INTERNATIONAL

ISO

STANDARD 13472-2

First edition
2010-05-15

Acoustics — Measurement'of sou

n
absorption properties of road surchj:es in

situ —
Part 2:

Spot method forreflective surfaces

Acoustique — Mesurage'in situ des propriétés d'absorption acoustique

des revétements de-chaussées —

Partie 2: Méthode-ponctuelle pour les surfaces réfléchissantges

e Reference number
= — ISO 13472-2:2010(E)

© SO 2010


https://standardsiso.com/api/?name=81393c3c551cde6b9a76bf590e500543

ISO 13472-2:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=81393c3c551cde6b9a76bf590e500543

I1ISO 13472-2:2010(E)

Contents

o T =31V oY (o
8o o 11 e 4 oY
1 — Scope

2 NOIrMAtiVe referEnNCeS.......ccoiiiiiiiee i s s e rr s s e e e s s nnanssnseeeesnnnnnsnnnes dius S¥0
3 Terms and defiNitioNS ......cceeeeiiiiiiiiieiccrrr e e e e e e s e nnnssa e e e s se atannnnen
4 o T e o [ o
5 JLIC=E53 9= [T o 1= PP S0P
5.1 Components of the test system ... B b e
5.2 SOUNA SOUICE.....cceeuuiiiiieiiireniirrnssrrrsnssrrrasssrrsnssssrsnssssranssssrenssssssnnssssfosthemmnnsssmennssssennssssssranas
5.3 Test signal.......cccciiiiiii T e ————————
54 Impedance tube ... e e
L IO U | o Y= o 1= T =3 (= O . S
5.4.2 Tube length and microphone positions.........cccooiiiiiiiee s
5.5 Microphones ... Ko Y e
5.6 In-situ test fixture between impedance tube and test surface..........cccccccvrrrriicccieennnnnnn.
5.7 Signal-processing SYSteM.......cccviiiiiicccisncerrrr e i nrn e e e s ss s s s ssmnr e e e e e s s s s s ssnnn e e e e e ee s s s nnnnnnns
5.8 Thermometer and pressure measurement ....... ..
6 Measurement and analysis ProCedure.......\ ..ossssssssssssssssssses
6.1 Stabilizing the System ... cssmrr e sssne e sme e e e e s e s nmneeenas
6.2 Calibration of the system...........ciiii i e e
6.3 Reference measurement... ... 5 adiiiiieeii i iirsss i rrssss s rsss s rsns s s rsasss s ennss s sanssssennnssssens
6.4 Background noise measuremMentin.....cccourcimeriniimnninsnnss s
6.5 Measurement of @ road SUIACE ... ...t s r e e s e e e e s e nn s s e serenes
6.6 Data analysSiS.....cucirrriniiuire s vt ——————
7 Positioning of the equIpMeNt............ e
71 Location of the measurement poSitions ...
711 Test surfaces such as those meeting ISO 10844 requirements ...........cccccccrerrrrrrccisncenns
4% 7 & (=T 0] = Tl o - T K=
7.2 Condition of theroad SUITACE ..........cciieemeeiiiiiiiirr e rrse s e e s e e s s nnas s s s e resennnn
7.3 QLI 10 7= = L =
8 Measurement and analysis ProCedure............ccccccrrrsssssssssssssssssss s sssssssssssssssssses
9 Measurement UNCErtainty ..........cccccccciiiiiinissssssssss s s s s s s sssssssssssnes
10 L3 =] oY
Anr i

Annex B (informative) Measurement uncertainty

B.1 (1Y 3 7= - | S
B.2 Expression for the calculation of the absorption coefficient .............ccoooiiiiiiiiiiiiiiiccenes
B.3 Sources of UNCErtainty....... ..o s
B.4 Expanded uncertainty of measurement...........ccccmiiiiccccismriinn e
Annex C (informative) Sketch of in-situ test fixture .......ccccccoveccicmiini s
Annex D (informative) Example of a test report..........cccccmmiiiiccccccmiii e
=1 0 [To Yo T o] 177

© 1SO 2010 — All rights reserved



https://standardsiso.com/api/?name=81393c3c551cde6b9a76bf590e500543

ISO 13472

-2:2010(E)

Foreword

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
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mental, in_fiaison with 150, also take part in the Work. 1SO colfaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting."Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

consists of the following parts, under the general title~'Acoustics — Measurement of sg
broperties of road surfaces in situ:

Extended surface method
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roduction

This part of ISO 13472 specifies a test method for measuring in situ the sound absorption coefficient of road
surfaces as a function of frequency under normal incidence.

