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Overview
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1. Brief review of key damages and root causes in relation to 
S&C vehicle-track interaction

2. Understanding/predicting wheel and rail interaction at 
S&C

3. Predicting damage mechanismsin rails and support and 
identifying the key drivers

4. Assessing the benefit of crossing geometry change and 
other innovationson the system performance



C4R S&C Failure Catalogue
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Å#44 Failures catalogued in 
public Deliverable-13.1

ÅPresented at 1st Dissemination 
event, Paris June 2015



Components damages in S&C
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Switch 
and stock 

rails

ωLipping & spalling

ωHead checks

ωSquats

ωwear

Points
ωAdditional fracture 

by fatigue

Bearers

ωFatigue cracking

ωVertical movement 
and hanging

ωLateral shift

Slide 
plates

ωPoor movement 
(high friction)

ωSeizure



Components damages in S&C
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Cast 
crossing

ωTransverse fatigue 
crack (foot or 
nose)

Crossing 
nose & 
Wing

ωWear

ωPlastic 
deformation

ωShelling & spalling

Check 
rails

ωExcessive Wear 

Bearers
ωFatigue cracks

ωVoids & hanging
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System Design
vehicle-track,
wheel-ǊŀƛƭΧ

Environmental
local and weather 
ǾŀǊƛŀǘƛƻƴǎΧ

Installation/set-up
tolerances and 
ƘǳƳŀƴ ŦŀŎǘƻǊǎΧ

Maintenance
frequency, 

mechanised/manual 
ǊŜǇŀƛǊǎΧ

Manufacturing
processes & 
ŎŀǇŀōƛƭƛǘƛŜǎΧ

Operational
speed, loading, 
ǘǊŀŦŦƛŎ ƳƛȄΧ

Root causes
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2) Vehicle-track and wheel-rail interaction
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Fundamental behaviour in S&C
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Fundamental behaviour in S&C
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Change in rolling radius difference (left/right) as stock rail moves 
outward and point of contact also
A induces a steering of the wheelset (angle of attack) 
A and associated lateral steering forces (also the case on through 

route to a lesser extent)
A Jump (double) point contact introduces higher frequency force 

disturbances



Fundamental behaviour at crossing
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Wing rail moving 
away at angle 1:N

Crossing nose 
ramping up

Jenkins 74 άThe effect of track & 
vehicle parameters on W-R vertical 
dynamic forcesέ

P1 P2

< 1ms < 10~20ms

fcyҒ рлл-2kHz fcyҒ рл-120Hz

Wheel and track 
mass
Contact stiffness

Wheel and track 
mass,rail 
elasticity
Ballast support 
stiffness

Rail head 
damage (plastic 
deformation, 
subsurface 
fatigue) and rail 
fatigue

Rail head 
damage, ballast 
degradation, 
sleeperfatigue 
and rail fatigue
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P1 peak position = f(V)

P2 peak position = f(V)

few [cm]

[0.1~0.9m]
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Key driver:
Speed (V)
Dip angle (a)
Track & wheel mass (M)
Track Stiffness (K)



Fundamental behaviour at crossing
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Through the crossing the loading is mainly vertical
A Although lateral impact load is also present: RRD aangle of 

attack + lateral offset in diverging routes
A Jump (double) in point contact at entry/exit of casting geometry 

(smoothed in reality by manual and operational grinding)
A Vertical impact at load transfer between wing and nose (vice 

versa)



Fundamental behaviour at crossing
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Fundamental behaviour at crossing
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ÅMore parameters affecting reaction forces
ïRange of wheels and crossing geometry shapes
ïVehicle types and steering ability (PYS)
ïAxles lateral position and angle of attack
ïTrack geometry and misalignment
ïSupport type and conditions
ïDirection of travel (through/diverging-facing/trailing)



3) Predicting damage mechanisms and 
identifying key drivers
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Observing & predicting damage forces
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Observing & predicting w-r interaction
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x-dimension not to scale

Rapid change of contact in leg ends; multi point contact; high pressure



Observing & predicting w-r interaction

20

High pressure wing edge; v. high pressure nose; repeated impact load



Observing & predicting w-r interaction
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Squats marks corresponding to peak P1 pressure and overall high 
pressure deformed profiles over P2 action zone
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