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• Fretting fatigue
• Fatigue testing
• Fatigue crack growth
• Tensile test
• Implant testing

• Numerical analysis
• Stress corrosion 

cracking
• Failure analysis
• Polymer testing

• Railway
• Automotive
• Bridge
• Vibration

• Porous material
• Super alloy material
• Bi-material fuel cell

• Numerical analysis
• Failure analysis
• Stress analysis using 

strain gauge

• MIM
• Numerical analysis
• 3D printing metal

• Coating technology
• Residual Stress
• Welding technology

• Numerical analysis
• Microstructural 

analysis
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Why do we interest in 
railway track?
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Overview of Railway Track
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Super-structure
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Super-structure of railway track
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Sub-structure model of railway track
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Standard test on super-structure

Testing Part Load case

EN:13146-3 fastening impact

EN:13146-7 Elastic rail clip static, dynamic

EN:13146-9 Rail pad static, dynamic

EN:13230-2 Sleeper static, dynamic

EN:14587 Rail static, dynamic
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Impact testing system EN:13146-3

Scope

comparing the attenuation of 

impact loads on concrete sleepers 

or bearers by different rail pads.

Impact 
header

Fastening 
system

EN:13146 
Railway applications —
Track — Test methods 
for fastening systems
Part 3: Determination 
of attenuation of 
impact loads
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Impact testing system EN:13146
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Railway component
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Ballast testing
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Ballast testing

Investigate parameter
• Ballast (bulk) modulus
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Sleeper testing EN:13230-2

EN:13230
Railway applications —
Track — Concrete sleepers 
and bearers
Part 2: Prestressed 
monoblock sleepers

Scope

provide assurance of the 

capability of sleepers or bearers 

to resist repetitive loading and 

provide sufficient durability.
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Sleeper stiffness EN:13230-2

Investigate parameter
• sleeper (bulk) modulus
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Railway component
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Rail pad testing EN:13146-9 
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Rail pad

EN:13146 
Railway applications —
Track — Test methods 
for fastening systems
Part 9: Determination 
of stiffness 

Scope
determine the static 
and dynamic stiffness 
of rail pads, and 
complete rail fastening 
assemblies



Rail pad testing EN:13146 
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Rail pad
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Railway component
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Rail testing EN:14587-3

EN:14587
Railway applications —
Track — Flash butt welding 
of rails 
Part 3: Welding in 
association with crossing 
construction

Scope

the fatigue strength distribution of 
a weld at endurance of five million 
cycle
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Fatigue of flash butt welded joint of rail EN:14587

1

2

3

Rail or casting

Weld (s)

Bearers

1 2

3



Crack path and fatigue life prediction
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Crack path and fatigue life prediction

Ozakgul et al. 

(2010)x

y
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Railway component
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elastic rail clip testing EN:13146-7

EN:13146 
Railway applications — Track —
Test methods for fastening 
systems
Part 7: Determination of clamping 
force

Scope
measuring the clamping force 
exerted by the fastening system 
on the foot of a rail
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Fatigue testing of elastic rail clip

Crack 
nucleation

1. Influence of toe load on 
the fatigue resistance of 
elastic rail clips, Journal of 
Rail and Rapid Transit 
(2018)

2. Analysis of the fatigue 
performance of elastic rail 
clip, Engineering Failure 
Analysis (2018)
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Impact testing system EN:13146
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Impact testing system EN:13146

Lower strain 
gauge

Upper strain 
gauge

x

y



Simulation result

-150

-50

50

150

0.01 0.015 0.02 0.025 0.03 0.035 0.04

S
tr

a
in

 (


m
)

Time (s)

-150

-50

50

150

0.01 0.015 0.02 0.025 0.03 0.035 0.04

S
tr

a
in

 (


m
)

Time (s)

S
tr

a
in

 x
 (

m

)
S
tr

a
in

 x
 (

m

)

Time (s)

upper strain gauge

lower strain gauge

Strain x

x

y

simulation
experimental

37



Topic

• Overview of railway track

• Standard Test and simulation

• Advantage of simulation

• Conclusion

38



Advantage of simulation

•

•

•

•

39



40

Next



Topic

• Overview of railway track

• Standard Test and simulation

• Advantage of simulation

• Conclusion

41



42

Conclusion:

•

•

•

•
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Impact testing system EN:13146

EN:13146 
Railway applications — Track —
Test methods for fastening 
systems
Part 3: Determination of 
attenuation of impact loads

attenuation = stiffness, damping

stiffness, 
damping

Rail pad

Ballast
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Stress analysis of elastic rail clip
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Stress analysis on elastic rail clip

Ref:
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Deformation and stress analysis on ballast railway
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parameter
NRP, TSE, TISTR

model

Study FE-model

Program ABAQUS

Rail E (MPa) 207000

Sleeper E (MPa) 28300

Sleeper size (m) 2 x 0.2 x 0.272

Ballast E (MPa) 290

Ballast v 0.3

Ballast t (m) 0.38

Subballast E (MPa) 100

Subballast v 0.4

Subballast t (m) 0.15

Subgrade E (MPa) 50

Subgrade v 0.4

Subgrade t (m) 6

Wheel load 
(kN/#axels)

200 / 4-axel

Ref



Rail track testing 40 m
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Multi-Body Simulation of train