This method enables evaluation of the sound absorption characteristics of a road surface without damaging
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Eurface. 1t 1s ntended 1o be used 1o quallly the absorption characterisiics of road suriaces use
tyre testing. It may also be used during road construction, road maintenance, and other
ies. However, the field of application is limited to low absorption surfaces.

method specified in this part of ISO 13472 is based on propagation of the test signal from th
road surface and back to the receiver through an impedance tube. The ' tube covers
Foximately 0,008 m2and a frequency range, in one-third-octave bands, from 250 Hz to 1 600

i for vehicle
raffic noise

e source to
an area of
Hz. It uses

test procedure and signal processing specified in 1ISO 10534-2, but because of the defined frequency

e of application, the dimensions of the system are not adjustable, but fixed.

method is primarily intended for smooth low absorption surfaces,” such as those in acco
10844. The method is not reliable if the measured sound absorption coefficient exceeds 0,1
values above 0,10 are not considered to be reflective.

method is complementary to the extended surface ¢method (ISO 13472-1[8]) that covers
roximately 3 m2 and a frequency range, in one-third-octave bands, from 250 Hz to 4 000 Hz.

Both methods should give similar results in the frequency range from 315 Hz to 1 600 Hz, but th
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ication and therefore their accuracy differ strohgly. The method described in 1ISO 13472-1[5]
iracy at small sound absorption values and is therefore unsuitable for checking compliance
the requirements of such documents as 1SO 10844, while the method specified here fails at h
brption values.

thin their ranges, the methods are-also applicable to acoustic materials other than road surfaces|

measurement results of-this method are comparable to the results of the impedance tu
ormed on bore cores_taken from the surface in accordance with documents such as ISO
10534-2 and ASTM-E4050(7].

measurement{results obtained with this method are in general not comparable to the re
rberation rodm-method (ISO 354(']), because the method described in this part of 1ISO 13
e progressive wave at perpendicular incidence, while the reverberation room method uses a di

rdance with
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INTERNATIONAL STANDARD ISO 13472-2:2010(E)

Acoustics — Measurement of sound absorption properties of
road surfaces in situ —

Part 2:

Spot method for reflective surfaces

1 |Scope

Thig part of ISO 13472 specifies a test method for measuring in situ the sound absorption coeffidient of road

surfpces for the one-third-octave-band frequencies ranging from 250 Hz te- 4.600 Hz under normal incidence

conflitions. For special purposes, the frequency range can be changed by’modifying the dimensgions of the
system.

Theltest method is intended for:

a) |determination of the sound absorption coefficient of semi-dense to dense road surfaces (and, |f of interest,
also the complex acoustical impedance);

b) |determination of the sound absorption properties of test tracks in accordance with standarfds such as
ISO 10844 and test surfaces defined in national and international type approval regulations for road
vehicles and vehicle tyres;

c) |verification of the compliance of.the sound absorption coefficient of a road surface with design
specifications or other requirements;

2 [Normative references

The| following referenced-documents are indispensable for the application of this document| For dated

references, only the~edition cited applies. For undated references, the latest edition of the|referenced

docpment (including any amendments) applies.

IS0 10534-2:4998, Acoustics — Determination of sound absorption coefficient and impedance in|impedance

tubgs — Part.2: Transfer-function method

ISO[ 10844, Acoustics — Specification of test tracks for measuring noise emitted by road vehiclgs and their

tyre

|

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC

61260, Electroacoustics — Octave-band and fractional-octave-band filters

© 1SO 2010 — All rights reserved
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3 Terms and definitions
For the purposes of this document, the following definitions apply.

31

frequency range

frequency interval in which measurements are valid specified in one-third-octave bands in accordance with
IEC 61260

NOTE The frequency range is specified in one-third-octave bands. This means that its lower limit is the lower limit of
the lowest one-third-octave band specified and its upper limit is the upper limit of the highest one-third-octave band
specified. THe frequency range specified in one-third-octave bands of 250 Hz to 1 600 Hz centre frequency implies a
frequency rahge specified in narrow bands of 220 Hz to 1 800 Hz.

3.2
sound absprption coefficient at normal incidence
a
ratio of soungl power entering the surface of the test object (without return) to the incident sound power for a plane waye at
normal incid¢nce

[ISO 10534}12:1998, 2.1]

3.3
sound pregsure reflection factor at normal incidence
-

complex rafio of the pressure of the reflected wave to the pressure.of'the incident wave at the surface of the
test object fpr a plane wave at normal incidence

34
plane of reference for the road surface
hypothetical plane defined by the underside of the sealing device at which the sound pressure reflection fgctor
is calculated

3.5
signal-to-npise ratio level
difference, In decibels, between the level.of\the useful signal and the level of the background noise

3.6
normal surnface impedance
V4
ratio of the|complex sound.pressure to the normal component of the complex sound particle velocity at an
individual frequency in the,reference plane

NOTE 1  Adapted from)ISO 10534-2:1998, 2.4.

