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Overview
• Morning:

– Session 1: Wheel-Rail Contact Mechanics (Kevin Oldknow)
– Session 2: Track Structures, Components and Geometry (Gary Wolf)
– Session 3: Vehicle Types, Suspensions and Components (Elton Toma)
– Session 4: Vehicle-Track Interaction & Dynamics (Eric Magel)

• Afternoon:
– Session 5: Wheel-Rail Damage Mechanisms (Richard Stock)
– Session 6: Vehicle-Track Measurement Technologies (Matt Dick)
– Session 7: Vehicle-Track Modeling and Simulation (Ralph Schorr)
– Session 8: Derailment Investigation - a Case Study (Brad Kerchof)
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Overview

• The Wheel / Rail Interface Anatomy and Key Terminology

• The Contact Patch and Contact Pressures

• Creepage and Traction Forces

• The “Third Body Layer” and Traction/Creepage
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(Very) Basic Vehicle Running Gear Anatomy

• Wheels
• Wheelsets
• Axleboxes
• Suspension
• Frame
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(Very) Basic Track Anatomy

• Rail
• Crossties (Sleepers)
• Tie Plates
• Fasteners / Spikes & Anchors
• Ballast
• Subballast
• Subgrade
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• Tangent
• Curve
• Spiral
• High Rail
• Low Rail
• Superelevation

(aka Cant)
• Rail Cant

Recalling a few track geometry basics…
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The Wheel / Rail 
Interface 
and Key Terminology

Field Side Gage Side

Back of 
Flange 
(BoF)

Flange 
FaceFlange 

RootAncillary
Tread

Gage Face

Gage Corner

Mid-GageBall / Crown / Top of Rail 
(TOR)

Back-to-Back 
Wheel Spacing

Track Gage
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The Wheel / Rail Interface and Key Terminology 
(e.g. Low Rail Contact)

“Lightly”
Worn

“Heavily”
Worn
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The Wheel / Rail Interface and Key Terminology 
(e.g. High Rail Contact)

“Lightly”
Worn

“Heavily”
Worn
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The Contact Patch and Contact Pressures

• Prep Question: What is the length of contact between a 
circle and a tangent line?
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The Contact Patch and Contact Pressures
• Question #1:  What is the area of contact between a (perfect) 

cylinder and a (perfect) plane?

• Question #2:  Given Force and Area, how do we calculate 
pressure?

• Question #3:  If a cylindrical body (~wheel) is brought into 
contact with a planar body (~rail) with a vertical force F and zero 
contact area, what is the resulting calculated pressure?



13Hertzian Contact
• Hertzian Contact describes the pressures, stresses and deformations that occur 

when curved elastic bodies are brought into contact.

• “Contact Patches” tend to be elliptical

• This yields parabolic contact pressures

• Contact theory was subsequently broadened to apply to rolling contact (Carter and 
Fromm) with non-elliptical contact and arbitrary creepage (Kalker; more on this 
later…)

Pavg

Po=3/2Pavg
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Hertzian Contact
• Interference fringes

– Patterns created by the reflection of light 
between two surfaces in close proximity 
(Hooke 1664, Newton 1717)

– Used by Hertz (1882) to study the deformation 
of curved surfaces under load

– Hertzian “point contact” is shown to the right 
(two cylindrical lenses with axes inclined at 
45o):

Johnson, K.L. (1986) Contact Mechanics, Cambridge 
University Press
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Line Loading

Photo-elastic fringe 
patterns showing 
contours of 
principle shear 
stress)

e.g. Cylindrical Contact with 
Elastic Half-Space (2-D loading)

Johnson, K.L. (1986) Contact Mechanics, Cambridge University Press
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Point Loading

e.g. Spherical Contact with 
Elastic Half-Space (3-D loading)

Johnson, K.L. (1986) Contact Mechanics, 
Cambridge University Press
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Hertzian Contact at the Wheel / Rail Interface 

Iwnicki, S. (2006) Handbook of Railway Dynamics, CRC Press
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Conformal and 2-Point Contact

Iwnicki, S. (2006) Handbook of Railway Dynamics, CRC Press
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Example:  Contact Pressures for a Stationary Vehicle

• Consider a heavy-axle load freight car (286,000 lb gross weight), standing 
at rest on tangent track.

• The wheel treads are in (approximate) single point contact with the top of 
rail surfaces at each contact point.

• Each contact patch is (approximately) circular, with a radius of 8mm.

• What is the estimated peak pressure (in MPa) in each contact area?
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Creepage, Friction and Traction Forces

• Longitudinal Creepage
• The Traction-Creepage Curve
• Lateral Creepage
• Spin Creepage
• Friction at the Wheel-Rail Interface
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Why is creepage at the Wheel/Rail Interface important?

