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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
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Introduction

The mechanisms of excitation of ground-borne noise and vibration from railway systems are listed in
[SO 14837-1:2005, 4.2.2, which identifies five excitation mechanisms acting at the wheel-rail interface. These
mechanisms include

a) moving loads (quasistatic) excitation,

b) excitation caused by wheel or rail roughness,

c¢) pa

rametric excitation,

d) wh
e) dis

This dgcument is concerned with excitation by roughness. The aim of this document is tq

f) de
g) pr

an
h) pr
The te}
acoust

the saf
f=80

This d
of anal

eel or rail defects, and

continuities of the track.

Fine the term roughness used in connection with the source of ground vibrationfrom railways

pvide guidance regarding the procedures that can be used for roughness@xcitation measuremg
plysis, and

pvide guidance regarding the equipment that can be used to measuteé roughness excitation.

'm acoustic roughness is already defined by common use and in'EN 15610. The mechanism by
c roughness generates vibration, leading to noise in the £ange f = 50 Hz to f = 6 kHz, is ess¢
he as that which is a source of ground vibration in the frequency ranges of approximately f =

Hz and approximately f = 20 Hz to f= 250 Hz, that Jeads to ground-borne or structure-borng
bcument therefore draws upon the established definitions, methods of measurement and m|

bnt and

which
ntially
I Hz to
noise.
ethods

ysis for acoustic roughness to provide guidancefer the measurement and analysis of the roughness
pertaifing to ground-borne vibration and ground-borné€ noise.
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Mechanical vibration — Ground-borne noise and vibration

arising from rail systems —

Part 34:
Cha .. ] ] ]
respect to vibration excitation

1 Sdope

This dpcument specifies methods for measuring and analysing irregularities of running surfaces
in the prediction and assessment of ground-borne noise and vibration arising from railway system
documlent

a) defines the data that can be described as rail or wheel roughness and-that can be used to qu4
sopirce term for the generation of the dynamic forces that can lead"to ground-borne vibratio
rajlway vehicles,

for use
s. This

ntify a
n from

b) giyes guidance regarding the types of equipment that can béwsed to measure roughness as a variation

of height along the running direction of the rail surface orwheel parameter,

c) giyesguidance regarding the methods that can be used;to obtain an estimate of the roughness wavsg
spectrum from measurement records taken over alength of rail head or wheel perimeter, and

d) gives guidance regarding the presentation of’a‘roughness spectrum representing the conditi
lenigth of rail or of a wheel related to its ability'to generate vibration.

This dgcument does not

e) give guidance regarding the characterization of localized geometrical features (e.g. switches, cro
rall squats, occasional rail joints.and localized geometrical defects of the running surface). These fé
ar¢ likely to produce dynamicforces that are not linear with their amplitude because of the ch
gepmetry at the wheel-rail"centact. Hence these features are not characterized by methods of a
defined within this documeént. Annex A provides further information regarding the characteriza
logalized geometricalfeatures,

f) giye guidance regarding the specification or testing of roughness measurement equipment that
uspd. Annex B provides an overview of measuring equipment,

g) giye guiddnee regarding the measurement or analysis of track quality for any other purpose t}
assessment of ground-borne vibration,

length
bn of a
ssings,
atures
inge of

halysis
tion of

can be

an the

h) present any example of roughness spectra intended to represent typical roughness. Roughnes

levels

vary greatly between track sites and any examples used in this document have not been selected
other basis than their usefulness for the purpose of demonstrating the principles of analysis,

i) promote any particular make, model or manufacturer of measurement equipment, and

j) recommend or promote software for the implementation of the analysis procedure.
2 Normative references

There are no normative references in this document.

© IS0 2024 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply. For an explanation of
roughness-related terms, see Clause 4.

[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

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

31

running surface

part of

Note 1 {

the wheel tread or the rail head, along which the wheel-rail contact passes during rolling

o entry: In the case of the rail this is the bright band of the surface of the rail head that contains all the {

positions of the wheel-rail contact.

