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Swedish heavy haul line

Research Questions

1. How to accurately estimate RCF crack

growth rates considering dynamic loading,

different vehicle-track configurations, and
operating conditions?

2. How can CGMs be effectively integrated
Into existing predictive maintenance
frameworks?

Magic Wear Rate: Crack Growth Rate Model for the

Accumulated Traffic

»

Magic Wear Rate

Crack Growth Rates

Depth from
J Surface of
New Rail

Transverse crack
growth and rail break

Modified after [4]
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Comparison and Evaluation of
Rail Crack Growth Models
CGM
Multi-Body-Simulations (MBS)
for Swedish heavy haul line
Fatigue Damage Approach
for CGM:
Parameter \Whole Life Rail Model (WLRM
Variation
Crack Growth Sensitivity

Analysis

Model Validation:
Field
Measurements

Implications for Industrial
Application

Dynamic loading

Vehigle/trgck
configuration

Operating
scenarios/conditions

Calibration

The Whole Life Rail Model (WLRM) is used to
estimate the crack growth rates for the
Swedish Haul Line

Completed Tasks

- Sensitivity Study on the influence of the
WLRM model parameters on the estimated
crack growth rates

- Calibration of WLRM parameters with
measured crack depth data from the
Swedish Heavy Haul Line

- Computational framework to simulate RCF
and the necessary types of parametric
studies needed to have a system specific
crack growth rate
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Crack Growth Model

Loop over ...

Kalker's FASTSIM:

Determine local contact patch
energy distribution

Sum longitudinal contact
patch energy to get lateral
energy distribution

Scale RCF according to lateral
energy distribution

Determine Ty for contact
patch

_ Elat(y)
RCFiqt(y) = RCF * (max(Ezat)

Discretize rail head profile in
(lateral) cells

Map RCF distribution along 2D
rail profile

Multiply by #wheelsets of
vehicle type

Append damage matrix

Rail damage matrix

s g
-\ n:

Rail crack length matrix

Rail crack depth matrix
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Rail crack length matrix
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Sensitivity Analysis
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Wear Number vs. RCF Damage
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Wear Number vs. RCF Damage

RCF Damage vs. Crack Length

Crack Length vs. Crack Depth RCF Damage vs. Crack Depth
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MBS & CGM Future Work

Project intro Research question$ Project overview
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ey findings:
« Contact point energy band determines crack growth rate.
« Shifting curve to right: higher energy causes RCF

ey findings:
« Shifting the curves influences the damage location.

« Shifting curve to left: lower energy causes RCF
Lower contact point energies lead to increased crack growth
rates in wider curves.
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Research questiony

=
o
ZXKTHY
VETENSKAP %
28 OCH KONST 2%

Bt

Sensitivity Analysis — Case 3

Crack Depths @ 100 MGT
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Key findings:
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« Consistent damage location and similar crack growth

behavior ...

« for low and high rail.
for different curve radii.
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Key findings:
* Indicator for crack growth angle:

crack growth.
Investigation is limited to initial growth stage.

Leon Steimle - SD231X
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* The steeper the slope, the more vertical the
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Sensitivity Study
_ Crack growth rate for different curve radii and WLRM functions
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Simulation vs. Measurement Data

Crack depths | Comparison Simulation vs Measurement Data
21.47 MGT
Grinding meas | Scaling moderate

Low Rail:

N

LowRail | MB6_worn_LR_1_30
R600_h70_t100_Standard_MB1_MB6_0_38_0_38
RMSE = 0.07 mm | MaxAE = 0.14 mm

T T T T T T

HighRail | MB1_worn_HR_1_30
R600_h70_t100_Standard_MB1_MB6_0_38_0_38
RMSE = 0.08 mm | MaxAE = 0.17 mm

[N}

T T T T T

Damage location coincides
between simulated and

X M Mi rack Depth = IM Mi rack Depth
E{ R w e G e NS G b measu reql data .
s For g : Considering scaling: crack
o™ PP L | &% i LL,\,VE,_\ magnitude matches for narrow
%0 -50 20 -10 : 0 - To 20 %0 40 %0 -:;o 20 0 0 10 20 alo 40 radiu S curves

Lateral coordinate [mm]

LowRail | MB4_worn_LR_1_30_R900
R900_h40_t100_Standard_MB4_MB4_0_38_0_38

Lateral coordinate [mm]

HighRail | MB4_worn_HR_1_30_R900
R900_h40_t100_Standard_MB4_MB4_0_38_0_38

N

N

.
‘RMSE = 9.07 mm |‘MaxAE = 0.18 mm . ‘RMSE =0.06 mm |‘MaxAE = 0.16 mm ‘ H Ih R |

= SIM MEAN Crack Depth = SIM MEAN Crack Depth 5
~’ e et = ey Measurement data: high gauge
N P L - 4 ' % | "y corner crack depth for all curve
8 05 Foxx o, - 805 & .
AR 9= N T AT b ik de radi

040 30 -20 -10 0 10 20 30 40 0—40 -30 -20 -10 0 10 20 30 40

Crack depth [mm]

Lateral coordinate [mm]
LowRail | MB4_worn_LR_1_30_R1500
R1500_h30_t100_Standard_MB4_MB4_0_38_0_38
RMSE 0 07 mm| MaxAE 0 16 mm_

T
SIM MEAN Crack Depth }
= MEAS MEAN Crack Depth

| Crack Depth Distribution

T
x ] H"%\ X

L e

-30 -20 -10 0 10 20 40
Lateral coordinate [mm]

- 3

g
0

Crack depth [mm]

Lateral coordinate [mm)]
HighRail | MB4_worn_HR_1_30_R1500
R1500_h30_t100_Standard_MB4_MB4_0_38_0_38
RMSE = 0.10 mm | MaxAE = 0.21 mm

T T T =T T T T

SIM MEAN Crack Depth

L®
=)

————— MEAS MEAN Crack Depth
_____| Crack Depth Distribution
x
x ¥
X X ]
| X X % ~FH
-30 20 -10 0 10 20 30 40

Lateral coordinate [mm)]

Simulated data: damage
location shifts toward center of
rail with increasing curve radius.
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Publications and Presentations with the ICRI

ICRI Webinar: Magic Wear Rate: Crack Growth Rate Model for the Swedish heavy haul line
(24JUN25)

https://www.icri-rcf.org/wp-
content/uploads/2025/08/2025_06_25_magic_wear_rate_sweden.pdf

https://www.icri-rcf.org/wp-content/uploads/2025/08/Maqgic_wear_rate_sweden.mp4

* M.S. Thesis : Crack growth rate sensitivity study for optimized rail maintenance procedures
(Accepted, online publication with be availble soon)

* IHHA Presentation : Crack Growth Guidelines for Magic Wear Rate — Swedish Case Study
(Colorado Springs, November 2025)


https://www.icri-rcf.org/wp-content/uploads/2025/08/2025_06_25_magic_wear_rate_sweden.pdf
https://www.icri-rcf.org/wp-content/uploads/2025/08/Magic_wear_rate_sweden.mp4
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Future Work

Rail damage-based
track access
charges

Optimization of
wheel/rail lubrication
strategies

Open to
Collaboration!

Model validation &
calibration:
Data from different
networks

Benchmark model:

simplified vehicle
model (axle load,
stiff/soft bogies)

Rail damage
minimization using

controlled traction
forces
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Thank you

Questions?

jleung@kth.se



