A Comparison of the Load Conditions found

on Heavy Haul and Transit Tracks

Dave Herron, Pandrol UK
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Will discuss:
Loads in 3 directions and the overturning moment
Track measurement data

Laboratory test data
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Why Compare Heavy Haul and Transit?

« Can define ‘Transit line’ as passenger trains only and therefore argue

that it is a separate case to Heavy Haul.

 However, there are benefits to understanding this comparison:

mm) Can be used to adjust test data for on type of track to another. This has been
used in writing European ‘CEN’ standards. Could also be used to estimate
load conditions on N.A transit lines?

— Understanding the upper and lower limits of the typical application range can

help us with the cases in between, including mixed traffic lines
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High Level Comparison

Train mass (T) > 5,000 Wide range
Gross Tonnage (T/year) > 20,000,000 Wide range
Axle load (T) > 25 <25
Track form Ballast Ballast/slab
Tight curves? v v/
Soft fasteners X v
Typical train speed (mph) <50 <120
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Need to Consider Loads in 3 Directions Plus

Moment

Vertical  Normally consider

|

longitudinal force

separately

Lateral |
~  Vertical and lateral forces

combine as inclined load at

rail head

7

Longitudinal
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Consider Longitudinal Loads First
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Consider Longitudinal Loads First

Fasteners must resist large

Longitudinal o .
%oad / longitudinal load without external
A vertical load from train.
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Vertical Load
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Compare ‘Creep’ Requirements

Test Standard Regilizace « Countries with very heavy axle
loads require 2250 to 2500 Ibs
Europe : CEN Cat C > 1600 lbs :
g creep resistance per fastener
Europe : CEN Cat D > 2000 lbs _ _ _
« 1600 lbs for transit type lines in
Europe : CEN Cat E > 1600 lbs : :
g Europe is a conservative value.
: >
USA : AREMA Chapter 30 > 2400 lbs = =00 more creep resistance on
Australia : AS1085* > 2250 lbs :
proper Heavy Haul than Transit.
China draft > 2500 lbs
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Vertical Load

Reaction to point load on
rail is distributed along

length of track
Simple BOEF shows

parameter influence

60E1 rail, 0.6m spacing,
100kN/mm stiffness at

each support

Deflection (mm)
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Axle Load Deflection m % axle load

40 tonnes
35 tonnes
30 tonnes

25 tonnes

0.958 mm
0.838 mm
0.718 mm
0.599 mm

95.8 kN
83.8 kN
71.8 kN
59.9 kN

24%
24%
24%
24%

100.0 kN
87.5 kN
75.0 kN
62.5 kN



Vertical Load

« axle load
.. — o track stiffness /4
==« rail bending stiffness /4
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Vertical Load — Parameter Comparison

Typical Axle Load 36 Tons 16 Tons
Conc. sleeper length 2.6m 2.6 m

Conc. sleeper width 280 mm 280 mm
Conc. sleeper weight 327 kg 345 kg
Conc. sleeper spacing 0.61m 0.61m
Ballast Depth, min. 305 mm 380 mm
Rail Size 136RE 136RE
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Vertical Load — Parameter Comparison

Typical Axle Load 36 Tons 16 Tons +— Difference > factor of two
Conc. sleeper length 2.6m 2.6 m h

Conc. sleeper width 280 mm 280 mm

Conc. sleeper weight 327 kg 345 kg  No significant differences
Conc. sleeper spacing 0.61m 0.61m

Ballast Depth, min. 305 mm 380 mm

Rail Size 136RE 136RE

PANDROL
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Vertical Loading — Dynamic Case

Higher speeds on transit — affects
vertical load comparison?

Refer to dynamic factor? Load increase
with speed, for different track qualities
‘Impact Factor’ (load increase due to
track/wheel irregularity) more suitable
WILD data confirms AREMA |.F. of
200% for commuter rail .

