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reword

ISO (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 maint
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Introduction

The emission and propagation of road traffic noise greatly depends on road surface characteristics,
notably on texture, flow resistivity and acoustic absorption. All these characteristics influence the
generation of tyre/road noise and, in addition, the acoustic absorption can influence the propagation
of sound, particularly when the propagation takes place close to the surface. Power unit noise, which is
usually generated at a greater height above the road surface than tyre/road noise, may also be affected
during propagation by the porosity characteristics of the road surface. These effects lead to differences in
sound pressure levels, associated with a given traffic flow and composition, from different road surfaces
of up to 15 dB, which can have a substantial impact on the environmental quality alongside a road

Itis therefqre important to be able to measure the influence of surface characteristics on tyre/rodd npise
by a standprdized method. Within the constraints of this method, this document offers amobjecfive
rating of the road characteristics to satisfy a need expressed by road planners, road administratjors,
contractorp, manufacturers of so-called “low-noise surfaces” and other parties concenhed with|the
control of foad traffic noise.

A method gatisfying the needs expressed in the foregoing, but having serious, practical constraints,
appears in ISO 11819-1. That method, called the statistical pass-by (SPB)-method, is intended| for
use essentjally for two main purposes. It can be used: first, to classify surfdaces in typical and good
condition gs a type according to their influence on traffic noise (surface €lassification); and second, to
evaluate the influence on traffic noise of different surfaces at particulat sites irrespective of condition
and age. Hpwever, due to severe requirements on the acoustical engirenment at the measurement §ite,
the methodl cannot generally be used for approval of new or rebuilt 'surfaces at any arbitrary locatiion.
In addition, the SPB method has a number of other practical limiitations, which are outlined in Annej D.

The methofd specified in this document, together with ISO/TS 11819-3, complements the SPB metho(d in
applicatiorn]s where the latter has limitations.
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Acoustics — Measurement of the influence of road surfaces
on traffic noise —

Part 2:
The close-proximity method

1 (Scope

Thif document specifies a method of evaluating different road surfaces with respect to their influence
on fraffic noise, under conditions when tyre/road noise dominates. The interpretation of fthe results
applies to free-flowing traffic travelling on essentially level roads at constant’speeds of 404 km/h and
upwards, in which cases tyre/road noise is assumed to dominate (althotigh in some countries it is
pospible that tyre/road noise does not dominate at 40 km/h when the proportion of heavy|vehicles is
high). For other driving conditions where traffic is not free-flowing, sueh as at junctions or uhder heavy
accgleration, and where the traffic is congested, the influence of the-road surface on noise gmission is
more complex. This is also the case for roads with high longitudinal gradients and a high prpportion of
heajry vehicles.

A st
aut
Nnoij

andard method for comparing noise characteristics.of road surfaces gives road and erjvironment
horities a tool for establishing common practices orJimits as to the use of surfacings meetfing certain
e criteria. However, it is not within the scope ofithis document to suggest such criteria.

ISO
metf
inte

11819-1 defines another method: the statistical pass-by (SPB) method. The close-proxi
hod specified in the present document has the same main objectives as the SPB met]
nded to be used specifically in applicatiens that are complementary to it, such as:

noise characterization of road surfaces at almost any arbitrary site, with the main
checking compliance with a surface specification (an example for conformity of pr
suggested in Reference [1]);

checking the acoustic effect of maintenance and condition, e.g. wear of and damage to S

ity (CPX)
hod, but is

purpose of
duction is

urfaces, as

well as clogging and/theeffect of cleaning of porous surfaces;
checking the lonpgitudinal and lateral homogeneity of a road section;

the developfent of quieter road surfaces and research on tyre/road interaction.

easurement
gestions for

NOTE This/document does not describe the conditions of application for formal purposes of the m
witlh the GPX method. Such conditions may be defined in other standards or legal texts. However, sug
the ppplicability of ISO 11819-1 and this document are provided in Annex D.

Measurements with the CPX method are faster and more practical than with the sPB method, but are
more limited in the sense that it is relevant only in cases where tyre/road noise dominates and power
unit noise can be neglected. Furthermore, it cannot take heavy vehicle tyre/road noise into account as
fully as the SPB method can, since it uses a light truck tyre as a proxy for heavy vehicle tyres and does
not take power unit noise into account.

The CPX method specified in this document is intended to measure the properties of road surfaces,
not the properties of tyres. If the method is used for research purposes, to provide an indication of
differences between tyres, the loads and inflations would normally be adjusted to other values than
specified in this document.

© IS0 2017 - All rights reserved
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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.

IS0 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method
for the determination of repeatability and reproducibility of a standard measurement method

ISO 11819-1, Acoustics — Measurement of the influence of road surfaces on traffic noise — Part 1:
Statistical Pass-By method

ISO/TS 11819-3, Acoustics — Measurement of the influence of road surfaces on traffic noise —pPaift 3:
Reference tyres

ISO/TS 13471-1, Acoustics — Temperature influence on tyre/road noise measurement — Part-1Z Correction
for temperdature when testing with the CPX method

IEC 60942 | Electroacoustics — Sound calibrators
IEC 6126041, Electroacoustics — Octave-band and fractional-octave-band filters~= Part 1: Specificatidns
IEC 61672-]1, Electroacoustics — Sound level meters — Part 1: Specifications.

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide-to/the expression of uncertainty in
measuremgnt (GUM:1995)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11819-1 and the following apply.

1%2]

ISO and IE€ maintain terminological databases for{use in standardization at the following addresse

— IEC Elgctropedia: available at http://wwinelectropedia.org/

— ISO Online browsing platform: available at http://www.iso.or

3.1 Roagl and pavement related definitions

3.1.1
road sectipn
total stretgh of the roadJape subject to testing

3.1.2
road segnjent
part of a rdad segtion, being 20 m long and intended for normalization of sound pressure levels from|the
actual spe¢dienthat segment to a certain reference speed

3.2 Measurement methods and equipment

3.21

statistical pass-by method

SPB method

measurement procedure designed to evaluate vehicle and traffic noise generated on different sections
of road surface under specific traffic conditions

Note 1 to entry: The measurements are taken from a great number of vehicles operating normally on the road.

Results obtained using this procedure are normalized to standard speeds according to the category or type of
road being considered. The method is specified in ISO 11819-1.

2 © IS0 2017 - All rights reserved
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2

reference tyres
test tyres specified for the purpose of representing certain features in tyre/road sound emission,
designed and constructed for use in this method with specified and reproducible standard properties

Note 1 to entry: The reference tyres are specified in ISO/TS 11819-3.

3.3

3.3.

clo

Acoustic quantities and symbols

1

e-proximitv level
r 4

CPX
Lcp
tim
met

Not
are

3.3
CPX
Lcp
A-w
tyrg

Not

3.3
CP)
Lcp
A-w
tyrg

Not

3.3
CP)

Lep
ind
Lcp
Not

surf
nun
Ann

[ level

K
b-averaged A-weighted sound pressure level (SPL) of the tyre/road noise as determined

hod, either broadband or spectral bands, as required

1sed; see Table 1.

2
[ level for passenger cars and other light vehicles

X:P
eighted sound pressure level characterizing the road sufface under test, which is ba
p/road sound pressure levels of one or more tyres representative of passenger car tyres

b 1 to entry: The Lipy.p is expressed in decibels. Passenger’car tyres are denoted P1, P2 ....

3
[ level for heavy vehicles

X:H

eighted sound pressure level charactetizing the road surface under test, which is ba
e /road sound pressure levels of one of-more tyres representative of heavy vehicle tyres

1 to entry: The Lipy.y is expressed/in decibels. Heavy vehicle tyres are denoted H1, H2 ....

4
[ index

X:1

k.p ) and CPX levebfor heavy vehicles ( Lepy.y )

erical values for a given speed are higher. More information on the calculation of CPX indice
ex M.,

3.3
aco
St

5

by the CPX

e 1 to entry: The CPX level is expressed in decibels. In order to provide more information, additignal suffixes

sed on the

sed on the

bx composed of thé-weighted average of the CPX level for passenger cars and other ligh vehicles (

e 1 to entrys-The Lcpy. is expressed in decibels. The method is intended to describe performgnce of road
aces for\a gertain traffic composition in a similar way to the SPB method in ISO 11819-1, aflthough the

is given in

ustic variability due to road surface inhomogeneities

standard deviation of the A-weighted sound pressure levels over all segments, when using reference tyre t

Note 1 to entry: The acoustic variability is expressed in decibels. This variability is normally dominated by
road surface variations, although random uncertainties could add a little. Measurement speed and wheel tracks
normally do not influence this value significantly. This measure is, therefore, considered to be an indication of
road surface homogeneity as far as noise properties are concerned.

©IS

02017 - All rights reserved


https://standardsiso.com/api/?name=c48f59de8258cac898aeab4fdf802401

ISO 11819-2:2017(E)

3.4 Symbols used for correction terms

3.4.1
measured
v

speed

actual speed during a measurement

Note 1 to en

3.4.2
reference

try: The measured speed is expressed in kilometres per hour.

speed

Vref
preferred s

Note 1 to ertry: The reference speed is expressed in kilometres per hour. Most commonly used reference sp¢

are 50 km/
legislative 1

3.4.3
speed coe
B
coefficient
of the sou

rld
Note 1 to emtry: The correction for deviations from the reference speediis given by the expression B-1g(v/y

expressed i

3.44

temperatyre coefficient

Yt
coefficient

Note 1 to enftry: The temperature coefficient is expressed in decibels per degree Celcius.

3.4.5
rubber ha

Bt

coefficient

Note 1 to ¢
application.

3.4.6
device-de]
Cq,

correction
the centre

peed for measurement

h, 80 km/h and 110 km/h, but alternative speeds may be used if required for technical, safet
pasons.

fficient

determining the speed dependence of the sound pressure levels,iormally used for correc
pressure level to a certain reference speed

1 decibels, where B is dimensionless. Values of B for specifi¢\pavements are given in 11.1 d).

used for correcting CPX level for the effectiof temperature for tyre t

rdness coefficient

used for correcting CPXlevel for the effect of tread rubber hardness of tyre t

ntry: The rubber hardness coefficient is expressed in decibels per Shore A. Refer to 11.1 f)

pbendent correction for sound reflections

for individual measuring devices in one-third-octave bands from 315 Hz to 5 000 Hz y
fredquéncy f, to account for deviations from acoustic hemi-free-field conditions

peds
y or

fion

ref).

for

vith

Note 1 to

niry. 1rne device correction 1or sound reriections 1s expressed I decipbels. INrormdation on

determination of Cq ris given in A.2.

4 Symbols and abbreviated terms

Table 1 lists the symbols used in this document. All acoustic variables are A-weighted.

the

© ISO 2017 - All rights reserved
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Table 1 — Symbols and abbreviated terms used in this document and their value or unit

are not made)

Symbol Value/unit Explanation
L dB Measure of the acoustic properties of the tested
CPX:t,Vref road section, for tyre t, at the reference speed vyef
Energy-based average spectrum at the microphone
L'Cpx:t'w'r’i,f dB positions m =1 and m = 2 (for the subscript
symbols, see below)
L ] dB Time-averaged tyre/road SPL (“CPX level”) over the
CPX:t,w,r i, f,m,Vyef time it takes to run a road segment (20 m)
Measure of the acoustic properties of the fested road
L¢; X:P Vot dB section, for tyre(s) “P” representing passgnger cars
and other light vehicles, at the reference speed, vyt
Measure of the acoustic propefties of th¢ tested
L¢; X:H Vot dB road section, for tyre(s) “H”@epresenting heavy
vehicles, at the reference-speed, vref
L _ “CPX index” representing the overall acopstic
CPX:LVref dB properties of the tested road section, for|tyre(s)
0131 +05-L representing light-and heavy vehicles combined
| TCPXPLvpep T HCPXH, vieg (with equal weighting), at the reference peed, vyef
Speed coefficient; i.e. increase in CPX level with
B Dimensionless |tenfolddncrease in speed, to be able to cqrrect for
deviatiors from the reference speed, vy¢
ci b dB Device correction term (frequency dependent) to
d ) account for deviations from free field conditions
Temperature coefficient for correction f¢r tyre t to
% dB/°C account for deviations from reference tenperature
of 20 °C. The value is negative for tyres §1 and H1
Rubber hardness coefficient for correctipn for
B; dB/Shore A tyre t to account for deviations from a refference
hardness
315 Hgz, ... .
f 5 000 Ho One-third-octave-band centre frequency
i 1,2,3.. Road segment number
1,2 Front and rear mandatory microphone positions
m
3,4,5,6 Optional microphone positions
n 123 Total number of runs, n,, wheel tracks, n{,, or road
P segments, n;
r 1,2,3 .. Run number
H Rubber hardness in durometer type A of|test tyre
A tread
Hyef Reference rubber hardness in durometef type A
s 4B ACoUstIc vartabitity; a measure of road surface
t homogeneity
b Tyre type defined for testing
t H Passenger car tyres
Heavy vehicle tyres or approximate proxy
Air temperature at road segment i (index not
T; °C needed if continuous temperature measurements

© IS0 2017 - All rights reserved
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Table 1 (continued)

Symbol Value/unit Explanation
% km/h Actual measured speed
v km/h Preferred nominal speed for measurement; thus a
ref reference speed used when reporting results
The wheel tracks in a lane where test tyres are
w 123 rolling. Track number 1 is closest to the road
TR shoulder, 2 is the opposite wheel track within that
same lane; 3, 4, and so on are additional tracks

5 Measurement principle

In the CPX method, the average A-weighted SPLs emitted by specified tyres are meadsured ¢
an arbitraty or a specified road distance, together with the vehicle testing speed, by at least

micropho
powered o
either one
order to re

Although 1
substantia
included in
CPX valida

The tests
referred tg
achieved b

For each 1
levels over
vehicle spe
speed by a
measurem
The CPX 1

microphon

Where bot
is the aver
single valyl

There are §

s located close to the tyres. For this purpose, a special test vehicle, which is either

towed behind another vehicle, is used. Reference tyres are mounted. on the test veh
by one or both at the same time. Two uniquely different reference tyres have been selecte]
present the tyre/road characteristics which are to be studied.

he microphones are positioned in close proximity to the seurce of tyre/road nois
part of the propagation effect associated with acoustically absorptive surfaces is actu
the microphone signal. This is demonstrated by model.calculations and the results of]
fion experiment (References [2], [3]). See Annex D for further information.

hre performed with the intention of determining’a tyre/road sound pressure level,
as the CPX level, Lcpx, at one or more of thévnominated reference speeds. This car
 testing at a reference speed or by normalizing for speed deviations.

eference tyre and each individual testyrun with that tyre, the average sound press

short measuring distances (segments of 20 m each), together with the corresponc
eds, are recorded. The sound pressure level of each segment is normalized to a refersg
simple correction procedure. Averaging is then carried out according to the purpose of]
ent, i.e. measuring a particular'segment or a number of consecutive segments (a section)

evel, Lepx:t,y,, o 1S the-Tesulting average sound pressure level for the two mandal

es at the reference spéed, vyef for reference tyre t, where tis P or H.

h close-proximitgsound levels have been determined, the close-proximity sound index Lg
hge of Lopy.phand Lepy.y with equal weight given to the two indices. Lgpy. is intended
e comparison.

ome issues in the method which deserve special caution when applying this method, especi

under circhstances that are not the most common. Annex ] provides a discussion of such issues.

ver
fwo
elf-
cle,
d in

e, a
ally
the

lere
be

ure
ling
nce
the

ory

PX:I
for

ally

6 Measuring instruments

6.1 Sound level instrumentation

Within the minimum frequency range of 315 Hz to 5 000 Hz, the sound level meter or the equivalent
measuring system shall meet the requirements of [EC 61672-1, class 1. The microphones shall be of the

“free-field”

type.