NOTE 2  Althelgh not used in specifications of road surfaces, calculating propagation over such a surface requifes a
complex acolstic impedance.

4 Principle

The two microphone impedance tube method (see ISO 10534-2 or ASTM E1050[7]) is adapted to a portable
apparatus that enables the normal incidence sound absorption coefficient of plane surfaces to be rapidly
measured over a broad frequency range without distortion of the surface. The procedure enables a single
skilled operator to perform such measurements. There is no need for a calibration for microphones as
required in typical acoustic measurements, but it does require a specific verification of the two microphone
apparatus for amplitude and phase relationship between microphones at the time of the measurement and a
determination of the internal energy loss of the system based on measurements on a totally reflecting plane.

2 © 1SO 2010 — All rights reserved
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The apparatus is a standard impedance tube utilizing the two microphone arrangement. A sound signal from a
loudspeaker located at one end propagates through the tube. The open end of the tube is placed on the
surface to be measured. The complex acoustic transfer function of the two microphone signals is determined
and used to compute the normal incidence sound absorption coefficient and related quantities.

The absorption coefficient covers the one-third-octave-band frequency range from 250 Hz to 1 600 Hz.

Figure 1 illustrates the system set-up.

Key
loudspeaker

vibration isolation

microphones

in-situ test fixture

sound source and amplifier
frequency analyser
surface under test

N O O W N =

Figure 1 — Configuration of the measuring device and related equipment

© 1SO 2010 — All rights reserved 3
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The signal processing is described in ISO 10534-2 and ASTM E1050l7]1 and consists basically of the
measurement of the complex transfer function between the two microphones in the presence of the sample
under test. This is then processed to obtain the complex pressure reflection factor from which the acoustic
absorption can be calculated. The procedure described in ISO 10534-2 and ASTM E1050[71 includes the
calibration of amplitude and phase properties of the two microphones.

In this method, the test sample holder specified in ISO 10534-2 is replaced by an in-situ test fixture that
enables an airtight connection between the inside of the test tube and the surface of the road under test. The
test tube and the fixture can be either integrated into a single piece or connected by some kind of fixing device
and an airtight seal such as a rubber O-ring.

On the und
texture of t
groove mad

The sound

5 Test equipment

5.1

The test eq
with the ins
to the surfg

simultaneoysly.

Any measu
acceptable.

5.2 Sound source

The sound
a)

b) hasal

5.3 Test
The test sig

A signal ge

Components of the test system

is sealg¢d to and vibration isolated from the tube to minimize structure-borne sound excitation of the tu

brside of the in-situ test fixture, a ring of deformable material forms an airtight seal with the surf
he road surface on one hand and with the fixture on the other. Sealing is improved with"as
e in the fixture (see Figures C.1 and C.2).

uipment comprises a signal generator, a sound source, a fube, two microphones mounted f
de wall of the tube at the specified positions, an in-situ test fixture device to maintain an airtig
ce, and a signal-processing unit capable of doing complex Fourier transforms in two chan

rement system that provides the characteristics ahd meets the criteria specified in ISO 10534

source shall meet the requirements defined in ISO 10534-2. It:

niform power response.over the frequency range of interest.

signal
nal shall becbroad band with a uniform spectral density over the frequency range of interest.

heratorscapable of producing a compatible test signal is often incorporated in a frequency ana

system. WH

be synchrorpized with repetitions in the test signal pattern.

en.employing alternative signals, it is recommended that the time blocks in the frequency ana

pbsorption coefficient is determined in accordance with the procedure specified in ISO 10534-2,

face
mall

ush
ht fit
hels

2 is

De;

ysis
ysis

5.4

541 Tub

Impedance tube

e diameter

The diameter of the tube shall be (100 = 1) mm. The tube shall have a circular cross-section, be straight with a
uniform cross-section (variations in diameter no greater than 0,2 %) and with smooth, non-porous walls,
without holes or slits and rigid so as to prevent unwanted loss of sound energy.

© 1SO 2010 — All rights reserved
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NOTE 1 Not meeting the diameter requirement affects the frequency range. The upper frequency at a given diameter,
J.» is given by the equation:
. Co
=0,58—
Ju 7
where

¢y s the speed of sound, in metres per second;

d is the diameter, in metres, of the tube

NOT
atle

The)
pres

5.4.

The
mic
tubd
tubd
am

Mic
use

NOT
of in

The

Am

The

Am

E 2 Loss of energy due to vibrations of the walls is generally prevented by using a metal tube-with g
pst 5 % of the tube diameter.

tube shall have a small ventilation hole in the vicinity of the loudspeaker so as to,prevent build
sure inside the tube.