Expect vertical load on Heavy Haul to
be about twice that on Transit, static

and Dynamic

Max Load / Mean rail stress

From Esveld ‘Modern Railway Track’, Eq. 6.26

——very good tracks

________________________________ —moderate tracks
0 20 40 60 80 100 120 140 160
Train Speed (km/hr)
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Lateral Loads on Curved Track

« Complex subject — see plots to right.

» Unlike vertical load, we don’t have a simple
predictive model for lateral load.

* Many parameters to account for

 What do we have to go on?

L —d
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At 1250 m radius, the leading wheelset has
moved out beyond the equilibrium rolling line,
about half way to flange contact. This results in
longitudinal forces which steer the wheelsets into
the radial position and so only small lateral forces

are generated.

At 750 m radius, the wagon is still just able to
steer around the curve without flange contact.
The longitudinal forces are larger, and the leading
wheelset has almost reached flange contact.

At 525 m radius, the flange prevents the leading

~wheelset moving out further to generate a

sufficient rolling radius difference to steer the
wheelset. A substantial angle of attack develops
giving rise to large lateral forces at the leading
wheelset. The friction at the contact becomes
saturated, reducing the longitudinal creep forces,
further hindering the steering of the wheelsets.
The trailing wheelset can move much further
from the equilibrium rolling line before it reaches
the flange, so it can still generate sufficient rolling
radius difference to steer effectively.

At 425 m radius, the leading wheelset angle of
attack has increased, so the lateral forces are
greater and the longitudinal forces less. The
trailing wheelset is still not in flange contract and
1s steering successfully.

At 275 m radius, the angle of attack at the leading
wheelset is now so large that lateral creepage
dominates, and all the available adhesion is going
into the lateral force, with very little longitudinal
creep force being developed. The large yaw
torque on the trailing wheelset must be reacted
by the lateral forces at the wheels, so there is a
noticeable imbalance in the lateral forces across
each wheelset.



Lateral Loads on Curved Track

« Complex subject — see plots to right.
» Unlike vertical load, we don’t have a simple
predictive model for lateral load.
* Many parameters to account for
 What do we have to go on?
mm) Track measurement data
=) Laboratory tests
mm) Complicated predictive models
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At 1250 m radins, the leading wheelset has
moved out beyond the equilibrium rolling line,
about half way to flange contact. This results in
longitudinal forces which steer the wheelsets into
the radial position and so only small lateral forces
are generated.

At 750 m radius, the wagon is still just able to
steer around the curve without flange contact.
The longitudinal forces are larger, and the leading
wheelset has almost reached flange contact.

At 525 m radius, the flange prevents the leading

wheelset moving out further to generate a

sufficient rolling radius difference to steer the
wheelset. A substantial angle of attack develops
giving rise to large lateral forces at the leading
wheelset. The friction at the contact becomes
saturated, reducing the longitudinal creep forces,
further hindering the steering of the wheelsets.
The trailing wheelset can move much further
from the equilibrium rolling line before it reaches
the flange, so it can still generate sufficient rolling
radius difference to steer effectively.

At 425 m radius, the leading wheelset angle of
attack has increased, so the lateral forces are
greater and the longitudinal forces less. The
trailing wheelset is still not in flange contract and
is steering successfully.

At 275 m radius, the angle of attack at the leading
wheelset is now so large that lateral creepage
dominates, and all the available adhesion is going
into the lateral force, with very little longitudinal
creep force being developed. The large yaw
torque on the trailing wheelset must be reacted
by the lateral forces at the wheels, so there is a
noticeable imbalance in the lateral forces across
each wheelset.



Measured Lateral Loads on Curved Track

Low Rail

15

Mainly measured rail deflection under

traffic on wide range of railways.

Some strain gauge measurements

made and used to determine loads
Sites with harsh operating conditions.

