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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 maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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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The commiittee responsible for this document is ISO/TE€ 43, Acoustics, Subcommittee SC 2, Buildling

acoustics.

This firste
It also inco

ISO 12999
application

Part 1:

A part 2 de

rporates the Technical Corrigendum SO 140-2:1991/Cor 1:1993.

Hition of ISO 12999-1 cancels and replaegs)ISO 140-2:1991, which has been technically revi

consists of the following parts, under the general title Acoustics — Determination
of measurement uncertainties. in-building acoustics:

Sound insulation

aling with sound absorption is under preparation.
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Introduction

An assessment of uncertainties that is comprehensible and close to reality is indispensable for many
questions in building acoustics. Whether a requirement is met, a laboratory delivers correct results
or the acoustic properties of a product are better than the same properties of some other product
can be decided only by adequately assessing the uncertainties associated with the quantities under
consideration.

Uncertainties should preferably be determined following the principles of ISO/IEC Guide 98-3. This Guide
specifies a detailed procedure for the uncertainty evaluation thatis based upon a complete mathematical
modlel of the measurement procedure. At the current knowledge, it seems to be impossible.t¢ formulate
the$e models for the different quantities in building acoustics. Therefore, only the principleg of such an
uncertainty assessment are explained.

To ¢ome to uncertainties all the same, the concept of reproducibility and repeatability is inforporated
which is the traditional way of uncertainty determination in building acoustics. This concept offers
the|possibility to state the uncertainty of a method and of measurements cagried out according to the
mefhod, based on the results of inter-laboratory measurements.

© IS0 2014 - All rights reserved v
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Acoustics — Determination and application of
measurement uncertainties in building acoustics —

Part 1:
Sound insulation
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5 part of ISO 12999 specifies procedures for assessing the measurement uncertaint

a detailed uncertainty assessment;
a determination of uncertainties by inter-laboratory tests;
an application of uncertainties.

thermore, typical uncertainties are given for quantities/determined according to
140-4, ISO 140-5, ISO 140-7 and ISO 717 (all parts).

Normative references

following documents, in whole or in partare normatively referenced in this docume

140-4, Acoustics — Measurement of-sound insulation in buildings and of building element
1 measurements of airborne sound-insulation between rooms

140-5, Acoustics — Measurement of sound insulation in buildings and of building element
1 measurements of airbarne’sound insulation of fagcade elements and fagcades

140-7, Acoustics —-Measurement of sound insulation in buildings and of building element.
1 measurements @f.limpact sound insulation of floors

717 (all parts);-Acoustics — Rating of sound insulation in buildings and of building elements

5725-1:1994, Accuracy (trueness and precision) of measurement methods and results — Pan
ciples-and definitions

y of sound

SO 10140,

nt and are

spensable for its application. For dated-references, only the edition cited applies. F¢r undated
rences, the latest edition of the refereniced document (including any amendments) appligs.

wn

F — Part 4:

b — Part 5:

c — Part 7:

t 1: General

ISO

5725-2:1994, Accuracy (trueness and precision) of measurement methods and results — P,

nrt 2: Basic

method for the determination of repeatability and reproducibility of a standard measurement method

ISO 10140 (all parts), Acoustics — Laboratory measurement of sound insulation of building elements

3

For

NOTE

Terms and definitions

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

in ISO/IEC Guide 99.[2]
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31

measurand

particular quantity subject to measurement, e.g. the airborne sound insulation of a particular window
pane determined in accordance with ISO 10140

3.2

measurement result

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

Note 1 to entry: The measurement result may be a frequency band level or a single number value determined
according t¢ the rating procedures of ISO 717 (all parts).

3.3
uncertainty
parameterjassociated with the result of a measurement, that characterizes the dispersionof the values
that can repsonably be attributed to the measurand

3.4
standard fincertainty
u
uncertaint of the result of a measurement expressed as a standard deviation

3.5
combined|standard uncertainty
Uc
standard yncertainty of the result of a measurement when that result is obtained from the valugs of
a number If other quantities, equal to the positive square:xoot of a sum of terms, the terms being|the
variances ¢r covariances of these other quantities weighted according to how the measurement result
varies with changes in these quantities

3.6
expanded|uncertainty
U
quantity defining an interval about the result of a measurement that may be expected to encompalss a
large fractjon of the distribution of values that can reasonably be attributed to the measurand