An appropriate windscreen shall be used having a diameter of at least 90 mm. The sound properties
of windscreens will deteriorate as the material is progressively exposed to dirt. It is therefore good
practice to check the performance of the windscreens frequently and to replace them with new, fresh

material w

6

hen they show patterns of dirt coverage.
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6.2 Frequency analysis instrumentation

Frequency analysis of the measured sound using one-third-octave-band resolution is mandatory. The
range 315 Hz to 5 000 Hz (centre frequencies of one-third-octave bands) is the minimum range to be
covered. The one-third-octave-band filters shall conform to IEC 61260-1.

6.3 Sound calibration instrumentation

At the beginning of the measurements, and following any warm-up time specified by the manufacturer,
the overall sensitivity of the sound level meters or the equivalent measuring system (including the
microphene +aH-be-cheekedHrecessaryaaiustitaceordinsto-themantfactarersinstrugtions. This
may require use of a standard sound source, such as a calibrator or pistonphone. This,check shall be
repgated at the end of the measurements, and at least after every 4 h of operation. Any(deviations shall
be rlecorded in the test report. If the calibration readings differ by more than 0,5 dB hetween the checks,
all intermediate measurements shall be considered invalid.

The sound calibration device shall meet the requirements of I[EC 60942, class 1.

6.4| Vehicle speed measuring instrumentation

Theg average speed of the vehicle over the measured segment shall be measured, with al| maximum
permissible error of +1 % of the indicated value.

For[speed measurement, if a tyre is used it shall not be mounted on a drive axle.

6.5 Position monitoring instrumentation

GP{ or other means of identifying the start positiens of measurements are very useful in order to avoid
proplems in identifying a test section and to béZable to return to the same place at a later ¢ccasion or
for pther types of measurements. It is recommended that the GPS system is of a type speci‘ﬁied with a
maximum permissible error of £5 m.

6.6 Temperature measuring instrumentation

The air and (optional) road temperature measuring instrument(s) shall have a maximum permissible
errr of 1 °C, as specified"by‘the manufacturer. Meters utilizing the infrared technique shall not be
usef for air temperature-measurements.

6.7| Tyre load measuring equipment

Thg weighing eqiiipment used to determine the load of the test tyres shall have a maximum permissible
errgr of £5 %, as specified by the manufacturer.

6.8| Anflation pressure measuring equipment

The equipment used to determine the inflation pressure of the test tyres shall have a maximum
permissible error of +4 %.

6.9 Verification of measuring system and measuring instrumentation

The compliance of the sound calibrator with the requirements of the appropriate class of IEC 60942
shall be verified annually. The compliance of the sound level meter or equivalent measuring system
with the requirements of IEC 61672-1 shall be verified at least every two years. This shall be performed
by a laboratory authorized to perform calibrations traceable to the appropriate standards. It is
recommended that all other instrumentation should be calibrated at least every two years.
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7 Test sites

In performing a CPX measurement, there are a number of practical constraints which define the
minimum requirements for the road section to be suitable for assessment. These can be summarized as

follows.

The approach to the road section shall be of sufficient length to allow the reference speed to be

reached before reaching the road section. There shall be a run-in of at least 10 m of the same surface

typeb

The ro
500 m

test ty

acoust

barrie
vehiclg
object

With regal
multiple re
If the user
never have
to that low
tests shall

8 Mete

8.1 Win

Itisrecom
measurem

tyre(s) is/a

If the test
any direct
can be ignd

The su

The lin

Whersd
the roz:
shall K

efore the road section begins.

The road section (excluding the run-in) shall be atleast 20 m long, and preferably longer than 100 m.

nd section shall not include bends with a radius of curvature less than 250 m at 50 km/h
at 80 km/h.

rface of the road section up to a distance of 0,5 m perpendicularly from the sidewall of]
e facing the microphone shall be the same surface type as in the wheel track ot have sim
ical impedance characteristics.

hitations on background noise at the test site according to A.5 shall be)observed.

measurements are taken using a test vehicle without an enclosure (see 9.1), those part
id section where there are reflecting surfaces within a distance-of 2 m from the microph
e excluded from the assessment. This includes guard radils, Jersey barriers or any of
's or embankments, rocks, parked vehicles, bridges and/buildings. In cases where the
includes an enclosure complying with the requirements of Annex A, no restrictions appl
b at the roadside.

d to the last requirement, 2 m is selected as a precaution against the possible effeg
can show that such reflections for the velicle configuration opposite a solid parallel ¥
any influence on the measured levels at@distance less than 2 m, the distance can be redy

er distance - however, never less than 1 m. If applicable for the tested road, such reflec
be referred to in the test report.

prological conditions

d

mended that ambient wind speed does not exceed 5 m/s at the microphone height during
ent for test yehicles without an enclosure around the microphone and test tyre. If the
re enclosed;wind speeds up to 10 m/s are acceptable.

ony/without a significant influence on the measurement result, the recommendation ah

rehiclesmanufacturer or user can prove that the vehicle can travel in higher wind speeds, i

and

the
ilar

s of
one
her
test
y to

t of

flections between two hard surfaces: the vehicle side panel (if any) and the roadside object.

vall
ced
fion

the
test

red. The same conditions as in A.3.2 shall then be met.

8.2 Temperature and other weather-related issues

Measurements shall be carried out only when road surfaces are dry and ambient air temperature is

within the

moder

range representative for that climatic zone:

ate and continental: 5 °C to 30 °C;

— tropical and subtropical: 10 °C to 35 °C.
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The surfaces can be assumed to be sufficiently dry if the minimum time periods for drying-up after
rainfall given in Table F.1 are observed.

NOTE 1

The allowed temperature range is related to local road materials. In the warmer

zones, high

temperatures are common and bitumen viscosity is adjusted to it, while the same temperature in a cooler climate
can cause bleeding of the bitumen. This is known to cause extra stick-snap sound from the rolling tyre.

NOTE 2  AnnexF also gives guidelines for estimating the level of moisture within the voids of porous surfaces

by a simple test method.

9 Jestvehicle

9.1 General design

The test vehicle may be one of the following types.

— | A self-powered vehicle on which one or two reference (test) tyre(s) is/arefitted to the gxle closest
to the microphones. It could also be a vehicle with an extra tyre fitted for testing purpoges.

— |A trailer towed by a separate vehicle. There shall be one or more test tyres, which are mounted on
the trailer. Additionally, the trailer may have tyres for support,

The test tyre(s) may or may not be surrounded by an enclosure,covering the tyres except fqr a certain

clegrance to the road, the purpose of which is to protect theicrophones from external noise and wind

inflpences.

The requirements on the test vehicle have the objective to come as close as possible to th¢ reference

cas¢ in which a tyre is rolling on a road surface with microphones in an acoustical hemi-fr¢e-field, i.e.

wheére there are no sound reflections except from-the road surface and no background noise

The requirements and design recommendations in the following are intended to approach this ideal

situation within practical constraints.

For|the purposes of this document there are three sources of unwanted contribution to th free field

soupd transmission from tyre to microphone:

a) |background noise related to the system, consisting of sources such as wind noise and Jound from
the towing vehicle;

b) [background noiseffom unrelated sources such as passing vehicles and reflections againgt roadside
objects;

c) |contributiens from unwanted reflections against parts of the system, such as ingufficiently
absorbing)enclosures and parts of suspensions systems.

The vehicle shall comply with the requirements described in Annex A. See also 10.7| regarding

poskibilities of discarding segments where this requirement is exceeded.

9.2 Microphone positions and mounting

At least two microphones shall be used. The two mandatory microphones shall be in operation
simultaneously. The positions of the mandatory microphones under static condition relative to the test
tyre shall be as follows (see Figure 1 and Table 2):

distance horizontally from the plane of an undeflected part of the tyre sidewall shall
+0,01 m;

the height above pavement level shall be 0,10 m + 0,01 m.

be 0,20 m

All measurements refer to the centre of the microphone diaphragm. It is recommended that the “front“
microphone (1) be turned at an angle of 45° to the rolling direction, and the “rear” microphone (2) be

© IS0 2017 - All rights reserved 9
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turned at an angle of 135° to the rolling direction, as shown in Figure 1. However, in the case of non-
enclosed systems, it may be preferable to mount the microphones parallel to the driving direction in
order to reduce potential influence of air turbulence.

Optional positions at angles of 0°, 90°, and 180° to the rolling direction as indicated in Figure 1 may
be used in cases where the user wants a more complete mapping of the tyre/road noise directional
properties.

Figure 1 shows the microphones on the left side of the test wheel assembly. Depending on the
construction of the test vehicle, the microphones may also be mounted on the right hand side, but
microphones 1 and 4 shall then remain at the front position.

When moulnting the microphones it is important to make sure that the mounting is robust in order that
vibrations [in the microphones do not affect the measurements. It has been reported in literature that
vibrations may affect the measured noise levels [19].

NOTE If using reference tyres of substantially different dimensions than that of\P1 and H1| (as
specified ipn ISO/TS 11819-3), one must be aware that the sound levels in microphohes 4 to 6 will be
highly inflpienced by the distance (d3 and d4) between the microphones and the ‘trailing and leading
edges of the tyre/road contact patch. In case of tyre comparisons, it could then be more relevant to

keep the distance between the microphones and the contact edges constant:
l/a
H d 1
|
Bl
|
3 s) (LY =
/ /
Key
a Undeflected tyre sidewall. 2 rear mandatory microphone
b Deflected tyre sidewall. 3 middle optional microphone
d1,dp, d3, dgs  see Table 2 4 front optional microphone
h1, hp, h3 see Table 2 5 rear optional microphone
1 front mandatory microphone 6 rearmost optional microphone

Figure 1 — Microphone positions for the measurements
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Microphone(s) hq hy h3 dq dy dz dy
1,2 0,10 m 0,20 m 0,20 m
3 0,10 m 0,20 m 0,00 m
4,5 0,20 m 0,65 m
6 0,15m 0,80 m
9.3 Performance requirements and conformity of the test vehicle
The test vehicle and measurement system performance shall comply with the requirements |n Annex A.
Additional checks on test vehicle performance related to background noise (A.3) shalllbe mdde prior to
testling under the following circumstances.

9.4

Ref
sou

Thd
pur

Tyr
alted

NOT

ensyires consistency and availability of the test tyres over time and international comparability of m

resy

It is
tou
pos
as t
Sys
and

9.5

different condition to when the test vehicle was last certified. This is of'particular imp
test vehicles which do not include any form of enclosure around the test tyre.

If the towing vehicle is of a significantly different type to that used when the test vehid
certified.

Reference tyres

brence tyres are test tyres specified for the purposé.of representing certain features ir
hd emission, selected for use in this method withspécified and reproducible standard pr

standard reference tyres shall be P1 and HT" as specified in ISO/TS 11819-3. Depend
pose of the measurement, one or both are used.

es other than P1 and H1 may be used for research or special survey purposes. A descrij
rnative tyres shall then be included(n the test report.

E The advantages of using reference tyres in comparison to using some mix of market ty

Its.

se reference tyres'ether than P1 and H1 in order to represent local conditions or to addr
Gibilities on available CPX systems. This is acceptable, but the alternative reference ty
he justificationfor their use should be set out in the relevant national implementation g
em. Conversion of Lcpx values for the alternative reference tyres to those values equivj
H1 is useful only for indicative comparisons.

Tyre rubber hardness

If the tyres on either the test vehicle (if self-powered) or the towing vehicle are in significantly

ortance on

le was last

tyre/road
operties.

ing on the

tion of the

es is that it
easurement

recognized that wheénythis standard is implemented in individual countries, there could be a need

pss fitment
res as well
uideline or
hlent to P1

The rubber hardness of the test tyres shall be measured at least every three months. Refer to
[SO/TS 11819-3 for the testing procedure.

9.6

Tyre mounting

The test tyres shall be mounted on the test vehicle such that

©IS

any indicated rotational direction is respected, or

any “outside” marking is respected, or

the sidewall with the full DOT mark (including the production week/year number) faces the

microphones.
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Once a tyre mounting has been selected, tyres shall be mounted in this way throughout their use as
reference tyres for this purpose.

9.7 Tyre run-in

Tyre run-in is important and is described in ISO/TS 11819-3.