[SOUR

3.2
rough]
variati

CE: EN 15610:2019, 3.9]

hess
pn in height of the rail or wheel running surface associated with-a\particular noise or vil

phenoinenon

3.3
rough]
amplit

[SOUR

3.4
roughi
Lr

level e3

Note 1
forasp

ness spectrum
ide of the roughness expressed as a function of the roughiness wavelength A

CE: EN 15610:2019, 3.2, modified — “acoustic” has been'deleted in the term and the definition.

hess level

kpressed in decibels, given by the following‘formula:

is the roughness/deyel in dB;
15 1s the root mean square roughness in um; and

is the reference roughness with ry =1 pm

o entry:\This definition applies to values measured either in the form of a roughness wavelength spec
pcificrenghness wavelength band.

unning

pration

rum or

[SOUR

CEZEN 15610:2019, 3.3, modified — “acoustic” has been deleted in the term and the definitipn and

Note 1
3.5

to entry has been replaced.]

roughness wavelength

A

ratio expressed in m given by the following formula:

A=v/f

where

© IS0 2024 - All rights reserved
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is the frequency in Hz

is the train speed in m/s

4 Characterizing roughness related to vibration excitation

4.1 Roughness and noise or vibration phenomena

Roughness is the variation in the height of the rail or wheel running surface. Therefore,

a) ac

b) gr

bofrne noise, and

c¢) gropund-borne vibration roughness is roughness associated with the excitation of low-frequency
vibration.

The vehicle-track interaction equation for the excitation of force by vertical profile irregularities in thg

of the
range

4.2 Roughness spectrum

Thero
of mea

and dad
certair
record

4.3 Roughness level

Figure

requir

rough
presenftation is given in logarithmically scaled one-third-octave bands, with the roughness level as a fi

of the
ISO 30
A=04

bustic roughness is the roughness associated with the excitation of rolling noise,

Fail and/or wheel running surfaces is the same for 4.1 a), b) and c). Only-the roughness wavg
hanges.

ghness spectrum is an estimation of the statistical properties of the roughness record over the
surement. A roughness spectrum represents the general‘geometrical condition of the running

kinds of track or rail or wheel defect) that do not oceur with sufficient frequency in a measu
to be part of its statistical summary of the condition of the track or running surface.

[ 1 shows an example of a measured Toughness spectrum. It is presented in accordance wj|
bments of EN 15610 but with the. roiighness wavelength range extended to A = 4 m to incly
ess associated with the excitation-of low-frequency ground vibration and ground-borne noi

roughness wavelength, in decreasing order. The default upper limit for a test section spec
D5:—, Figure 5 is shown.as.a reference. This limit is specified to A = 0,4 m. For the range A = 0,07
m the limit increases.at'arate of 20 dB/decade.

bund-borne noise roughness is roughness associated with the excitation of ground-borne.6rstriicture-

bround

height
length

length
urface

es not represent the geometry of localized features_{e'g. a crossing nose, rail joint, dipped joint or

fement

ith the
de the
5e. The
nction
fied in
2mto
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Figure 1 — Example of-a‘roughness spectrum presented in accordance with the guidance given in
EN 15610

4.4 Roughness wavelength range

Table 1 illustrates the relationship between roughness wavelength, train speed and the resulting exditation
frequehey., The shaded cells 1nd1cate the range of roughness wavelengths deflned as acoustlc roug hness
in EN 45€ v A ately
f=1Hz tof 80 Hz) or ground borne and structure borne noise (approx1matelyf 20 Hz tof 250 Hz)
require a roughness definition which includes data to longer roughness wavelengths than for acoustic
roughness.

At short roughness wavelengths (e.g. A < 1 m), roughness is defined by the wear patterns of the running
surfaces of the wheels and the rails. At long roughness wavelengths (e.g. A = 1 m) roughness is defined by
the vertical alignment of the track. Long roughness wavelengths are therefore affected by the construction
quality, the construction method and the condition of the track substructure and ballast.

© IS0 2024 - All rights reserved
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Long roughness wavelengths are not usually relevant for low-frequency ground-borne noise unless the train
is travelling at high speed (e.g. v > 160 km/h in Table 1). Long roughness wavelengths are relevant to low-
frequency ground-borne vibration for all train speeds.

The maximum roughness wavelength for the running surfaces of wheels is limited by the wheel
circumference.

Table 1 — Relationship between excitation frequency, train speed and roughness wavelength

Frequency, f Roughness wavelength, A, in metres for a given train speed, v
- 40 km/h 80 km/h 160 km/h 315 km/h
o (11,11 m/s) (22,22 m/s) (44,44 m/s) (87,5 m/s
1 11,11 22,22 44,44 87%50
2 5,56 11,11 22,22 43,75
4 2,78 5,56 11,11 21,88
8 1,39 2,78 5,56 10,94
16 0,69 1,39 2,78 5,47
31,5 0,35 0,71 1,41 2,78
63 0,18 0,35 0,71 1,39
125 0,09 0,18 (0,36 0,70
250 0,04 0,09 40,18 0,35
NOTE | Grey shaded cells indicate the wavelength range of “acoustic roughness’-as defined in EN 15610.