3.7
coverage flactor
k
numerical |factor used as-aZmultiplier of the combined standard uncertainty in order to obtain an
expanded yincertainty

3.8
repeatability condition
condition pf 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

3.9

repeatability standard deviation

Or

standard deviation of measurement results obtained under repeatability conditions

3.10

reproducibility condition

condition of measurement that includes different locations (laboratories or usual buildings), operators,
measuring systems, and replicate measurements on the same or similar objects

2 © ISO 2014 - All rights reserved
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3.11
reproducibility standard deviation

OR

standard deviation of measurement results obtained under reproducibility conditions

3.12

in-situ condition
condition of measurement that includes the same location (laboratory or usual building), and replicate
measurements on the same object by different operators using different measuring systems

3.13

in-ditu standard deviation

Osit

stamdard deviation of measurement results obtained under in-situ conditions

4
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5.1

Stai

stamdard uncertainty. The general concept and the procedure for determining these standard

are
sho

5.2

In huilding acoustics, three(different measurement situations are to be distinguished.

a)

Il

Detailed uncertainty budget

derivation of a detailed uncertainty budget is desirable to find out which uncertainty co
the most important ones and how these contributions can be reduced. Furthermore, su

cts the individual sound fields during the measurement. Consequently, the uncertainty
Eldividual measurement result and not for a whole family of resalts. Annex C gives provis
vation of such uncertainty budgets.

Uncertainty determination by inter-laboratory measurements

General

idard deviations determined by inter-laboratory measurements may serve as an estim

given in [SO 5725-1 and ISO 5725-2,respectively. As many operators and laboratories
1ld participate in such inter-laboratory measurements in order to obtain reliable results

Measurement situations

Situation A is that@building element is characterized by laboratory measurements. In th
measurand is défined by the relevant part of ISO 10140, including all additional requir
for the meastirement equipment and especially for the test facilities. Therefore, all me
results that'are obtained in another test facility or building also comply with this defi
standard ‘uncertainty, thus, is the standard deviation of reproducibility as determine
laboratory measurements.

b)

Situation B is described by the case that different measurement teams come to the saf

ntributions
h a budget
is valid for
ions on the

ate for the
deviations
hs possible

is case, the
bments e.g.
asurement
nition. The
d by inter-

he location
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1easurand,

thus, is a property of one particular element in one particular test facility or the property of a

building. The main difference to situation A is that many aspects of the airborne and

structure-

borne sound fields involved remain constant since the physical construction is unchanged. The

standard uncertainty obtained for this situation is called in situ standard deviation.

c) Situation C applies to the case when the measurement is simply repeated in the same location by the
same operator using the same equipment. The location may be a usual building or a test facility. The

©IS

standard uncertainty is the standard deviation of repeatability as determined by inter-

measurements.
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5.3 Measurement conditions

The acoustical measurement conditions for determining the different standard deviations shall
correspond to the conditions given in the standardized measurement procedures. The test specimen
shall not be remounted between repeated measurements.

Each laboratory shall use its normal measurement procedure when participating in an inter-
laboratory measurement. No deviations from the test procedure laid down shall occur but repeating
the measurements several times, the parameters left open in the measurement procedure shall be
represented as well as possible. In particular, the set of microphone positions and source positions over
which averaging is carried out for one measurement shall be selected anew, more or less randomly,
for each re||£>eated measurement. This is necessary to obtain a mean value and a standard deviatioh of
repeatability that represent the situation correctly.

Before the [nter-laboratory measurement is started, each participating laboratory shall repertthe exact
details of ifs test procedure.

Additionalfrequirements for carrying out inter-laboratory measurements for the téstspecimen chqdsen
shall be laid down in detail. This refers in particular to the following items:

— quantities being measured and reported, rules for rounding numbers;
— numbdr of repeated measurements required;
— calibrdtion of the measurement equipment;

— mountiing and sealing conditions of the test specimen, and curing time where appropriate.

5.4 Number of participating laboratories

The number of laboratories, p, shall, from a statistical‘point of view, be at least eight, but is preferable
to exceed this number in order to reduce the number of replicate measurements required. The numper,
n, of measpirements in each laboratory shouldtbe so chosen that p(n - 1) = 35. In addition, at l¢ast
five test rgsults are needed for each laboratory. If the number n of measurements is different among
the participating laboratories, a mean number of measurements shall be calculated and used [see
[SO 5725-2). The measurement results obtdined shall not be pre-selected in any way by the participafing
laboratorigs before they are reported-

5.5 Statjng the test results.of inter-laboratory measurements

In order to simplify the evaldation of measurement results reported, it is strongly desirable to supply
forms for filling in by €he”participants. For the statistical analysis, it is important to report spdcial
observatiops and/or-any irregularities observed during the test.

