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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 1SO, 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 ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

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 [SO's adherence to
the World Trade Organization (WTO) principles in 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.

A list of all parts in the ISO 22074 series can be found on the [SO website.

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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Introduction

This document brings together test methods for measuring the stiffness of pads and fastening
assemblies under static and low-frequency dynamic loading.

No method for testing at frequencies above 30 Hz is included. Methods for assessing stiffness at higher
frequencies can be found in other standards, including EN 15461 and EN 17495.
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INTERNATIONAL STANDARD ISO 22074-8:2022(E)

Railway infrastructure — Rail fastening systems —

Part 8:
Test method for vertical stiffness

1 Scope

This document specifies laboratory test procedures to determine the static and low-frequency dynamic
stiffness of rail pads, baseplate pads and complete rail fastening assemblies.

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 7500-1:2018, Metallic materials — Calibration and verification of static uniaxial testing machines —
Part 1: Tension/compression testing machines — Calibration and verification of the force-measuring system

[SO 9513:2012, Metallic materials — Calibration of extensometer systems used in uniaxial testing

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 22074-1 and the following
apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp
— |EC Electropedia: available at https://www.electropedia.org/

3.1

static stiffness

force required to cause a unit displacement of a pad or a rail fastening assembly with the load applied
slowly enough to avoid all significant loading rate effects

3.2

low-frequency dynamic stiffness

force required to cause a unit displacement of a pad or a rail fastening assembly with a cyclic load
applied at a frequency and force amplitude representative of the loading in railway track associated
with passing wheels or bogies

Copyright Internaticnal Gm@ml%@iczgezl%rﬁzﬁlul ri ghts reserve 'j 1
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4 Symbols

Fepmax ~ Peference force applied to pad in measurement of static stiffness of pad, in kN

Fepq lower limit of force for determining the static secant stiffness of a pad, in kN (approximately
equal to the clamping force expected in a fastening system)

Fspo upper limit of force for determining the static secant stiffness of a pad, in kN

ksp static stiffness of pad, in MN/m

depy vertical displacement of pad with force Fgp, applied, in mm

dgpo vertical displacement of pad with force Fgp, applied, in mm

Fiepmax Peference force for measurement of low-frequency dynamic stiffness of pad, in kN

F rp1 lower limit of force for determining the low-frequency dynamic stiffness of pad, in kN (approx-
imately equal to the clamping force expected in a fastening system)

Flrpo upper limit of force for determining the low-frequency dynamic stiffness of pad, in kN

dy rpy vertical displacement of pad with force F; p; applied in mm

d\ pp2 vertical displacement of pad with force F ;p, applied in mm

firp frequency of measurement of low-frequency measurement dynamic stiffness of pad, in Hz

K| pps low-frequency dynamic stiffness of pad at a specific frequency, in MN/m

Fsamax  reference force for measurement of static stiffness of assembly, in kN

Kqa static stiffness of assembly, in MN/m

dgpq vertical displacement of rail with force Fg,, applied, in mm

dgp o vertical displacement of rail with force Fg,, applied, in mm

Fopq lower limit of force for determining the static secant stiffness of assembly, in kN

Fspo upper limit of force for determining the static secant stiffness of assembly = 0,8 Fgp ., in kKN

Ky low-frequency dynamic stiffness of assembly, in MN/m

Flpan lower limit of force for determining the low-frequency dynamic stiffness of assembly, in kN

Fieao upper limit of force for determining the low-frequency dynamic stiffness of assembly, in kN

Fieamax Peference force for measurement of low-frequency dynamic stiffness of assembly, in kN

dy paq vertical displacement of rail in measurement of low-frequency dynamic stiffness of assembly
for force F| 4, in mm

dy pa2 vertical displacement of rail in measurement of low-frequency dynamic stiffness of assembly

for force F| 4,, in mm

5 Verification of calibration

The static calibration of actuators shall be verified in accordance with ISO 7500-1 using equipment
having traceability to European or International Standards using the International System of Units (SI).
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The calibration of displacement-measuring instruments shall be in accordance with ISO 9513.