10 Measurement procedure

10.1 Preparations for measurements 4]

The microj
acoustical

positions &
typical am

Before anj
temperatu

representative of reference speeds up to 80 km/h and at least 10 min at the higher reference speeds.

The test ty
objects in
where app

10.2 Me

The time
at each mi
further evz:
measurem

The time-a

at microphone position m at the wheel track’w for the road segment with the index i in the run ru

the tyre ta

Lepx:t,

10.3 Prog¢

The follow

representative of aroad section (i.e. several consecutive road segments).

After elimi
noise or tda

]

Calibration is made. Where a self-powered test vehicle is used one shall check theimicroph
t typical operating conditions, i.e. with driver and possible operators onbeard and V
bunt of fuel in the tank, etc.

¥ standard measurement takes place the tyres shall be brought te. normal opera
e. Methods for achieving this include driving the test vehicle for at 1éast 15 min for warn

rres shall be examined regularly for damage to the tread and“for the presence of for¢
he tread. Chippings or other dirt in the tread shall be remaved before testing takes place
Fopriate during testing.

urement of sound

rophone position by averaging over each réad segment of 20 m. This forms the basis fo
|luations. It is mandatory to measure one-third-octave-band frequency spectra. No sepa
bnt of overall SPL is required.

veraged SPL for an individual ope~third-octave band with the centre frequency f measu

nd measured at reference sp€ed vyeris designated as:

'r;irf'm;vref

edure for study of typical road section

ing requirements apply if the purpose of the measurement is to obtain a CPX level whic

hating the road segments for which the test requirements are not met (e.g. due to backgro

bhone position shall be checked regularly, e.g. each time a test tyre is changed or{when an

one
vith

[ing
_up

bign
and

eraged A-weighted one-third-octave-band SPL from 315 Hz to 5 000 Hz shall be determined

- all
Fate

red
bing

h is

und

d-much deviating speed, see 10.3, last paragraph), a road section shall be consideredl as

properly measured, 1.e. the run accepted, if at [east half of the road segments, with a reasonable spread
over the entire section, have been measured under acceptable conditions. However, no less than five
such segments shall be properly measured.

For each test condition, at least two runs in one or both wheel tracks covering the road section in
accordance with the previous paragraph shall be made. If the two A-weighted overall levels representing
the road section (one per run) differ by more than 0,5 dB for one tyre, at least two new runs shall be
made for that tyre. The final result per tyre is then the arithmetic average of all the runs or tracks.

NOTE1 Where simultaneous measurements are made with the same type of tyre in both wheel tracks, if
the difference between the two tracks exceeds 0,5 dB, it is possible that this does not indicate an erroneous
measurement, but rather a systematic track-to-track difference.
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Speeds can sometimes become too high and sometimes too low due to restrictions imposed by other
vehicles in the traffic and thus do not meet the requirements of 10.8.2. Discard data collected at
such speeds.

NOTE 2

This subclause does not apply to the survey method described in Annex G.

10.4 Minimum number of runs for very short road sections

A road section consists of a number of road segments (normally at least five). Where the available test
section is only 20 m to 100 m (plus run-in, see Clause 7), measurements according to this document

can
200
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10.
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stillbe mar]n, butthe number of runsshall he sufficientto givn atotalmeasured distanc

m. The number of such repeated runs and the length of each run shall be reported expli

5 Lateral position on the road

bss the client has other requirements, measurements shall be made in one’er-both whe
test lane. Selection of the wheel track (if only one is chosen) may be madée‘based on safe
vehicle. The selected wheel track (left or right) shall be reported.

other purposes, e.g. study of lateral inhomogeneity of the surface;measurements may
br lateral positions. In this case, the results shall clearly identify-the lateral position of th

further the discussion in F.3.

6 Longitudinal position on the road

longitudinal position on the road of the tested section(s) is normally determined
he requirements of the client. It is good practice to follow the suggestions regardiy
itoring in 6.5.

7 Consideration of disturbing noise

b that the test vehicle has been designed according to the recommendations in Annex
h certified according to Annex A, there are still several sources of disturbing noise w|
ct noise levels during measuiréments. These include:

wind-induced noise, particularly on non-enclosed systems;

background noise ffom unrelated sources such as passing vehicles and reflections again
objects.

e sources of-disturbance and advice on how to reduce the effects of these are presented

d segments where noise levels are considered as disturbed or potentially disturbed shall
atet processing (see Clause 11) or discarded immediately, as appropriate.

o of at least
itly.

b] tracks of

driving of

be made in
P test tyre.

according
g position

| E and has
hich might

5t roadside

n F.4.

be flagged

10.8 Test vehicle speed

10.8.1 Reference speeds

Preferred reference speeds are 50 km/h, 80 km/h and 110 km/h. The actual reference speed(s) shall

alw

ays be noted.

10.8.2 Test speed and acceptable deviations

During each run the actual speed of the vehicle shall be measured. For each road segment, the test
speed is the average vehicle speed over that road segment.
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The actual test speed on each road segment shall not deviate from the reference speed by more than
+15 %. In addition, the average speed over all runs and over a tested road section for a given tyre shall
be within £5 % of the reference speed. Make a correction to the measured sound pressure level to
adjust it to correspond to the reference speed (see Clause 11).

In order to avoid disturbing noise, especially for self-powered test vehicles, it is preferable to use the
highest gear at which the vehicle and its speed control function well.

10.9 Tyre loads

The static leadofthetest fyrn(c) shallbe 3 200 N+ 200 N per fyr‘n

10.10 Tyre inflation

The test tyre(s) shall be inflated to 200 kPa * 10 kPa, in cold condition. Cold conditien i§ when|the
temperatufe of the tyre is close to the ambient temperature, i.e. the tyre has not yet been significaptly
warmed-up by rolling. If the inflation has to be changed substantially to obtain this value, then a sedond
check of the inflation shall be made after approximately 2 minutes (with tyre at rest).

The preferfred inflation gas is nitrogen. The reasons are that nitrogen inflation reduces the lealjage
of gas and|thus reduces the need for inflation adjustments. It also cause$.slower change in the fyre
rubber compound properties than air and the inflation pressure changé during the warm-up process is
normally IIIwer than if air containing some humidity is used. See Reférence [4] for further informatjon.

The second-best choice of inflation gas is dry air, since humidity invair influences the inflation presqure
stability.

If neither nlitrogen nor dry air is available, normal air may be used.

The load (10.9) and inflation values are applicable to_the use of reference tyres P1 and H1 only. If other
tyres are uked, inflation may have to be differently adapted to the load; for example, using the guidelines
in Referenge [18], Annex 3, paragraphs 2.5.2 and 2:5.3.

10.11 Temperature measurement

10.11.1General

Measurements of air temperature are mandatory, whereas measurements of road surface temperature
are recominended as a supplement.

The tempegrature measurements shall be conducted close in time to the sound measurement, either
continuoudly or intermittently, and the result reported rounded to the nearest degree Celsius.

If possiblel it is‘tecommended that temperature measurements be made continuously. It is then
recommenfed< that temperature readings be taken in synchronization with the noise Ilgvel
measuremgnts, i.e. per each road segment and indexed in the same way.

If temperature measurements are made intermittently, each temperature measurement shall have a
duration sufficient to get a stable reading of the instrument. Temperatures shall be measured at least
once for each road section at a location representative for that section.

It is preferred that the sensor(s) be placed on the test vehicle. If this is not practical or possible, the
temperature(s) shall be measured at the wayside as close to the road as is possible and safe.

It has been found in research in areas with a lot of high-rise buildings that road surface temperature
may be a better variable to base temperature corrections on (Reference [5]). Therefore, in such
environments it is highly recommended that both air and road surface temperature be measured.

NOTE Surface temperature, especially, can vary substantially along a test section depending on different
shading of trees, mountains, buildings, etc., as well as on cross-winds and surface light-absorbing properties.
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10.11.2 Air temperature

Locate the temperature sensor so that it is unobstructed and safe, and in such a way that it is exposed to
the airflow and protected from direct solar radiation. The latter may be achieved by a shading screen.
The sensor shall be positioned 0,5 m to 1,5 m above road surface level.

10.11.3Road surface temperature (optional)

Position the temperature sensor where the temperature is representative of the temperature in the
wheel tracks.

10.
An

11

11.
Thd

restilting Lcpx:p and Lcpx.y levels shall be calculated¢from the individual meas

Lcp
Anr

to drrive at a final result.

As
a)

b)
‘)

d)

12 Overview and summary

bverview and summary of all major measurement parameters is presented in Annex I.

Analysis procedure

1 Definition of steps in the calculation process

primary result is LCPX:t'Vref . Lcpx:p, Lepx:n and Lcepx: are only derived if using reference 4

K:tw,ri,fmyg - Annex C presents a detailed breakdown”of the calculation procedu

ex N a flowchart illustrates the measurements andcanalysis procedures that have to be

mewhat abridged explanation of the calculation procedures is as follows:

In each one-third-octave band, calculate-the energy-based average of front and rear n
SPLs (microphones 1 and 2 in Figure 1)

Apply the device dependent correction Cy, f(see A.2).

Calculate the overall SPL for a segment from the one-third-octave-band SPLs from
5 000 Hz (omit this step if-One-third-octave-band levels are desired).

Apply a speed correction for deviations from the reference speed of B times the logar
quotient of the actual-and the reference speed. The value of the speed coefficient B shall

— B =25 foraporous pavement in relatively new condition, or older but with no sever
— B =30for a clogged porous, semi-porous or dense asphalt pavement;
— B=35 for a (non-porous) cement concrete pavement;

£+ B =30 for all other cases, including cases where the pavement type is unknown.

yres.) The

ured data
res and in

conducted

hicrophone

315 Hz to

thm of the
be:

e clogging;

To help distinguish between cases, one may consider a pavement as “porous” (and not
air voids are 218 %. If air voids are unknown or difficult to estimate, select B = 30.

clogged) if

The experience is that B varies over a range of 20 to 40 depending on test tyre and pavement type.
It is possible for a user to determine by his or her own measurements a specific B for a specific
combination of tyre and pavement. However, the uncertainties associated with such measurements
are such that they rarely give values for B closer to the true value than those given using the
default values above, which have been determined based on a large number of measurements. The

resulting error in the correction is negligible in relation to other measurement errors.
this document requires the use of the values listed in the foregoing.

1

©IS

As specified in ISO/TS 11819-3. See the Introduction.
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Apply temperature coefficients y; for deviations from the reference temperature. The coefficients

for tyre P1 and tyre H1 are given in ISO/TS 13471-1; for other tyres, coefficients will have to be
determined once the tyres are selected.

Please note that the influence may frequently amount to as much as -1 dB per 10 °C devia

tion

in air temperature, see also Reference [17]. Substantial errors, therefore, could occur if no correction is

efficient S is given in ISO/TS 11819-3.

Apply correction for the rubber hardness of the reference tyres based on hardness coefficient .

her

4+ A 4 1 1 1 4 1 At 1 1 A | 4+ 1 o £
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s, such as passing vehicles, shall be discarded (see F.4).
e arithmetically over remaining road segments.

e arithmetically over either repeated runs in a single wheel track or runs,inleft and r
kracks, as appropriate, to determine the CPX levels, Lcpx.

hte indices Lcpx:p, Lepx:H or Lepx:1, as appropriate, based on the results-of individual referg
1 and H1 and the chosen reference speed.

frequency spectra can be obtained by omitting step c) and performing all calculations bg
d-octave-band levels.

mall difference between the total overall level of the spectrum and the calculated overall 1
o the procedure described in the foregoing. See Table €:1 for an example. It is recommen

correction is only a few tenths of a decibel.

huidance is provided for the user in 11.2 to 11:470n navigating through all correction and avera
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11.2 Results expressed as overall levels

11.2.1 Geperal
At first, the energy-based average spectrum at the microphone positions m = 1 and m = 2 is calculd
as follows:
, 0,1( Lcpy: i 0,1( Lepy: .
LCPX:t, if — 10.1g |:0’5(10 ( CPX.t,w,r,I,f,l) +10 ( CPX.t,w,r,l,f,Z) ]:ldB
NOTE The symbol “lg” stands for the common logarithm (base 10) according to ISO 80000-2.

Next, the d

in the correct order. If this order is not followed, results can differ. When appropriately applie
ese formulae are useful and practical in order to obtain reproducible results.

bvice-dependent correction factor Cy, flS applied to the average spectrum and the A- welg}

ght

nce

sed

bvel
ded

fference be calculated and the spectral levels corrected with this difference value. In nmost

p1ng
d in

ted

€y

ted

overall lev

tfrom 315 HZzto 5 000 nz, Where speea Lemperature- and rubber fardness-corrected 1

over a segment is calculated as follows:

Lepxet worivyes =

10-1g

5000 chx +Cy4 ) tw,ri
Y 100 emwri s Ear ) gp Blg[ » JdB Ve (Ti =20°C) =By (Hp —Hrer)
F53s Vref

evel

(2)

The rubber hardness reference value Href and the rubber hardness coefficient S, for reference tyres P1

and H1 are

given in ISO/TS 11819-3 (same coefficient for both tyres).

The values of the temperature coefficient yt, which are negative, are given in ISO/TS 13471-1 if the

reference t

16

yres P1 and H1 are used (same coefficient for both tyres).
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The next step is averaging over segments, wheel tracks and runs, according to one of the following two
options:

a)

b)

case A: first averaging over segments within one run and then over the left and right wheel tracks

(w=1,2);

case B: first averaging each segment over both wheel tracks (w = 1, 2) and then average over the

segment values within one run.

Case A is used when measuring with only one tyre at a time and case B (probably more common) when
measuring with two parallel tyres at a time.

11.
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11.
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11.