4.5 (

Rough
its rou
spacin
is also
amplit

For so
the ong
the cor

Spectr
roughy
octave
A =10(
are A 5
the me
(RMS)
EN 134
thatis

and vilration (see Table 1).

Lharacterization of roughness

hess spectra (see Figure 1), summarize the variatien in roughness of a running surface with re
bhness wavelength and severity. Localised peaks.are apparent, such as those arising from fajs
b and from reprofiling operations (e.g. rail griftding). If a limit such as that from ISO 3095:—, F

shown, this demonstrates, for example,‘that the irregularities shown are of a relatively
ide throughout the roughness wavelength range relevant to both air-borne and ground-born

e purposes, investigating variatigns in the measured roughness spectrum from a limit line (
e shown in ISO 3095:—, Figure'5) can be useful. For example the investigation can highlight a
rect weight to areas of periedicity throughout the roughness wavelength range of interest.

h (see Figure 1) are net/used for rail reprofiling or track maintenance. For these purpog
ess wavelength range of interest is divided into intervals that are significantly larger than on
bands. For example/in EN 13231-2 the ranges of interest are A = 10 mm to A = 30 mm, A = 30
mm, A =100 mmmto A =300 mm and A = 300 mm toA =1 000 mm whereas in EN 13848-1 the
3mtoA=25m,A=25mtoA=70mand A =70 m to A = 150 m. Different methods of prej
asurements’are considered in EN 13231-2 and EN 13848-1 (e.g. peak-to-peak and root-mean-
amplitudes). Measurements undertaken in accordance with the requirements of EN 13231
48-1%re appropriate for the purposes which the maintenance is being undertaken and the equ
being used to monitor the work and its quality.

bard to
tening
gure 5

small
P noise

uch as
nd give

es the
-third
mm to
ranges
enting
square
-2 and
jpment

The most detailed presentation of roughness is as measured displacement as a function of distance along
the track. If such a presentation method is used to represent roughness wavelengths pertinent to ISO 3095
as well as roughness wavelengths relevant to ground-borne noise and vibration, the required resolution of
displacement measurements is approximately 0,01 pm.

5 Principles of measurement and analysis

EN 15610 describes the measurement and analysis of acoustic roughness and sets principles of measurement
and analysis that can be applied to roughness associated with the generation of low-frequency ground-borne

© IS0 2024 - All rights reserved
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vibration and ground-borne noise. EN 15610 should be referred to in order to understand the principles to
be used in the measurement and analysis of acoustic roughness.

EN 15610 defines roughness as a one-third-octave spectrum versus roughness wavelength range from
A =3 mm (for different train speeds) to A = 0,25 m. Acoustic roughness is the origin of rolling noise between
f=150Hzand f= 6 kHz. ISO 3095 refers to the requirements in EN 15610 for the measurement and analysis
of roughness and compares the measured spectrum against a limit of up to A = 0,4 m. The requirements
of EN 15610 were tested before being finalized. This was achieved by having different teams applying
its requirements to two track sections and comparing their test results. The results from both teams are
reported in CEN/TR 15874 which gives further insight into the analysis of roughness data.

Some qftheprineiples-eofmeasurementand-analysis-efacousticroughnessare-universaland-shal-be
to medsurement and analysis of roughness for ground-borne noise and vibration. Other prinei

d)

Aspectls of EN 15610, which are not always.iecessary for the calculation of ground vibration or g

the

sh
a
re

mg¢et the statistical variance limit due to the long sample record that weuld be required;

th
ru

th
ar

Hdwever, digital filtering is more appropriate for the sample record lengths that are usually re
foit roughness wavelengths relevant to ground-bornemoise and vibration; and

pr

full sample record (i.e. not including local geometrical features).

borne

pr

only affect roughness wavelengths with A < 50 mm. Hence they are out of the range of interest f]
frgquency ground vibrationox'ground-borne noise;

ke
au

Other

excitatlion include:

e)
)

g)

an

reporting of roughness data shall clearly state:

1y
2)
3)
4)
5)

ratio of the measured sample record length to the longest roughness wavelength being re
buld be greater than 60. To obtain a roughness spectrum for A = 2 m, the sample record sh

evant to low frequency ground vibration from high speed trains (e.g. A=710 m) it can be diff

e appropriate lateral sample record (number of measurement linés and their spacing acr
hning surface) which is dependent on the width of the running surface;

e analysis methods that can be used are Fast Fourier Transforms (FFT) and digital filterin
b acceptable for roughness wavelengths associated withi{ground vibration and ground-borng

psentation as one-third-octave roughness spectrum in dB with a reference of 1 um to characte

hoise, include:

bcessing to remove pits and spikes from the sample record. These features in the sample

eping a log of all defeetsbeing edited from the record. This is not practical on such long recoj
fomated removal of defects shall be allowed.

Fequirements for-Characterizing the irregularity of the running surfaces with respect to vil

[y roughness spectrum shall be qualified by the data processing used;

applied

ples in

corded
uld be

inimum of 120 m for the statistical variance limit to be met. For very long.roughness wavelengths

cult to

ss the

b. Both
noise.
quired

ize the

round-

record
Or low-

ds and

bration

the type of measurement device used,
the sampling period;

the type of averaging used;

the length of the record; and

the valid roughness wavelength range of the data.

in cases where roughness is to be measured for a site-specific purpose (e.g. the local prediction of likely
levels of ground-borne noise in a proposed new building near to the site concerned), the roughness

© IS0 2024 - All rights reserved
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amplitude can vary along the length of rail on which the roughness profile is measured. This causes
uncertainty because the roughness local to the site can be different to the roughness evaluated for the
full length of the record. In such cases it is desirable to record and retain the actual roughness profile
in the space domain to facilitate post processing in order to take full account of this effect. Annex C
provides further information regarding processing of roughness information in site-specific cases.

The principles of measurement and analysis described in this clause are intended to provide a means of
characterising the roughness of a track which is not loaded by a train. The loaded geometry of the track,
resulting from track stiffness variation, can theoretically act as a separate vibration excitation mechanism
which is not characterised by the principles described in this document and is explained in EN 13848-2.
Excitation from the loaded geometry of the track is only important for ground-borne noise and vibration

gener OIl WI1€E c 20 d OUugIine O d O pdl'dDle LO, O OWE d € l0dded g€ metry.
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Annex A
(informative)

Characterization of localized geometrical features

The general excitation mechanisms for vibration and ground-borne noise are described in
[SO 14837-1:2005, 4.2.2 and in Reference [9]. Ground-borne noise and vibration are clearly excited by
local fgatures in the track as switches, crossings, rail joints, welds, rail squats and wheel irregularities
(e.g. wheelflats). These inputs can be non-linear and more difficult to characterise than excitation prising
from smaller scale roughness considered in Clause 4 and Clause 5. An early and comprehensive reference
in this|area characterises such noise as impact noise as distinct from rolling noisell% and -Conclyded in
particular that at a rail joint, the height difference, and not the width of the gap is the controlling parpmeter
in gendrating impact noise. An update to this work is given in Reference [11].

The coptribution of wheelflats and joints to noise is considered in References [12] and [13].

EXAMPLE The sound power level over the full frequency range f= 63 Hz to f= 4 KHzis a full 10 dB to 20 dB higher
over the speed range v = 30 km/h to v = 120 km/h from a 2 mm deep wheelflatthan from a typical treadibraked
wheel. While the frequency range f= 63 Hz to f= 4 kHz is pertinent to air-borneeise, the frequency ranges of|f= 1 Hz
to f=8pP Hz and f= 20 Hz to f = 250 Hz, that are pertinent to ground-borne vibration and noise respectively, gre only
partially covered.

Impact noise frequencies significant for ground-borne noise andyvibration are considered in Referenges [14]
and [1b]. It is demonstrated in Reference [14] that the magnitude of ground-borne vibration arisinfg from
wheelflats are significantly greater than those arising frem»common levels of vertical track irregplarity.
Based |on extensive field measurements, it is concluded;in References [16] and [17] that the makimum
vibratipn levels are induced mainly by freight locomotives. For several freight locomotives, a high variance
in megsured vibration levels up to 20 dB was observed, indicating a significant scatter in whee| tread
conditions (sometimes referred to as wheel out-of*roundness). It is clear from Reference [15] that a ctossing
exciteq noise across the full frequency spectrum f= 1 Hz to f= 250 Hz that is significant for ground-borne
noise and vibration.

