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European foreword 

This document (EN 13481-5:2022) has been prepared by Technical Committee CEN/TC 256 “Railway 
applications”, the secretariat of which is held by DIN. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by January 2023, and conflicting national standards shall 
be withdrawn at the latest by January 2023. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document supersedes EN 13481-5:2012+A1:2017. 

The main changes compared to the previous edition are as follows: 

a) changes to the terminology to be consistent with the EN 16432 series of standards; 

b) inclusion of details of in-service testing, replacing the reference to EN 13146-8, which is to be 
withdrawn; 

c) slight reduction of test loads in repeated loading test for fastening category D; 

d) editorial changes to make clear which requirements are based on laboratory testing; 

e) removal of Annex ZA. 

This European Standard is one of the series EN 13481 “Railway applications — Track — Performance 
requirements for fastening systems”, which consists of the following parts: 

— Part 1: Definitions 

— Part 2: Fastening systems for concrete sleepers in ballast 

— Part 3: Fastening systems for wood and polymeric composite sleepers 

— Part 4: Fastening systems for steel sleepers 

— Part 5: Fastening systems for ballastless tracks 

— Part 7: Fastening systems for switches and crossings, check rails, insulated rail joints and rail expansion 
devices 

NOTE Part 6 does not exist in this series. 

These European Standards are supported by the test methods in the series EN 13146 “Railway 
applications — Track — Test methods for fastening systems”. 

This document has been prepared under a Standardization Request given to CEN by the European 
Commission and the European Free Trade Association. 

Any feedback and questions on this document should be directed to the users’ national standards body. 
A complete listing of these bodies can be found on the CEN website. 

BS EN 13481‑5:2022

http://w
ww.china-gauges.com/



EN 13481-5:2022 (E) 

4 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North 
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United 
Kingdom. 
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Introduction 

A series of tests is used to assess the suitability of fastening systems for use in railway track, i.e. for type 
approval of complete fastening systems. This document only sets requirements considered relevant to 
ensure the safe, long-term operation of the track system. The test methods are described in other 
associated standards. 

The various Categories of rail fastenings used in this document are defined in EN 13481-1:2012. 

BS EN 13481‑5:2022
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1 Scope 

This document is applicable to fastening systems, in Categories A – D as specified in EN 13481-1:2012, 
3.1 for attaching rails to the uppermost surface of concrete or steel elements in ballastless tracks, 
including tracks on open deck bridges, and for embedded rails in ballastless tracks, for maximum axle 
loads and minimum curve radii in accordance with Table 1. 

Table 1 — Fastening category criteria 

Category 
 

Maximum design axle load 
kN 

Minimum curve radius 
m 

A 130 40 

B 180 80 

C 260 150 

D 260 400 

NOTE The maximum axle load for Categories A and B does not apply to maintenance vehicles. 
 

The requirements apply to: 

— fastening systems which act on the foot and/or web of the rail including direct fastening systems and 
indirect fastening systems; 

— fastening systems for rail sections included in EN 13674-1 (excluding 49E4), or EN 13674-4. 

This document is not applicable to fastening systems for wood or polymer composite sleepers used in 
ballastless track, which are included in EN 13481-3. 

This document is not applicable to rigid fastening systems, special fastening systems used at bolted joints 
or glued joints or special low clamping force fastenings used to mitigate track-bridge interaction effects. 

This document is for type approval of complete fastening systems. In track forms in which there are rail 
seat blocks or sleepers mounted in “boots” (under-sleeper pads) the concrete element and its resilient 
support are considered to be parts of the elastic fastening system. If the track form includes floating slabs, 
(i.e. resiliently supported concrete elements with more than one fastening per rail) those concrete 
elements and their resilient supports are considered to be parts of the ballastless track and not of the 
fastening system. 

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. 

