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1. Introduction

» Three types of tests are applied to ensure fatigue durability of
rail fastening systems worldwide.
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. Introduction

European test method Japanese test method
Test load Defined according to track categories| Calculated according to vehicle spec
Load application One-direction Two-direction
Cycles 3 millions 1 million
Items checked Not defined - Rall displace_mgnt
during testing - Stress of rail clip
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2. Outline of Japanese test method
» Rall fastening systems used in Japan are designed and verified to
comply with “Railway Structural Design Standard (track structures)”.

» Multiplication of design load and coefficients of variation defined in
vertical and lateral directions separately provides design forces.

Process of safety verification
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2. Outline of Japanese test method
» Coefficients of variation for conventional lines are divided into three
categories considering on-site measurements by curve radius.

» Design forces provide condition of two-directional static and
repeated loading tests to verify track safety.

Setup of two-directional loading Coefficients of variation for conventional line
Load derlved from Load derlvedfrom Design ek Coefficient of variation
\ deS|gn Aload & SESIED = I@ad ~ load type alignment Design Aload | Design B load
\ // , N\ Wheel load | Tangent, Curve 1.3 1.15
/ } ; ; [$ 0 r_ Tangent, R>800m 0.4 0.2
= == / h Tegt ra|I Lateral force | 600m<R<800m 0.6 0.3
e / ! \ (oModlflelcghead) R<600m 0.8 0.4
aps_jg_enlng systeml “:J* N b, Design A load : Load that occurs very rare

Gauge side

Design B load : Load often occurs
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3. Background of two-directional loading

» Two-directional loading reproduces out-of-phase lateral forces
secured at measurement on a sharp curve track.

CASE 1 In-situ measurement of lateral forces at high rail
(narrow gauge, conventional vehicle, curve radius 160m, Japan)
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3. Background of two-directional loading

» Two-directional loading reproduces out-of-phase lateral forces
secured at measurement on a sharp curve track.

CASE 2 In-situ measurement of lateral forces at high rail
(standard gauge, high-speed vehicle, curve radius 300m, Japan)
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Journal of Railway Engineering. JSCE. 2009.
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3. Background of two-directional loading

» Two-directional loading reproduces out-of-phase lateral forces
secured at measurement on a sharp curve track.

CASE 3 In-situ measurement of lateral forces at high rail
(standard gauge, conventional vehicle, curve radius 480m, Italy)
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4. Analytical reproduction of two-directional lateral forces

» An analytical study was conducted for reproducing the out-of-phase
lateral forces generated on sharp curved track.

MBD vehicle model and main specification Overview of running simulation

Car body Car body MBD vehicle model

% % .
\ S~ Circle
£ £ £ o |5 24 = curve
Bogie | H%H l;'J | o A iﬂ Bogie \ —

ﬁy
e Eﬁ = ﬁ NEd Transition
V\;r)\deeel (&l |Uﬁ? (%1 IU?% iﬁ‘—% ' V\g‘(?eel curve
ltem Unit | Value
Track gauge m 1.067 | EIas’Fic track mode!
Distance between the center of bogies m 14 .4 simulating curve section
Distance between wheel in the bogie m 2.1
Static wheel load kN | 71.0 * Pre-post and solver: SIMPACK Rail 2018
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4. Analytical reproduction of two-directional lateral forces

» Simulation reproduced the out-of-phase lateral forces like as the
measured result on real track in sharp curve.

Simulation condition

WS4 WS3 WS2 WS1

Running
direction
Track gauge : Narrow (1067mm)
Running speed : 40km/h

Curve radius : 160m

Superelevation : 84mm (Equilibrium)
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5. Standardization of two-directional loading test method
» CEN/TC 256/SC 1/WG 17 “Fastening systems developed
EN 13146-4 “"Effect of repeated loading” and published in 2003.

» ISO/TC 269/SC 1/WG 7 “Fastening systems” developed
1ISO 22074-4 “Test methods for resistance to repeated loading”
and published in 2022.

» Test method of two-directional loading was not incorporated in ISO
22074-4 but was eventually excluded.

» Following publication of ISO 22074-4, the technical specification
ISO TS 18973 “Two directional test method for resistance to
repeated loading” was developed and published in 2024.
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5. Standardization of two-directional loading test method

Contents of ISO TS 18973
Test specimens
Test procedure

>

Clamping force

Uplift stiffness

Vertical stiffness

Lateral stiffness
Calculation of test load and
loading angle

Static and repeated two-
directional loading

Start

All test results for calculating
test loading angles and testing angles
available?

'

Perform tests described in (8.3),
(8.5) and/or (8.6)

Calculate test loads as described in
(8.7)

yes

!

Perform test described in (8.8)
with measurement of rail clip

!

Perform test described in (8.9)
with measurement of rail clip

strains, optionally with pre-and
in

post-testi g

Perform test described in (8.8)
without measurement of rail clip
strains

without m rement of rail clip
strains, but wit! h pre-and post-
testing
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Key takeaways

>

>

>

Significant differences are present between the European and
Japanese test methods for rail fastening systems.

The Japanese test method for rail fastening systems requires
two-directional loading to secure fatigue durability.

The tendency of out-of-phase lateral forces on the operating track
underpins the basis of two-directional loading.

RTRI's research analytically reproduced the out-of-phase lateral
forces on a sharply curved track.

The test method for the two-directional loading has been
developed as ISO TS 18973 and published in 2024.
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Thank you for your kind attention!

...Any question?
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