Modelling and measurement of vibratign at switches and crossings is considered in References [18] and [19],
primaijily with regard to the contact forces that are significant in the deterioration and maintenance qf these
expendive track components. In Reference [19], it is shown by measurement that the effect of a rail[profile
correcfion at the frog is beneficial in the frequency range f < 50 Hz, leading to a reduction of abouf 10 dB
in soil|vibration. However, for-higher frequencies the benefit is not as pronounced, becoming pragtically
negligiple for f> 100 Hz.

© IS0 2024 - All rights reserved
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Annex B
(informative)

Measuring equipment

B.1 Rail roughness measuring equipment

A varig
are us

Intern
tobe u
a) Re
to
b) EN
of
Wa
pr
c) EN
th
as
Essent
longity
(see B,

Examplles exist of both chord-based and inertial’ systems for both ground-borne noise and vil

wavele
wavele
made |

For ac

equipment have been used. It is-fiet practical to measure the sample record length required for 1

induce

equipnpent described in EN 156%0.

[tisre
measu
the ch

ty of equipment is available to measure irregularities on railway rails. Several types of eqt
ed on rail reprofiling trains and measuring vehicles. There already exist several Europe
itional Standards describing the requirements for the measurements to be taken and.the equ
sed for different roughness wavelength ranges. For example:

quirements for equipment to measure track geometry at roughness wavelengths-in the range
=200 m are considered in EN 13848-1.

13231-2 sets out the technical requirements and the measurements o be made for the accs

velength range of interest for EN 13231-2 is A = 10 mm to A = 1,000 mm. A validation proce
bposed for equipment to be used for these measurements.

15610 specifies the requirements of a system that can be‘used to measure acoustic rough
e roughness wavelength range A < 0,25 m in one-third-o€tave bands. It does not present a me
bessing whether equipment is satisfactory for that purpese.

ally two types of measuring equipment exist @nd can give a continuous measurement
dinal profile of a rail: chord-based systems and inertial systems. Axlebox accelerometer s
2) are a versatile and widely used method ef‘measuring track condition when the track is

ngth measurements (typical for trackygeometry requirements, see EN 13848-1) and a

ngth measurements (typical for rail reprofiling, see EN 13231-2). In Reference [20], a compat
etween chord and inertia based systems for measuring rail head irregularities.

d ground-borne noise and vibration roughness wavelengths using straight-edge measu

fognised in EN 13848-1 that if a measurement is made using a system based on a moving chd
Fed signals aredistorted in magnitude and phase. Depending on the position of transducers

proced
type o

Regard

brd, some roughness wavelengths cannot be measured by the chord-based system. In any
ure is required in order to correct for the distortions that do exist. This is the case regardles
transducer that is used to measure the rail distortion from the datum provided by the chord.

less of the equlpment used the accuracy and repeatability of the measurement equlpmer

[pment
hn and
Ipment

=3 m

ptance

work to re-profile both longitudinally and transversely the headscof\railway rails. The roughness

dure is

hess in
thod of

of the
ystems
oaded.
pration
Coustic
ison is

pustic roughness measurements (see EN 15610), both static straight-edge devices and inertial

ailway
rement

rd, the
within
case, a

of the

t used

ant for

generatlon of ground -borne noise and Vlbratlon shall be quallfled Inertlal systems have been demonstrated
to give not only extremely repeatable but also, as far as this is possible to demonstrate, accurate
measurements over the entire roughness wavelength of interest for both air-borne and ground-borne noise
and vibration[211[22],
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B.2 Axlebox accelerometer systems

The first axlebox accelerometer system was an analogue device developed by British rail research in the

1980s

and used routinely for several years in the UK to detect corrugation[20l, Axlebox accelerometer

systems have subsequently been and are being used to

a) measure corrugationl241[23],

b) monitor welds and general track condition and thereby help programme maintenancel221(26](27](28],