6 Testprocedures for pads

6.1 Static test procedure for pads

6.1.1 Principle

A force is applied normal to the test pad and the displacement is measured.
6.1.2 Apparatus

6.1.2.1 Controlled temperature test area, area of the laboratory where the test is conducted,
maintained at (25 = 5) °C.

Where pads are to be used at other ambient temperatures, additional tests shall be performed in a
temperature-controlled chamber, if required by the purchaser, at one or more of the following
temperatures: (-30 £ 3) °C, (=20 £ 3) °C, (=10 + 3) °C, (0 £ 3) °C and (50 + 3) °C.

Additional test temperatures may be agreed between the manufacturer and the purchaser.
6.1.2.2 Metal plate, rigid, larger than the load distribution plate.

6.1.2.3 Load distribution plate, rectangular upper load distribution, made from metal 10 mm
minimum thickness, with smooth, rounded edges, such that the load distribution plate does not damage
the pad under test. The dimensions of the plate depend on the type of pad being tested as follows:

— Rail pads: the same width as the foot of the rail used for the repeated loading test (see [SO 22074-4)
and a length of 210 mm. Alternatively, a short length of rail, at least 210 mm long, may be used
instead of the upper load distribution plate and upper metal plate.

— Baseplate pads: the same width and length as the maximum rectangular area within the part of the
baseplate transmitting the load to the pad in the fastening assembly.

When the pad is supported in use over a limited area, a lower load distribution plate, of the same
dimensions as the part of the pad which would be actively supported in the fastening assembly, is also
required.

NOTE1  Fortests on continuous pads used in slab track a length of pad of 150 mm is used.

NOTE 2  If the metal plate described in 6.1.2.2 matches the size of the upper load distribution plate, the load
distribution plate can be omitted.

6.1.2.4 Abrasive cloth, with gritsize P120 to P400 (ISO 6344-1) in unworn condition, the dlmensmns
of each sheet being not less than the full area of the pad to be tested.

6.1.2.5 Actuator capable of applying a force of (Fgp,,,. + 10 %) KN through a spherical seating.

NOTE Typically, the maximum force is 120 kN.

6.1.2.6 Displacement-measuring instruments
a) If contacting displacement-measuring instruments are used, they shall conform with ISO 9513.

b) If non-contacting displacement-measuring instruments are used, they shall be calibrated to ensure
that they can measure the displacement of the metal plate relative to the base as required in 6.1.3.

Copyright Internaticnal Gm@ml%@iczgezl%rﬁzﬁlul ri ghts reserve 'j 3
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The instruments shall be capable of measuring displacements as follows:
— for pads with a declared stiffness < 100 MN/m, displacement measurement within 0,02 mm;

— for pads with a declared stiffness > 100 MN/m, displacement measurement within +0,01 mm.

6.1.2.7 Force measuring instruments conforming with ISO 7500-1:2018, Class 1 over the required
range of force.

6.1.2.8 Recording equipment, to make a digital recording and print out of the displacement and
applied force.

6.1.3 Procedure

All components and equipment used shall be kept at a temperature of (25 * 5) °C or another test
temperature (see 6.1.2.1) for at least 16 h prior to starting the test. Place the test set-up on a flat, rigid,
horizontal base, which supports the whole area of the pad, in the following sequence: base, lower load
distribution plate (if necessary), abrasive cloth (abrasive side up), pad, abrasive cloth (abrasive side
down), upper load distribution plate, metal plate as shown in Figure 1.

Ensure the load distribution plates are located on the active area of the pad. Locate at least three
independent instruments to measure the displacement of the metal plate at equal intervals around the
perimeter of the plate.

Apply a torce, Fgp,.» With a rate of application (120 £ 10) kN/min as specified in the performance
requirements for the type of track for which the pad is intended.

NOTE Performance requirements are set out in other standards.

Reduce the force to the minimum value, Fp, and repeat this cycle of loading and unloading twice more.
Increase the applied force from Fgpq to Fgp,,. recording the displacement while increasing the force in
this final cycle.

If the displacement measured by any of the instruments differs from the average displacement by 220 %
of the maximum displacement, repeat the loading cycle, ensuring that the force is applied centrally
to the pad. Calculate the static stiffness, kgp, in MN/m from Formula (1), where dgp; and dgp, are the
displacements associated with the applied forces Fgp; and Fgp,.

