INTERNATIONAL ISO
STANDARD 13472-1

Second edition
2022-01

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

Part 1:

Extended surface method

Acoustique — Mesurage'in situ des propriétés d'absorption
acoustique des revétements de chaussées —

Partie 1: Méthode de la surface étendue

Reference number
1SO 13472-1:2022(E)

© IS0 2022



https://standardsiso.com/api/?name=31d91ab4d6c63090b075de52d21d117c

IS0 13472-1:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © 1S0 2022 - All rights reserved


https://standardsiso.com/api/?name=31d91ab4d6c63090b075de52d21d117c

1SO 13472-1:2022(E)

Contents

Foreword

Introduction

1

2
3
4

10
11
An
An
An
An

P |

ex C (informative) Physical principle of the measurement

Sullllllal y Uf thc lucthuu...
4.1 General principle ...
4.2 Signal separation technique....
4.3 TESE METNOM. ..o s e e

TESE SYSTOIM ......oooi et e
51 Components of the teSt SYSTEM ... B o]
5.2 Sound source
5.3 TESE SIGNAL ..o ey s

Data PrOCESSING ... Sttt
6.1 (072 1 0) =18 (0 & OO OO oSO SOR
6.2 SAMPLING FTOQUETICY oo e
6.3 Temporal separation of the signals ... @S]

Positioning of the equipment

7.1 Maximum sampled area

7.2 Positioning of the measuring equipmMent™. ... o]
7.3 Reflecting objects

7.4 Background noise

7.5 Safety CONSIAEIATIONS ..o T s

Road surface and meteorological €onditions
8.1 Condition of the road surface
8.2
8.3

TS T TP OT .0 et

ex A (normative) Radius of the maximum sampled area ...

ex B (normative) Reference measurement and correction procedure............ccocnn

ex D (informative) Example of @ teStrePOrt. ...

Annex F (normative) Correction of small time shifts in the direct impulse response

Bibliography

between the free-field measurement and the reflected measurement

© IS0 2022 - All rights reserved

iii


https://standardsiso.com/api/?name=31d91ab4d6c63090b075de52d21d117c

IS0 13472-1:2022(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 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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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 edition cancels and replaces the first edition (ISO 13472-1:2002), which has been technic

hanges are as follows:
nce to IEC 60651 has been rfeplaced with reference to IEC 61672-1;

hce to ISO 18233 has been added, in order to have a standardized description of MLS and
. Two references on-ESS have been added to the Bibliography;

ements of a precision +0,005 m on the source-microphone distance has been release
m due to the‘correcting capability offered by the accurate alignment procedure in the
E

edure, taken from ISO 11819-2, to check the road surface dryness has been specified in 8.1
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Former Annex D on MLS signals has been deleted (replaced by a reference to ISO 18233);

an accurate alignment procedure; Annex F is now normative.

A list of all

parts in the ISO 13472 series can be found on the ISO website.

Former Annex G on correction of small time shifts has been replaced with the new Annex F, specifying

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document describes a test method for measuring, in situ, the sound absorption coefficient of road
surfaces as a function of frequency under normal incidence.

This method provides a means of evaluating the sound absorption characteristics of a road surface
without damaging the surface. It is intended to be used during road construction, road maintenance
and other traffic noise studies. It may also be used to qualify the absorption characteristics of road
surfaces used for vehicle and tyre testing. However, the standard uncertainty is limited to 0,05.

Thifmethod 1S based on free-fietd propagation of the te oTal from the source to the rqad surface
and|back to the receiver, and covers an area of approximately 3 m? and a frequency range, il one-third-
octave bands, from 250 Hz to 4 kHz (see IEC 61260).

To ¢gomplement this method, a spot method (see ISO 13472-2) is available. This method is based on the
trapsmission of the test signal from the source to the road surface and back to the feceiver inside a tube
and| covers an area of approximately 0,1 m2 and a frequency range, in onexthird-octave bpnds, from
315 Hz to 2 kHz.

Both methods should give the same results in the frequency range frem’315 Hz to 2 kHz.
They are both applicable also to acoustic materials other than road-surfaces.

Theg measurement results of this method are comparable with'the results of impedance tube methods,
performed on bore cores taken from the surface (e.g. ISO 10534-1 and ISO 10534-2).

Thg measurement results of this method are in_general not comparable with the resplts of the
reverberation room method (see ISO 354), because the method described in this docunient uses a
dirgctional sound field, while the reverberation rdom method assumes a diffuse sound field.

See|Annex E for information about sound absorption coefficient under non-normal incidencs.

© IS0 2022 - All rights reserved v
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faces as a function of frequency in the range from 250 Hz to 4 kHz.

mal incidence is assumed. However, the test method can be applied at\oblique incideng
h some limitations (see Annex F). The test method is intended for the following applicati

determination of the sound absorption properties of road surfaces in actual use;

comparison of sound absorption design specifications of-tead surfaces with actual pe
data of the surface after completion of the construction@york.

complex reflection factor can also be determined by this method.

