INTERNATIONAL ISO
STANDARD 12999-2

First edition
2020-06

Acoustics — Determinatieon and
application of measurement
uncertainties in building acoustics —

Part 2:
Sound absorption

Acoustique — Détermination et application des incertitudgs de
mesure dans l'acoustique des bdtiments —

Partie 2: Absorption acoustique

Reference number
1SO 12999-2:2020(E)

©1S0 2020



https://standardsiso.com/api/?name=0d90ebb21db646dae6ed959dc1dfc3c3

IS0 12999-2:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

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 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=0d90ebb21db646dae6ed959dc1dfc3c3

IS0 12999-2:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references

3 Terms and definitions

4 Generalapproach

5 Standard uncertainties in one-third octave bands ... LT 3
6 Standard uncertainties for the practical sound absorption coefficient.... ...\ ... ... 4
7 Standard uncertainties of single number values..............p SN o 5
8 Reporting uncertainties.. ...l b e 5
BIDJEOZTAPIY . ....ooo e et e 8

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=0d90ebb21db646dae6ed959dc1dfc3c3

IS0 12999-2:2020(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 proceglures 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 for
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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Introduction

An assessment of uncertainties that is comprehensible and close to reality is indispensable for reporting
and applying measured sound absorption. Uncertainties should preferably be determined following the
principles of ISO/IEC Guide 98-3.

ISO/IEC Guide 98-3 specifies a detailed procedure for the uncertainty evaluation that is based upon a
complete mathematical model of the measurement procedure. At the current knowledge, it is impossible
to formulate these models for sound absorption measurements according to ISO 354 and evaluations
according to ISO 11654 or similar. To come to uncertainties all the same, the concept of reproducibility
andrepeatability is applied in this document. This concept offers the possibility to state the.yncertainty
of @ method and of measurements carried out according to the method, based on the results of inter-
labgratory measurements.

Obgerved uncertainties are probably caused by different laboratory designs.cWhen the [method of
ISO[354 for measuring sound absorption is modified, other uncertainties than’the ones given in this
document can be applicable.

© IS0 2020 - All rights reserved v
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Acoustics — Determination and application of
measurement uncertainties in building acoustics —

Part 2:
Sound absorption

1 (Scope
Thif document specifies how to calculate:

— |the uncertainty of sound absorption coefficients and equivalent sound abserption areag measured
according to I1SO 354;

— |the uncertainty of the practical and weighted sound absorption coefficients determined according
to ISO 11654;

— |the uncertainty of the object sound absorption coefficientaccording to ISO 20189; and
— |the uncertainty of the single number rating determined according to EN 1793-1.

Furthermore, the use of uncertainties in reporting measured or weighted sound absorption ¢oefficients
is explained.

2 |Normative references

Thdre are no normative references in this-document.

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

[SO|and [EC maintain terminological databases for use in standardization at the following addresses:

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

— |IEC Electropedia: available at http://www.electropedia.org/

31
measutand
quaF)tity intended to be measured

EXAMPLE The sound absorption coefficient of a particular test specimen measured according to 1SO 354.

[SOURCE: ISO/IEC Guide 99:2007, 2.3, modified — The Notes to entry have been deleted and the
example has been added.]

3.2

measurement result

value attributed to a measurand (3.1), obtained by following the complete set of instructions given in a
measurement procedure

Note 1 to entry: The measurement result is the sound absorption coefficient in one-third octave bands according
to the procedure of ISO 354 or a (single number) value according to a rating procedure of EN 1793-1 or ISO 11654.

© IS0 2020 - All rights reserved 1
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[SOURCE: 1
3.3

S0 12999-1:2014, 3.2, modified — Note 1 to entry has been changed.]

uncertainty
parameter, associated with the result of a measurement, that characterizes the dispersion of the values
that can reasonably be attributed to the measurand (3.1)

[SOURCE: ISO/IEC Guide 98-3:2008, 2.2.3, modified — In the term, "(of measurement)" has been

removed, a

3.4

nd the Notes have been deleted.]

standard
u
uncertainty

Note 1 to er
the uncerta

Note 2 to enftry: The standard uncertainty, u, is the repeatability standard deviation (3.10), b,,'When evaluating
uncertainty]of a measurement under repeatability conditions (3.9).