Fepr — I
kep = dSPZ dsm (1)
sp2 ~dsp1

© 1S0 2022 - All rights reserved
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5 6
Key
1 metal plate with vertical load applied as indicated by downward arrow
2 upper load distribution plate (if necessary)
3  pad to be tested
4  abrasive cloth
5 lower load distribution plate (if necessary)
6 base

Figure 1 — Test arrangement for pads

E:1';’:.1.4 Test report

The test report shall include at least the following information:
:a) a reference to this document (i.e. ISO 22074-8:2022);

b) name and address of the laboratory performing the test;

c) date test performed;

d) name, designation and description of the pads tested,;

e) origin of the test specimens;

f) intended use of the pad tested;

g) configuration of the load distribution plates used in the test;
h) temperature at which the test was performed,;

i) values of Fgpy and Fgp;

j) arepresentative load-deflection curve;

k) static stiffness of the pads tested.

Copyright Internaticnal Gm@ml%@iczgezl%rﬁzﬁlul ri ghts reserve 'j 5
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6.2 Low-frequency dynamic test procedure for pads

6.2.1 General

This method is valid for frequencies in the range (3 to 30) Hz.

NOTE Some standard servo-hydraulic actuators and associated control and measuring systems can be
unsuitable for this test procedure at the higher frequencies in this range.

6.2.2 Principle

A cyclic force is applied, normal to the pad, through an actuator at a single specified frequency or, if
a general value of low-frequency dynamic stiffness is required, at three constant frequencies. The
resulting displacements of the surface of the pad are measured at the maximum and minimum forces.

6.2.3 Apparatus

6.2.3.1 Controlled temperature test area, as per 6.1.2.1.

6.2.3.2 Metal plate, as per 6.1.2.2.

6.2.3.3 Load distribution plate, as per 6.1.2.3.

6.2.3.4 Abrasive cloth, as per 6.1.2.4.

6.2.3.5 Actuator, capable of applying a force of (Fj pp;,ax + 10 %) kN at the required test frequencies.
6.2.3.6 Displacement-measuring instruments, as per 6.1.2.6.

6.2.3.7 Force-measuring instruments, conforming with ISO 7500-1:2018, Class 1 over the required
range of force and capable of measurement at a minimum of 20 samples per cycle.

6.2.3.8 Recording equipment, to make a digital recording and print out of the displacement and
applied force at the required test frequencies with a sampling frequency of at least 20 times the loading
frequency.

6.2.4 Procedure

All components and equipment used shall be kept at a temperature of (25 £ 5) °C or another test
temperature (see 6.1.2.1) for at least 16 h prior to starting the test. Place the test set-up on a flat, rigid,
horizontal base, which will support the whole area of the pad, in the following sequence: base, lower
load distribution plate (if necessary), abrasive cloth (abrasive side up), pad, abrasive cloth (abrasive
side down), upper load distribution plate, metal plate as shown in Figure 1.

Ensure the load distribution plates are located on the active area of the pad. Locate at least three
independent instruments to measure the displacement of the metal plate at equal intervals around the
perimeter of the plate.

Obtain the specified value of F gp,,,., from the performance requirements for the type of track for which
the pad is intended.

Apply a cyclic force of Fy gpq to Fy ppo, where Fj ppsy = 0,8 Fi ppyax @t the required test frequency +1 Hz.
NOTE Performance requirements and required test frequencies are set out in other standards.

If no test frequency is defined, the test shall be carried out at (5 + 1) Hz.

Eﬂpyrighllrﬁrnatinnal Crganization for Standardization @ [Sﬂ 2{]22 - All TlghtE TESETVE‘E!
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After a minimum of 1 000 cycles, but not more than 2 000 cycles, at each frequency, record the applied
load and the metal plate displacement at a minimum of 20 samples per cycle for at least 10 cycles and
record the maximum and minimum displacements d| pp, and d| yp, at each frequency. If the displacement
measured by any of the three instruments differs from the average displacement by 220 % of the
maximum displacement, repeat the loading cycle, ensuring that the force is applied centrally to the pad.
Calculate the dynamic stiffness, k| gpp, In MN/m using Formula (2).