Normative references

following documents are referred to in“the text in such a way that some or all of th
Stitutes requirements of this document? For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

10534-1, Acoustics — Determination of sound absorption coefficient and impedance in
ps — Part 1: Method using stahding wave ratio

10534-2, Acoustics — (Determination of sound absorption coefficient and impedance in
bs — Part 2: Transfer{function method

61672-1, Electrogeoustics — Sound level meters - Part 1: Specifications

IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of und
surement-(GUM:1995)

Térms and definitions

5 document describes a test method for measuring in situ the sound absorption ‘coefficient of road

e although
ns:

rformance

Pir content
pplies. For
[s) applies.

impedance

impedance

ertainty in

For

the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

3.1

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

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

angle of incidence
angle between the normal to the surface under test and the direction of the sound wave impinging on

the

©IS
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3.2

sound power reflection factor

Qw

fraction of the impinging sound power which is reflected from the surface material of the road (see 3.4)

Note 1 to entry: A spherical sound wave incident on the sample surface is assumed.

3.3

sound absorption coefficient

a

ratio of the sound power entering the surface of the test object (without return) to the incident sound

power:
a=1-

3.4
sound pre

Qp

complex ratio of the pressure amplitude of the reflected wave to the pressure amplitude of the incig

wave at thd

Qw

ssure reflection factor

b surface of the road

Note 1 to enftry: A spherical sound wave incident on the sample surface is asswmed.

Note 2 to enftry: This quantity is necessary in order to understand the correction procedure described in Ann

surface arg¢a, contained withinthe plane of reflection, which shall remain free of reflecting obj

causing pa
Note 1 to e

3.8
backgrou

noise comipgfrom sources other than the test signal

asitic reflections

ry: See Annex’A:

d noise

lent

bure

the

pCts

39

signal-to-noise ratio

S/N

difference between the level of the nominal useful signal and the level of the background noise at the

moment of detection of the useful event

Note 1 to entry: The signal-to-noise ratio is given in decibels.

3.10

impulse response

time signal at the output of a system when a Dirac function is applied to the input

Note 1 to entry: The Dirac function, also called é function, is the mathematical idealization of a signal infinitely

short in time which carries a unit amount of energy.

2
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3.11
transfer function
Fourier transform of the impulse response (3.10)

4 Summary of the method

4.1 General principle

A sound source driven by a 51gnal generator is p051t10ned above the surface to be tested and a
micge - : gsed on the

and surface

Thd
Thi
due

Wit
resj
and,
fun
diff
K. i
The
(seq

Takii

the reflected path (from the signal generator through the amplifier, loudspeaker
er test to the microphone) (see Figure 1).

5 overall impulse response consists of the impulse response of the diréct path and, after
to the longer travelling distance, the impulse response of the reflécted path.

h suitable time domain processing (e.g. signal subtraction and‘temporal separation, see
bonses can be separated. After a Fourier transform, the transfer functions of the direct p

of the reflected path H.(f) are obtained. The ratio df the squared modulus of the
ctions gives the sound power reflection factor Qux{f); in order to account for the p

erence between the direct and reflected componeit) the above ratio is also multiplicated
htended to compensate for the greater geometrical spreading of the reflected path, see F|
n, the sound absorption coefficient can be calculated from the sound power reflection fac

3.3).

ing into account also the factor K. due to geometrical spreading, the sound absorption c

overall impulse response containing the direct and reflected sound is measured in the tifne domain.

kome delay

4.2), these
ath H;(f)

ke transfer
ath length
by a factor

prmula (2).
for Qu (f)

efficient is

conjputed as given by Formula (1):
(/)10 ()= 0
=1-Qy =1
21H; (f)
_dg—dy,
P (2)
dg +d,
wheére
d, . JSthe distance between the sound source and the reference plane for the surface ynder test;
dz)  is the distance between the microphone and the reference plane for the surface urder test.
NOTE The complex reflection factor, necessary for propagation calculations or comparison of measurement
results with theoretical calculations can be found as follows in Formula (3):
1 H(f)
Qp (f) = exp(i2mAT) (3)
. Ke H;(f)

where At is the time difference between arrival of the direct and the reflected impulses (see Annex C).

No special requirement is placed upon the signal source as long as it enables determination of the
impulse response over the designated frequency interval (see also 5.2).

©IS
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The method considers the part of the energy that is reflected in a non-specular way and not captured
by the microphone as being absorbed. Thus, the sound absorption coefficient may be slightly
overestimated.

/
Key
1 sound gource
2 microphone
3 surfacefunder test
4  signal grocessing unit
d,, 1isthe d|stance between the microphone and the reference planefor the surface under test
d, isthe d|stance between the sound source and the reference plane for the surface under test

Figure 1 — Sketch of the essential components of the measurement set-up

4.2 Signal separation technique

This docurment specifies how the sound source and the microphone shall be positioned over the surface
under test pnd how the overall impulse response shall be measured.

The overall impulse responses (consist of a direct component, a component reflected from the surface
under test|and other parasiti©reflections, see Figure 2 a). The direct component and the refle¢ted
component from the surfaceunder test shall be separated.

This sepaifation shallsbe done using the signal subtraction technique (seeFigure 2): the refleqted
component is extracted from the overall impulse response after having removed the direct compoment
by subtracfion of\an identical signal [see Figures 2 c) and 2 d)]. This can be obtained by perfornTing
a free-fiell nieasurement using the same geometrical configuration of the loudspeaker and [the
microphone.In particular, their relative position shall be kept as constant as possible. The difect
component is extracted from the free-field measurement [see Figure 2 b)].