R Tube length and microphone positions

length shall be sufficient to make a plane wave develop between the source and the pos
ophone. This requirement is met when the microphones are at a distance not less than 3d, wk
diameter, from the sound source. Non-plane waves from the sample are generally suppresse
diameter. In the case of flat road surfaces and a tube diameter of 100 mm, this is realized byj

ophones shall be mounted flush with the inner side.wall. When a single pair of microphone
1, the spacing shall be (81 £ 4) mm.

E The minimum and maximum value of the mierophones spacing, s, is defined by the upper and low
ferest as follows.

maximum spacing is slightly less than half{of the shortest wavelength and is given by the inequality:

)
Smax < 0,45
max

bximum frequency of 1 800, HZ implies a maximum spacing of 85 mm.

minimum spacing is-arger than 5 % of the longest wavelength and is given by the inequality:

> 0,05+

min

Smin

nimumc¢frequency of 220 Hz implies a minimum spacing of 77 mm.

thickness of

rup of static

ition of the
ere d is the
d within one
a tube with

nimum length of 480 mm and with the lowest microphone:mounted 100 mm from the plane of reference.

positions is

er frequency

Ref

¢ 4 ol 4 4 ekt f H <l 4+ 'H Hy g 4 Py HH £ Ll
CUUVTO (TOol UUJULllO CaduotT at LT Al TTTYUTTIVICTO UTOUTULUVT TTIICTTTTTTTIVT dl UTC PJUSIUUIT UT UTC 1T

licrophones

that jeopardizes the signal-to-noise ratio. The test result can be improved by using different microphone
positions and spacing. Several systems allow for three choices of microphone positioning to allow a wider
spacing for the lower frequency range and a narrow spacing for the higher frequency range.

The

spacing shall be known within = 0,5 mm.
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5.5 Microphones

A pair of nominally identical microphones shall be mounted at the specified positions. The microphone
diameter shall be small in comparison with the spacing between the microphone ports. It is recommended that
the microphone diameter be less than 20 % of the smallest spacing used. This in general implies the
application of “1/4 inch” microphones. For side-wall mounting, microphones of the pressure type are

recommended.

The microphone mountings shall give an airtight seal between the microphone housing and wall of the tube.

Take care
not be bloc
phase resp

5.6 In-si
Similar to a
avoid air flg
air leakage
like the de
impedance
slit or hole.
tube. Additi

vhen mounting the microphones to follow the manufacturer's recommendation that venting holes

ed. Blocked venting holes can result in static pressure build-up over the diaphragm that alters
bnse.

fu test fixture between impedance tube and test surface

detachable holder (ISO 10534-2:1998, 4.7), an in-situ test fixture shall be fitted in such a way &
wing between the end of the tube opposite the sound source and the surface.te be measured.
through this interface appears as absorption in the measurement results: The in-situ test fix{
fachable holder, shall conform to the interior shape and dimensions)of the main part of
tube. The connecting joint of the in-situ test fixture shall be finished:carefully and shall exhib
The use of a sealant, such as an O-ring, is required for sealing itto the main part of the imped4
pnally, a groove shall be cut in the in-situ test fixture on thesspecimen side to accept a bea

sealing material such as water-soluble modelling clay, for sealing the fixturé'to the road.

Practically,
additional ¢
system is nj

The sealing
shall not sp

5.7 Sign
The signal-
complex trg
ISO 10534

NOTE |
possible. Mg
sinus for bett

5.8 Ther

The tempe
measured V

6 Meas

6.1 Stab

the in-situ test fixture should have a larger outer diameter than the main part of the tube.
iameter is not used in the measurement, but this~additional portion aids in stability when
ounted upright (see Annex C).

material shall fill irregularities due to surface texture but shall not penetrate into the surface
Fead out on the surface.

pl-processing system

brocessing unit consists of a_two-channel signal analyser capable of determining the narrowl
nsfer function between the two microphones. The device shall meet the requirements state
D.

n most cases, this is ‘@ multi-channel fast Fourier transform (FFT) signal analyser, but other solutions
dern FFT analysers-use special signals such as maximum length sequence (MLS) or swept (logarith
er performance.

mometer and pressure measurement

atufre ‘shall be measured with a system readable to =1 °C. The atmospheric pressure shal

the

s to
Any
ure,
the
t no
nce
d of

The
the

and

and
d in

are
mic)

| be

ith.a system readable to +£ 0,5 kPa.

urement and analysis procedure

ilizing the system

Since the measurement principle relies strongly on accurate phase and amplitude measurements, the system
shall be thermally stable, including the electronic parts, the loudspeaker coil, and the tube. Therefore, before
starting measurements, the system shall be switched on and operating for at least 15 min. Furthermore, the
system shall not be exposed to direct sunlight or other strong thermal sources.
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6.2 Calibration of the system

The phase and amplitude relationship between the microphones shall be determined before each
measurement series and after each hour of measurements for each microphone position in accordance with
the procedure specified in ISO 10534-2:1998, 7.5.