EN 13146-1:2019, Railway applications — Track — Test methods for fastening systems — Part 1: 
Determination of longitudinal rail restraint 

EN 13146-4:2020, Railway applications — Track — Test methods for fastening systems — Part 4: Effect of 
repeated loading 

BS EN 13481‑5:2022
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EN 13146-5:20121, Railway applications — Track — Test methods for fastening systems — Part 5: 
Determination of electrical resistance 

EN 13146-6:2012, Railway applications — Track — Test methods for fastening systems — Part 6: Effect of 
severe environmental conditions 

EN 13146-7:2019, Railway applications — Track — Test methods for fastening systems — Part 7: 
Determination of clamping force and uplift stiffness 

EN 13146-9:2020, Railway applications — Track — Test methods for fastening systems — Part 9: 
Determination of stiffness 

EN 13146-10:2017, Railway applications — Track — Test methods for fastening systems — Part 10: Proof 
load test for pull-out resistance 

EN 13230-1:2016, Railway applications — Track — Concrete sleepers and bearers — Part 1: General 
requirements 

EN 13481-1:2012, Railway applications — Track — Performance requirements for fastening systems — 
Part 1: Definitions 

EN 13674-1:2011+A1:2017, Railway applications — Track — Rail — Part 1: Vignole railway rails 46 kg/m 
and above 

EN 13674-4:2019, Railway applications — Track — Rail — Part 4: Vignole railway rails from 27 kg/m to, 
but excluding 46 kg/m 

EN 17319:2020, Railway applications — Infrastructure — Performance requirements of rail fastening 
systems for tramways 

EN 17343:2020, Railway applications — General terms and definitions 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions given in EN 13481-1:2012, 
EN 17343:2020 and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

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

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

3.1 
datum for applied test loads 
flat bottom surface of a conventional concrete sleeper used as a datum plane to define the orientation of 
the applied test loads 

Note 1 to entry:  For fastenings on supports which do not have a flat bottom surface, the orientation of the test 
loads is defined relative to “running surface of the rails” which is defined in EN 13848-1:2019. See Figure 1. 

                                                             

1 As impacted by EN 13146-5:2012/AC:2017. 
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Key 

1 centre of gauge corner radius 
2 centre line of the rail profile 
3 line of load application 

Figure 1 — Load application position 

3.2 
purchaser 
operator, owner or user of the rail fastening system 

3.3 
supplier 
body responsible for the use of this European Standard 

Note 1 to entry: Sometimes the manufacturer is also the supplier. 

BS EN 13481‑5:2022
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4 Symbols 

For the purposes of this document, the following symbols apply. 

Dr maximum longitudinal displacement of rail prior to slip, in mm; 

FLFA1 minimum force applied in measurement of low frequency dynamic stiffness of assembly, in 
kN; 

FLFAmax reference force for measurement of low frequency dynamic stiffness of assembly, in kN; 

FLFP1 notional fastening clip force assumed for measurement of low frequency dynamic stiffness of 
pad, in kN; 

FLFPmax reference force for measurement of low frequency dynamic stiffness of pad, in kN; 

Fmax axial load at which gross slip occurs in the longitudinal rail restraint test in kN; 

FSA1 minimum force applied in measurement of static stiffness of assembly, in kN; 

FSAmax force applied to assembly in measurement of static stiffness of assembly, in kN; 

FSP1 notional fastening clip force assumed for measurement of static stiffness of pad, in kN; 

FSPmax force applied to pad in measurement of static stiffness of pad, in kN; 

kL longitudinal stiffness in accordance with EN 13146-1:2019, in MN/m; 

kLFA low frequency dynamic stiffness of assembly, in MN/m; 

LT sample length of embedded rail, in m; 

PL component of load parallel to the datum, in kN; 

PV component of load normal to the datum, in kN; 

X distance between the line of application of PL and the centre of the gauge corner radius of the 
rail head as shown in Figure 1, in mm; 

α angle between the load line and the datum as shown in Figure 1, in °. 

5 Requirements determined by laboratory testing 

5.1 Specimens used for laboratory testing 

The laboratory tests described in 5.2 to 5.5 and 5.7 shall be carried out using a supporting element e.g. a 
reinforced concrete block to represent concrete ballastless track or a steel plate to represent a steel 
bridge structure. 

For continuously supported rail, the test length of rail is the length which is supported on the pad. For 
embedded rail, the test length of rail is the length which is embedded. In these cases, for category A the 
test length should be (0,8 ± 0,01) m and for categories B to D the test length should be (0,6 ± 0,01) m. 

The supporting element shall have a rail seat inclination no greater than the inclination to be used on the 
application for which the type of fastening will be used. 