NOTE This technique allows broadening of the time window, leading to a lower frequency limit of the
working frequency range, without having very long distances between loudspeaker, microphone and surface
under test. Furthermore, the microphone can be placed closer to the road surface so as to improve the S/N ratio
and decrease the effect of geometrical spreading.

For source and microphone distances from the plane of reference for the road surface, this document
requires the following values: d; =1,25 m and d,, =0,25 m (see Figure 1). These distances shall be

kept constant during the averaging process (+0,01 m).

The direct impulse response has to be exactly known in shape, amplitude and time delay. This is
obtained by performing a free-field measurement using the same geometrical configuration of the
loudspeaker and the microphone. In particular, the distance between them shall be kept strictly

4 © IS0 2022 - All rights reserved
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constant. This requirement can be met by using a fixed and stable connection between the source and
the microphone. If the direct impulse response has been subjected to a small time shift between the
free field measurement and the reflection measurement, this shall be corrected (see Annex F).

Y 1 Y 4
2

3

I

X X
a) Overall impulse response including: b) Free-field direct component
direct incident component,

reflected component and unwanted
parasitic components

Yt pl
2
3 Y 2
I ;
X (1
X
-4
c¢) Direct component cancellation from d) Result

the overall impulse response using
the free-field direct component

Key

X |time, expressed in milliseconds
Y |impulse response amplitude

1 |directincident component

2 |reflected component

3 |unwanted parasitic component
4 |free-field direct component

Figure 2 — Principle of the signal subtraction technique

In drdet to avoid temperature differences between the free field measurement and the mdasurement
on fhesurface under test, it is recommended to perform the two measurements within a[short time
(<10 min).

4.3 Test method

The measurement shall take place in an essentially free field, i.e. a field free from reflections coming
from objects other than the surface under test. However, the use of a time window cancels out
reflections arriving after a certain time period, and thus originating from locations further away than a
certain distance (see Clause 7).

In order to minimize the effects of the background noise and meteorological variations, a number
of impulse responses shall be acquired and averaged to get the minimum S/N ratio as specified in 7.4.

NOTE Experience shows that usually the average of 16 to 32 impulse responses is sufficient.

© IS0 2022 - All rights reserved 5
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Often, very small sound absorption values are measured in the low-frequency range. Accurate values in
this range are very difficult to obtain. Small variations in the assessment of the sound pressure levels
of both the direct signal and the reflected signal can induce high inaccuracies in the sound absorption
values. In order to avoid this problem, and in order to improve the accuracy of the method, a reference
measurement on a totally reflective surface shall be performed (see Annex B).

5 Testsystem

5.1 Components of the test system

The test edquipment shall comprise an electronic signal generator, a power amplifier and a loudspealker,
a microphpne with amplifier and a signal analyser capable of performing cross-correlation pnd
transformdtions between the time and the frequency domains.

A sketch off the essential components of the measuring system is shown in Figure 1.

The complete measuring system shall meet the requirements of at least a type 2 instrument in
accordance with IEC 61672-1. For the purposes of this document, the measurement frequency range is
displayed in one-third-octave bands, from 250 Hz to 4 kHz.

5.2 Sound source

The loudspeaker shall

— have alsingle loudspeaker driver,

— be conptructed without any port, e.g. to enhance low frequency response,

— be constructed without any electrically active oinpassive components (such as crossovers) which
can affect the frequency response of the whole-system, and

— have alsmooth magnitude of the frequency,response without sharp irregularities throughout{the
measurement frequency range, resultingin an impulse response under free-field conditions wifth a
length|not greater than 3 ms.

NOTE As the sound power reflection factor is calculated from the ratio of energetic quantities extrafted
from impulpe responses taken using the same loudspeaker and microphone within a short time period,| the
characteristics of the loudspeakef frequency response are not critical, provided a good quality loudspegker
meeting theg above prescriptiongisyused.

5.3 Testsignal

The test signal shall.¢onsist of a repeatable short signal with a low peak-to-RMS ratio, typically below
2, and an dlmost.flat spectrum that covers the one-third-octave bands from 250 Hz up to 4 kHz with
an acceptable™S/N ratio. Several signals may be used, such as maximum-length sequences (MLS) or
exponentidl sine sweep (ESS), see ISO 18233,

6 Data processing

6.1 Calibration

The measurement procedure described in this document is based on the power ratio of two transfer
functions extracted from the same electro-acoustical chain. An absolute calibration of the measurement
chain with regard to the sound pressure level is, therefore, unnecessary. However, a reference
measurement as described in Annex B is required.

6 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=31d91ab4d6c63090b075de52d21d117c

6.2

1SO 13472-1:2022(E)

Sampling frequency

The subtraction principle implies knowledge of the exact wave form, especially for checking change of
time delays in the measurement chain. The sampling frequency, f,, shall therefore have a value greater
than 40 kHz.

NOTE 1

A time delay is often introduced in the measurement chain when using an audio card connected to a

portable computer. This time delay is compensated before performing the signal subtraction technique described
in 6.3.

NOTE 2

Although the signal is already unambiguously defined when the Nyquist criterion for the sampling

fre
Err
tem

6.3
Bef

ucut,_y ib lllUt (DUC RCICCI CIILT [Q]), highcl Ddllll)lills fl CLluCllLiCb fdl,ilitdtc d L‘lUdl ICPI UduLtiUll
rs can be detected and corrected more easily, such as corrections needed to account for tinle s
perature changes.