Large variations from site to site on
same type of railway — seems to

confirm complexity of lateral load case

D2 - Ral foot vertical (LVDT)

High Rail

D4 = Raal foot vertseal (LVDT) D35 = Rail foot vertical (LVDT)
D6 - Rail foot I.uen!u.\;m']\‘ e
A
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Loads on Curved Track — Woodbine, lowa

FS vertical (track test)

GS vertical (track test)

Foot lateral (track test)
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Loads on Curved Track — Woodbine, lowa
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Loads on Curved Track — ‘X’ Values

X = vertical distance from gauge

corner centre to load line in lab. test

X has powerful effect on rail

deflections and test severity

Lower load line to allow large lateral

components without rail roll-out

X values vary considerably, even
within the CEN standards: from

15mm to 100mm

X=15mm

AREMA : 133.5 kN at 20°

CEN E: 108 kN at 40°

PANDROL
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Compare Load Conditions in Heavy Haul Tests

Category

USA: AREMA
Chapt. 30

Europe: CEN Cat E

Australia :
AS1085*

China draft

Test
Load (kN)

133.5%

108.0

140.0

102.0

Vertical
V (kN)
20° 125.4
40° 82.7
20° 131.6
28° 90.0

t based on axle load = 4 x vertical test load component

¥ plus uplift load applied with springs

* Australian standard allows a test program based on AREMA or a test program based on CEN

Equivalent axle

load (tons) T

50.2

33.1

52.6

36.0

Lateral
L (kN)
45.6 0.36 15
69.4 0.84 75
47.9 0.36 15
47.9 0.53 15
PANDROL




Compare Test Standards

with Track Measurements

e Compare AREMA /CEN test loads

with those derived from track tests

« AREMA compares well with

Woodbine track test

« CEN Cat E compares well with Duff

Mountain track test.

20

Wertical load component V (kN)
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Compare Test Standards

with Track Measurements

120

e Compare AREMA /CEN test loads

with those derived from track tests o

« AREMA compares well with

Woodbine track test

Vertical load component V (kN)
&

« CEN Cat E compares well with Duff

Mountain track test. 40

e CEN Cat Cis based on ERRI track

tests — ballasted, mainlines, 22.5T.

0 20 40 60 a0 100 120 140 160
Lateral load component L (kM)
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Compare Two Heavy Haul Standards with Transit Case_ﬁ.:f--’"

Test Vertical | Equivalent axle | Lateral

Category Load (kN) V (kN) | load (tons) t L (kN)

USA: AREMA o
Chapt. 30 1335 % 20 125.4 50.2 0.36
Europe: CEN Cat C 83 33° 69.6 28 0.65
Europe: CEN Cat E 108 400 82.7 33.1 0.84
t based on axle load = 4 x vertical test load component
¥ plus uplift load applied with springs
PANDROL



Compare Two Heavy Haul Standards with Transit Case_ﬁ.:f--’"

Catecor Test Vertical | Equivalent axle | Lateral
S0y Load (kN) V (kN) | load (tons)t | L (kN)
USA: AREMA o
Chapt. 30 133.5 % 20 125.4 50.2 45.6 0.36 15
Europe: CEN Cat C 83 330 69.6 28 0.65 15
Europe: CEN Cat E 108 400 82.7 33.1 0.84 75

t based on axle load = 4 x vertical test load component
1 plus uplift load applied with springs 50% increase in lateral load

from Transit to Heavy Haul PANDROL
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Conclusions

» Vertical load comparison appears to be largely controlled by axle loads —

can be greater than 100%
* Longitudinal load expected to be 50% greater on heavy haul than Transit

« Still considerable variability/uncertainty in lateral loads. Estimate 50%

iIncrease in lateral load component from Transit to Heavy Haul.
‘ Multi-Body Simulations can help select lateral loads for lab. tests? DynoTRAIN project
shows this is mature technology.

‘ Overturning moment on rail in lab. test depends on lateral load and X value. Large

variation in X values used in CEN tests - modelling study can guide us here?

PANDROL
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Thanks for listening

e Questions?

PANDROL
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