Knowledge of the phase and amplitude response relationship between the microphones is necessary to
enable correction for it in the determination of the complex transfer function between the two microphone
positions.

All parts of the measuring system shall be checked at least once a year for proper functioning in accordance

with

6.3

A r¢ference measurement on a totally reflective specimen, e.g. a steel plate of 10 mm thickne

con
ave

the manufacturer's specifications.

Reference measurement

Hucted. Calculate the one-third-octave-band absorption coefficients of thex reflective sp
raging the narrowband absorption data. The reference level in each one-third-octave band s

5s, shall be
ecimen by
hall be less

than 0,03.

The reference measurement shall take place at the same location and “directly before or aftey the actual
megsurement series. The results of the reference measurement shall-be used to correct the mpasurement
resUlts for internal energy loss in accordance with the procedure specified in Annex A.

6.4| Background noise measurement

A npeasurement shall be made with the sound signal switched off. Consecutive measurements shall be
chefked against this level for a minimum signal-to-noise level of 10 dB in each one-third-octave band.

To prevent possible interference by non-stationary background noise, measurements shall be pgrformed at

leas
dist

6.5

App
surf
the
the
rem
not
sea

Car

t at 25 m from passing heavy vehicles:-or motorcycles. Any measurement that comprisg
irbance by background noise shall be omitted.

Measurement of a road surface

ly a small bead of sealant-into the groove made in the in-situ test fixture. The size of bead dep
ace texture. Smooth surfaees allow a small bead extending only a few millimetres above the U
fixture; large texture-depths require a thicker bead. One has used the right amount when, af
fixture on the road, little material is pressed out from under the fixture. If nearly no material is
ove the fixture and/check for a complete circular impressing of the sealing material on the ro
the case increase the amount of sealant and redo the mounting of the fixture. Remove any
ing material\

efully mount the tube, without moving the fixture. Turn on the source and check for possible air

NOT

bs potential

ends on the
nderside of
er pressing
ressed out,
ad. If that is
bressed-out

leakage.

E This can be done for instance by a stethoscope with an open tube, scanning the perimeter of the

coupler.

Perform the measurement, and check the signal-to-noise ratio. If it is too low, increase the level of the sound
source, remove the source of background noise or wait for a quiet moment.

Remove the tube and fixture and check if the sealing material has been in tight contact with the road surface
in a closed circle. In case of doubt, repeat the sealing procedure and the measurement. After having
completed the measurements, carefully remove any sealing material that has remained on the surface.

Repeat the measurements at the specified positions.

© 1SO 2010 — All rights reserved
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6.6 Data

analysis

Apply the procedure specified in ISO 10534-2 to calculate the narrowband absorption coefficient from the
measured transfer function. If two pairs of microphone positions are used, repeat the procedure for the other
pair of microphone positions. Construct the resulting narrowband absorption coefficient by using the values
found for each microphone pair in the optimal frequency range for that microphone pair (see 5.4.2).

The road surface sound absorption coefficient in one-third-octave bands is computed by linear averaging the
narrow-band absorption data over the one-third-octave-band frequency ranges in the required frequency
range, allowing negative values that might result from the FFT processing. Then correct for the reference level
with the procedure specified in Annex A. Negative values in the resulting one-third-octave bands shall be

replaced by

7 Posit

7.1 Locs

711 Tes

Refer to IS

7.1.2 Regular roads

The measu
the wheel
measuremg
lane.

7.2 Condition of the road surface

The road s
road surfac

7.3 Tem

The ambieI

temperatur
Measureme

For areas W

zero-values.

oning of the equipment
tion of the measurement positions

I surfaces such as those meeting ISO 10844 requirements

D 10844 for the positions.

rement positions shall be regularly spaced over the surface area of interest, with an emphasi
fracks. The spacing can be defined as required, by’the specific objective. As a guidelin
nt each 10 m gives results with relevance to observation positions at 7,5 m from the centre of

irface shall be smooth, flat and free of debris. Measurements shall not be carried out unless
P is dry.

berature

t air temperature shall_ be between 5 °C and 30 °C during the measurement. The road sur
shall be between.5.°C and 45 °C during the measurement.

nts shall not {ake place in direct solar radiation or in the vicinity of strong heat sources.

here the.above requirements are hard to obtain, testing at night is suggested.