Temporal separation of the signals

winldows (see 7.3).

The

separation of the direct and the reflected signals is obtained byZapplying the signal s

technique (see 4.2).

The
tem
thir
leng

In d
rep

For
ate

low-frequency limit of the analysis is proportional to thedeciprocal of the length of the
poral window used and dependent on the window shape. For measurements in the 2
d octave band be valid, the low-frequency limit is 220:Hz, which implies a minimum tix
rth of approximately 5,9 ms. For more details see Annex F.

very case the shape and the lengths of the selected temporal window shall be reported
Dr't.

the purpose of this document, windowing operations in the time domain shall be perfo1
mporal window, called Adrienne temporal window, with the following specifications (se(

aleading edge having a left-half Blackman-Harris shape and a fixed length of 0,5 ms (“pre
a flat portion (“main body*);

a trailing edge having a right-half Blackman-Harris shape;

Adrienne wigdow having a total length Ty spr = 5,9 ms (standard length), is made of:
aleading-edge having a left-half Blackman-Harris shape and a fixed length of 0,5 ms (“pre

a flatportion having a total length of 3,78 ms (“main body”);

f the signal.
hifts due to

bre measurements, a preliminary check shall ensure that no parasitic signals appear in the temporal

ubtraction

narrowest
b0 Hz one-
he window

in the test
med using

e Figure 3):

window”);

the lengths of the flat portion and the right-half Blackman-Harris portion shall have a rdtio of 7/3.

window”);

atrailing edge having a right-half Blackman-Harris shape and a length of 1,62 ms.
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1,2
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0,6

0,4

|
|
|

0,2

0 05 15 2,5 3,5 4,5

Key
X

Y Adrienfie window shape

time, eypressed in milliseconds

Figure 3 — Adrienne temporal window

NOTE1 A four-term full Blackman-Harris window of length Fygy, is given by Formula (4):

—aqCosS 2mt +d, Cos 4t —a3CoS ot
0 1 T 2 T 3 T

W,BH W,BH W,BH
0,358 75; a; = 0,488 29; a, = 0,141 28; d3= 0,011 68; 0<t<Tyy gy -

w(t)

(4)

where: a, =

7 Positjoning of the equipment

7.1 Maximum sampled area

The size d
the microg
incidence,

f the maximum_sampled area is defined by the distances from the sound source
hone to the sGrface under test, together with the length of the time window. For nor
[he maximuni sampled area is bounded by a circle with its centre at the point of incide

and
mal
nce

and radius|r given bythe relationship in Annex A.

The manddtory Yeference surface shall at least comprise the maximum sampled area (see Annex B)

7.2 Positioning of the measuring equipment

The measuring equipment shall be placed above the surface under test or above the reference surface
according to the arrangement as shown in Figure 1 and the positions given in 4.2.

The sound source shall be located at a height, d, of 1,25 m above the plane of reference for the road
surface. The receiver microphone shall be located at a height, d,,, of 0,25 m above the plane of reference
for the road surface. The distances shall be kept constant to within 0,01 m.

The acoustic centre of the sound source and the acoustic centre of the microphone shall lie on a line
normal to the plane of reference, and the axis of the microphone shall be parallel to the plane of
reference.

© IS0 2022 - All rights reserved
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This location of the source and the microphone shall be such that the maximum sampled area (see 7.1
and Annex A) is totally included in the road surface under test.

7.3

Reflecting objects

Any object other than the road pavement shall be considered a reflecting object which could cause
parasitic reflections (e.g. fences, rocks, anti-noise barriers, parked cars). These objects shall remain out
of the maximum sampled area at a distance to the microphone greater than d..

Care shall be taken that the microphone stand does not influence the measurement.

7.4

The
bet

In g
only
tim
tim
Thd

a)

b)

The

whg

Background noise

effective signal-to-noise ratio S/N shall be larger than 10 dB within each ong-third-o
veen 250 Hz and 4 kHz.

rder to evaluate this signal-to-noise ratio S/N for each impulse response, & time intervg
F the background noise and a time interval including the reflected signal must be ider
e interval for the evaluation of the background noise is selected with)a “noise window’
e interval for the evaluation of the reflected component of the signalis selected with a wi

time interval for the evaluation of the background noise cawrbe-chosen in two ways:

From the beginning of the impulse response (t = 0) to thé)beginning of the direct signal;
the low-frequency limit of the signal-to-noise ratio calculation is 400 Hz.

From the end of the impulse response toward its béginning, using an Adrienne window
length as that used for the reflected signal; in‘this case the low-frequency limit of thg
noise ratio calculation is the same as for the.sound absorption coefficient calculation.

signal-to-noise ratio in each frequency band is:

up, L (0w (OFS

J o, Pl ey 1) o

S/N;=10lg

re

h.(t) isthereflecfed component of the impulse response taken in front of the surface
h,() isthebackground noise component of the impulse response;
w,(t) .isthe time window (Adrienne temporal window) for the reflected component;

w{t)(" is the time window (Adrienne temporal window) for the background noise comp

rtave band

l including
tified. The
w,(t). The
ndow w.(£).

n this case

bf the same
 signal-to-

(5)

under test;

onent;

L

The

H 4] 1 1 £l I H 4= £,
I IS5 LTS yIITUUT UT LT TTUUT ITT T AIISTUTTI,

j is the index of the one-third octave frequency bands (between 250 Hz and 4 kHz);

Af; is the width of the j-th one-third octave frequency band;

overall signal to noise ratio is:

13 2
Xl Pl w0 o
13 2
S o Il ©w, (0] o

J=1d Af;

S /N=10lg
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7.5 Safety considerations

This test method may involve hazardous operations when measurements are performed on roads
where there is traffic. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this document to establish appropriate safety and
health practices and determine the applicability of regulatory limitations prior to use.