Frrp2 —FLrp1
Kypps = r r (2)
LFP2 —dLFp1

6.2.5 Testreport

The test report shall include at least the following information:
a) areference to this document (i.e. 1SO 22074-8:2022);

b) name and address of the laboratory performing the test;

c) date test performed;

d) name, designation and description of the pads tested,;

e) origin of the test specimens;

f) intended use of pad tested,;

g) configuration of the load distribution plates used in the test;
h) temperature at which the test was performed;

i) values of Fj gpq and F| gpo;

j) arepresentative load-deflection curve;

k) dynamic stiffness of the pads tested and the frequency at which tests were conducted.

7 Test procedures for complete rail fastening assemblies

7.1 Static test procedure for fastening assemblies

7.1.1 Principle

A force is applied to the centre line of the rail head, perpendicular to the datum surface (as defined in
[SO 22074-1), above the longitudinal centre line of the rail support. The resulting displacements of the
rail are measured.

7.1.2 Apparatus
7.1.2.1 Controlled temperature test area, as per 6.1.2.1.
7.1.2.2 Actuator, capable of applying a force of (Fg 4 + 10 %) kN.

7.1.2.3 Displacement-measuring instruments

a) Ifcontacting displacement-measuring instruments are used, they shall conform with ISO9513:2012,
Table 2, Class 2.

Copyright Internaticnal Gm@mlmg'ggl%rﬁzﬁ’hul ri ghts reserve 'j 7
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b) If non-contacting displacement-measuring instruments are used, they shall be calibrated to ensure
that they are capable of measuring the displacement of the rail, relative to the rail support as
required in 7.1.3.1.

The instruments shall be capable of measuring displacements as follows:
— for assemblies with a declared stiffness £ 100 MN/m, displacement measurement within 0,02 mm;

— for assemblies with a declared stiffness > 100 MN/m, displacement measurement within £0,01 mm.

7.1.2.4 Force-measuring instruments, as per 6.1.2.7.
7.1.3 Test specimens

7.1.3.1 Rail support

A sleeper, half sleeper, concrete block or other rail support with cast-in fastening components or holes,
and rail seats, as made without modification for this test.

7.1.3.2 Fastening

All fastening components as used in track assembled complete with a short length of rail of the section
for which the assembly is intended.

7.1.4 Procedure

All components and equipment used shall be kept at a temperature of (25 = 5) °C or another test
temperature (see 6.1.2.1) for at least 16 h prior to starting the test.

Obtain the specified values Fg,; and Fgy ., from the performance requirements for the type of track
for which the fastening system is intended.

NOTE1 Performance requirements are set out in other standards.

NOTE 2  With the agreement of the authority requesting the test, the value of Fg,; can be increased to ensure
stability of the test apparatus, but it cannot exceed 5 kN.

Support the test specimen on a rigid surface. Apply a load of Fg, .., at a rate of (120 = 10) kN/min to
the centre line of the rail head above the longitudinal centre line of the rail support. Apply the load
three times. On the third loading record the vertical displacement of the rail using four transducers on
the rail foot above the four corners of the rail seat as shown in Figure 2. If the displacement measured
by any of the instruments differs from the average displacement by =20 % (=30 % if the stiffness is
being measured after a 3 million cycle repeated loading test as specified in ISO 22074-4) then repeat
the loading cycle and ensure that the force is applied perpendicular to the rail support.

Calculate the secant stiffness of the assembly, k¢,, in MN/m from Formula (3), where d;,; and dg,, are
the displacements associated with the applied forces Fg,; and Fgu,, where Fgup = 0,8 Fopay:

F. — F
ke =25A2 ~Fsa1 (3)
dsp —dspq

Eﬂpyrighllrﬁrnatinnal Crganization for Standardization @ [Sﬂ 2{]22 - All TlghtE TESETVE‘E!
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Dimensions in millimetres

Figure 2 — Test arrangement for fastening assemblies

7.1.5 Testreport

The test report shall include at least the following information:

a)
b)
c)
d)
e)
f)
g)
h)
i)

j)

k)

a reference to this document (i.e. ISO 22074-8:2022);

name and address of laboratory performing the test;

date test performed;

name, designation and description of fastening assembly, including individual components, tested;
origin of test specimens;

rail section used in the test;

temperature at which the test was performed,;

value of Fg,, and Fg, - used in the test;

a representative load-displacement diagram;

values of rail displacements used in the stiffness calculation;

vertical static stiffness (if more than one sample is measured, mean value shall be stated).