[SOURCE: |SO/IEC Guide 98-3:2008, 2.3.1, modified — The symbol "u" and-the Notes to entry h
been addedl.]

3.5

expanded|uncertainty

U

quantity defining an interval about the result of a measuremeént that may be expected to encompa

large fract

[SOURCE: |
have been

3.6
coverage f
k

numerical
expanded U

[SOURCE: I
been delet§

3.7

ncertainty

" (3.3) of the result of a measurement expressed as a standard deviation

nty of a measurement under reproducibility conditions (3.7).

on of the distribution of values that can reasonably be attributed to the measurand (3.1)

SO/IEC Guide 98-3:2008, 2.3.5, modified ~=<The symbol "U" has been added and the N
eleted.]

actor

ncertainty (3.5)

SO/IEC Guide 98-3:2008, 2.3.6, modified — The symbol "k" has been added and the Note
pd.

reproduci
reproduci
condition

replicate n

b

ility condition of measurement

ility condition

bf measurement that includes different laboratories, operators, measuring systems,
easurements on the same or similar objects

try: The standard uncertainty, u, is the reproducibility standard deviation (3.8), op, when evaludting

the

ave

SS a

htes

factor used as a multiplier efthe combined standard uncertainty (3.4) in order to obtain an

has

and

[SOURCE: ISO/TECT Guide 99:2007, Z.Z4, modified — The Notes have been deleted. In the definition, out
of a set of conditions” has been removed and “locations” has been replaced by “laboratories”.]

3.8

reproducibility standard deviation

OR
standard d

eviation of measurement results (3.2) obtained under reproducibility conditions (3.7)

[SOURCE: ISO 5725-1:1994, 3.19, modified — The Notes have been deleted. In the definition, “test” has
been replaced by “measurement”.]
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eatability condition of measurement
eatability condition

condition of measurement that includes the same measurement procedure, same operators, same
measuring system, same location (laboratory or usual building), and replicate measurements on the
same object over a short period of time

[SOURCE: ISO/IEC Guide 99:2007, 2.20, modified — The Notes have been deleted. In the definition, “out
of a set of conditions” and “same operating conditions” have been removed and “(laboratory or usual
building)” has been added after “location”.]

3.1

Or

stapdard deviation of measurement results (3.2) obtained under repeatability conditions (3.9)

reizatability standard deviation

[SOPRCE: ISO 5725-1:1994, 3.15, modified — The Notes have been deleted. In-the definition, “test” has
beeh replaced by “measurement”.]
4 |General approach
If Yncertainty data are available for specific specimens, test setups or measurementfevaluation
stapdards, e.g. from an inter-laboratory test, these data shallibe used. If no such data are avpilable, the
uncertainties given in Clauses 5, 6 and 7 shall be used. In Clauses 5, 6 and 7, standard uncertainties, u,
arelestimated by reproducibility standard deviations, oy, 0¥'by repeatability standard deviatipns, o,. The
numbers given are derived from inter-laboratory measuréments according to ISO 5725-1 and|[SO 5725-2
with different types of test specimens including suspended ceilings, mineral wool, foams112]{3],
5 |Standard uncertainties in one-third octave bands
The reproducibility standard deviation 0ofsound absorption coefficients measured according to ISO 354
in one-third octave bands shall be calculated using Formula (1):
Op=mog +n (@8]
whére
a is the sound absorption coefficient measured in accordance with ISO 354;
m, n are frequency-dependent numerical constants given in Table 1.
Table 1 — Values m and n to be used in Formula (1)
One-third octave midband frequency m n
63 0,450 0,015
80 0,330 0,015
100 0,240 0,015
125 0,180 0,015
160 0,140 0,015
200 0,110 0,015
250 0,090 0,015
315 0,075 0,015
400 0,060 0,015
© IS0 2020 - All rights reserved 3
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Table 1 (continued)

NOTE1 |

NOTEZ2 1

The reprog
ISO 354 in

Op =M

where

Ap i
i

q

m, n

The repeat
areas meas

o, =0,

where oy i

NOTE ]
obtained ac

One-third octave midband frequency

Hz m n
500 0,050 0,015
630 0,045 0,015
800 0,040 0,015
1000 0,040 0,015
1250 0,040 0,016
+666 6,637 6,618
2000 0,035 0,021
2500 0,030 0,026
3150 0,030 0,032
4000 0,030 0,040
5000 0,026 0,060

requencies below 100 Hz are outside the standard range of ISO 354.