8 Road surface and meteorological conditions

8 1 C Ltion oftho oo d carefo i
L] On MILIUVUII Ul VIV 1 UV JguUuIridave

The road purface under test shall be visually homogeneous and free of changes in thecmatdrial
properties

Measuremegnts shall not be carried out unless the road surface is dry. If the road surfaceican be expeg¢ted
to have a significant void content, then it should be verified that the pores are dry.

Measuremgents which for study or research purposes specifically aim at detepmining the influende of
weather of other environmental conditions on sound absorption may be carried out when the rjoad
surface is pot dry, but the results cannot be used for classification or qualification of the road surface
under test,

The follow|ng procedure for checking the road surface dryness shalhbe applied.
NOTE The procedure is the same described in [SO 11819-2:2019;Annex F.

The surfacps can be assumed to be sufficiently dry for measuirements, if the minimum time periodg for
drying up after rainfall given in Table 1 are observed. However, note that the times depend very much
on wind arld sunshine conditions, so the values givenmay be adjusted accordingly.

Table 1 — Recommended time periods between rainfall and measurement

Surface type Recommended time before meas- Comments
urements
Dense, non{permeable surfaces, No special time Make visual judgement

e.g. hot rolled asphalt (HRA), DAC,
cement conjcrete (CC)

Negatively fextured surfaces, potent 3h Make visual judgement
tially contalining deep troughs;.e.g.
SMA and thin asphalt layers

Porous (permeable) surfaces 24hto48h The lower value is acceptable only if
there is sunshine during the day, pnd
significant air movement over [the
surface either by wind or by traffic.
Furthermore, the daytime sholuld

nothe shaort

Unless more than 2 days have passed since the latest precipitation, a check of whether a surface
assumed to have 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 a spray can
with compressed air, directed vertically towards the surface. Any remaining moisture is revealed in a
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).

NOTE 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.

10 © IS0 2022 - All rights reserved
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Wind

The wind speed at microphone height shall not exceed 5 m/s during the measurements.

8.3

Temperature

The ambient air temperature shall be between 0 °C and 40 °C during the measurements. The road
surface temperature shall be between 0 °C and 55 °C during the measurements.

9

The

g)

h)

j)

k)

Measurement pl‘ﬂ(‘f‘dlll‘?

measurements shall be carried out as follows:

Check the road surface and meteorological conditions to ensure compliance with the spg
in 8.1 to 8.3. Otherwise, the measurements cannot be carried out.

Place the measuring equipment on site as specified in 7.2. The safety Considerations g
apply.

cifications

iven in 7.5

Compute the radius of the maximum sampled area as specified innAinex A. Check that n¢ reflecting

objects are inside the maximum sampled area. Otherwise, the measurements cannot be
Select the sound source and the test signal according to 52'and 5.3.

Generate the test signal.

berformed.

Sample the total signal as received by the microph@ne with a sampling frequency selected according

to 6.2.

The data measured at the microphone shallbe repeatedly averaged until a stable impuls
function is obtained (see 4.3).

Record the free-field impulse respense with the measurement set-up removed from any
surface which could influence the-measurement and keeping the same geometrical col
(see 4.2).

€ response

r reflecting
nfiguration

Isolate the impulse respdnse of the reflected path using the signal subtraction techniqu. Parasitic

reflections are cancelled by a suitable temporal window (see 6.3). The accurate
procedure in Annex(F shall be used.

Extract the diréct component of the impulse response and the reflected component of
response withvan equal temporal window and compute the power spectra of the twg
signals bytmeans of Fourier transform. If it is necessary to calculate the complex reflec
the complex spectra should be used.

Compute the sound power reflection factor (see 4.1 and Annex C), taking into a

alignment

he impulse
extracted
tion factor,

ccount the

geometrical spreading factor as specified in 4.1 (Formula (2)).

D)

Repeat the whole procedure from point a) to point k) on a highly reflective reference surface, and

apply the procedure specified in Annex B.

Compute the road surface sound absorption coefficient by linear averaging narrow band
in one-third-octave bands (see 4.1 and Annex B).

If necessary, repeat measurements at different points on the road surface.

Write a test report (see Clause 11 and also Annex D).

© IS0 2022 - All rights reserved
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10 Measu

rement uncertainty

10.1 The measurement procedure specified 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 is determined in accordance
with ISO/IEC Guide 98-3.