5 on
b, a
the

the

face

8 Meas

urementand-analysis procedre—— ———————— |

The measurement shall be carried out as follows:

a)
Clause

b)
c)

d)

7 — if these conditions are not met, the measurement cannot be carried out;

switch on the system for at least 15 min;
perform the microphone calibration procedure (6.2);

perform the reference measurement with a totally reflective surface (6.3);

check the road surface and meteorological conditions to ensure compliance with the specifications in

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=81393c3c551cde6b9a76bf590e500543

I1ISO 13472-2:2010(E)

ging until a

ue and the

influencing
re of these
dance with

e) place the measuring equipment on site as specified in 7.1, apply the sealant carefully in order to suppress
measuring errors due to leakage, and check the correctness of the sealing visually or audibly;

f) perform the measurement: if online monitoring of the result is possible, proceed with avera
stable result is obtained — if this is not possible, averaging over 50 sweeps or bursts is recommended;

g) refer to ISO 10534-2 for procedures for measurement and calculation of both the sound pressure
reflection factor and the sound absorption coefficient from the transfer function and tube geometry;

h) then compute the road surface sound absorption coefficient in one-third-octave bands (6.6);

i) |repeat the measurements on at least four required positions and calculate the mean yal
standard deviation in each one-third-octave band;

j) | compile the test report (see Clause 10 and Annex D).

9 [Measurement uncertainty

9.1| The measurement procedure specified in this part of 1ISO 13472Cis) affected by several

factprs that lead to variation in the results observed for the same subject. The source and naty

perturbations are not completely known. The measurement uncertainty is determined in acco

ISOfIEC Guide 98-3.

In accordance with ISO/IEC Guide 98-3, each significant source of error shall be identified and cq

The)
des

9.2
bety
Thidg
mic
sou
con

9.3
abs

parfly corrected for by the mandatory reference measurement on a reflective plate.

9.4

up
dire
affe

9.5
abs

following sources of error have been identified and shaillbe processed in accordance with thg
cribed in ISO/IEC Guide 98-3. See Annex B for an example of a quantitative analysis.

The error related to deducing the sound absorption coefficient from the measured trans
veen the two microphones in the impedance.tube in accordance with the procedure given in IS

source includes errors due to uncertainty in the distance between the acoustic cen
ophones, statistical error in the determination of the transfer function with stochastic signal
rces directly related to the ISO 10534£2 procedure. Also the effect of deviating and varying me
ditions during the testing on the determination of the absorption coefficient has to be taken into

The error due to internallosses of acoustic energy in the tube. Though not of relevance i
brbing cores, it can causge-significant errors when measuring nearly reflecting road surfaces. |

Carefully check-forthe effect of possible leakage in the tube/road interface, which can caus
o 0,2 and whichymanifests itself mainly in the lower frequency ranges. Since this effect is
ction only, jit‘does not jeopardize determining maximum requirements as stated in 1ISO 108
ct the assessment of semi-dense surfaces significantly.

Thesstatistical representativity of the chosen points. This error is not an error in the determin
brption coefficient at a certain position; it presents a source of error in the determination of 1

rrected for.
e procedure

fer function
O 10534-2.
fres of the
5 and other
teorological
account.

measuring
I'his error is

e effects of
in positive
A4, but can

ation of the
he acoustic

abs

brotion of a road section._This error can be minimized bv repeatina the number of measuremn
g Y g o

ents until a

acceptable spread in the results is obtained.

9.6

The general expression for the calculation of the corrected absorption coefficient, off), is:

Af) = 0 (f) = Ogystemlf) + Oy + & + 53+

where
oy () is the measured absorption;
Oystem(f)  is the internal damping measured with the reference test object;
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01 is an input quantity to allow for any uncertainty in the ISO 10534-2 procedure;
o, is an input quantity to allow for any uncertainty in the 1ISO 10534-2 procedure due to varying
external conditions;
03 is an input quantity to allow for any uncertainty in the reference procedure;
04 is an input quantity to allow for any uncertainty due to unintended pressure loss.
The value of these input quantities shall be evaluated by the procedure given in ISO/IEC Guide 98-3. That can
be based on existing statistical data, analysis of tolerances stated in this part of ISO 13472 and enginegring
judgement.|The information needed from which to derive the overall uncertainty is given in Table 1.
Table 1 — Uncertainty budget for the determination of the absorption coefficient
. . Probability Standard Sensitivity Uncertainty
Quantity Estimate distribution uncertainty u; coefficient ¢, contribution ¢},
4 0 normal 1
o, 0 normal 1
0y 0 normal 1
o, 0 normal 1
Combined standard uncertainty [u( )]
The combirfed standard uncertainty is calculated using Equation (2):
d 2
u(O{)Z Z(Clul) (2)