For example, a fastening tested successfully on a support with 1:40 inclination does not need to be re-
tested at 1:20 inclination. 

BS EN 13481‑5:2022
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For the laboratory test described in 5.6 two fastenings shall be assembled on a section of concrete track 
or steel structure with a length equivalent to the intended fastener spacing as described in 
EN 13146-5:20121. 

For the laboratory test described in 5.8 a fastening system shall be assembled on a concrete block or steel 
element as described in EN 13146-10:2017. 

5.2 Longitudinal rail restraint or longitudinal stiffness 

5.2.1 General case 

The requirement for longitudinal rail restraint is included to control rail creep and pull apart in the event 
of a broken rail. 

For discrete fastening systems, and for continuously supported rail with mechanical fastening, the 
longitudinal rail restraint shall be not less than 7,0 kN when measured by the procedure in 
EN 13146-1:2019 before any repeated load test is carried out. For fastenings to be used in lines with 
trains operating at speeds above 250 km/h, the longitudinal rail restraint shall be not less than 9,0 kN 
when measured by the procedure in EN 13146-1:2019 before any repeated load test is carried out. 

For embedded rail with an adhesive fastening system, the longitudinal stiffness kL shall be measured in 
accordance with EN 13146-1:2019, between 0 mm and Dr relative displacement per equivalent length of 
support without visible damage. The value of Dr should be agreed between the purchaser and the 
supplier. In the absence of any such agreement, a value of Dr = 7 mm shall be used. The longitudinal rail 
restraint shall be not less than 7,0 kN. 
5.2.2 Special case for long structures 

On structures such as long bridges, the longitudinal force transmitted between the track and the structure 
may be calculated by the method described in CEN/TR 17231:2018 and used in EN 1991-2:20032. The 
value of Fmax measured in accordance with EN 13146-1:2019 may be used in the calculation. In such 
cases and subject to agreement between the purchaser and manufacturer, the minimum requirement for 
longitudinal rail restraint may be reduced. 
5.3 Clamping force and uplift stiffness 

This shall be determined by the procedure in EN 13146-7:2019. The result shall be reported. 

If the rail fastening system is to be used on long bridge structures calculations of track-bridge interaction 
effects at bridge deck ends, such as those required in EN 1991-2:20032, may require values of uplift 
stiffness of the fastening system. If such information is required it shall be determined using the method 
set out in EN 13146-7:2019. 

This requirement for clamping force is not applicable to web support fastening systems. 

If required by the purchaser, the uplift restraint and uplift stiffness of embedded rail systems shall be 
determined using the methods set out in EN 17319:2020 Annexes B and C, respectively. 

                                                             

2 As impacted by EN 1991-2:2003/AC:2010. 
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5.4 Vertical stiffness 

The assembly stiffness shall be measured to inform the purchaser of an important mechanical property 
of the fastening system and to determine the parameters for the repeated loading test (see 5.5). The 
assembly static stiffness and assembly low frequency dynamic stiffness at 5 Hz shall be measured in 
accordance with EN 13146-9:2020. 

Stiffness testing of pads is not a requirement for type approval of the fastening but may be used to provide 
guidance for other tests, e.g. quality control. If required, pads shall be tested in accordance with 
EN 13146-9:2020. 

Loads are given in Table 2 for testing pads and for testing complete fastening assemblies. For embedded 
rail, these test loads apply to a specimen as described in 5.1. In the case of a shorter specimen being used, 
the test load shall be reduced proportionally. 

Table 2 — Loads for measurement of stiffness 

Fastening 
category 

FSP1 and FLFP 
FSPmax and 

FLFPmax 
FSA1 and FLFA1 

FSAmax and 
FLFAmax 

 kN kN kN kN 

A 16 51 1 32 

B 18 64 1 43 

C 18 85 1 64 

D 18 85 1 64 

NOTE  Guidance on the measurement of pad high frequency dynamic stiffness is given in EN 17495:—3. For the 
measurement of assembly properties at acoustic frequencies see EN 15461 and EN 17495:—3. 

5.5 Effect of repeated loading 

The effect of repeated loading shall be determined by the procedure in EN 13146-4:2020. In the case of 
twin block, booted concrete sleepers, the whole sleeper shall be subject to testing using the procedure 
for two rail seats. 