As ¢
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Cor
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If a
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p.2 Case A
ulate the CPX level for a given tyre t and a given reference speed ver as follows:
n n,

1 W1 1
Lepx:t v o =—2 —Z H_ZLCPX:t,W,r,i,vref

Ny w=i| M 2g| Mo

p.3 CaseB
ulate the CPX level for a given tyre t and a given reference spéed vyer as follows:

n n;

2
1 & 11
Lepx:ty,o —n—z n—z EZLCPX:t,W,r,i,Vref

rre=1] =1 “w=l
.4 Expression of CPX levels

n example, the CPX level for light vehicles at the reference speed vyeris expressed as follg
e when reference tyre P1 (ISO/TS 11819-3) is used, and when vyefis chosen to be 80 km/

Lepx-p v, = Lepx:p1,80

Fespondingly, the CPX levelfor heavy vehicles at the reference speed vrefis expressed as
case when reference tyre;H1 (ISO/TS 11819-3) is used, and when vy¢fis chosen to be 80 }

Lepx:Hv e = Lepxatitso

composite €PX level for mixed traffic is desired, Lcpx.p and Lcpx:y may be combin
redure in Aiimex M shall then be followed.

3

(4)

ws, for the
n:

(5)

follows, for
(m/h:

(6)

bd and the
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11.3 Results expressed as one-third-octave-band levels

11.3.1 General

For measurement results expressed as one-third-octave-band levels the calculation procedure is
slightly different since no summation over the one-third-octave-band levels is needed. The procedure
then is as follows. The first step is energy averaging of the spectrum at microphonesm=1and m = 2:

0,1{ Lcpx: i 0,1( Lcepy. i
LéPX:t'W‘r’l”f =10.1g’70’5(10 ( CPX.t,W,r,I,f,].) +10 ( CPX.t,W,r,I,f,Z) )—'dB (7)

The second step is correction for the device, the speed and temperature deviations:

, Vew,ri o
LepXet o i fovres = LCPX:twr i f +Cd,f_B'lg[ wa” de ~¥¢(T; =20 °C) =By -(Ha7Hyeer) | (8)
re

The rubber hardness reference value Hyer and the rubber hardness coefficient f5; for reference tyre$ P1
and H1 arefgiven in ISO/TS 11819-3 (same coefficient for both tyres).

The valued of the temperature coefficient yt, which are negative, are givemnin ISO/TS 13471-1 if|the
reference tiyres P1 and H1 are used (same coefficient for both tyres).

The next sfep is averaging over segments, wheel tracks and runs, aceording to case A or case B.

11.3.2 Cape A

Calculate the CPX level for a given tyre t and a given reference speed vrer in a given one-third-octave
band as follows:

1 E| 181y
Lepxitf v == E — z — z Lepx: twidi, f v ot )
n n n:
w ow=1| "r r=1| i j=1

11.3.3 CaseB

Calculate the CPX level for a given-tyre t and a given reference speed vref in a given one-third-octave
band as follows:

1 & o1 ¢
Lepx:tff vre =n—2 ;Z 5 Z Lepx:twor i f v e 10)
re=t] "1 i=1 w=1

11.4 Corxectionfor analysis of spectral levels

Due to thg changed order of linear averaging and energy summation, the A-weighted overall lgvel

L | L L. =l b el b 1.1 | L el A Al
CPX:t'Vref CVIALTS TTUIT UIC SUIITTIIAUIUIT UVCT LT SPTllldl DAIIUS LCPX:tf;Vref WILIL 4 QudlIItity L\bt’V

ref
[refer to C.8 and Formula (C.10)]. To account for this difference, the spectral bands are corrected with
that difference:

Lepx:t, £ v o (corr) = Lepxet, £y T ALt v o (11)
11.5 Acoustic variability

The acoustic variability is considered to be an indication of road surface homogeneity of the surface. If
required, the acoustic variability, st, shall be calculated according to Annex H.
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The st value shall then be reported together with the length of the total test section and the calculation
method used (see Annex H).

12 Measurement uncertainty assessment according to ISO/IEC Guide 98-3

The measurement procedure described in this document is affected by several influencing factors
that lead to variation in the results observed for the same subject. The source and nature of these
perturbations are not completely known. The measurement uncertainty shall be determined in
compliance with ISO/IEC Guide 98-3.

Accprding to ISO/TET Guide 98-3, each significant source of uncertainty needs to be idehtified and
cortected for. The following sources of uncertainty have been identified and require [processing
according to the procedure specified in ISO/IEC Guide 98-3:

— |uncertainty due to operational variations;

— |instrumentation uncertainty;

— |uncertainty due to external disturbances.

Refer to Annex K for an example of a quantitative analysis.

Thd general expression for the calculation of the CPX level, Lgpy¢;, . ,ata certain reference speed vref

and| for a certain tyre t, is given by:

Lepx: typer = LepX: tyef (der) + 01 02 +03 40, + 85+ G (12)
whére
Lcpy. Ve is the CPX level adjusted-for uncertainty;

L is the CPX level determined according to the procedure given in this docyment;
CPX: v ¢ (det)

01 is an input quantity to allow for any uncertainty due to variations in the mgasurement
procedure;

62 is an jnput quantity to allow for any uncertainty in the sound and speed mgasurement
equipment;

03 is7an input quantity to allow for any uncertainty due to deviating envjronmental
conditions;

64 is an input quantity to allow for any uncertainty due to background noife from ex-

ternal sources;

8 isaninputquantitytoallow for any uncertainty due tounwanted contribdtions from

the test vehicle and towing vehicle;

b6 is an input quantity to allow for any uncertainty due to the selected reference tyre.
This is included here but since its value depends on the tyre, refer to ISO/TS 11819-3
for the quantity to include in this calculation. If other tyres than those specified in
[SO/TS 11819-3 are used, this quantity needs to be specified by the user.

The value of these input quantities shall be evaluated by the test operators by the procedure given in
ISO/IEC Guide 98-3. It can be based on existing statistical data, analysis of tolerances stated in this
document and engineering judgement. The information needed to derive the overall uncertainty is given
in Table 3. Table 3 includes sensitivity coefficients c;, the values of which are based on the procedures
and formulae used to obtain the final result, as specified in ISO/IEC Guide 98-3.
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The estimate of the measurand CPX level, denoted by y, is determined from a series of quantities X;
through a functional relationship Lepy = f(x1,%2,...,%,) -

The combined standard uncertainty of the measured CPX level is calculated with:

u(y)=

where

(13)

J

u; isfthe standard uncertainty in input Xj.

c. Is[the sensitivity coefficient for input Xj;c

) :
j:a—f. with y:f(xl,xz,...,x6);

X

The expanded uncertainty U is determined by multiplying the combined standard uncertainty u(y) byl the

appropriatg coverage factor (k) for the chosen coverage probability as describedin[SO/IEC Guide 98-B.

Table 3 — Uncertainty budget for the determination of the CPX level

Quantity Estimate Proba_lbili_ty dis- Stand_ard Sens_it-ivity Uncel_'tail_lty
tribution uncertainty, u; coefficient, Cj contribution
01 0 normal 1
62 0 normal 1
03 0 normal 1
64 0 asymmetric 1
05 0 asymmetric 1
S6 Refer to ISO/TS 11819-3
Combined standard uncertainty,u(y) |

K.4 gives a|detailed listing of the standard-uncertainties and sensitivity coefficients of each source and
gives typicpl values. Using these values;the uncertainty budget analysis results in a combined standard
uncertaint in the CPX level of 0,5 dB:

Table 4 pr¢sents the expanded-uncertainty and coverage probability in the case where the methdd is
applied angl individual source\tincertainties are consistent with Table K.1.

Table 4(— Estimated expanded uncertainty for a coverage probability (based on Table K.1])

NOTE 1

Coverage factor Coverage probability Expanded uncertainty
k % dB
13 20 0,7
2,0 95 1,0

ISO/TS 11819-3 for information about the uncertainty due to the tyres specified there.

NOTE 2

NOTE 3

m = 2. For the other microphone positions, additional uncertainties might be present.

20

Uncertainty due to the reference tyre(s) is not included in the calculations in Table 4. Refer to

The temperature correction depends to some extent on the tyre used. In this document the uncertainty
calculation is based on the assumed temperature correction for the P1 tyre.

The uncertainties presented here are valid only for the mandatory microphone positions m = 1 and
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13 Repeatability and reproducibility: System comparison according to ISO 5725-2

Conformity of road surface acoustical properties with national standards is checked by means of CPX
tests. In such cases, reliability of the measurement systems in use in a country or region is checked
by regular comparison of the CPX systems. The accuracy of the measurement systems shall in that
case be determined by the method specified in ISO 5725-2. The results can be expressed in terms
of reproducibility and repeatability values. The reproducibility is assumed to be composed of a
repeatability and laboratory component leading to a model where

Y=u+b+E (14)

whére

Y isthe measurand;

U isthe overall mean;

b isthe laboratory component of the bias under repeatable conditions;
E isthe random error under repeatable conditions.

Theg component b can be established with a regional or national~organized round-robin fest of CPX
systems and can be attributed as a correction term to a measirement system in order to mjnimize the
biag due to a certain measurement system. Refer to ISO 572542 for the set-up of such an expefriment and
theprocessing of data.

14 |Test report

The test report shall include the following data{mandatory, unless indicated otherwise).
General information

1) |Time of day and date of measuré€ment.

2) |Organization and operators.xesponsible for the measurement.

3) |Purpose of the test.

4) |Type of measurement equipment (including test vehicle, any extra test tyre, calibrdtor, sound
level meter or equivalent system, measuring equipment for meteorological data, microphone
positions used)!

5) |Certification of test equipment, i.e. the vehicle system, as tested in Annex A (refer to soie publicly
available'documents presenting types of tests and results).

InfTrmation relating to the location and appearance of the test site

6) Location of the test site and information about lateral position of tested track (wheel track and
lane), as well as the measured distance (start and end positions, test section length). If available, it
is good practice to include geographical coordinates of the start and end of each site.

Information relating to the type and construction of the tested surface

7) Type of surface [dense asphalt concrete (DAC), stone mastic asphalt (SMA), etc.], including any
standardized or otherwise commonly used designation of the surfacing and as much as possible
design data such as maximum chipping (aggregate) size, thickness of surface layer, residual air
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voids content, sound absorption coefficient (depending on what type of information is appropriate
and available).

Representative photo of the surface, covering an area approximately 100 mm x 150 mm, including

a scale

8)

(optional).

measured).

9)

has laid the surface (if available).

Informati
10) Age of
11) Any sp
12) Any ap
13) Numbe

bn relating to the condition of the tested surface and to environmental factors
the surface and state of maintenance (where available).
ecial surface treatment (where appropriate).

propriate notes regarding the homogeneity of the surface.

available).

14) Averag
tested

Test tyre ¢
15) Test ty]
16) The te
17) Rubbe
18) The ny
19) There
20) The ac
Measured
21) Lepy:,

correc
22) Lcpxy,
23) The A-

e air temperatures (mandatory) and average road surface tefnperatures (optional) over ¢
road section.

ind other test conditions

res used, identification of tyres and date of manufaéture.

mperature correction coefficients yt used in the temperature correction procedure.
I hardness of the test tyres (no more than 3 months old values).

mber of runs on which the L¢px is.based.

ference speed ver used.

tual measured test speeds;as an average over a test section.

and calculated sound pressure level data

¢ for each reference tyre at reference speed vref, equal to Lepyp, . and Lepyy,

ted for temperature.
of (optional).

weighted sound pressure level variability, s¢, of the surface (optional; see H.2).

24) The ex
Others
25) The sp

pnndpd lmrprt‘ninfy of the test result fngpfhpr with the coverage prnhnhi]ifv (npfirmn])

eed coefficient B used for speed corrections.

26) Frequency spectrum as determined from Formula (10) (optional).

27) Details of special provisions taken to ensure conformity with this document.

Example of useful graphs or tables (optional)

28) The sp

22

eed recorded along the test section.

Mean profile depth (MPD), which is a measure of macrotexture, according to 1SO 13473-1 (if

Attachment with surface specification (work recipe or equivalent) supplied to the contractor who

er of days since the latest precipitation occurred (in case of poreus surface only and if

ach

ref
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29) Lcpx recorded for one or both reference tyres along the test section (either one run or average of
all runs).

See Annex O which includes an example of a completed report form.

Figure 2 shows an illustration of a single measurement Lcpx along an 800 m long road section,
with indications per each 20 m segment, and with one segment subject to a disturbance. If all the
measurements for this case (normally two runs) are averaged, one obtains the CPX level.

Lcpx A Av
106 D6
99 4

98 A 3 )2
97 Mvm I\ A NN 1Y
96 2 W \-\/v{ B8
95 36
94 ~ V‘/\]N A /\J \AWM\VMWUAWAAVA b4

93 B2
92 B0
91 /8
90 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 ! I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 76_>
500 600 700 800 900 1000 1100 1200 1300 d

Key)

Lcpy  A-weighted sound pressure level, in(dB 1 recorded Lcpx:p1,90

v speed, in km/h 2 point to be excluded

d distance, in m 3 actual speed

NOTE The noise level scale is.anthe left side of the graph and the speed scale is on the right. The nominal speed
was|obviously 90 km/h in this‘case, which is not one of the reference speeds.

Figure 2 — Illustration of a measurement along an 800 m long road section, with indications of
CPXlevel (corrected for speed) and actual speed per each 20 m segment
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Annex A
(normative)

Certification of the test vehicle

A.1 General

Noise fron{vthe power unit of the measuring vehicle or its towing vehicle shall be below the background
noise requjirements in this annex during testing. The sound reflection effect of the vehicle |body,|the
enclosure and supporting structures shall meet the requirements in this annex. Design criteria which
shall be m4t to assist the test vehicle in meeting these performance requirements are presented.

The test vehicle and measurement system performance shall be certified priorto the initial use of
the systent.

Subsequent certification of the enclosure and tyre and wheel alignment shallbe repeated at least dnce
every two years. This may require replacement of aged or damaged compofients prior to re-certificatfion.

For the twg mandatory microphone positions, the requirements shalhbe met as an average, but reported
data shall also include results for the individual microphones. The requirements shall also be me{ for
any other pptional microphone position used. The descriptioricand the results of the tests perforined
shall be reported in a publicly available report.