5.6 Chojceoftest specimen

5.6.1 General

The kind of test specimen used for an inter-laboratory measurement depends not only on the quantity
beingtested (i.e.airborne sound reductionindex, normalized impactsound pressurelevel) butspecifically
on the mounting and measurement conditions for which the standard deviation of repeatability and
reproducibility are being obtained (e.g. walls, floors, windows). Effects influencing the measurement
result, like ageing or a strong dependence on humidity or temperature, shall also be considered.

The choice of test specimen also depends on practical considerations. In general, three different
approaches (see 5.6.2 to 5.6.4) depending on the type of measurement method and/or on the type of
specimen can be appropriate.

4 © ISO 2014 - All rights reserved
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5.6.2 Use of single test specimen — Same material circulated among participants

For checking the measurement procedure and the facilities in different laboratories, ideally, the same
test specimen should be used by all participants in the inter-laboratory measurement and checked again
by the first laboratory at the end of the inter-laboratory measurement.

In building acoustics, this procedure is often not feasible due to the long period of time required,
the risk of damage or change of the test specimen and different sizes of test openings. However, the
variability resulting from the use of more than one test specimen is avoided and the standard deviation
of reproducibility thus obtained is characteristic for the test facility and measurement procedure alone.

5.6{3 Use of several test specimens taken from a production lot — Nominally identical material
exchangeable among participants

In dontrast to the procedure described in 5.6.2, all participants of the inter-laboratory megasurement
rec¢ive nominally identical test specimens, i.e. coming from the same produetion lot or ¢f identical
desjgn and constructed by one manufacturer. This enables testing in parallélyand reduces|the risk of
danpage or of change due to the influence of time. However, the variability, among the test|specimens
due|to their heterogeneity is then inseparable from the variability of thé measurement prodedure, and
forms an inherent part of the reproducibility standard deviation. For this reason it can be adyantageous
to dheck all test specimens for homogeneity with more precision ‘at one laboratory befor¢ the inter-
labgratory measurement and possibly also after its completion.

5.6/4 Use of several test specimens constructed in situ ~~ Nominally identical material not ex-
changeable among participants

When the test specimens cannot be prefabricated.afid readily transported, they shall be cpnstructed
in sjtu by each participant according to close specifications. In this case, the variability amdng the test
sperimens due to their heterogeneity is even larger than for test specimens according to 5.6)3.

5.7| Laboratories with outlying measurement results

[SO[5725-2 provides statistical methods to test whether a result of a laboratory is an qutlier in a
stafjistical sense. If a result turns out to be an outlier, it is necessary to investigate what are the reasons
for the discrepancy. A result shall'be disqualified only in the case that an error has occurred, §.g. a wrong
microphone sensitivity wasused. Whenever the measurement procedure described in the sthndard has
beep applied correctly and all the requirements for the test facility, the measurement equipment and the
mounting of the specimen’are fulfilled, the measurement result shall be considered to be in fonformity
with the definition eftlie measurand. Such results shall not be disqualified even if they are dutliers.

5.8 Verification of laboratory results by results of inter-laboratory tests

A Igboratory x that has not taken part in an inter-laboratory test can verify the proper operation of
its pwntést procedure using the test results and the test specimen from an inter-laboratotfy test. It is
furq)her recommended that a laboratory verify the proper operation of its own test procedur¢ from time
to time, especially whenever changes 1n the test procedure itself, the test tacility or the instrumentation
are made.

Laboratory x carries out ny repeated measurements. The standard deviation of these measurements
shall be smaller than the values given in Table 1.