In accordance with ISO/IEC Guide 98-3, each significant source of error shall be identified and corrected
for. The following sources of error have been identified and shall be processed in accordance with the

procedure

10.2 Whe
may be nof
procedure
Ry p215d

10.3 The
constructi
without inf

10.4 The
the direct
under test

Determina
situation W
unambigucg

10.6 Onh
In order to
the same Ig

10.7 Thes
from an ey
source of v

by repeating the measurement Gntil an acceptable spread in the results is obtained. However, it sha

pointed ou
of a single

10.8 The
by Formulz

o(f)

where

aroadm

12

T Croad (f)+ 61+ 65+ 53+ 64

described in ISO/IEC Guide 98-3.

h using the signal subtraction technique (see 4.2) the zeroing out of the direct réspa@

described in Annex F is applied, which makes it possible to obtain a reduetion fad
B.

reference surface (see Annex B) cannot be perfectly reflecting, especially when a port
n is used. Care shall be taken that it is correctly placed on the foad surface under
ermediate gaps (if it is a composite surface) and damped against vibration.

neasurement chain may be not absolutely stable, leading again to non-perfect zeroin
‘esponse. Therefore, it is recommended to perform the two,measurements from the sur
and in the free field within a short time (<10 min, see 4:2):

ith a reflective surface. In the case of thick absotptive surfaces, the plane of reflection is
usly defined, which may lead to an underestimate of the reflection factor.

ghly reflective surfaces the relative errorof the sound absorption coefficient becomes lay
improve the accuracy in this case, ityis recommended to average several measurement
cation until a stable result is obtained.

tatistical representativity of'thé chosen area on the road surface is a source of error diffe
ror in the determination” of the absorption coefficient at a certain position; it presen
hriance in the determination of the acoustic absorption of a road section. It can be minim

L that the maximumi’sample area is large enough to give a representative result for the w
ane.

beneral expression for the calculation of the corrected absorption coefficient, a(f), is g

L (7):

nse

perfect, leading to a small error. However, it is usually negligible if the accurateralignnpent

tor,

hble
test

2 of
ace

fion of the geometrical spreading factor, K, is implicitly based on the reference measurenpent

not

ger.
5 on

rent
ks a
zed
1 be
dth

ven

(7)

is the measured sound absorption coefficient corrected using the reference surfac
prescribed in Annex B;

e as

is an input quantity to allow for any uncertainty in zeroing out of the direct response when

applying the signal subtraction technique (see 4.2); 6; * 0 when R,

is an input quantity to allow for any uncertainty in the reflection from the reference
face (see Annex B);
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03 is an input quantity to allow for any uncertainty due to changes in the measurement chain
between the measurement on the surface under test and in the free field;

Oy is an input quantity to allow for any uncertainty in the determination of the geometrical
spreading factor, K..

This document encourages the collection of additional data on environmental conditions, to improve the
understanding of the influence of these factors on the measurements. This document also encourages
the acquisition of additional data in order to improve the understanding of the possible effects of
different instrumentation on the measurements.

Thevalue of these input quantities shall be evaluated by the procedure given in ISO/IEC Guidg¢ 98-3. That
can|be based on existing statistical data, analysis of tolerances stated in this documentand engineering
judgement. The information needed from which to derive the overall uncertainty is given in[Table 2.

Table 2 — Uncertainty budget for the determination of the sound absorption coefficient

Quantity | Estimate ;’_rob_abil_ity Stand_a rd Sens_it_ivity (S{)l:l(:til;lt)?lltlll(t)ill
istribution |uncertainty u; | coefficient c; cu
61 0 1
0, 0 1
o 0 1
Oy 0 1

Combined standard uncertainty [u(a)]

Theg combined standard uncertainty is calculated using Formula (8):

(8)

Thg expanded uncertainty, U, is determined by multiplying the combined standard uncertainty, u(a),
by the appropriate coverage factor k for the chosen confidence level (coverage probability) a$ described
in ISO/IEC Guide 98-3. Table 3 reports the coverage factors for typical confidence levels, §ssuming a
Gaussian distribution.

Table 3 — Coverage factors for typical confidence levels (Gaussian distribution)

Coverage factor Confidence level
k %
1,3 80
1,6 90
2,0 95

However, data for completing a budget like the one in Table 2 in each one-third octave band are not yet
available in the literature. On the basis of experiences gained with the method a standard uncertainty
of no more than 0,05 over the entire frequency range can be expected under normal conditions.

The uncertainty shall be stated in the test report. The uncertainty should be stated as both the
combined standard uncertainty and the expanded uncertainty together with a confidence level.

EXAMPLE u(a) =0,05and U = k-u(a) = 0,1 (k=2 at 95 % of confidence).

©1S0 2022 - All rights reserved 13
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11 Testreport

The test report shall include the following information:

ence to this document, i.e. ISO 13472-1:2022;

name and address of testing organization;

date and place of the test;

description of the test site: drawing or pictures showing the road surface under test, measurement

raflacting alhinctc oo tha sy giais cosanlad apena (06 Sy,

name ¢f the person responsible for the measurements.

a) arefer
b)
c)
d)
set-up
e) descrij
layers,
f) roads
g) meteo
surfac
h) test ar
positid
i) equipn
manuf
j)  descri]
k) typea
1) shape
m) testre
n) uncert
0)
The test r¢
absorption

test results
The values

An exampl

14

TCTTIC TS OO C oo TICar CrC o ATIro T Sattprettrar o (1L oftLy J,

btion of the road surface under test: age, measurement condition, composition [numbe
thickness(es), material specification, porosity, etc.];

irface condition with regard to dryness and temperature;

ological conditions prevailing during the test (wind speed and dirgction, air and 1
e temperatures);

rangement, indicating on a scale drawing or a sketch with dimensions marked on it
n(s) of the source and the microphone;

nent used for measurement and analysis, including.-hame, type, serial number
hcturer;

btion of the sound source used for the test (see 5.2);

hd characteristics of the anti-aliasing filter and sample rate of the sampling/analysis dev
hnd lengths of the temporal windows used \for the analysis;

sults;

hinty of the test results;

bsults shall be given in(the form of a graph and a table, showing the values of the so
coefficient in one-third-octave frequency bands from 250 Hz up to 4 kHz. In addition,
may also be presented in narrow frequency bands.