• Creepage at the wheel-rail interface is fundamentally related to all 
of the following (as examples):

– Locomotive adhesion
– Braking
– Vehicle steering
– Curving forces
– Wheel and rail wear
– Rolling contact fatigue
– Thermal defects
– Noise
– Corrugations 
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What does Longitudinal Creepage mean?...



24
What does Longitudinal Creepage mean?...

• The frictional contact problem (Carter and Fromm, 1926) relates frictional forces 
to velocity differences between bodies in rolling contact.

• Longitudinal Creepage can be calculated as: Rω-V
V



25Free Rolling

1 wheel circumference

In free rolling, a wheel would 
rotate 100 times to travel a 
distance of 100 circumferences.



26Positive (Longitudinal) 
Creepage

1 wheel circumference

Driving Torque

At 1% positive creepage, a wheel 
would rotate 101 times to travel a 
distance of 100 circumferences.



27Negative (Longitudinal) 
Creepage

1 wheel circumference

Braking Torque

At 1% negative creepage, a wheel 
would rotate 99 times to travel a 
distance of 100 circumferences.



28Rolling vs. Sliding Friction
They are not the same!

creep:
Rω-V

V

R (radius)

ω (rotational 
speed)

V

(forward velocity)

V

(sliding velocity)
N

(normal load)

N
(normal load)

f (friction force)
= f(creep) ≠ simply μN

f (friction force)
≈ simply μN

friction force shown as 
acting on wheel for 
positive creep

friction force shown as 
acting on block for 
positive sliding velocity

μ: coefficient of (sliding) friction
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The Traction-Creepage Curve

µN

Longitudinal 
Creepage

Creep Force (Traction)

-µN
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Lateral creepage

Imagine pushing a lawnmower across a steep slope…

OK, but when does this 
occur at the WRI?...



31Steering in “Steady State” Curving
(“Mild” Curves)

Angle of 
Attack 
(AoA)



32Steering in “Steady State” Curving
(“Sharp” Curves)

Angle of 
Attack 
(AoA)



33Steering in “Steady State” Curving
(“Very Sharp” Curves)

Angle of 
Attack 
(AoA)



34Lateral 
Creepage

An angle of attack (AoA) of 
0.57 degrees (0.01 Radians) 
corresponds to a lateral 
creepage of 1% at the 
leading wheelset.
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A quick (sample) calculation…

Curve Radius, R

Wheelbase, 2L

Angle of Attack, α

V

α



36Spin Creepage
Think of spinning a coin on a tabletop….

OK, but when 
does this occur 
at the WRI?...
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Spin CreepageThe net creepage vector at the 
wheel/rail interface is 
(in general) a combination of 
longitudinal, lateral and spin.

Neutral (Free Rolling)

Slower (Braking)

Faster (Driving)
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The Wheelset and Steering Forces

Displacement (y)

longitudinal 
creep forces

r0r0

rR (> r0)
rL (< r0)

Conicity (γ)

longitudinal 
traction/creepage

longitudinal 
traction/creepage
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Effective Conicity



40Effective Conicity (Worn Wheels)
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Demonstration*: Steering forces in tangent track

* Wheel / rail demonstration rig, images and videos prepared by Josh Rychtarczyk



Important Concept:

• Sometimes, forces give rise to creepage (e.g. traction, braking, steering)

• Other times, creepage gives rise to forces (e.g. curving)
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Part 3

• The Third Body Layer and Traction / Creepage
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“Free Rolling”

Wheel

Rail

Third Body Layer

Rω=V
• Third Body Layer 

is made up of 
iron oxides, 
sands, wet 
paste, leaves 
etc….

The Third Body Layer and Traction / Creepage
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“Small” Positive (Longitudinal) 
Creepage

Wheel

Rail

Third Body Layer

Rω>V
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“Large” Positive (Longitudinal) 
Creepage

Wheel

Rail

Third Body Layer

Rω>V
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The Traction-Creepage Curve

Rolling Direction

µN

Adhesion
Microslip

Longitudinal 
Creepage



48Traction/Creepage Curves
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Third Body Layer – Micron Scale

Y.Berthier, S. Decartes, M.Busquet et al. (2004). The Role and Effects of the third body in the 
wheel rail interaction. Fatigue Fract. Eng. Mater Struct. 27, 423-436

Rail Wheel



50

Summary

• The Wheel / Rail Interface Anatomy and Key Terminology

• The Contact Patch and Contact Pressures

• Creepage and Traction Forces

• The “Third Body Layer” and Traction/Creepage
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Questions & Discussion


