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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 269, Railway applications, Subcommittee SC 1,
Infrastructure.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Technical Specification ISO/TS 18973:2025(en)

Railway infrastructure — Rail fastening systems — Two
directional test method for resistance to repeated loading

1 Scope

This document describes a test procedure for the determination of resistance to repeated loading by -
amongst others - applying out-of-phase load cycles which generate forces in two directions, representative
of those caused by traffic on railway track, taking into account the effect of two consecutive axles of passing
railway vehicles.

The document applies to surface mounted rail on sleepers, bearers and slab track.

The test procedure applies to a complete fastening assembly.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 22074-1, Railway infrastructure — Rail fastening systems — Part 1: Vocabulary

[SO 22074-2, Railway infrastructure — Rail fastening systems — Part 2: Test method for longitudinal rail
restraint

ISO 22074-4:2022, Railway infrastructure — Rail fastening systems — Part 4: Test methods for resistance to
repeated loading

ISO 22074-7, Railway infrastructure — Rail fastening systems — Part 7: Test method for clamping force and
uplift stiffness

[SO 22074-8:2022, Railway infrastructure — Rail fastening systems — Part 8: Test method for vertical stiffness

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 22074-1 apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Symbols

Symbol |Description Firstappearance

hy height of loading position for normal rail, in mm; 6.2

hy height of loading position for test rail, in mm; 6.2

Py clamping force, in kN; 8.3

F maximum axial load on the rail without non-elastic displacement occurring, in kN; 8.4

Fsaq the lower limit of force for determining the static stiffness, in kN; 8.5
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Symbol |Description Firstappearance
Fsp max the reference force for measurement of static stiffness, in kKN/mm; 8.5
kga vertical stiffness of fastening assembly, in kN/mm; 8.5
kia lateral stiffness of fastening assembly, in kN/mm; 8.6
er eccentricity of loading position from centre for test rail, in mm; 8.8.1
N test loading angle applied from gauge side (A load), in radians; 8.8.1
Og test loading angle applied from field side (B load), in radians; 8.8.1
Py test load applied from gauge side (A load), in kN; 8.8.2
Py max maximum test load applied from gauge side, in kN; 8.8.2
Pa min minimum test load applied from gauge side, in kN; 8.8.2
Py test load applied from field side (B load), in kN; 8.8.2
Pg max maximum test load applied from field side, in kN; 8.8.2
Pg min minimum test load applied from field side, in kN; 8.8.2
d;, lateral rail head displacement, in mm; 8.8.3
diy measured lateral displacement at test rail head, in mm; 8.8.3
dip measured lateral displacement at test rail foot, in mm; 8.8.3
PR tilting angle of test rail, in radians; 8.8.3
hrr distance between two measuring points of lateral displacement, in mm; 8.8.3
Q static wheel load for design, in kN; B.2
Qa vertical component of the design load A (A load), in kN; B.2
Qg vertical component of the design load B (B load), in kN; B.2
Yy lateral component of the design load A (A load), in kN; B.2
Yy lateral component of the design load B (B load), in kN; B.2
k, total vertical stiffness per unit length, in kN/mm/m; B.2
ks vertical stiffness of rail supporting structure, in kN/mm; B.2
ky, total lateral stiffness per unit length, in KN/mm/m; 8.2
ki g lateral stiffness of rail supporting structure, in kN/mm; B.2
Wy vertical component of the test load A (A load), in kN; B.2
Wy vertical component of the test load B (B load), in kN; B.2
H, lateral component of the test load A (A load), in kN; B.2
Hg lateral component of the test load B (B load), in kN; B.2
A sleeper spacing, in m; B.2
EI, vertical bending rigidity of normal rail, in kKN-m2; B.2
El, lateral bending rigidity of normal rail, in KN-m?; B.2
Pa rail tilting angle at the loading point for design load A, in radians; B.3
Pg rail tilting angle at the loading point for design load B, in radians; B.3
My tilting moment of rail against the design load A, in kN-m; B.3
Mg tilting moment of rail against the design load B, in kN'm; B.3
C torsional rigidity of the normal rail, in KN-mm?/radian; B.3
en eccentricity of loading position from centre for normal rail, in mm; B.3
K’ torsional spring constant of the rail fastening system, in kN-m/radian; B.3
K stiffness of rail pad, in KN/mm; B.3
K, lower uplift stiffness of rail clip, in kN/mm; B.3
K higher uplift stiffness of rail clip, in kN/mm; B.3
Py initial clamping force, in kN; B.3
P, clamping force due to @, Q4 or Qg, in kN; B.3
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Symbol |Description Firstappearance
Py clamping force on gauge side, in kN; B.3
Py’ clamping force on field side, in kN; B.3
) deflection of rail clip fastened on gauge side corresponding to (P;'-P), in mm; B.3
d, deformation of rail pad due to application of Py, in mm; B.3
d; deformation of rail pad due to application of Q, Q4 or Q, in mm; B.3
b, width of rail pad, in mm; B.3
b, lateral distance between two clamping point, in mm; B.3
P rail tilting angle at the loading point, in radians; B.3
ol rail tilting angle when clamping force is equal to initial clamping force, in radians; B.3
o rail tilting angle when rail end begins to leave from rail pad, in radians; B.3
X width where bottom of the rail and the rail pad touch, in mm; B.3
Y deflection of rail bottom surface caused by increase in clamping force, in mm. B.3