A.2 Soupd reflections against an enclosure{if any) and other objects close to the
microphpnes

A.2.1 Performance requirements

Measurements shall be made to determine the influence of sound reflections on the measured sound
pressure l¢vels in the one-third-octavebands from 315 Hz to 5 000 Hz. Such reflections could ogcur
against an|enclosure around the testtyre and the microphones (if any) or against objects such as {yre
axle, framds, microphone holders\or tyre housing (if any), in the vicinity of the microphone. Reflectjons
against thd test tyre and the téstSurface are not considered here. The resulting effect shall be repofted
in every onle-third-octave bayd from 315 Hz to 5 000 Hz.

In all one-third-octave‘bands from 315 Hz to 5 000 Hz, the effect of unwanted reflections shall nof be
larger than 3,0 dB.

See also Anpnex E;

A 2 2 Ce fification tact mathad

CTITITUCIUIT CC T IIICTITUOTE

The test tyre and its wheel are replaced by an artificial sound source manufactured to have
approximately the same geometry and exhibiting similar source geometry, with the main source close
to the leading and trailing edges of the tyre/road contact area. A specification is given in A.2.3.

Preferably the microphones and artificial sound source shall be mounted on a single plate in order to fix
the relative locations of the sound source and the receivers. The plate shall be totally sound reflecting.
Then apply the following test procedure:

— While other parts of the CPX vehicle remain as they are mounted when making measurements,
apply a white or pink noise signal to the artificial sound source and measure the sound signal at the
two microphone positions until a stable level is obtained.
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Next perform the same measurement, but now with the artificial sound source in a hemi-anechoic

environment stripped of all parts of the CPX vehicle.

Calculate the one-third-octave-band level for each microphone position. Then calculate th

e energetic

average over the two microphone positions in both the original and the hemi-anechoic environment.

Subtract the one-third-octave-band spectrum in the original position from the spectrum in the

hemi-anechoic environment.

Repeat the measurement. If the deviation in any one-third-octave band between the first and the
second result is larger than 0,5 dB, do a third measurement and average those results that are

The

For
spe

NOT

A2

For

artificial sound source. An example of such a sound source is presented in Figure A.1. Figure

illu
sim
whyd
any
up 1

Itis
intd
cha

Thi
Thd
or s

A.3

A3

Tes
Tyr

maintaining the appropriate safety standards.

ctrum of Cq rfor each wheel separately.

plating the road surface and also to fit a wheel insidethe simulated tyre which is the s

Within 0,5 dB.
final result defines the device correction Cy, £

a two or multi-wheel trailer, perform the certification test at each separate wheel and

E “Wheel” means the rim and the wheel disc, according to ISO 3911. The tyre is mounted onl

.3 Specifications for the artificial sound source

radiation of sound in the test method for sound reflections;’it is suitable to use a

report the

the wheel.

‘standard”,
A.2 further

strates how this sound source can be realized. It is advised to place the tyre mock-up

el used for the reference tyre(s), as shown in the rightpart of Figure A.2. Of course, the e
other large object near the reference tyre shall als@’be fitted in a position relative to the
epresentative of on-road measurements.

recommended that the microphones, base\plate, tyre mock-up and sound source be bolt¢
a single system, so that moving the ,sét-up does not cause changes in the geometry,
hges easily jeopardize the requirement of 0,5 dB repeatability.

5 mock-up can be the same for bioth tyre P1 and tyre H1, although they differ a little in d
use of this particular soundisource is optional, although it is recommended that the one
omething similar be used.

Background noise from the test vehicle itself or its operation

.1 Design réquirements for the mounting of the test tyre(s)

 tyre(s) shall not be mounted on a steered axle or on an axle that is driven during the me
bs on thevtest vehicle other than test tyres shall be of the quietest design available,

on a plate
ame as the
hclosure or
tyre mock-

bd together
since such

imensions.
presented

hsurement.
while still

sed when

Any

brakes claose to the test fyrn(c) shall be in such condition that H’\ny are fnfn”y rele

measurements are made.

Supporting tyres on a trailer (if appropriate) may be of a special narrow type to reduce tyre/road noise,
if possible.
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Dimensions in millimetres

xc)

205

|
I
|

113

165,126,5J

320

i
N
D

30

:Vég

1045 |
| )

NOTE The wheel width is indicated as the standard designation 6.5 ]. QQ

Figure A.l — Outline of a recommended tyre mock-up wi@tiﬂcial sound source suitable for
testing the effect of sound refle\i{gms (example)
b

N

@@ (b)
NOTE For loudspeaker mounting and dimensions, see Figure A.1. The right part of the figure shows how
reflective conditions may be improved by mounting a wheel in the middle.

Figure A.2 — Examples of tyre mock-up for artificial sound source
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.2 Performance requirements

The unwanted noise (background noise, including air flow noise) of the entire test vehicle system shall
not influence one-third-octave-band levels by more than 1,0 dB in the 500 Hz to 5 000 Hz frequency
range and more than 2,0 dB in the 315 Hz to 400 Hz range.

NOTE

Since it is unlikely that all frequency bands are influenced by 1 dB at the same time, this requirement

is assumed to be approximately equivalent to at least 10 dB signal/noise ratio in overall A-weighted levels.

A3

.3 Certification test methods

A.3
Thn

NOT
star

A3

Wh
me?
isc
leve
run|
by 4
the
con
by 1
smd

A3

Thi
liftq
ope

3.1 General

ee alternative methods (A.3.3.2 to A.3.3.4) may be used.

E With regard to air flow noise, some published data may be useful, such as Reference [1f
dard, Reference [25], includes a method for determining air flow noise.

3.2 Lifted/removed tyre method

bre the test vehicle construction makes this practical, a useful method is to perform a tes
isuring tyre is lifted up above the road surface or removed from’the test vehicle. The res
bmpared with that from normal measurements with tyre/tead contact. If the overall |
lis then reduced by atleast 10 dB in relation to when thetvehicle is equipped with its refe
on the most “quiet” road surface to be studied, and the one-third-octave-band levels a
It least 6 dB in the 500 Hz to 5 000 Hz frequency range (4 dB in the 315 Hz to 400 Hz r

dition, which would then require an extra test; An upper limit to the bearing noise can H
unning the test tyre, including its normal bearing, on a laboratory drum using a smooth
oth steel drum.

3.3 Laboratory drum method

5 method is particularly recommended for four-wheeled self-powered vehicles, for
d/removed tyre method (A.3:3.2) cannot be applied. The tyres of the vehicle, mounted a
rating conditions, are ruf in a hemi-anechoic room consecutively on a laboratory drun

diaeter of at least 1,7 m, eovered with an artificial road surface, and their sound contribu

med
acc

typ
thrd

a)
b)

lsurement microphohesis recorded. The surface is recommended to be an epoxy replica

cal load of the engine during constant-speed driving on a road. This test is performed se
e different eonfigurations:

the testtyre run alone;

thelother tyre of the same axle run alone (this is possible only if the test axle is not powe

b]. A French

where the
1lting level
\-weighted
rence tyres
Ire reduced
hnge), then

requirement above is met. However, in this methed the bearing noise is not measured in loaded

e obtained
tyre and a

which the
5 in normal
h, having a
tion in the
fa surface

brding to ISO 10844./The drum shall be able to load the power unit of the vehicle to appfroximately

arately for

red);

)

thetwo tyTes of the otier {driven)axte Turmr togetiter:

In the third configuration, the vehicle is powered and the most relevant gear setting for the test speed
is used, and the engine speed is progressively increased until the engine begins to drive the drum. The
noise level then to be recorded is that corresponding to the highest engine speed still meeting this
requirement; it accounts for the influence of the tyres of the driven axle and the engine together. The
noise levels measured in the two last configurations are energetically added. If the resulting A-weighted
level is at least 10 dB lower than the A-weighted level measured in the first configuration, and the
resulting one-third-octave-band levels are at least 6 dB lower within 500 Hz to 5 000 Hz (4 dB within
315 Hz to 400 Hz), then the requirement above is met.
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A.3.3.4 Customized method

Any other method designed in accordance with good acoustical practice may be used, provided
it is judged to be as good as or better than the methods in A.3.3.2 and A.3.3.3, and provided it gives
as a result the influence of background noise on the sound measured in the standard microphone
positions. This method could for example involve determination of insertion loss of the enclosure (if
any) combined with measurement under some representative conditions of the contribution of each
potential background noise source. If the customized method is used, it shall be clearly noted in the
certification report why it is better than any of the other methods and how this is achieved.

A.4 Background noise from towing vehicle

A.4.1 Soprces of noise
Noise sourfes on the towing vehicle may include, in particular, the following:

Power unit{noise: Most sources of power unit noise are likely to be located at the front of the towing
vehicle and can then normally be neglected. However, often the exhaust outlet and the related silencqr(s)
are located at the rear of the towing vehicle and may then contribute to the baekground noise. Thjs is
of particulpr importance when the vehicle is running with an engine loadwhich is higher than during
“normal” operation of this vehicle and in the lower frequency range.

Tyre/road poise: Depending on the distance between the towing vehigle/and the microphones, tyre/road
noise from|the tyres on the towing vehicle, especially the rear axle tyres, may contribute significaptly
to the background noise. The contribution may be much morés\important than when considering|the
towing veljicle tyres and the test tyres as omni-directional @oint sources, since tyres usually haye a
directivity|which increases noise emission towards the front and the rear, for which the horn efffect
plays a leafling role. Note also that tyre/road noise maybe higher than expected due to the extralslip
induced when the driving tyres on the towing vehiclé-run at increased slip conditions due to the Joad
caused by fowing.

Air turbulepce noise: The air turbulence fromhe towing vehicle may create background noise in|the
microphonies, especially if there is no encloSure around the test tyre and the microphones.

A.4.2 Performance requirements

The requirpments in A.3.2 shall alse’apply to any influence from the towing vehicle (if appropriate)

A.4.3 Certification testmethods

The poweil unit noise,<in€luding exhaust noise, may easily be tested by running the towing velicle
at an enginje load typical of a more “loaded” condition, such as when going uphill, and comparing|the
i signals.to a condition when the towing vehicle engine is set at idling.

For tyre/rpad noise due to the towing vehicle, refer to the test methods for the test vehicle. Foi air
turbulenc i 331

A.5 Background noise from external vehicles

A.5.1 Performance requirements

The test vehicle shall be designed in order to ascertain that the influence of other vehicles (in the
normal traffic) is no more than what is required regarding background noise, i.e. the sound pressure
levels from such vehicles shall not be higher than recommended in F.4.
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.2 Certification test method

The vehicle shall be tested under static conditions, at a location such as the road shoulder where vehicles
in the regular traffic stream can pass in the adjacent lane, so that its relative position is representative
of normal operation on public roads. The average speed of the traffic in the adjacent lane shall be
70 km/h to 90 km/h and the maximum permitted distance between the test vehicle and the adjacent
traffic shall be 1,5 m.

The measurements shall be made on at least one road surface type. As a minimum, this shall include a

den

For
spe

restilting database no less than 20 passenger cars and 10 heavy vehicles. The latterrshall b

2b
tim
med

Cor

usimg a speed coefficient B of 30 on the DAC or SMA surfaces, according to 11.1. Compare

sou
oft

If th
use
att
adj3

NO1
ther

A.6

The
Thd

A.7

The
pro
in a
pro
cerf

se asphalt surface (DAC or SMA) with as fine and dense texture as is available.

typical passing vehicles, measure the maximum A-weighted sound pressure levels an
Ctra in the two microphones of the test vehicle, as well as the speed of each vehicleNng

Fehicles (trucks, buses or coaches with more than two axles) as specified in 1SO-11819
b weighting F (IEC 61672-1). Any enclosure or screen shall then be in the position used
isurements. The reference speed vyef shall be 80 km/h.

Fect the sound pressure levels (including spectra) for speeds to the reference speed ¢

hd pressure levels from the reference tyre(s), on the same type of'surface(s), with those
he passing vehicles.

frequency
lude in the
e category
-1. Use the
Huring CPX

f 80 km/h
measured

of the fleet

cent traffic shall be approximately equally low for¢the qualification to be valid.

E The DAC or SMA fine-textured surface is<isually the most “noisy” one for the heavy \
efore gives a conservative value for the backgrouind noise influence.

Alignment of the test tyre

camber angle of the test tyre(s).shall be no more than 1,5° and (static) toe-in no mor
se shall be checked at least once every two years.

Certification report

results of the certification tests, described in the foregoing, and a description of the syst
perties of the mandatory required items (such as acoustic lining in the enclosure) shall i
document thatis, by request, made available for third parties in relation to a certain me
ect, or is~available for example for download from a website. A.2 to A.5 shall be incly
ificatiensreport.

without any special treatment or flagging for passingvehicles in in-traffic measurements (see F.4),

le difference in total A-weighted level is equal to or highernthan 10 dB, the test vehicle qflalifies for
he reference speed of 80 km/h and higher. For reference speeds lower than 80 km/h, the speed of

rehicles and

e than +1°.

em and the
e reported
asurement
ded in the
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B.1 General

Annex B
(normative)

Averaging within each road segment

The meas;l;ed one-third-octave-band levels shall be averaged over each 20 m road segment. Averaging
hent shall be made according to the equal-energy principle (“energetically”). Variouis set{ups
bf and allow only certain types of averaging procedures, so it is necessary to,accept njore
ype. The following are acceptable averaging procedures, giving essentially similar respults
htions in Figure B.1).

over a segr

make use

than one t
(see illustr

Wi

1_

a) Linear averaging over rectangular windows

.

b) Exponential averaging each 1/8th of a second with a moving exponential window

Key
W  weight
t time

a samplirrg instances.

pf signal

Figure B.1 — Illustration of the averaging procedures

B.2 Linear average

Averaging of the signal within a linear (rectangular) window, covering at least 75 % of the length of a
segment (15 m).