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

b of a testreport is supplied in Annex D.

r of

oad

the

and

LCE;

und
the
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(normative)

Radius of the maximum sampled area

2022(E)

The surface area, contained within the plane of reflection which shall remain free of reflecting objects

causipeparasiticreflections—is-caled-themasdmum-sampbled-area—Eornormalnecidence—th
)

give

whg

cig-parasiticreflections s-called-the-maximuin-sam pled-area—Eornormal-incidencethe
sanjpled area is bounded by a circle with its centre at the point of incidence and radiu$ ;

n by Formula (A.1):

1 cT, cT
=  ||d.+d +—X | d.+—* |(2d., +cT,, )cT.
dg +d,, +cT, J[ soom 2 j( S2 )( m +¢Tw )eTy

d,  isthe distance from the sound source to the reflecting plane-(m);

d, isthe distance from the microphone to the reflectingplane (m);

maximum
in metres,

(A1)

c is the speed of sound in air (m/s);
T, isthelength of the temporal window used to.isolate the sound pressure wave reflected by the
surface under test (s).
EXAMPLE With the values of d, d,, and T, specified in this document and ¢ = 340 m/s, the maximpim sampled
ared radiusis 1,34 m.
NOTE The radius of the surface area which’contributes to the measured values of absorption is 4 decreasing
fun sly defined.

A cqlculation of the radii of the Fresnelzghes in the plane of the sample will assist the determinatio

of in]

tion of frequency, but is not necessarily.equal to the radius of the maximum sampled area previo:L

fluences across the range of frequencies of interest.

©IS
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Annex B
(normative)

Reference measurement and correction procedure

The reference measurement shall be performed on a hlghly reflecting surface with at least the same

size as the

masimuim camnlad ~raa Thao highly

dense surf
surface is {

The measy
reflection

Formula (H

Qp,ref B

A sample ¢f the reference surface material shall be measured in an/impedance tube in accordd

with ISO 1
absorption

If the refer

Qp,ref f) =1
then the mpasurement gives directly the error function using Formula (B.2):

Qp,ref,rleas (f) :e(f) (
A second npeasurement, this time performed on the road surface under test, gives the reflection fa
Qp,road'metl (f) which, assuming thatthe error function does not vary during the time period betw
the two m¢asurements, corresponds to Formula (B.3):

Qp,road meas (f) :Qp,road (Pe(f) =Qp,road (f)'Qp,ref,meas (f) (
and thus, [Q, roaq (f) Peing the reflection factor of the road surface under test, it is given
Formula (B.4):

Qp,road,meas (f)
Qp,road (f) = (

TSI o i oo protor oo T ITCc g ity T C—oTITY

hce without joints. If a portable surface is apphed, 1t shall be clear that no movement of
ossible which might lead to resonant absorption of the surface.

red sound pressure reflection factor Q, ref meas (f) is considered to be the product of]

.1):
heas (f):Qp,ref (fe(f)

D534-1 or ISO 10534-2 to confirm that the reference surfaceimay be considered as havin
coefficient lower than 0,05 in the measured frequency.range.

ence surface is assumed to be totally reflective over thie whole frequency range:

the

the

factor of the reference surface, @, f(f), and the error function, e(f) “and given in

B.1)

nce
P an

3.2)

Ctor
een

3.3)

by

B.4)

cas (L)

Jpﬁe&m

Recalling that the sound power reflection factor, Qy .aq (f), is equal to the squared modulus of the

sound pressure reflection factor @, .q,q (f), the final sound absorption coefficient of the road surface

becomes following Formula (B.5):

Oroad (

16

Qp,road,meas (f)|2 _
Qp,ref,meas (f) |

QW,road,meas (f)
QW,road,ref (f)

=

f)=1_|Qp,road (f)

© IS0 2022 - All rights rese
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Annex C
(informative)

Physical principle of the measurement

The source emits a sound wave that travels past the microphone position to the surface under test
i i centhe : ad-th test detects
flollowed by

the|direct sound pressure wave travelling from the sound source to the surface under test)
thel|sound pressure wave reflected by the surface under test.

Thd overall impulse response at the microphone, h,, (t), can be described by Formuta (C.1):
hoy (€)= (€)+ Kby (€)1, (6= AT)+ D K, iy (€)1, 5 (6=AT; ) +hy (£) (oK)

)
whére

h; (t) isthe impulse response of the direct path;

r, (¢) is the reflection factor of the surface under test;

h, (t) isthe background noise response;
* is the convolution sign;
Jj denotes the “parasitic” reflections;

is the geometrical spreading faetor accounting for the path length difference between the
direct and reflected paths (see Figure 1):

_dg-dy,
"d +d,,

where

K

d isthe distance between the sound source and the reflecting plane;

S

d is the distance between the microphone and the reflecting plane.

m

At isthe delay time, resulting from the path length difference between the direct and reflected
paths, as detected by the microphone:

_2d,,
— C

AT

where c is the speed of sound in air.