Table 1 — Maximum standard deviation of repeatability

Frequency Maximum standard deviation of repeatability
Hz dB
50 4,0
63 3,5

© IS0 2014 - All rights reserved 5
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Table 1 (continued)

Frequency Maximum standard deviation of repeatability
Hz dB
80 3,0
100 2,6
125 2,2
160 19
200 17
250 1,5
315 1,4
400 1,3
500 1,3
630 1,3
800 1,3

1000 13
1250 1,3
1600 1,3
2000 1,3
2500 1,3
3150 1,3
4000 1,3
5000 1,3

The avera

laboratory|
in Formula

5Cr95 (|

where

or and oy

<l

<
>

ve value of these measurements y;tis compared with the total average y of the inter-
testin each frequency band. Thelappropriate critical difference, §cros, for this case is as given

(1:

L 1 1 1 181
_yx|):2 0-122(14';]—0-3 1+;————22n— (1)
P ="

ny

were detefmined for each frequency band in the inter-laboratory test;

is the-overall average of the inter-laboratory test;

15 the average of the test results of laboratory x;

nj

ny

is the number laboratories having participated in the inter-laboratory test;
is the number of test results of the ith laboratory;

is the number of test results of an additional laboratory x.

The results of laboratory x are in agreement with the results of the inter-laboratory test if the differences
between the average of the test for the laboratory and the overall average of the inter-laboratory test
are not exceeding the appropriate critical difference in more than 5 % of the frequency bands. In case
of more exceedings, it is necessary to investigate what are the reasons for the discrepancy. A result is
invalid only in the case that an error occurred, e. g. a wrong microphone sensitivity was used. Whenever
the agreed measurement procedure has been applied correctly and all the requirements for the test

6
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facility, the measurement equipment and the mounting of the specimen are fulfilled, the measurement
result shall be considered as a valid realization of the measurand.

6

Uncertainties associated with single-number values

The uncertainty associated with single-number values determined in accordance with ISO 717 (all
parts) can be determined by two different methods.[3]

The first method is to treat the single-number value as the measurand. A value for the standard
uncertainty can then be determined by inter-laboratory tests. This method has the disadvantage that

the uncertainty ot the single-number value depends then on the spectral shape of the one:tj

i8

ba
det

A sd
thiy
cor

valge considerably. Such correlations can be caused by using the same microphone and sourd

for
val
val

7

7.1

If u
sha
are
ave
par

7.2
of t

!

values that are the base for the calculation of the single-number value. Typicahun
ermined in this way are given in Clause 8.

cond method for the determination of the uncertainty of single-number values is to apg
d-octave band uncertainties to the weighting procedure. Unfortunately,-the  unknown
‘elation between the one-third-octave band results influences the uncertainty of the sing

all one-third-octave bands. Nevertheless, an upper limit for the uncertainty of the sing
e can be calculated by assuming a correlation coefficient of 1 between the one-third-o
es. An example of such a calculation is given in Annex B.

Standard uncertainties for typical measurands

General

hcertainty data are available for specific specimens, e.g. from an inter-laboratory test,
| be used. If no such data are available, uncertainties given in 7.2 to 7.4 shall be used in ge
derived from inter-laboratory measurements according to ISO 5725-1 and ISO 5725-2 an
rage values derived from measurements on different types of test specimens including
Fition walls, heavyweight walls, glazings and windows.

hlso contains a quantity orgs.Itis derived from the same round robins as ogr but represents
e upper interval limits for the standard deviations of reproducibility with a coverage pr

95 ¢
val

7.2

Sta

0. In the absence of uncertainty data for specific specimens, e.g. from an inter-laboratory
es shall be used for the declaration of product or system data.

Airborne sound insulation

dard uncertainties for airborne sound insulation in one-third-octave bands are given

"

)ird-octave
certainties

ly the one-

degree of
fle-number
e positions
fle-number
ctave band

these data
heral. They
represent
ghtweight

anaverage
bbability of
test, these

in Table 2.

Stapdard uncertainties for different single-number quantities are given in Table 3. The values apply to

sit
def
Tab

ations'where the volume of the receiving room and the surface of the separating eleme
ned. If this is not the case, standard uncertainties can be larger. The numbers given in ]

nt are well
[able 2 and

é3exclude receiving room volumes less than 25 m3.