30
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B.3 Exponential averaging

In this case, the signal is exponentially averaged with the time weighting F. The signal is sampled at
regular intervals and the average sound pressure level is calculated arithmetically. The sampling rate
shall be at least one sample per 0,125 s. In this alternative, there is a certain influence of the signal
before the current segment.

The result of this averaging is the equivalent SPL for an individual one-third-octave band with the
centre frequency f, measured at microphone position m, for the road segment with the index i, in the
runr, using the tyre t, in wheel track w, with the symbol: Lepy.t w r i, fm,v o -
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Annex C
(informative)

Detailed explanation of the calculation procedure

The microphone-averaged spectral levels are calculated in each frequency band between 315, Hz and
5 000 Hz df the sound pressure levels at the front and rear microphones, m = 1 and m = 2,'by energy-
based averpging of the spectral levels measured by the microphones:

0,1{ Lcpy. i 0,1( Lcepy. i
LéPX:t, rif :10.1g|:0,5(10 ( CPX.t.w,r,I,f.1)+10 ( CPX.t,w,r,l,f,Z) J:ldB €D

C.2 Devjice-related correction of frequency spectra

Correct tlhhe microphone-averaged spectral levels for the device-related frequency-dependent
properties|Cq, f:

’ I~
Lepx.t i, f =Lepxcow,rif TCd,f (F.2)

The devicefrelated correction factor Cq, ris defined in eath one-third-octave band between 315 Hz and
5000 Hz. The procedure for determining the values of\Cq, ris given in A.2.

C.3 Calqulation of overall levels fronr one-third-octave-band levels

The corredted spectrum is aggregated into an overall A-weighted sound pressure level by meanls of
summation of energy over the spectralarange 315 Hz to 5 000 Hz:

& 0'1(LCPX't wori f)
Lepxetfy,ri =10-1g] D 10 twrif) 4B (£.3)
=315

C.4 Correction fer‘deviating speed, temperature and tyre rubber hardness

Correctiong are_applied for deviations from the targeted reference speed vyer and from the refergnce
temperatufe of 20 °C using coefficients B for the speed coefficient and y; for the temperature effedt. A
further correction is applied for deviation from the reference tyre rubber hardness of 66 Shore A |(for
tyres P1 and HIJ. These corrections lead to the corrected equivalent CPX level over road segment i, for
run rand tyre t.

For speeds which are lower than the preselected reference speed, the speed correction is positive and
for speeds higher than the nominal ones the correction is negative.

For the value of the speed coefficient B please refer to 11.1.

The SPLs for tyres shall be corrected to a reference air temperature of Tref = 20 °C using a temperature
coefficient y;. The corrected levels (Lcpy, i.e. for each tested road section) shall be reported together
with the value of the coefficient y.

The SPLs for tyres P1 and H1 shall also be corrected to a reference tyre rubber hardness of 66 Shore A
using a rubber hardness coefficient S,
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The correction procedures are combined as follows:

Vi W,

Vref

LCPX:t,W,r,i,vref :LCPX:t,w,r,i _B'lg[ JdB_yt '(Ti _ZOOC)_ﬁt '(HA _Href)

(C.4)

The rubber hardness reference value Href and the rubber hardness coefficient S; for reference tyres P1

and

H1 are given in ISO/TS 11819 -3 (same coefficient for both tyres).

The values of the temperature coefficient y, which are negative, are given in ISO/TS 13471-1 if the
reference tyres P1 and H1 are used (same coefficient for both tyres).

C.5

Sev

seg
Thd

The
eva

Removal of segments affected by disturbances from other sources

ments potentially affected by disturbances shall be discarded from the CPX calculation
identification of disturbance levels which are too high is specified in F4.

following averaging steps assume that all affected road segmentsii-have been remove
uation.

bral types of disturbances may affect the measured CPX level. These are usually|transient events of
rather short duration, therefore affecting measurements on only a few road seggments. All

20 m road
procedure.

d from the

C.q Averaging procedures
C.6{1 General
The following phase can be processed in two ways«The first option is the averaging over all segments
in the wheel track and then averaging over the runs. Finally, averaging over the wheel trackd may be an
optjon, depending on the purpose of the measu¥ements. The second option, suitable for two-wheeled
systems, allows averaging of the CPX level of.a segment over both wheel tracks and after thaf averaging
of the whole section and over the runs. This approach has the advantage that a graphical presentation
of the CPX level versus distance shows(ess scatter. The final results are the same, irrespe¢tive of the
method chosen.
NOTE Arithmetic averaging is-applied here instead of energy-based averaging since it reduces fhe effect of
occdsional transient-like disturbances.
C.6{2 Alternative 1: averaging over section length (“serial averaging”)
The series of CPX-levels of the consecutive segments are checked with respect to disturping sound
confributions and-segments which are affected are discarded. The resulting segments arg averaged
ovef the sectigmlength, then over the number of runs and (if requested) over the wheel tracks:
n n n;
1 w 1 r 1 1
Lepxit v o = z {ZZ(H_;ZLCPX: WY ot ﬂ (C.5)

If si

C.6

W—LL =1

ngle wheel track information is to be calculated, the averaging over n,, is omitted.

.3 Alternative 2: averaging over wheel tracks (“parallel averaging”)

In certain cases, especially with two-wheeled systems, it is advantageous to average each segment over
both wheel tracks. For instance, the reliability of the CPX level plotted versus distance is improved by
this procedure. In this case the order of averaging given in Formula (C.5) is modified. First, the CPX
levels of a segment of the left and right wheel tracks are averaged and then averaging is performed over
the length of a section and if necessary over more runs. Also in this case, segments with disturbances
which are too high are discarded. In this procedure, however, both left and right wheel track data are
omitted, leaving a blank in any CPX versus distance plot.
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The calculation is as follows:

Lepx-ty o =

n n; 2
I EOIEPW
_ _ 5> CPX:t,w,ri,Vyies
| R ) e |

C.7 Calculation of frequency spectra

(C.6)

For research purposes, or to meet other specific requirements, the frequency spectrum may be
calculated in addition to the total CPX level. For these purposes the calculation procedure is slightly
Televant frequency bands 15 omiteed.

modified i

SUC a way that the energy-based SUmMMmation over the
Correction|
temperatufe are still applied. The spectrum of the CPX signal over a segment is then caleulate

follows:

At first, the

Lepx.t,
After this,

Lepyx:t,

NOTE '

Then, corr

Lepy.,

The rubbe}
and H1 are

The valueg
reference 4

C.8 Conm

The result

level that i
to Formuldg

energy-based average spectrum at the microphone positions 1 and 2 is calctilated as follc

0,1{ Lepx- i 0,1 Lepx. i

,r,i,f :101g|:0’5[10 ( CPX.t,w,r,l,f,1)+10 ( CPX.t,W,r,I,f,Z) ]:|dB (
rorrection for the device properties Cy, ris applied as follows;

rif =Lepxiewrif tCa r (
'hese steps are identical to those in C.1 and C.2.
ections for deviations from the target speed and reference temperature are made:

Vt,w,r,i o
T f Vet :LCPX:t,W,r,i,f_B'lg( v JdB _yt'(Ti_ZO C)_ﬁt'(HA_Href) (
ref

hardness reference value Hyef and\the rubber hardness coefficient f5; for reference tyre
given in ISO/TS 11819-3 (same ceefficient for both tyres).

of the temperature coefficient yt, which are negative, are given in ISO/TS 13471-1 if
yres P1 and H1 are used (same coefficient for both tyres).

rection for effect of order of averaging

ng spectrum’in Formula (C.9), Lepx.t,w ri,f,v,.c» 8enerally exhibits an overall A-weigh

5 slightlyddifferent from the calculated results of the total A-weighted levels made accorc
e (C.5)\and (C.6). See example in Table C.1. The reason is the reversed order of arithmet

averaging

ind‘eriergy-based summation. When following the procedure in Formulae (C.5) and (C.6),

energy is s

for the properties of the device and any deviations from reference speed and refergnce

as

WS:

.8)

C.9)
b P1

the

ted
ling
ical
the

ummed over the frequency bands, and then averaging over sections, runs, and wheel tra

cks

is performed. In the procedure in this clause, the energy-based summation takes place after arithmetical
averaging over section, runs and wheel tracks has been made.

It is recommended that this effect be corrected for by adding the difference in total sound pressure
levels between the two procedures to the spectral values

LCPX: tw,r i, f Ve (corr) = LCPX: Wi, f Vief +AL

34

C

EVref

10)
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where

01w | 1 &1 U
5000 n_’ 2 n—z n—z Lepx:t,wor i, fvres
rr=1
r dB

W w=1 ij=1
ALt;Vref ZLCPX:t,vref -10-1g f2510 v !
=31

(C.11)

inwhich Lepy., . is derived from Formula (C.6).

After this, averaging over the section or over the wheel tracks is performed, according to C.6.2 and C.6.3.
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Annex D
(informative)

Applicability of ISO 11819 methods

The most sultable areas of appllcatlon for the SPB method (ISO 11819- 1) and CPX method (this

docpmer

porpus surfaces arising from sound absorption during propagation close to the porous surfa
soufce to the receiver are not fully addressed. Nevertheless, an experiment.to study this eff]
other things) did not indicate this to be a severe restriction of the méthod (References |-
Accprding to this and other experience, the noise-reducing effect of.porous surfaces is gen
estimated when using this method and the associated reference tyres. One potential reag
may be a compensating effect in the CPX method, which favours/porous surfaces more than
the|SPB method. Such an effect might be the higher sensitivity(to texture by worn tyres (Ref
which may give rough-textured porous surfaces a kind of penalty, and worn tyres are of cou
vehjicles included in SPB testing.

Supplementary information with regard to sound abserption effects and their influence on p
may be obtained by applying the sound absorption measuring method specified in ISO 1347

Wh
clog
pro
awse
be s

bn measuring on a porous surface, but clgse to a dense surface, be aware that it is co
ging generally is more severe the closer’the measurement is to a dense surface. This bec
hounced with time, as clogging progrésses from the surface joint until approximately 50
y from the joint before the noisesreducing effect becomes independent of location. This
een if the CPX level is plotted against distance away from the joint.

hod for road

e expected
r of the SPB

ing effect of

Ce from the
pct (among
L, [3], [9D).
erally well
on for this
vhen using
brence [6]),
'se used on

ropagation
P-1.

mmon that
pbmes more
m to 100 m
effect can
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Table D.1 — Usefulness of the statistical pass-by method (SPB) and the close-proximity

method (CPX)
SPB method CPX method
Advantages Results representative of actual traffic noise |Easily applicable in most cases
emission Inexpensive and fast to use, once the equip-
Good assessment of road influence for all ment is available
vehicle types including heavy vehicles Both overall level for an extended length of
Uses a representative traffic composition surface and its spot-to-spot variation can
(e.g. may differ in the Netherlands from be studied
North America or Japan] Applicable under a wide range of conditiops
Accurately describes source and propaga- (dry surface required, however)
tion effects . “ e
Gives an “absolute level“ (i.e. free ‘offleet ¢r
propagation components)
Disadvantpges |Time-consuming measurement procedure |Medium representativity for'surface influf
and limitafions . ence on passenger car noise
Measures road surface properties only at
one location, recognizing that large varia- Low-to-medium representativity for surface
tions from spot to spot may occur influence on truck-tyre noise
Only applicable within strict conditions Propagation effects not fully included
(trlafflc intensity not too high, no“reflectnlzle Effect only festricted to tyre/road noise
objects close to the microphone, “normal
driver behaviour) Strict specifications for the enclosure des]gn
Stability with time depends on how the noise and background noise required
characteristics of the vehicle fleet develop Investment in measuring vehicle needed
Dependent on availability and close contrfl
of reference tyres
Applicatiop Accurate and representative assessment of |An approximate assessment of acoustic
fields acoustic properties of road surfaces)at the |properties of road surfaces, at a wide range
chosen spot and for sites meeting stringent |of sites
acoustic requirements; e.g, “type testing Conformity of production test
and general evaluation
Spotwise check of state'of maintenance and Homogeneity check of road surfaces
condition Check of state of maintenance and conditipn
Useful for research’purposes Check of long-term performance of test
tracks (e.g. ISO 10844 tracks)
Check of long-term stability of the SPB mgth-
od
Useful for research purposes
38 © IS0 2017 - All rights reserved
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Annex E
(informative)

Guidelines for design and use of the test vehicle

1—General

guidelines in this annex are provided to assist in the design and operation of test've
iflelines can assist in ensuring that the performance requirements in Annex A'dre sa
eved.

Design guidelines for enclosures

r|test vehicles incorporating an enclosure, it is preferable that thezenclosure, including
Ch down to within 50 mm of the ground level. However, in urban‘areas a clearance of 5
ce frequent contact between the enclosure and the road; therefore, in such cases the cle
hcreased to a maximum of 100 mm. The lowest part may coiisist of flexible material whi

ter when the vehicle is in motion.

i

Use and protection of sound absorptive;materials on test vehicles

1 General information regarding the fitment of sound absorptive materials

Ls of the vehicle may be covered by an enclosure which screens the test tyre(s) and the m

unwanted noise sources. A.2.1 specifi€s the requirements for any sound-absorbing mat
lIne the enclosure or to cover other'sound reflective surfaces in order to reduce sound
itable materials include lightweight acoustic panels with high-absorptive open-cell mate
yramids, wedges or sharp waves, sometimes referred to as “acoustic foam”. Materi{

d-absorbing materials should be protected from dirt and water during travel to/from s
Factical. Examples ofhow this can be achieved are given in E.3.3.

e that the sound absorption properties of sound absorptive materials deteriorate as th
progressively’exposed to dirt. It is therefore good practice to test the performance of thes
uently and«to replace them with new, fresh material when they show patterns of subs
brage.

hicles. The
Lisfactorily

any skirts,
0 mm may
arance can
"h does not

crophones
erials used
reflections.
ial shaped
1ls such as

te as far as

b materials
b materials
Fantial dirt

s may not

iclesswhich do not incorporate an enclosure around the test tyre(s) and the microphon,
e i i i i j e likely to

reach the microphones.