7.2 Low-frequency dynamic test procedure for fastening assemblies

7.2.1 General

This laboratory test procedure is to determine the dynamic stiffness of rail fastening assemblies. It
provides data for the selection of assemblies and for use in the determination of the effect of repeated
loading (ISO 22074-4).

This method is valid for frequencies in the range (3 to 10) Hz.

Copyright Internaticnal Gé@nzl%@iczgg&ﬁzﬁ“nll ri ghts reserve 'j 9
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7.2.2 Principle

A cyclic force is applied to the centre line of the rail head, perpendicular to the datum surface (as
defined in ISO 22074-1), above the longitudinal centre line of the rail support. The resulting maximum

and minimum displacements of the rail are measured.

7.2.3 Apparatus
7.2.3.1 Controlled temperature test area, as per 6.1.2.1.

7.2.3.2 Actuator, capable of generating a force of (Fjpamay + 10 %) kKN (approximately up to 110 kN)
at the specified frequency in the range (3 to 10) Hz.

7.2.3.3 Displacement-measuring instruments, as per 7.1.2.3.
7.2.3.4 Force-measuring instruments, as per 6.2.3.7.
7.2.3.5 Recording equipment, as per 6.2.3.8.

7.2.4 Procedure

All components and equipment used shall be kept at a temperature of (25 £ 5) °C or another test
temperature (see 6.1.2.1) for at least 16 h prior to starting the test. Place the sleeper or system set-up on
a flat, horizontal base which will support the whole fastening assembly.

Select the appropriate vertical components of loads (Fipy; and Fypama,) from the performance
requirements for the type of track for which the fastening system is intended.

NOTE1 Performance requirements are set out in other standards.

NOTE 2  With the agreement of the authority requesting the test, the value of F ¢4, can be increased to ensure
stability of the test apparatus, but it cannot exceed 5 kN.

Apply a cyclic force of Fy gy to Fypan, where Fipas = 0,8 Fipamaye at the required test frequency +1 Hz.
After a minimum of 1 000 cycles but not more than 2 000 cycles, record the applied load and the vertical
rail displacement at a minimum of 20 samples per cycle for at least 10 cycles. Then calculate the average
values of d| 5, (average displacement at the minimum force F; ;y;) and d, 5, (average displacement at
force Fppz).

[f the displacement measured by any of the instruments differs from the average displacement by
>20 % then repeat the loading cycle and ensure that the force is applied perpendicular to the support.

Calculate the dynamic stiffness, k; », in MN/m for each test frequency using Formula (4):

Fira2 —FLra1
K pa = r r (4)
LFA2 —AdLFA1

7.2.5 Testreport

The test report shall include at least the following information:
a) areference to this document (i.e. SO 22074-8:2022);

b) name and address of the laboratory performing the test;

c) date testperformed,;

d) name, designation and description of the fastening assembly tested,;
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e) origin of the test specimens;

f) rail section used in the test;

g) temperature at which the test was performed;

h) wvalue of F}y; and Fy gy used in the test;

i) arepresentative load-displacement diagram for each frequency tested;
j) values of rail displacements used in the stiffness calculation;

k) dynamic stiffness of the assembly tested at each frequency used in the test.

Copyright Internaticnal Drg@ugl%@iczggl%rﬁzﬁynll ri ghts reserve 'j

11



ISO 22074-8:2022(E)

1]
2]

3]

4]

[5]

Bibliography

[SO 6344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
ISO 22074-4, Railway infrastructure - Rail fastening systems — Part 4: Effect of repeated loading
EN 13481, Railway Applications — Track — Performance requirements for rail fastening systems

EN 15461, Railway Applications - Noise emission — Characterisation of the dynamic properties of
track sections for pass-by noise measurements

EN 17495, Railway Applications - Acoustics - Determination of the dynamic stiffness of elastic track
components related to noise and vibration

EﬂpyrighllrJEI%tinnal Crganization for Standardization @ [Sﬂ 2{]22 - All TightE TESETVE‘E!



Copyright International Crganization for Standardization

A Y

rarr F oPra



ISO 22074-8:2022(E)

ICS 45.080

Price based on 12 pages

© IS0 2022 - All rights reserved

Copyright International Crganization for Slan%aldizatinn