Table 2 — Standard uncertainties for airborne sound insulation in one third-octave bands

Frequency Situation A Situation A Situation B Situation C

Hz OR95 OR Ositu Or

dB dB dB dB
50 11,7 6,8 4,0 2,0
63 6,7 4,6 3,6 1,8
80 59 3,8 3,2 1,6
100 5,0 3,0 2,8 1,4
125 5,0 2,7 2,4 1,2

© IS0 2014 - All rights reserved 7
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Table 2 (continued)

Frequency Situation A Situation A Situation B Situation C
Hz OR95 OR Ositu or
dB dB dB dB
160 3,8 2,4 2,0 1,0
200 3,3 2,1 1,8 09
250 3,3 1,8 1,6 0,8
315 3,3 1,8 1,4 0,7
400 3,3 1,8 1,2 0,6
500 3,3 1,8 1,1 0,6
630 3,3 1,8 1,0 0,6
800 3,3 1,8 1,0 0,6
1000 3,3 1,8 1,0 0,6
125( 3,4 18 1,0 0,6
1600 3,4 18 1,0 0,6
2000 3,4 18 1,0 0,6
2500 3,5 1,9 3 0,6
3150 3,6 2,0 1,6 0,6
4000 4,0 2,4 19 0,6
5 00( 47 2,8 2,2 0,6
Table 3 — Standard uncertainties for single-number values in accordance with ISO 717-1
Descriptor SituationA Situation A Situation B Situation|C
OR95 OR Ositu Or
dB dB dB dB
Rws R'w» D, DT 2,0 1,2 0,9 0,4
(Rw, R\, Dnw, DnTw) + C100-3150 2,1 1,3 0,9 0,5
(Rw» R\ Dnw» DnTw) + C100-5000 2,1 1,3 1,1 0,5
(Rw, R, Dnw, DnTw) + C50-3150 2,1 1,3 1,0 0,7
(Rw, Rt Dnw, DnTw) + C5025000 2,1 1,3 1,1 0,7
(Rw, R'w Dnw, DnTw) ¥Ler100-3150 2,4 1,5 1,1 0,7
(Rw, R'W Dnw, D) * Ctr,100-5000 2,4 1,5 1,1 0,7
(Rw, R, Dnws-DinTw) + Ctr,50-3150 2,4 1,5 1,3 1,0
(Rw, R}, Paws DnTw) + Ctr,50-5000 2,4 1,5 1,0 1,0

7.3 Impact sound insulation

At present, there are no results available for impact sound insulation at reproducibility conditions
(situation A). Standard uncertainties for impact sound insulation in one-third-octave bands are given in
Table 4. Standard uncertainties for different single-number quantities are given in Table 5. The values
apply to situations where the volume of the receiving room and the surface of the separating element are
well defined. If this is not the case, standard uncertainties can be larger.

8 © ISO 2014 - All rights reserved
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Table 4 — Standard uncertainties for impact sound insulation in one third-octave bands

Frequency Situation B Situation C
Hz dB dB
50 3,2 L5
63 2,8 1,4
80 2,4 1,3
100 2,0 1,2
125 6 11
160 1,4 1,0
200 1,3 09
250 1,2 0,8
315 1,2 0,8
400 1,2 0,8
500 1,2 0,8
630 1,2 0,8
800 1,2 0,8
1000 1,2 0,8
1250 1,3 0,8
1600 1,4 0,8
2000 1,5 0,8
2500 157, 1,0
3150 1,9 1,2
4000 2,1 1,4
5000 2,3 1,6
Table 5 — Standard uncertainties for single-number values in accordance with ISQ 717-2
Descriptor Situation A Situation B Situatjon C

dB dB dB

Low L'nwL%iw 1,52 1,0 0,b

(Lnw Lnddbntw) + CI 1,52 1,0 0,0

a |Indicated«/alues are estimates.
7.4| Reduction of transmitted impact noise by floor coverings

At present, there are no results available for the reduction in impact sound pressure level at in situ
and at repeatability conditions (situations B and C). Standard uncertainties for the reduction in impact
sound pressure level in one-third-octave bands are given in Table 6. Standard uncertainties for different
single-number quantities are given in Table 7.

Table 6 — Standard uncertainties for the reduction in impact sound pressure level
in one-third-octave bands

Frequency Situation A
Hz dB
50 1,4
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Table 6 (continued)
Frequency Situation A
Hz dB
63 1,3
80 1,2
100 1,1
125 1,0
160 1.0
200 1,0
250 1,0
315 1,0
400 1,1
500 1,2
630 1,3
800 1,6
1000 19
1250 2,2
1600 2,5
2000 2,8
2500 3,2
3150 3,6
4000 4,0
5000 4,4
Table J — Standard uncertainties for-single-number values in accordance with ISO 717-2
Descriptor Situation A
dB
ALy 1,1

8 Application of the uncertainties

For measurementresults, the expanded uncertainty U shall be calculated by Formula (2):

U=ku (2)
where
u is the standard uncertainty determined in accordance with Clause 5 or Clause 6 of this part of
[SO 12999;
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.

