and/or head hardening 



52

New Technologies

• Nippon HEX 

– Hardness in excess of 400HB – 410HB

– Resistance to rolling contact fatigue (RCF)

– Used as control rail at TTCI rail tests
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New Technologies

• Evraz Apex G2 HH

– Surface hardness in excess of 430HB

– Wear resistance

– Resistance to rolling contact fatigue (RCF)

– Better fracture toughness
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• Wheel-Rail as a System

• The Future – the Next Quarter Century
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Wheel / Rail as a System
• Harder rail, harder wheel, even harder rail, even 

harder wheel, even more harder rail, even more 
harder wheels

• Wheels – axles, trucks, suspension, brake gear, car 
design, wheel truing, etc.

• Rail – plates, ties, pads, ballast, alignment and 
surface, friction modification, grinding, etc.
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Wheel / Rail as a System

• Wheels eventually end up in a shop

• Maintenance scheduled, cars and locomotives 
swapped out

• Track is always in its location

• Maintenance brought to the track location

• Greater impact on operations
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Wheel / Rail as a System

• Not all wheels, trucks, suspension, cars, 
locomotives are comprised of the latest 
configuration or best condition

• Not all rail, track is comprised of the latest 
configuration or best condition

• The wheel / rail interface is constantly changing
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Future – The Next Quarter Century

• Transport and use longer rails

• Better maintenance processes for wheels/rail

• Wheels and rail resistant to rolling contact 
fatigue

• Wheels and rail compatible with each other
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