5 Principle

Static and repeated loads of a constant amplitude are applied by a pair of actuators operating out of phase
with each other. This two directional loading testing is applicable when the fastening system is applied on
the railway track where out of phase lateral forces occur.

The test method for repeated loading is largely similar to the method defined in ISO 22074-4.
The test sequence is as shown in Figure 1.
First a normal rail is adopted for collecting data for calculating test loads.

Then a modified test rail is adopted in the two directional static load test and the repeated load test,
described in 8.8 and 8.9.

The test method cannot be applied to fastening systems which are based on web-supported rails nor to
embedded rails because they cannot be tested with modified test rails.
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Start

Test loads and test loading
angles available?

no

All test results for calculating

test loading angles and testing angles

available?

no

'

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
strains

'

Perform test described in (8.9)
with measurement of rail clip
strains, optionally with pre-and
post-testing

Assessment of rail clip stress
required by purchaser?

no

!

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

!

Perform test described in (8.9)
without measurement of rail clip
strains, but with pre-and post-
testing

End

Figure 1 — Diagram of test sequence

6 Apparatus

6.1 General arrangement

The complete test procedure refers to several tests, for which specific test standards are applicable, which
define the specific test arrangements.

The arrangement for the two directional tests is described in 8.8 and 8.9.

6.2 Rail

All fastening assemblies used in the tests shall make use of a section of rail with a length of approximately
0,5 m and which shall be unlaminated and have neither loose rust on the surface nor be polished on the foot.
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Use one of load application arrangement of the test rail shown in Figure 2. The test rail used in the two
directional tests, as described in 8.8 and 8.9, has the following features:

— The test rail with modified rail head (to accommodate the load application head) and shortened rail web
shall be as shown in Figure 2 a). The curve radius at the load application pointis 15 mm unless otherwise
specified. The eccentricity of loading position from rail centre, e, is 30 mm unless otherwise specified.

— The testrail with partially removed rail web shall be as shown in Figure 2 b). The value X is the difference
between the height of loading position for the normal rail, hy, and that for the test rail, hy.

— The foot of the test rail shall be identical to the foot of the normal rail used in service.

— The height of the loading position for test rail, hy is obtained using the process of calculation described

in Annex B.
NOTE A normal rail is the rail for which the fastening assembly is designed.
2, 2
3 i 3
i
i
!
I
1 i
i
i
|
i
a) Modified rail head and shortened rail web b) Partially removed rail web
Key
1  height of loading position for test rail, hy
2 eccentricity of loading position from rail centre, e
3 curve radius at loading position
4  centre of gauge corner radius
5 point of load application
6  part of web removed

Figure 2 — Test rails

6.3 Actuator

Specifications for the actuators used in each of the tests described in 8.3, 8.4, 8.5 and 8.6 shall be taken from
the test standards referenced in these subclauses.

The two actuators used in the two directional tests, as described in 8.8 and 8.9, have the following features:

— They shall each be capable of applying a force of up to 160 kN static as well as dynamic in a cyclical
manner at a frequency of 5,5 Hz. Hydraulic control of actuators shall be done so that the resultant vertical
components of load applied to the fastening assembly decreases to nearly 0 kN.

— The actuator equipment shall be able to apply the test load on the test loading angle with a tolerance of
+/- 1,0 degrees. In other words, the actuator shall have a hinge to meet the required test loading angle.
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