The expandled uncertainty, U, is determined by multiplying the combined standard uncertainty, u(c), by

appropriate
Annex B gi
Using thessg

in an overg
implies the

Table 2

i=1

coverage factor for the chosen coverage probability as described in ISO/IEC Guide 98-3.
es a detailed listing of the standard uncertainties and sensitivity coefficients of each source.
values for a typical test track surface that complies with ISO 10844, the uncertainty budget red

Il standard uncertainty in the absorption coefficient of 0,015 in each one-third-octave band.
Lincertainty Values given in Table 2.

probability coverage situation for a typical ISO 10844 test track surface

— Expanded uncertainty in the absorption coefficient in a one-third-octave band and the

the

ults
This

10

Probability coverage
80 %
95 %

Expanded uncertainty

0,022
0,029
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b)

The)
coe
be
Opt

The

An e¢xample of a test report-is.given in Annex D.

I1ISO 13472-2:2010(E)

Test report

test report shall contain at least the following information:
reference to this part of ISO 13472 (ISO 13472-2:2010);
name and address of the testing organization;

date and place of the test;

description of the road surface under test: age, measurement conditions, composition (thickng
specification, etc.);

road surface conditions with regard to dryness and temperature;

meteorological conditions prevailing during the test (atmospheric pressure, air and rg
temperatures);

test result in terms of mean value over the positions and the standard deviation;
signature of the person responsible for the measurements;

expanded uncertainty for a coverage probability, 0f’80 % and of 95 % together with thg
coverage factor.

test results shall be given in the form of a graph and a table, showing the values of the soung
ficient in one-third-octave frequency bandsfrom 250 Hz to 1 600 Hz. In addition, the test resu
resented in narrowband spectra between 220 Hz and 1 800 Hz.

onally, the sound pressure reflection factor of the surface in narrow frequency bands may be in

values of the sound absorption*coefficient shall be rounded off to two decimal places.

description of the test site* drawing or pictures showing the road surface under test measurement set-up;

ss, material

ad surface

equipment used for measurement and analysis, including name, type, serial number and manyifacturer;

respective

absorption
ts may also

cluded.

© 1SO 2010 — All rights reserved
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Annex A
(normative)

Correction on base of reference measurement

The system determines all loss of energy in the path between microphones and test object as absorption. If
surfaces are reflective, the contribution of internal losses due to thermal and viscous energy loss may

influence t
100 % refle
other meas

irements.

bobal o H+ 4l ol tlo all lo toal £ Tlie—ie—mel lo Lass 4o " t
Wial TCoUIt sigrnmdaritly ariu utus oSiiail U CUTTTUICTU TUT. TTHOS 1S5 UUTTC Uy apPpPTyliiy UTc SyolTIT] Ooa

Ctive test object (such as a steel plate) and using the resulting reading as a correction valug'for the

Since the measured values are low (below 0,15) and in a well-built system the internal Josses are|low

(below 0,03
the corrects

aoff) = d
where

()

asystem

Since facto
shall be mal

d absorption, o(f):

Km(f) - asystem(f)

is the measured absorption;

(f) is the internal damping measured with the reference’test object.

de directly before or after the measurement series.

), the correction can be done by subtracting the reference data from the measurements to arrie at

rs influencing this parasitic absorption vary with_external conditions, this reference measurement

12
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B.1 General

ISO 13472

Annex B
(informative)

Measurement uncertainty

-2:2010(E)

Thej uncertainty in the measurement result comprises two sources:

a) |the uncertainty in the procedure of establishing absorption based on the ISO 10534-2,procedu

b) |the uncertainty due to the application of the ISO 10534-2 procedure under varying external

due to effects on inadequate compensation for internal losses, effects0f varying mse
conditions when operating in situ and effects of unintended pressure loss in the interface bg
and apparatus.

In dccordance with ISO/IEC Guide 98-3, these effects are evaluated an 'the basis of their contrib
combined standard uncertainty and then a coverage probability is défined, resulting in a coverage
whig¢h the combined standard uncertainty is multiplied, yielding the'expanded uncertainty.

B.2 Expression for the calculation of the absorption coefficient

Thelgeneral expression for the determination of the-corrected sound absorption coefficient, off), is:

W)=am(f)_asystem(f)+§1+§2+53+54

re;
conditions,

teorological
tween road

ution to the
factor, k, by

(B.1)

where
o (f) is the measured ‘absorption;
Oystem(f)  is the internal damping measured with the reference test object;
01 is an_input quantity to allow for any uncertainty in the ISO 10534-2 procedure;
0, is"an input quantity to allow for any uncertainty in 1ISO 10534-2 procedure du¢ to varying
external conditions;
03 is an input quantity to allow for any uncertainty in the reference procedure;
O is an input quantity to allow for any uncertainty due to unintended pressure loss.