For the purpose of ISO 10140, it is assumed that the values of the measurand follow a Gaussian
distribution. The value of k can then be determined from Table 8. A minimum value of k = 1 shall be
used. The chosen coverage factor shall be reported together with the information whether one-sided or
two-sided intervals have been used.
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Table 8 — Coverage factors for different confidence levels

Coverage factor Confidence level for two-sided Confidence level for one-sided
test test
k
% %
1,00 68 84
1,28 80 90
1,65 90 95
1,96 95 97,5
2,58 99 99,5
3,29 99,9 99,95

A measurand, Y, shall then be stated as given in Formula (3):

V=ytU 3)
wheére
y is the best estimate found by the measurement;
U is the expanded uncertainty calculated for a given cenfidence level for the two-sided test.

EXAMPLE An airborne sound insulation would be designated as R = (35,1 + 1,2) dB (k = 1, two-s]ded).

If the conformity with a requirement will be verified by a measurement, the coverage factor for one-
sidgd tests shall be applied to calculate the expanded uncertainty, U. This value is then added|to the best
estimate y to check whether a measurement¥esult is smaller than a requirement Yrequired §iS given by
Formula (4):

y+U< Yrequired (4)

Thg expanded uncertainty is_subtracted from the best estimate, y, to check whether a mgasurement
restiltis larger than a requirément Yrequired as given by Formula (5):

y-U> Yrequired (5)

© ISO 2014 - All rights reserved 11
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Annex A
(informative)

Example of handling uncertainties in building acoustics

A.1 Gen,

aral
el

This annej
airborne s

A.2 Frol

The startir
uncertaint
uncertaint

homogeneity (oproduct — scatter of different nominally identical test specimens) and the number

measurem

Uinput T

Such an input uncertainty shall be calculated for all acoustic quantities used in the prediction.

The appare
building p1
the uncert

k gives an example showing how uncertainties can be handled in building acoustics
und insulation.

m laboratory measurements to predicted values

g pointis a determination of a weighted sound reduction index in a laboratory. The stand
y of this measurement is the standard deviation of reproducibility.Etem this value, the i

y for the prediction ujnpyt can be determined with the standard ‘deviation for the prog

bnts carried out with this product in different laboratories:

2 2
| ORr +Gproduct 2
n O-product (

nt sound reduction index of the building iSthen predicted from the acoustic properties of
oducts e.g. by the method described in-EN 12354-1. Since analytical expressions are u

for

ard
put
luct
h of

A.1)

the
sed,

hinty of the predicted value can be-calculated from the interaction of the input quantities

12
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and their uncertainties, ucalc, with an additional component, ureality, accounting for the discrepancies
between the reality and the calculation modell4] as given by Formula (A.2):

_ |2 2
Upred =4/ Ucalc +ureality (A.2)

In a next step, the expanded uncertainty, U, is calculated by Formula (2) for an appropriate confidence
level for the one-sided test. The requirement is met when the condition in Formula (A.3) is fulfilled:

R'ypred—U>R' (A.3)

w,required

EXAMPLE The conditions

or=1,2dB
O product = 1,0dB
n=1

yield the result

Uinpur =1,9 B

Thg assumption that one building element determines the soundtransmission leads to Formjula (A.4):

(A4)

Ucalc = Uinput

Formula (A.4) combined with the condition

=0,8dB

Ureality

yields the result

Upreq =2,0dB

For|the chosen confidence level of 84 % for the one-sided test, a coverage factor of 1 is obtpined from
Table 7. The expanded uncertainty thus is

U=2,0dB

It ignecessarysthat this value be subtracted from the predicted apparent sound reduction irjdex before
it isjcomparédjto a requirement.