E.3.2 Design requirements for sound absorptive materials

The inside walls of the enclosure shall be covered by acoustically absorptive material to make the
influence of sound reflections negligible. Sound-absorbing materials having a total thickness of (for
example) 75 mm may give sound absorption coefficients of 0,6 or higher in the range 315 Hz to 400 Hz
and 0,90 or higher in the range 500 Hz to 5 000 Hz, which is the minimum performance recommended.

If other reflective surfaces inside the enclosure that might result in reflected sound affecting measured
levels are treated with sound absorptive materials, these should meet the same specifications.
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E.3.3 Protection of sound absorptive materials against dirt and water

CPX measurements are normally not made when there is a risk for dirt and water being pulled up from
the pavement. However, the test vehicle and its microphones may be affected by dirt and water during
transportation to or from a test site. To avoid such exposure during transportation, the following
presents some examples of how this might be achieved.

— The test vehicle or that part of it having sensitive materials could be pulled up onto another vehicle
(trailer or truck) in order to avoid exposure to water or dirt (if appropriate based on the design of
the test vehicle).

— Sensitive parts of an enclosure around the tyre(s) could be folded up or dismounted to avoidithem
being lhit by water and dirt (if appropriate based on the design of the test vehicle).

— The tept tyre could be pulled up from its contact with the pavement in order to avoid watér or dirt
being pulled up by the tyre and spread to the absorbing material around it (if appropriate based on
the design of the test vehicle).

Whenever [the sound-absorbing material is soaked with water and dirt or covered with a signifi¢ant
amount of|dirt, its sound-absorbing properties may be substantially worse (than intended and fany
correction$ for sound reflections may be inappropriate. To dry a water-soaked/absorbing material may
take severgl hours or even more than a day. The following recommendatiens apply if risks for watdr or
dirt contarphination are apparent.

— Sensit{ve parts of the sound-absorbing materials may be coverediwith a suitable watertight matqrial
which protects it from being hit by water and dirt. This may.be made as a separate measure qr in
combifation with any other measure (if appropriate with.regard to the design of the system).

— If the above recommendations do not apply to the particular vehicle design, the test tyre may be
coveregd with a suitably tight enclosure which reduces the spread of water and dirt around it. [The
same dpplies to any outer supporting trailer tyres' (if appropriate with regard to the design of|the
systenp).

E.4 Desjgn guidelines applicable to all types of test vehicle (self-powered and
trailers)

When des;fning a test vehicle, thé dimensions should be sufficient to allow an appropriate distgnce
between mpicrophones and reflecting surfaces, including sound-absorbing materials; see further [9.2.
This distarce is recommendedto be at least 0,2 m.

To identify|the potential.influence of noise from passing vehicles or from wind gusts, it is a good idefa to
add an extfa micropherie, placed appropriately, in order to monitor the noise in the system away ffom
the test tyre.

Vehicles ddsignedto measure in both wheel tracks simultaneously should have a distance between|the
right and l¢ffside test tyres (between tread centres) of between 1,5 m and 1,9 m.

For “open” test vehicles, which do not incorporate an enclosure around the test tyre(s), it is very
important to observe the risks for wind turbulence-induced noise in the microphones or around objects
close to them.

During transportation to/from test sites itis good practice to protect sensitive parts of the measurement
systems, e.g. by applying the following measures:

— removal and storage of the microphones in a dry and clean place inside the vehicle;

— coverage by some watertight protection material of any devices connected to the microphones,
which cannot practically be brought into the vehicle, such as cables or preamplifiers and their
connectors.
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E.5 Design concerns for self-powered test vehicles

For vehicles where the test tyre(s) are subject to braking, observe that this results in the tyre(s) being
subjected to extra wear, which in severe cases may cause unacceptable unevenness. If a test tyre has
been subject to “hard braking”, i.e. with blocked wheel or with anti-blocking systems in operation, it is
recommended that the condition of the tread be closely inspected. If any abnormal wear (as compared
to that typical of a free-rolling tyre) is visible, the tyre should be replaced with a new one.

When the vehicle is not used for testing, such as during transportation to and from the measured site,
it is recommended that tyres other than test tyre(s) be used in order to avoid excessive wear of test
tyre(s) due to braking or cornering. Exceptions are allowed if the driving distances are short and if hard
braking does not occur.

be at least
1, provided
quirement

Theg distance between the microphones and tyres other than that/those under testsheuld
1,5 Im. It is not necessary to meet this requirement if a vehicle with an extra test tytes use
thig system can be tested with the lifted tyre principle (A.3.3.2) and the background noise rg

is then met.

br to avoid
ptions are

Normally, the underbody of the vehicle is covered with sound-absorbing material, in ord
reflections of sound on the underbody coming from tyres other than’test tyre(s). Exce

accepted only if the construction is such that reflections from thesunderbody are preve
reathing the microphone positions.

NOTE Depending on the safety standards that the vehicle isfequired to meet, the use of near
or ektra narrow tyres on the vehicle, except for the test tyre(s),.can be considered, with a view to ke
emifpsion from them as low as possible, in particular in the dire¢tion of the microphones. However, no
with tread thickness reduced (by wear) to near the legal limit,; while being relatively “quiet” on smod
are [noisy” on rough-textured surfaces (Reference [6]).

E.6

In t

Design concerns for a trailer

his case, the test vehicle consists of(two parts: the towing vehicle and the trailer. In
the|test tyre(s), the trailer may have:tyres for support, which should be mounted as far
the|microphones as possible, but at.least 1,5 m away, and be of a type quiet enough in
insignificant in relation to the test'tyre noise. Trailers with support tyres do not necessar
meg¢t this distance requirement'if background noise from the test vehicle and the towing vel
testled with the lifted tyre prifciple (A.3.3.2) and the background noise requirement is then

nted from

ly worn-out
bping sound
fe that tyres
th surfaces,

hddition to
away from
rder to be
ily have to
icle can be
met.

It i recommended that;a’ distance of at least 3 m be maintained between the towing ve
and| the microphon€s; Reduction of tyre/road noise from the towing vehicle may also be

hicle tyres
chieved by

addiing a noise screen at the rear of the towing vehicle or adding an enclosure around the tefst tyre and
microphones. Background noise may be tested, when possible, with the lifted tyre principle [A.3.3.2).

Anyf load package or supporting structure for load should be placed outside the enclosurg¢. If brakes
are|used\in connection with the test tyre(s), which is not recommended, but might be required for
meg¢ting safety standards, the same restrictions should be observed with respect to braking and wear

L 1 h i
dS SPpETTITECU 1T &3

The suspension of the trailer should be designed in such a way as to have a spring rate and damping
coefficient similar to those of the suspension of a car.

NOTE Depending on the safety standards that the vehicle is required to meet, the use of slick, worn or
extra narrow tyres on the towing vehicle, or as supporting tyres on the trailer, can be considered, with a view to
keeping sound emission from them as low as possible, in particular in the direction of the microphones. However,
note that smooth (patternless) tyres, while being “quiet” on smooth surfaces, are often the noisiest tyres on
rough-textured surfaces, and tyres with tread thickness reduced (by wear) to near the legal limit are also “noisy”
on rough-textured surfaces (Reference [6]).
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E.7 Operational guidelines

If power unit noise has a significant influence on the test results, the effect can be reduced by coasting
the test vehicle or towing vehicle (whichever applies) during the measurement. The constraints on
speed variation and correction for speed shall then be observed.
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Guidelines for measurements

F.1—General

It isadvisable to listen to the sound picked up by the microphones during the measurementd.

NOTE Some types of road surfaces may change their noise characteristics rather qui¢Kly, e.g. after opening
for fraffic or due to the effect of ageing (wear, clogging, etc.). Attention is drawn to the fdctthat the measurement
resylts have limited representativity in time.

F.2| Recommendations on surface wetness

The surfaces can be assumed to be sufficiently dry for measurements, if the minimum time periods for
dryfing up after rainfall given in Table E1 are observed (Referénce [7]). However, note thaf the times
depend very much on wind and sunshine conditions, so the ydlues given may be adjusted acqordingly.

Table F.1 — Recommended time periods between rainfall and measurement

Recommendedtime before

Comments
measurements

Surface type

De1jse, non-permeable surfaces,
e.glhot rolled asphalt (HRA), DAC, No special time Make visual judgement
cenpent concrete (CC)

Ne%atively textured surfaces, po-
tenfially containing deep troughs, 3h Make visual judgement
e.g/SMA and thin asphalt layers

The lower value is acceptable only if
there is sunshine during the day, and
significant air movement over the
surface either by wind of by traffic.
Furthermore, the daytim¢ should not
be short

Porous (permeable) surfaces 24hto48h

Unless more~than 2 days have passed since the latest precipitation, a check of whethef a surface
asstimed tohiave a significant porosity still contains residual moisture is recommended.

Compressed air is blown into the road surface, e.g. using a standard pistol-grip air jet or 4 spray can
wi@%@m@@vealed ina

clearly visible spray cloud. The surface can be regarded as dry if five tests at representative points along
the length of the road surface fail to show a spray cloud (blotting paper can also be used to indicate
presence of water).

NOTE1 Experience with sound measurements on porous road surfaces has shown that A-weighted levels can
be influenced by up to 2 dB due to residual moisture in an apparently dry surface.

NOTE 2  This test can be carried out using a portable compressor. A short pulse of compressed air at 0,5 kPa to
0,8 kPa is sufficient for the test.
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F.3 Preferred lateral measurement position on road

If it is suspected that there might be a difference in noise properties between the right and left wheel
track, the preferred option for accuracy and representativity is to perform measurements in both wheel
tracks. If measurements are made in only one wheel track, choose the track which is closest to the road
shoulder. Note also that making measurements with two tyres simultaneously rather than one at a time

can decrea

se the time needed to yield a certain precision due to statistical properties.

F.4 Identification of disturbing noise

F4.1 Ge

Disturbing
especially
NoN-covere
source. Ot
pedestrian
damage or

F4.2 Lis

neral

events in the CPX time history can be caused by passing or oncoming external vehi
motorcycles, heavy trucks or light vehicles travelling at very high speeds. Particularly

her disturbances can come from construction machines on or near the %¥oad, marking
crossings, reflections against objects near the road, joints betweeniconcrete slabs, 1
changes in surfacing. These can be identified and flagged as describédin F.4.2 to F.4.5.

tening to the sound of the CPX microphones and watching the traffic

The opera
micropho

watching fgassing and oncoming traffic, the operator flags events\when he or she can hear sound f
another vehicle. The operator should mark the total time when the disturbing sound can be he
Later, such| events are identified in the CPX level time histery’and road segments where the CPX 1
is clearly hligher than surrounding levels (where “clearly! may be 1,5 dB above the median CPX ley
accompanied by flags of the operator, are disregarded in the evaluation. Then consider the li

possibility
so until th
automatica

F4.3 Fla

In this case
vehicle are
the microp
may of cou

the operatgr may use his ot her experience and possible prior testing to avoid flagging events which

unlikely to
but they m

F4.4 Mg

for listens to the sound from the two microphones - efie*earphone per front and 1
(located on the side of the test tyre facing the most distarbing traffic). While simultaneo

that the segment immediately before the-flag is also disturbed, as it may take a secon
e operator can decide whether he or she’heard the vehicle or not. Another possibility i
lly delete road segments associated-with a flag and the segment immediately before it.

igging all or part of the passages of external vehicles

all events in passing and éncoming traffic when an external vehicle is in the vicinity of the

hones). Such road segments are then automatically disregarded in the evaluation. This op
rse remove data-which are not significantly disturbed. To limit such unnecessary remd

affect the results. Wind gusts caused by ambient wind are impossible to detect in this opt
hy be negligible if a proper enclosure is used around the microphones and test tyres.

nitoring external noise by a dedicated microphone

les,
for

d CPX vehicles, wind gusts from other vehicles or the ambient wind are . also a cominon

S of
oad

ear
1sly
fom
hrd.
pvel
el),
kely
1 or
S to

CPX

flagged (by vicinity one.rhay consider the closest exterior noise source being within 10 fn of

fion
val,
are
ion,

To identify

the pn‘rpnriql influence of noise from external sources it is a gnnd idea to add an e

tra

microphone, placed appropriately, in order to monitor the noise in the system away from the test tyre.
When the noise level in this microphone is less than 6 dB below that of the test tyre(s), then the CPX
level of the road segment should be discarded.

F.4.5 Post-processing of CPX level time history

In this case, it is assumed that the noisiest events in the CPX level time history are caused by
disturbances. These noisiest events are then detected in the time history by a suitable criterion and
road segments representing these events are discarded in the final evaluations. A suitable criterion is
that road segments having a CPX level that is more than 1,5 dB above the median CPX level of the test
section (per run) may be considered as having been disturbed.
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Annex G
(informative)

Application of the CPX method for surveying large road networks

G.1

General
Fenera:

Thi
the
roa
dev]

The
med
sur
ada
ver
con|

G.2

A r¢
the
lang

Par
prid

G.3
The

resuylts:

pted procedure substantially reduces the time and cost spent orikthe measurements. This

5 annex reviews the adaptation of some of the attributes in this document when, im
CPX method for surveying large networks. Typical applications are the study of ageing
1 surfaces, assessment of the state of maintenance, e.g. wear of and damage to surfa
elopment of databases to help network managers in their strategies for road.resurfacing

survey method is optional in this document, intended to be used in)cases where the
lsurements or the distance travelled during all measurements isrexceptionally high
yeying a major part of the road network in a region or a country. Insuch cases, a simplifie

bion leads to less accurate results and should not be used for-assessing compliance w
fract requirements, e.g. conformity of production.

Review of the network and definition ofiéference speed zones

bview of the network is strongly recommended™prior to testing. Several speed limits m4
network and the corresponding zones of eachireference speed should be defined, togeth
 to be tested.