The test loads and positions shall be as shown in Table 3. Background information and a general 
justification for the test load conditions may be found in CEN/TR 17320:2019. 

For embedded rail, these test loads apply to a specimen with the rail embedded for 0,8 m in Category A, 
and 0,6 m in other Categories. In case of a shorter specimen, the test load shall be reduced proportionally. 

                                                             

3 Under preparation. Stage at the time of publication: FprEN 17495:2022. 
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Table 3 — Test loads and positions 

kLFA  < 40 MN/m  ≥ 40 < 75 MN/m  ≥ 75 < 100 MN/m  ≥ 100 MN/m 

Category 
α Xa Pv/cos α α Xa Pv/cos α α Xa Pv/cos α α Xa Pv/cos α 

° mm kN ° mm kN ° mm kN ° mm kN 

A 45 100 50 45 100 55 38,6 50 65 38,6 50 80 

B 38,6 100 55 38,6 100 60 38,6 75 70 38,6 50 85 

C 33 25 60 33 25 65 33 25 75 33 25 95 

D 26 15 56 26 15 61 26 15 70 26 15 89 
a For embedded rail and web supported rail, the rail section shall be unmodified (i.e. X = 0). 

As required by EN 13146-4:2020, the following measurements shall be performed before and after 
repeated loading. The change in performance (increase or decrease) shall not exceed the values shown 
below. 

— Change in longitudinal rail restraint or longitudinal stiffness  ≤  ± 20 %; 

— change in vertical static stiffness    ≤  ± 25 %; 

— change in clamping force   ≤  ± 20 %. 

The requirement for change in vertical static stiffness is not applicable to fastening systems with static 
stiffness ≥ 300 MN/m. 

The requirement for change in clamping force is not applicable to fastening systems which support the 
web of the rail or for fastening systems for embedded rail. 

Any visible fracture of the components of the test specimen shall be reported in accordance with 
EN 13146-4:2020. 

Compliance with Category C implies compliance with Categories C and D. 
5.6 Electrical resistance of the fastening system and slab track elements 

If the purchaser requires the fastening system to provide electrical insulation, this shall be not less than 
5 kΩ when measured in accordance with EN 13146-5:20121. The purchaser may specify a higher value 
for use with certain track circuits. 

When testing surface mounted systems with discrete supports, two fastening assemblies, one for each 
rail, are mounted on a section of the slab track of length, parallel to the rail, at least sufficient to fully 
support the rail pads. It shall also include the encasement of any concrete element forming part of the 
fastening system as described in 5.1 and reinforcement similar to that used in track in the concrete 
elements. 

For surface mounted fastening systems incorporating continuous support of the rails, and for embedded 
rail fastening systems, the test specimen shall be representative of the slab on which the rails are 
supported. 

— For mechanical fastening systems for surface mounted rail, the length of the specimen shall be the 
nominal sleeper spacing in EN 13481-1:2012, 3.1. 

— For embedded rail systems, the embedded length of the specimen shall be 0,6 ± 0,01 m except when 
testing to Category A in which case the embedded length of the specimen shall be 0,8 ± 0,01 m. 

BS EN 13481‑5:2022
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NOTE This requirement relates to signalling currents only, not to traction currents. Guidance on traction 
currents is given in EN 50122-2. 

5.7 Effect of exposure to severe environmental conditions (surface mounted rails only) 

The effect of exposure to severe environmental conditions shall be determined in accordance with 
EN 13146-6:2012. Following exposure to the salt spray test, the fastening assembly shall be capable of 
being dismantled, without failure of any component, and re-assembled using manual tools provided for 
this purpose. 

5.8 Anchoring fastening components 

5.8.1 Cast-in or glued-in components in concrete supporting elements 

Components of the fastening assembly may be cast into the concrete during manufacture of concrete 
elements or construction of the slab, or glued into the concrete elements or slab after the concrete has 
hardened. These components shall be subject to a vertical load test using the procedure described in 
EN 13146-10:2017. 

Three concrete blocks, each incorporating cast-in or glued-in components for one fastening assembly, 
shall be selected for this test. One cast-in or glued-in component in each block shall be tested. 