In Clause B.3, an example is given of a typical road surface found on test tracks and meeting the
requirements of ISO 10844.

© 1SO 2010 — All rights reserved
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B.3 Sources of uncertainty

B.3.1

01: 1SO 10534-2 does not specify an uncertainty of the measurement method but gives an indication

that the expected standard uncertainty is about 0,01. This is corroborated by repeated application of the
procedure of ISO 10534-2 that results in a standard deviation in one-third-octave-band measurement results
of 0,01. Since the procedure is applied to low absorption samples and a correction is made for the energy loss
in the tube, by measuring on a 100 % reflective surface, the uncertainty introduced by the procedure is very
small and is estimated to be about 0,01 standard uncertainty with a normal distribution.

B.3.2 4,: Repeated application of the procedure of ISO 10534-2 outside the laboratory results in a standard

deviation in

anae-third-octava band maoacramantc of- 0014 avhich . aha tolcina inta oonaiint thia Ay

cted

spread due

0,005 with & normal distribution.

B.3.3 4
the same
contribution

B.3.4 o
results belg

clear low ffequency increase in absorption was also observed which can bejexplained by air leakag

coefficient g
0,1, the lea
results.

B.3.5 On
specified re
of zero, i.e
quantities ig

NOTE
accordance
reveal that th

gystem, they are of slightly smaller magnitude. Experimental evidence indicatés‘an uncertg

1

m ch
SRethfra-eetave-BaRe—ReasSuremets—or—o; 0+ r—wrieri—wWheh ST g O CCoTUT Tt c—CXPCL

to the 1ISO 10534-2 procedure, leads to an uncertainty due to varying external conditions of.a

The reference measurement procedure is subject to similar uncertainties, but since .itlis done
of about 0,008 with a normal distribution.

The effect of the sealing procedure on the accuracy in the end result.is_strongly non-linear.
w 0,10 in one-third-octave bands, the effect is small (far below 0,019.7If results are above 0,

f 0,15 is estimated to be the maximum reliable result. Up to a measured absorption coefficie
age effect is estimated to be about 0,005 with a skewed distfibution in the direction of increas

¥
7

of the main sources of uncertainty, namely energy, loss in the system, is minimized by
ference measurement procedure. Each of the § inplit‘quantities is considered to have an estin
no correction is applied to the measured soundiabsorption coefficient. However, each of th

associated with an uncertainty as explained bé&low.

he input quantities in Equation (B.1) to allow for uncertainties are those thought to be applicab
ith the state of knowledge at the time_of‘publication of this part of ISO 13472, but further research d
ere are others.

bout

with
inty

For
2, a
B, A
nt of
e of

the
hate
ese

e in
ould

Table B.1|— Estimated values for contributions to the uncertainty budget if a road surface meets the
requirements of ISO 10844
Quanty | Estimate (- frebaRi | ey | coefficients, | contribution 1

4 0 normal 0,01 1 0,01

o, 0 normal 0,005 1 0,005

0y 0 normal 0,008 1 0,008

o, 0 normal 0,005 1 0,005
Combined standard uncertainty [u()] 0,015

When lacking specific information, these figures can be used as default values.

14
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The combined standard uncertainty is calculated by Equation (B.2):

4 2
uer)= > (cu;) (B.2)

The expanded uncertainty, U, is found by multiplying the combined standard uncertainty, u(@), by the
oo - o e SOAEE-Cuide-6813.

The|l combined standard uncertainty in the assessment of the absorption coefficient in this.example is 0,015.
Thig results in an expanded uncertainty of 0,022 with 80 % coverage probability and 0,029 with 95 %
coverage probability.
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Annex C
(informative)

Sketch of in-situ test fixture

The in-situ test fixture should have a leakage-free connection with the test tube and enable airtight fitting with
the road surface by means of a sealing material.

The first rdquirement is taken care of by carefully machining the connection and application of a,segling
device such| as a rubber O-ring.

Airtight conpection to the test surface is effected by machining a small groove, about 2 mm wide @nd deep, at
about 1 mm to 2 mm from the inner wall of the fixture.

1\\— ]
2
3
4
5 —wr| Dl
\
| \ \ Cf/ —=

Key

1 wall of impedance tube

2 O-ring dealant between impedance tube.and in-situ test fixture

3 in-situ t¢st fixture

4  deformgble sealing bead between in-situ test fixture and road surface
5 road sufface

Figure C.1 — Sketch of in-situ test fixture

Broadening] the fixture ring structure to a total diameter of about 0,2 m to 0,4 m improves the stability of the
total system dufing in-situ measurements.
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