'he 50 Hz band cannot be included in the analysis due to a lack of experimental datal2l.

pne-third octave bands shall be calculated using Formula(2):
Ap +nS

5 the equivalent sound absorption area measured in accordance with ISO 354;
5 a constant, S = 10 m?;
re frequency-dependent numerical constants given in Table 1.

ability standard deviatioh of sound absorption coefficients or equivalent sound absorp
ured according to ISO 354 in one-third octave bands shall be calculated using Formula (

)O‘R

the reprodicibility standard deviation calculated using Formula (1) or Formula (2).

'here are indications that Formulae (1), (2) and (3) are also applicable for measurement res
rordifigsto ASTM C423 - 1711121,

ucibility standard deviation of the equivalent sound absorption area measured accordinig to

(2)

fion

B):
(3)

ults

6 Stand

ard uncertainties for the practical sound absorption coefficient

The reproducibility standard deviation of practical sound absorption coefficients determined according
to ISO 11654 shall be calculated using Formula (4)[31;

O'R =m

where

p

+n
(Xp

is the practical sound absorption coefficient determined in accordance with ISO 11654;

m,n are frequency dependent numerical constants given in Table 2.

(4)

© IS0 2020 - All rights reserved
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Table 2 — Values m and n to be used in Formula (4)

Octave midband frequency
m n
Hz
250 0,059 0,016
500 0,000 0,040
1000 0,000 0,040
2000 0,000 0,040
4000 0,000 0,050
The repeatability standard deviation of practical sound absorption coefficients shall be ca
Formula (5):
0.=0,60p
whgre oy is the reproducibility standard deviation calculated using Formula{4).
7 |Standard uncertainties of single number values
The reproducibility standard deviation of the weighted soundabsorption coefficient, «,,,
according to ISO 11654 is given by Formula (6):
o =0,035
The repeatability standard deviation of the weighted sound absorption coefficient, a,, ¢
accprding to ISO 11654 is given by Formula (7):
0,.=0,020
Thg reproducibility standard deviation-of the single number rating, DL, ygp, determined a
EN [1793-1 shall be calculated using'‘Edrmula (8)[3]:
o =0,10 DL, \rp
Theq repeatability standard deviation of the single number rating, DL ygp, determined aq
EN [1793-1 shall be cal¢ulated using Formula (9)[3]:
0,.=0,02 DLonikp
8 [Reporting uncertainties
Th I\‘ypr\ andad o nwd-n-vﬂ-‘y IL challbao cololarad (o oian 6 manla 100
CCA dlirvucu ullb\/l LAIIILY, U, olIldIllI UL LdituIidticvu uoIil 1 UL Allul(,l l .L\.I'
U=ku
where

culated by

(5)

determined

(6)

etermined

(7)

rcording to

(8)

cording to

9

(10)

u isthestandard uncertainty determined in accordance with Clause 5, Clause 6 or Clause 7 round-

ed to two decimal digits for absorption coefficients or one decimal digit for all other quantities;

k is the coverage factor, the value of which depends on the distribution of the possible values of

the measurand and on the confidence level.
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It is assumed that the values of the measurand follow a Gaussian distribution. The appropriate value of
k can then be determined from Table 3.

Table 3 — Coverage factors for different confidence levels

Coverage factor Confidence level

k %

1,0 68

1,3 80

16 54

2,0 95

2,6 99

3,3 99,9

The expanded uncertainty, U, and the used coverage factor, k, shall be reported with the measyred
sound absgrption coefficient, a,, the equivalent sound absorption area Ay, the ipractical absorpfion
coefficient] «, the weighted sound absorption coefficient, «,,, and the singlemumber value, DLa'\,RD,
according to EN 1793-1.

EXAMPLE 1] An example for the weighted sound absorption coefficient)according to ISO 11654 is:
a, =0,70 (MH) % 0,07 (k = 2).

EXAMPLE 2 An example for the single number value according to EN-1793-1 is: DL, ygp = (8,1 + 1,6) dB (k

2).

EXAMPLE 3 An example for the sound absorption coefficient @, medasured according to ISO 354:2003 is gjven
in Table 4.

6 © IS0 2020 - All rights reserved
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