The proof load to be applied may be specified by the designer of the ballastless track system. If no such 
requirement is specified the proof load applied in each test shall be 60 kN if there are two cast-in or glued-
in components per rail seat, 40 kN if there are three cast-in or glued-in components per rail seat and 
30 kN if there are four or more cast-in or glued-in components per rail seat. 

After the test there shall be no evidence of damage to the fastening component or supporting element 
that could result in a loss of integrity or durability of the fastening system. Localized spalling of the 
concrete surface immediately adjacent to the fastening insert is not to be considered to be a reason to 
reject the system. 
5.8.2 Anchoring components on steel supporting elements 

Components which are bolted or welded onto steel supporting elements shall be subject to a vertical load 
test using the procedure described in EN 13146-10:2017. 

Three anchors shall be tested, each attached to a steel supporting element. 

The proof load to be applied may be specified by the designer of the ballastless track system. If no such 
requirement is specified the proof load applied in each test shall be 60 kN if there are two anchoring 
components per rail seat, 40 kN if there are three anchoring components per rail seat and 30 kN if there 
are four or more anchoring components per rail seat. 

After the test there shall be no evidence of damage to the fastening component or supporting element 
that could result in a loss of integrity or durability of the fastening system. 

6 Other requirements 

6.1 Dimensions 

The overall dimensions shall be within the envelope shown in Figure 2 to avoid interference with vehicles 
including track maintenance vehicles. 

This requirement does not apply to embedded rail or web support fastening systems. For such fastening 
systems, the minimum flangeway should comply with national regulations and the envelope for the 
fastening systems shall be provided by the supplier. This is applicable to all rail sections in EN 13674-1 
and EN 13674-4, excluding 49E4. 
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Where an outside conductor rail is used, the width of the envelope is reduced from 220 mm to 180 mm. 
Dimensions in mm 

 
Key 

1 envelope for rail fastening 
NOTE  The envelope is symmetrical about rail centre line. 

Figure 2 — Envelope for rail fastening 

6.2 Effect of fastening system tolerances on track gauge 

Calculations shall be provided by the manufacturer to show the maximum variation in static track gauge 
which can arise from the fastening system. The calculations shall be based on the design dimensions of 
the rail section given in EN 13674-1:2011+A1:2017 or EN 13674-4:2019 and shall include any 
assumption about the position of the rail within the fastening assembly and the tolerances on all 
components of the fastening system. It shall not include tolerances arising from the location of the 
fastening components in the slab or from any baseplate location. The variation in track gauge, calculated 
in this way, shall not exceed ± 1 mm. 

The supplier shall also provide a drawing of the interface between the fastening system and the element 
of slab track. This drawing shall include: 

— the external gauge point (see EN 13230-1:2016, Figure 2) of the rail fastening system which is the 
reference point for the track gauge (for example holes or elements cast into slabs); 

— the dimension and the tolerance between internal and external gauge points for the rail section for 
which the fastening assembly is designed; 

— drawings with dimensions and tolerances of components of the fastening system; 

— the design inclination of the rail seat. 
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6.3 In-service testing 

If required by the purchaser, in-service testing may be carried out as a part of the type approval process. 
All “pass/fail” criteria which are to be applied in assessing the rail fastenings at the conclusion of the test 
shall be agreed before the test is undertaken. 

The purchaser shall state, in advance of the test 

— the expected length of any test site; 

— the track and traffic conditions (including train speed and axle loading, curvature, super-elevation); 

— the duration of the test in terms of elapsed time from installation and/or accumulated passing 
tonnage. 

Typical conditions for testing should be a test over 300 m with 20 MGT of passing traffic over a period of 
at least one year. 

Parameters to be assessed may include 

a) retention of track gauge; 

b) permanent longitudinal movement of the rail, relative to the supporting structure; 

c) effect on performance of signalling systems; 

d) clamping force (measured on a sample number of fastening components removed from the track and 
tested using the supplier's recommended test method); 

e) rail pad stiffness (measured on a sample number of pads removed from the track and in accordance 
with EN 13146-9:2020); 

f) security of attachment to the supporting structure; 

g) condition of the rail head; 

h) condition of the supporting structure including rail seat area; 

i) condition of individual fastening components; 

j) ease of assembly and removal using the tools recommended by the supplier; 

Many of the above may only be assessed by visual inspection. Where quantifiable parameters (e.g. 
clamping force or pad stiffness) are used for assessment the purchaser shall specify in advance the 
acceptable limits for the results of measurements at the end of the trial. Assessment shall not be based 
on the percentage change in the value over the period of the test, as it is not generally possible to establish 
the condition of individual components at the commencement of the test with sufficient accuracy. 