¢) monitor discrete defects, including turnouts, crossings, studs, squats and thermit welds[221[301(31],

d) mgnitor joints, including insulated jointsl31133] and

e) iny

Axlebo
in part
transfe
borne

which

measu
and ve

Axleba
a cons
groung
inertia

If the (
metho
subtra

restigate vehicle/track/soil interaction[34] and the effects of track support stiffness[33l,

x accelerometer system output depends critically on the dynamic behaviour of vehicle and tragk, and
icular the transfer function between the wheel/rail irregularity and axlebox accélération[221(36], The
r function between roughness and acceleration can be variable at frequencies.pertinent to ground-
noise and vibration. This variation occurs because of the dynamic behaviour of the track itself,
is a function of the track support stiffness and of the track form and vehicle suspension. A¢curate
Fement of ground-borne noise and vibration wavelengths requires the ¢amplex behaviour of thle track
hicle suspension to be fully understood and accounted for in the medsurements taken[37],

x accelerometer systems give measurements of irregularity thdt are repeatable and reprodudible on
stent trackform and for acoustic frequenciesl3¢] as at thesg frequencies (above those of intdrest to
-borne noise and vibration), movement of the wheel and rail'is extremely small because of thdir high
and the axlebox acceleration is directly proportional to the'wheel/rail irregularity.

ontributions of the wheel and rail to the overall irregularity are to be considered independéntly, a
] is required to separate their effects. One methpd’is to measure the wheel surface irregularjty and
ct this from the irregularity measured with the axlebox system[371[38],

B.3

Most i
on the
firm b
is mea

The w
with a
measu
is mea

heel roughness measuring equipment

not all types of equipment that are available to measure irregularities on railway wheels ar¢ based
ame principle. The instrument Comprises one or more displacement transducers that are located in a
se that is held, commonly with a magnet, to the rail. The distance around the periphery of th¢ wheel
ured using a tachometer wheel that is in contact with and rotates with the train wheel.

eelset is jacked up slightly so as to be clear of the rail. The transducers are moved to be in ¢ontact
hd approximately pormal to the wheel surface and the wheel is then rotated by hand. Continuous
Fements of radial-ixregularities are made with the transducers while the distance around thg wheel
sured using theytachometer in contact with it. An example of measurements taken in this way are

presented in Reference [39]. Some results for different rolling stock are shown in Reference [16] #nd for

freight

Wheel
servicq

locomotives and wagons in Reference [17].

impagt: detection systems have been used for many years to detect irregularities on whiels in
, Which can significantly increase track damage and in particular rail breaks. Such irregularities

can al

o cause substantial grmmd-hnrnp noise and vibration Nevertheless the purpose of these systems is

to alert users to a problem rather than to give a continuous measurement of wheel irregularity. The main

techno
techno

logies that are used in these systems are accelerometers and strain-gauged rails. An overview of the
logies is given in Reference [40] and some results are shown in Reference [17].

B.4 Loaded and unloaded measurement systems

It is stated in Reference [27] that one important aspect of controlling vibration levels is the availability of
systems that accurately measure and monitor vertical track (and rail) irregularities to facilitate maintenance

manag
vibrati

ement. Such systems measure irregularities in roughness wavelengths relevant to ground-borne
on and noise. Measurement systems can measure the unloaded or the loaded irregularity of the track.
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B.1 describes unloaded measurements. B.2 describes loaded measurement systems. More loaded and
unloaded measurement systems are discussed in Reference [27].

It is further stated in Reference [27] that none of the available systems measure the complete roughness
wavelength range relevant for ground-borne vibration and noise. For example, at a freight train speed of
v =80 km/h, the relevant roughness wavelengths are between A = 0,1 m to A = 10 m. In common practice and
according to existing standards, track recording coaches (TRC) are used to assess loaded track geometry
(longitudinal roughness level) with A > 3 m (sometimes A > 1 m), whereas hand-held accelerometer-based
trolleys and mechanical displacement probes measure unloaded rail irregularities A < 0,5 m. To cover the
complete roughness wavelength range, a combination of measurement methods is required.

o-combinetloaded-andunloadedmeasurementmethod e-g—a e84 erefFohietee ]Stems
simultaneously measure rail corrugation and loaded track geometry). But when under sleeper, pdds are
used then the loaded case will show differences (e.g. up to 15 dB lower roughness levels from(f="68 Hz to
f=40Q Hz because of the lower stiffness of the trackl41l) of the unloaded measurement system. Thi§ is the
case b¢cause the unloaded measurement is independent of track stiffness and therefore shows no redquction
in roughness from f= 63 Hz to f= 400 Hz.

B.3 degcribes an unloaded system that can be used to measure wheel out-of-roundhess. It is obviou§ that a
certair} out-of-roundness against a round wheel shows different vibration amplification for different track
systenis (e.g. see Reference [17]). This is due to the fact that the excitation mechanisms can change acdording
to diffgrences in the dynamic properties of the track system.
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