The overall impulse response at the microphone h,, (t) contains the impulse response of the reflected
path coming from the surface under test, given by Formula (C.2):

hr (t):KrHi(t)'rp (t_AT) (C.2)
The impulse response of the direct path h; (t) and impulse response of the reflected path coming from
the surface under test h,. (t) can be extracted from the overall microphone response in the time domain

by using a suitable windowing function, provided that the amplitude of h; (t) decays to an insignificant
value with respect to h. (t) within the delay time At.

©1S0 2022 - All rights reserved 17
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Alternatively, the impulse response of the direct path can be measured in a free field, keeping the
distance of the microphone from the sound source strictly constant; then, the road surface response
can be obtained using the subtraction technique as described in 4.2.

Fourier transform of the preceding expression for h, (t) yields the sound power reflection factor in the
frequency domain using Formula (C.3):

H, ()

H; (f)

|2:1

Qw (f)=]Q, (f) pe) (C.3)

where

H.(f) isthetransfer function of the reflected path (from the signal generator through the amplifier,
loudspeaker and reflection at the surface under test to the microphone);

H;(f)| isthe transfer function of the direct path (from the signal generator threugh the amplifier
and loudspeaker to the microphone).

From here)the sound absorption coefficient can be computed as given by Formula (C.4):

1 2

K}

H: (f)

a(q-ley U 15

18 © IS0 2022 - All rights reserved
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Example of a test report

1SO 13472-1:2022(E)

ACOUSTIC TEST AS SPECIFIED IN INTERNATIONAL STANDARD ISO 13472-1

Datle of the test: XXXXX.

Plate of the test: XXXXX.

Tej:ing organization (name, address): XXXXX.

Deqcription of the test site: (see Figure D.1)

Dimensiophs in metres

250

Key

1 |sound source

2 |microphone

3 |porous.asphalt track (surface under test)
4 |maximum sampled area

Figure D.1 — Description of the test site

Description of the road surface under test:

Age: 8 years.

Measurement condition: surface layer in good condition.

Composition:

porosity: 20 %;

porous asphalt: 0/10 mm;

thickness: 0,04 m.

© IS0 2022 - All rights reserved
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Road surface dryness: apparently dry; suspected slight water infiltration from adjacent areas.

Road surface temperature: 5 °C.

Meteorological conditions prevailing during the test:

Wind speed and direction: 4 m/s from S-E.

Ambient air temperature: 4 °C.

Test arrangement (with dimensions): (see Figure D.2)

=N

0,25

20—+

1,25

Key
1 sound qource

2 microphone

3  porousfasphalt track (surface under test)

Equipmenit used:

Loudspealler XXXXX in a closed cabinet:
Loudspeakler amplifier XXXXX.
Microphonje: XXXXX with pewer supply.

XXXXX bogdrd equipped'with XXXXX software for impulse response acquisition.

Software by XXXXX.for on-site processing.

Portable cgmputer XXXXX.

Figure D.2 — Test arrangement

Dimensions in mdtres

Sample rate—755kHz

Temporal windows shape and length: Sharp leading edge; 5 ms flat portion; Blackman-Harris trailing

edge: (see Figure D.3)

20
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Y
1,2
' \
0,6
\
o \
0,2 \\
O e
o o5 1 15 2 25 3 35 4 45 555 6 X
Key
X |time, expressed in milliseconds
Y |Adrienne window shape
Figure D.3 — Temporal windows.shape and length
Redults of the measurement in one-third-octavebands: (see Figure D.4)
Hz 250 315 | 400 | 500 | 630 | 800 |1000|1250|1600|2000|2500|3150|4000
4 0,01 | 0,02 0,01 | 0,08 | 0,20.¢» 0,39 | 0,69 | 0,65 | 0,34 | 0,23 | 0,26 | 0,55 | 0,29
a
1
0,9
0,8
D,7
0,6 ||
0,5 ||
4 | |
0,3 -
0,2 H oo e oo HEH
0,1 ottt e
) LI LI
o LN [e) [e) [e) [e) [e) o o o o o [e) f
LN A o (=) o™ o (o] L (@] (e (=] N (e
N o ¥ mn O (o] o N ] o n i ()
Al Al Al N N on <t
Figure D.4 — Results of the measurements in one-third-octave bands
21
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Measurement uncertainty, at a confidence level of 95 %:

Hz | 250 | 315 | 400 | 500 | 630 | 800 |1000/|1250|1600|2000|2500]3150 4000
a« | 001 | 002 ] 001 | 008|020/ 039|069 065|034/ 0231|026 | 055] 0,29
u(@ | 0,05 | 0,05 | 0,05 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 0,05
U (k
=2at| 010 | 010 | 010 | 0,10 | 0,10 | 0,10 | 0,20 | 0,20 | 0,10 | 0,10 | 0,10 | 0,10 | 0,10
95 %)

Date of the report: XX XXXXXX XXXX.

Signature

22

XXXXX
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