6.4 Attenuation of noise and vibration 

Advice on the attenuation of noise and vibration is given in Annex A. 
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7 Fitness for purpose 

The supplier shall ensure that the fastening systems supplied comply with the requirements of this 
document. Specifications for individual components shall be provided by the supplier at the time the 
assembly is presented for testing. 
NOTE Users of this European Standard are advised to consider the desirability of quality system assessment 
and registration against EN ISO 9001 by an accredited third party. 

8 Marking, labelling and packaging 

Where there is adequate space for legible marking and no effect on performance, each component shall 
be permanently marked with raised or indented symbols or letters which identify the manufacturer and 
include the particular component reference. When components are packed in containers, each container 
shall be labelled with details of the components and with the production batch number or date of 
manufacture. 
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Annex A 
(informative) 

 
Vibration and noise 

A.1 General 

The physical behaviour of the rail fastening system influences vibration transmitted into the track 
structure, and noise emitted from the track and the structure. Prediction models for structural and 
environmental vibration and noise may require input parameters which relate to this behaviour. In some 
situations, rail fastenings may be designed to control vibration transmission: in such cases these 
parameters are especially important. 

This annex gives advice on the parameters and their use. 

A.2 Symbols 

For the purposes of this annex the following symbols and those in Clause 4 apply: 

Di Insertion loss, in dB; 

FHFAmax static preload applied in the measurement of high frequency stiffness of assembly, in kN; 

kHFAD transfer stiffness in measurement of high frequency stiffness of assembly, in N/m; 

jω √-1; 

k transfer stiffness, in N/m; 

ZF foundation impedance, in dB; 

ZO source impedance, in dB. 

A.3 Parameters for environmental vibration calculations 

In order to predict or analyse environmental vibration and secondary noise caused by the passage of 
trains, it is necessary to know the stiffness of the rail fastening assembly subjected to vibration at 
appropriate amplitudes and frequencies. In general, it is not possible to replicate both the amplitude and 
the frequency in a small scale laboratory test. 

Tests may be carried out with representative load amplitudes, at frequencies up to 20 Hz. When required, 
such tests should be carried out in accordance with EN 13146-9:2020, 7.2. The maximum load, FLFAmax, 
is given in Table 2 and any test frequency may be specified in the range 3 Hz to 10 Hz. The result of this 
test is the low frequency dynamic stiffness of the fastening assembly, kLFA, for the specified track category 
and frequency. 

Tests may be carried out at higher frequencies, but only at very small amplitudes of load. When required, 
such tests should be carried out in accordance with EN 17495:—3. The pre-load FHFAmax applied is 50 % 
of the maximum load, FLFAmax, given in Table 2. The result of this test is a graph of transfer stiffness, 
kHFAD, against frequency for the specified track category. 
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A.4 Calculating the vibration attenuation 

The attenuation of a fastening system can be expressed in terms of the insertion loss (Di) which describes 
the reduction in the level of sound power transmitted to the foundation. 

For fastening systems that can be modelled by a single degree of freedom system of transfer stiffness k, 
the calculation, using Formula (A.1) involves the foundation impedance (ZF) and the source impedance 
(ZO). 

ω= +
+

F O

OF
20 1 dB lgi

Z Zj
D

k Z Z
 (A.1) 

The derivation of ZF and ZO cannot be given in general terms as it depends on details of the vehicles and 
track. Further information is given in [5]. 

A.5 Environmental noise 

Many models used for prediction of railway noise require input of a value for rail fastening stiffness. This 
value is derived from the test procedure given in EN 15461, which requires tests to be carried out on a 
complete panel of railway track. 

Where such a panel of track is not available, and it is necessary to estimate the stiffness from tests on a 
single rail fastening assembly, indicative values of stiffness for noise prediction may be obtained by 
carrying out the test in EN 17495:—3. 
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