A.3 cExperimental verification of a requirement

It shall now be determined whether or not the requirement for the airborne sound insulation is met in
a building. The standard uncertainty of this measurement is the in situ standard deviation, which is 0,9
dB for the apparent weighted sound reduction index according to Table 2. A confidence level of 84 % is

© ISO 2014 - All rights reserved 13
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chosen as an example, which leads to a coverage factor of 1 and an expanded uncertainty of 0,9 dB. The
requirement is met when the condition given as Formula (A.5) applies:

R 'w,meas -U>R 'w,required (A.5)
It is not met when the condition given as Formula (A.6) applies:
R 'w,meas +tU<R 'w,required (A.6)

If no decision can be made, the uncertainty of the measurement can be reduced by further independent
measurements, which means other persons measure with other equipment. Then the uncertainty_ifs as
given by Formula (A.7):

0,9
U=——

Jm

where m is{the number of independent measurements.

dB n.7)
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Annex B
(informative)

Example for the calculation of the uncertainty of single number
values

B.]I Uncertainty of the sum of the weighted sound reduction index and thle spec-
trum adaptation terms

Theg sum of the weighted sound reduction index and the spectrum adaptationterms, expressed in
decjbels, is calculated in accordance with ISO 717 (all parts) as given in Formula*(B.1):

RW+(::_101g210(L"‘R")/1°OlB dB (B.1)
i
wheére
Ri is the measured sound reduction index in frequency-band i, in dB;
L; is the reference spectrum as defined in ISO 717,(all parts).

Regarding the one-third-octave band insulations as independent input quantities, the uncertdinty under
thejassumption of no correlation between the input quantities is given by Formula (B.2) (sed!3]):

2
10(L,-,j—R,-)/1OdB

2
i zlo(LiJ‘Ri)/lodB o (R) 2
i

u(R,, +C)=

Under the assumption of full positive correlation between the one-third-octave band insulations, the
single-number value is-determined twice. In the first case, all uncertainties are added to thg measured
soupd insulations ip-the one-third-octave bands yielding the sum of the single-number value and the
stapdard uncertaintyas given in Formula (B.3):

/10dB

R, +C+a(R,, +C):—101g21o(L"‘R"+“(R")) dB (B.3)

1

Inthe$econd case, all uncertainties are subtracted from the measured sound insulationsin thq one-third-
octavedands Viplding the difference hetween the cing]p-mlmhpr value and the standard und rtainty as

given in Formula (B.4):

R, +C-u(R,, +C)=—10lg ¥ 10 R (R0 g (B.4)
i

Dividing the results from Formulae (B.4) and (B.3) by two yields the uncertainty as given in Formula (B.5):

Ry +C+u(Ry, +C)—[Ry +C—u(R,, +C)]

: (B.5)

u(RW +C):

This procedure is applicable to all the different reference spectra and frequency ranges defined in
ISO 717 (all parts).
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B.2 Uncertainty of the weighted sound reduction index

According to ISO 717-1, the weighted sound reduction index is calculated by shifting a reference curve
by full decibel steps until the sum of all negative (or non-favourable) one-third-octave band differences
is equal or smaller than 32 dB. The uncertainty of the weighted sound reduction index can be calculated
under the assumption of full positive correlation between the one-third-octave band insulations by
adding or subtracting the uncertainty in one-third-octave bands by analogy to B.1. The weighted sound
reduction index is then calculated for both cases, the results being R,, +u(R,,) and R, —u(R,,),

respectively. The uncertainty of the weighted sound reduction index is, then, calculated from these
results by analogy to Formula (B.5) as given in Formula (B.6):

i Rw +U(Rw)_|:Rw _u(Rw ):I
2

u(Ry, ) (B.6)

To come to|realistic uncertainties, a shift of the reference curve in 0,1 dB steps is required.

Under the assumption of no correlation between the one-third-octave band insulatiohs, the uncertajnty
of the weighted sound reduction index can be calculated by a special linearjzation technique or by
Monte-Car|o methods.[3]
B.3 Example

An example of a measured sound insulation is given in Table B.1 The uncertainties are from Table 2,
situation Al The calculated single-number values and uncertainties are given in Table B.2.

Table(B.1 — Example for a measured sound insulation and the associated uncertainties

Frequency R; Uj
Hz dB dB
50 39,5 6,8
63 40,3 4,6
80 41,6 3,8
100 43,1 3,0
125 43,3 2,7
160 43,1 2,4
200 42,5 2,1
250 44,7 1,8
315 48,0 1,8
400 50,5 1,8
500 53,2 1,8
630 559 1,8
800 58,1 1,8

1000 60,0 1,8
1250 62,2 1,8
1600 63,7 1,8
2000 65,4 1,8
2500 66,8 19
3150 68,4 2,0
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