Ls of the network on which the measurements may not be valid or possible should also b
r to the measurements, e.g. junctions, roundabouts, low-speed limit zones or roadworks

Site conditions

following site conditions need to be identified as they may have an influence on mg

Measurementsp€rformed in tunnels: reflections from tunnel walls are likely to increase b
noise levelssNon-enclosed systems are vulnerable to this type of disturbance. Applic
enclosure has a remedial effect on this problem but cannot totally exclude it.

Uphillsstopes steeper than 1:20: in such situations the vehicle may be running with an ¢
which is higher than during “normal” operation. This may lead to increased background 1

blementing
effects on
ces, or the

number of
e.g. when
1 and more
simplified
th legal or

y apply on
er with the

b identified

asurement

ackground
htion of an

ngine load
oise levels.
bsure has a

Non-enclosed systems are vulnerable to this type of disturbance. Application of an encl

remedial effect on this problem but cannot totally exclude it.

Curves inducing significant lateral forces: bends with a radius of curvature less than 2

50 m at 50

km/h and 500 m at 80 km/h may lead to lateral forces which can have significant influence on

measurement results.

G.4 Meteorological conditions

The meteorological conditions can change significantly along the network and should be checked
regularly during the measurements. It is recommended that measurements be avoided when:

©IS

air temperature is below +5 °C or above +35 °C;
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— wind speed exceeds 10 m/s on average.

For road wetness and for porous surfaces, reference is made to Annex F.

G.5 Number of runs

For very long networks, the repetition of runs is impractical in terms of measurement time and volume
of data, and dramatically increases the cost of measurements. Therefore, only a single run is required
for survey measurements. However, whenever it is acceptable in terms of time, volume of data and
economical issues, more runs can be performed in order to increase the reliability and the completeness

of results.

G.6 Cho

For survey
the wheel

ice of reference tyre

measurements, only one reference tyre is required (P1)2), which normally“should ru
rack closest to the edge of the road. Measurements in the other wheel track can be use

supplemenjt the measurement data and improve the representativity of the measurements.

The use of
vehicles to

G.7 Sun

Data samp
the results
over comp
see Annex

the second reference tyre allows the surface properties related“to both light and he
be considered and is therefore optional in the survey method.

yey segment length

ing on 20 m long segments when only one run is petfermed can lead to a poor reliabilit]

hsite segments of a minimum length of 100 m averaging a minimum of five 20 m segme
B and Annex C for the averaging procedure. Segments which are dominated by road sur

discontinu

ties should be omitted.

G.8 Localization of measurements

The synchi

onization of acoustic measurements with positional data is an important feature in the 13

network suirvey. It is recommended that the acoustic measurements be synchronized with GPS d

In this cas
the GPS sy
certain fix4

G.9 Tem

The air tempperature.can change significantly over a day and along the network. It is recommended {
ired continuously. In the case of intermittent measurements, they should be performe
10 km. Locate the temperature sensor so thatitis unobstructed and safe and in such a

it be meas
least every

b, ensure that the accuragy of the system is better than or equal to 20 m. The accurac
tem should be checked:prior to the measurements, e.g. by checking the GPS coordinate
bd points such as bridges or major intersections.

|perature measurement

h in
1 to

avy

y of

(Reference [8]). Therefore, for survey measuremefits, the acoustic signal should be averdged

nts;
Face

rge
ata.
y of
s at

that it is exyg

a shading screen. The sensor shall be p051t10ned 0,5 m to 1 5 m above road surface level Measurement
of surface temperature is optional.

G.10Vehicle operating speed

In each reference speed zone, vehicle speed variation should not exceed +10 km/h from the reference
speed in each composite segment. When speed is adjusted from one speed zone to another, the composite
segments subject to large speed changes should be omitted from the averaging. Other segments with
strong acceleration or deceleration should also be identified and removed.

2) As specified in ISO/TS 11819-3. See the Introduction.
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In some places, the traffic conditions can prevent the test vehicle from driving at the required speed
without changing lane or overtaking. It is recommended that the way to treat this situation be decided
prior to the measurements. For instance, data can be eliminated for the corresponding sections or the
reference speed at which results are calculated can be adapted to the actual driving speed in the post-
processing. The procedures for handling these issues should be stated in the report.

G.11 Output results

The final output is the CPX level averaged over composite segments covering a minimum length of
100 m, together with the corresponding reference speed.

G.12 Reliability

Thik is addressed in Annex K.
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H.1 Pr

o . . s e
Acoustic la‘l:l-)‘elling of road surfaces is most commonly performed using SPB measurements. Howeve|

order to u§

labelling and conformity of production assessment, the use of CPX measurements is required.

H.2 Pro

homogeneity of a test section (acoustic variability)

This annex

along a road surface test section. It is recommended that the tests and analyses be conducted as follc

Measure th
with 10.2 :
following:
a) Forea
for thd
tyre ty
b) If the
deviat

separately for each tyre type (Case B i 1,1.2).

Normally, |
of the refel
level varia
surface ho

The st valy
speeds. Th

dq

NOTE 1
statistical s
overlooking
road length

Annex H
(informative)

Application of the CPX method for other objectives

e an acoustic classification system of the type described in Reference [1], which addre

cedure for studying sound pressure level variability and surface

gives guidelines for measuring the variability in tyre/road soind emission characteris

e A-weighted sound pressure level (SPL) for the test tyre©on‘€ach road segment in accordg
ind apply the data processing procedures specified innd1.1 to 11.3, with the addition of

'h run, wheel track, speed and tyre combinationycalculate the standard deviation of the §
segments. Report the arithmetic average of-these standard deviations separately for e
pe (Case Ain 11.2);

SPLs are first averaged over all wheel tracks for each segment, calculate the stand
on of the values for the segments. Report the arithmetic average of these standard deviat

both reference tyres should:be used for this test. The averaged standard deviation, for e
ence tyres t used in this.study, is the final result describing the A-weighted sound presg
hility, s, of the surface, expressed in decibels. This is considered to be an indication of 1
mnogeneity.

e should be reparted together with the length of the total test section and the referg
e calculation’method (A or B) shall also be stated in the report.

horter ségment lengths than the 20 m specified in this document give values more influence
bund pressure level fluctuations than by the relevant surface inhomogeneity, and longer lengths

when measuring maximum sound pressure levels according to the SPB method.

I, in
bses

tics
WS.

nce
the

PLs
ach

ard
ons

ach
ure
oad

nce

1 by
risk

the{ithomogeneities. A 20 m distance is also rather close to the effective travelled and measyred

NOTE 2

from segme

48

nt to segment, for each reference tyre or (if possible) averaged for these tyres, see Figure 2.
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Summary of measurement parameters

Table 1.1 summarizes all major measurement parameters and their tolerances as specified in this

doc

TITreTTes

Clauise 6 refers to the required accuracy of the systems used to measure these parameters.

Table I.1 — Summary of the most important measurement parameters

Reference speeds

50 km/h, 80 km/h and 110 km/h

Parameter Specified value Tolerances Alternatives
Reference conditions
Reference tyres P1and H1 o

Alternative sp

be used if requjfired for

beds may

technical, safety and

Reference air temperature 20°C legislative reagons
Meqisurement speeds
Avdrage test speed Reference speeds 5%
Actjual speed per segment Reference speeds +15 %
Frequency range 315 Hz - 5 000Hz
Tyrg properties
Inflation pressure 200 kPa +10 kPa
Logd 3200 N +200 N
Trefpd depth Refer to ISO/TS 11819-3
Rubber hardness Refer to ISO/TS 11819-3
Midrophones (see Figure 1)
Number of positions Two mandatory (1,2): Four optional (3, 4, 5, 6):
Angle with respectte rolling direc- |45° (1); 135° (2) +5° 0°(4);90°(3)} 180° (5,6)
tio 0,10 m (1, 2) #0,0lm [0,10m (3); 0,20 m (4, 5);
Height aboveTead 0,50 m (6)

0,20 m (1, 2) +0,01 m |On tyre centreline
Distance from undeflected sidewall 0,20 m (1, 2) £0,01m |0m (3); 0,65 n] (4, 5);
Dis 0,80.m (6)
Weather conditions
Wind speed <5m/s —
Air temperature 5°Cto30°C — Up to 35 °C in climates

where average
tures are >30°

tempera-
C
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Validity and stability of the method

J.1 General

The CPX ];ethod has limitations regarding the validity, which result in uncontrolled systemjatic
uncertaintjes in the following respects:

— the measured characteristics are restricted to only tyre/road noise; power unit noise is|not
considered;

— there is limited representativity for surface influence on light vehicle tyre/road noise, due to|the
use of pnly one test tyre (P)3), although this tyre is selected based on its ggod‘correlation with npise
emissipn of a fleet of light vehicle tyres on a range of surfaces;

— there |s medium representativity for surface influence on heayg«<vehicle tyre/road noise, since
heavy pehicle test tyres are not used at all. However, one of the-test tyres (H)% is selected in ofder
to repgesent the acoustic response to road surfaces of heavy vehicle tyres in an approximate way;

— there nay be a lack of representativity of lateral and longitudinal forces applied to the tyres duri
testing compared to tyres on vehicles in operation;

—

ng

— the selected microphone positions are partly representative of the far-field noise emission;

— sound propagation effects are not accurately:comprised.

This methed is valid only in cases when veliigles in the traffic travel at a constant speed of 40 kin/h
and upwailds. It has been found that in such cases tyre/road noise dominates vehicle noise emisgion
and power|unit noise is of limited impoxtance. In other cases, power unit noise may be a major paft of
the overalll noise emission and the values obtained with the CPX method are representative of onlly a
smaller paft of the overall noise. Ontoads with high longitudinal gradients and a high proportioph of
heavy vehicles, interpretation ¢f'the results may also be questionable, since power unit noise may be
significantland longitudinal forges on drive axle tyres may cause excessive tyre/road noise.

NOTE 1 ere, light vehiclesis category 1 and heavy vehicles is category 2 according to ISO 11819-1.

NOTE 2  In regions-eutside Europe and East Asia, where vehicle noise standards are less stringent, pgqwer
unit noise of heavy vehicles has higher importance and the representativity of this method is low at low spg¢eds
(<50 km/h)|as wellas at medium speeds (50 km/h to 70 km/h) when heavy vehicle proportion is higher than
approximatply 10 %.

J.2 Selection of test tyres

Two reference tyres are used in this method. Although they have been selected with representativity
of tyre/road noise of a fleet of vehicles in actual traffic in mind, noise emission from only two tyre
types is never fully representative of the tyre/road noise of actual traffic. One of the reference tyres has
been chosen in order to represent as well as possible the characteristics of tyre/road noise from light
vehicles, primarily cars.

3) RefertoISO/TS 11819-3; see the Introduction.
4) Refer to ISO/TS 11819-3; see the Introduction.
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The method obviously relies on only car tyres for testing. It is shown in References [2], [3], [9] that
the road surface influence on traffic noise emission for a fleet of cars is not well correlated with that
of a fleet of heavy vehicles. It follows that a method using tyres representative of a fleet of cars is not
useful for characterizing heavy vehicle traffic noise emission. However, the surface influence of heavy
vehicle traffic is rather small - only about half that of light vehicles. It follows that if heavy vehicles do
not dominate overall noise, represented by the measure Leq, which is commonly the case in Europe
and East Asia, surface influence due to heavy vehicles is rather limited and mainly tends to somewhat
reduce surface influence on overall noise.

This method attempts to address the heavy vehicle problem by selecting one of the reference tyres with
factured to

heayy vehicle influence in mind. Tyre H15), although its dimension fits larger cars, is manu

be 4
infl

In s
sur
pro
non

a loang period, the effect of studded tyres is neglected in this document, For countries th
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are

1.3
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smg

It f
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the

J.4

The
thid
If fg
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whi

dllows that classification of road surfaces is different if worn rather than new tyres a

light truck tyre. By its special tread pattern, this tyre has empirically been found to giv
lience which is reasonably similar to that of heavy vehicle traffic (References [2], [3]5]9])

ome countries or regions, studded tyres are used in winter. Studded tyres interact
faces in a very different way to non-studded tyres. When studded tyres cénstitute a

portion of the tyre fleet, it therefore means that road surface classification-is different f
-studded tyres. As it is difficult to find or define studded tyres with neproducible prop

cceptable, definition of a supplementary procedure and supplementary reference tyre(s)
required.

Representativity of new versus worn and aged tyres

ing its life cycle, a tyre undergoes degradations due to-mechanical wear and chemical ag
ct not only durability and safety, but also tyre/r@ad noise emission and rolling resist
e shown that the wear and age effect is relatively: low on smooth-to-medium-textured s
matic (noise increased with wear) on rough-textured surfaces and high but opposite on ar
oth surface (Reference [6]).

resent real traffic, the use of a mix(of new and worn tyres is therefore preferred. How

document, it is accepted that the representativity of results in relation to roads with rea
mentioned disadvantage.

Microphone location

e a surface

with road
tubstantial
rom that of
erties over
it find this
with studs

bing, which
hnce. Tests
Lirfaces but
extremely

‘e used. To
bver, at the

b of publication, the specification of worn tyres in a reproducible way is not possible. Therefore, in

traffic has

number and le€ation of microphones is always a compromise. The selected mandatory

ur ratherthan two microphones had been chosen, i.e. two microphones on each side of t
ertainty.in'relation to pass-by measurements at 7,5 m from the traffic flow could have be
ome 30 %, but this would at the same time have created problems in terms of space an
ch-would have made the method less suitable. By using the additional microphones a

|
method are{yery close to the optimum positions for two microphones according to RefeE‘ence

cations in
[10].
e tyre, the
en reduced
 economy,
cording to

Figlre 1 and Table 2 the representativity increases, butitalso puts. much more severe regui

the

test equipment in terms of space, etc.

rements on

Finally, since the method measures sound in the near field, the noise-reducing effect of porous surfaces
arising from sound absorption during propagation close to the porous surface from the source to the
receiver is not fully addressed. Generally, sound pressure levels on porous surfaces are overestimated
in relation to dense surfaces, when utilizing the CPX rather than the SPB method. This problem is
discussed further in Annex D.

5) Referto ISO/TS11819-3; see the Introduction.
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