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A laboratory method to evaluate the sound insulation of small building elements
was developed. In the method, sound intensity measurements are applied and the
results are expressed in terms of the element normalized level difference. There
are special requirements concerning the installation and operation of small
building elements in measuring their sound insulation. The consequences of the
requirements to the measurement method are takeadntunt. Also the special
demands caused by the small size of the object are taken into account. A
supplement, considering the general usefulness of the element normalized level
difference (or unit sound insulation) in evaluating the sound insulation of par-
titions, is included in the method. The supplement can be applied also to 1ISO
140-10 and NT ACOU 037.

The classical form of the Waterhouse correction, the purpose of which is to take
account of the higher energy density near room boundaries, has been developed
to an improved formula, which is a function of room modal density. The
Waterhouse correction can be determined dach room by measuring or
calculating its modal density. The improved form of the Waterhouse correction
normally differs from the traditional one at third octave bands with centre
frequencies less than 100 Hz. There is a tendency for some measurement
methods in building acoustics to be used in an extended frequency range down to
a third octave band with a centre frequency of 50 Hz. With that kind of extended
frequency range, the refinement of the Waterhouse correction has an obvious
effect. The Waterhouse correction of thexeiving room Isould be subtracted

from the result of traditional measurements of the sound reduction index. This is
especially important if the results are compared with those of intensity
measurements. No Waterhouse correction is needed for the source room. The
measurement of sound insulation by the intensity technique needs no Waterhouse
corrections.

Experimental measurements were carried out according to thisodneind
according to 1ISQL40-10. Both of the methods give quite similar results with an
accuracy of 1 dB or better at a frequency range where the flanking transmission
Is not very important and where both of the methods give valid results. The
effects of flanking transmission on the sound insulation measurement results can
be diminished by using intensity technique. Very remarkable flanking
transmission may, however, make the results of the intensity technique invalid.
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PREFACE

This publication is based on the final report for the NORDTEST project no.
1065-92, titled "Measurement of element normalized level difference of small
building elements using intensity technique”. The goal of the project was to for-
mulate a laboratory scanning methocactordance with the title. The project has
been carried out by the following project group:

Seppo Uosukainen, project leader
Raimo Eurasto
VTT (Technical Research Centre of Finland), FIN-02150 Espoo

Clara Goransson

SP (Swedish National Testing and Research Institute), S-50115
Boras

Henrik Olesen
Danish Technological Institute, DK-8000 Arhus

Herold Olsen
Sintef Delab, N-7034 Trondheim.

The project was started in early 1993 and finished at the end of 1993. VTT acted
as the responsible organization for the project. The project group held one
meeting in November 1993 in Otaniemi, Finland. Besides the project group has
communicated via letters and telefax. The comments of the Nordic circulation
process at 1994 have been taken imtocount in the proposal for the
NORDTEST method (Annex). The proposal has been approved as the
NORDTEST method NT ACOU 093 at 1995-01 [11].

Espoo, May 1995

Seppo Uosukainen



CONTENTS

ABSTRACT ... 3
PREFACE. ... 4.
LIST OF SYMBOLS ... Bl
1 INTRODUCTION £

2 SOME CONSIDERATIONS ABOUT THE MEASUREMENT

METHOD ... e 9...
2.1 BaSIC QUANTILIES ... ... 9....
2.2 Some special aspects concerning the method.................. 10
3 WATERHOUSE CORRECTION. ..., 12.
3.1 Waterhouse correction and modal density........................ 12
3.2 Applications of Waterhouse correctign............................. 16
3.2.1 Determination of sound POWEr..............ccevvueveeeennnn... 16
3.2.2 Determination of absorption..............ccccevvveeeeeieneeen. 17
3.2.3 Sound insulation measurements..............cccceeeevennn.... 19
4 MEASUREMENT S .. e e 21
4.1 Measurement equipment and roQMS..........ccoceeeveeeeeeenen. 21
4.2 Ventilation VaIVES.............cooi i 22
4.3 Cable dUCT........cooee e 26...
S CONCLUSIONS . ., 28...



ANNEX: PROPOSAL FOR NORDTEST METHODR. ...t 1
1 SCOPE AND FIELD OF APPLICATION . ...t 4.
2 REFERENGCES. ... ..o 5.
3 DEFINITIONS ..ot 6.....
3.1 Average sound pressure levelin a ropm,.......................... 6.
3.2 .S0UNd INTENSIEY,. ..ot 6....
3.3 Normal sound INteNSItYa...........evveeeeeieeeeeeeeeeeeeeeeeeeeeeeeenee A
3.4 Normal sound intensity levetl,..................ccooeveviiiieiieiii, 7.
3.5 Pressure-intensity indicator or field indicater,...................... A
3.6 Residual pressure-intensity indica®s..................cccoeveerenn
3.7 Element normalized level differene....................oe......... 8.
3.8 Corrected element normalized level differefizg,................. 9
3.9 Sound reduction INdeR,.................oviviiiieie e 10.
3.10 Weighted element normalized level differei2g, ............. 10
3.11 Weighted sound reduction ind@,......................cccvveee... 10
3.12 Measurement SUMaCe..........c.ooveiiieee e 11,
B.L3 SUD-AICA ... 11..
3.14 Measurement diStanCe.............coeeuueeeeeie e 1.
4 INSTRUMENTATION. ..ot AL
A1 GENEIAL ... (N
4.2 Calibration...........coouee e 12
5 LABORATORY REQUIREMENTS ... . ...cooiiiiiie e 14
5.1 ROOMS ... e 14...
5.2 PartitioNS.... ...t 14..
6 INSTALLATION AND OPERATION OF TEST OBJECTS...........14
6.1 GENEIAL ... e 14...
6.2 Mounting of teSt ODJECES........ieie e 14.
6.3 Location of test ODJEGES ... ......vive e 15,
6.3.1 Mounting loCations.............coveveeeeiee e 15.
6.3.1.1 Equipment used away fromwall...................... 15
6.3.1.2 Equipment used nearanedge......................... 15
6.3.1.3 Equipment used near a Cormer........................ 15

6



6.3.2 Number of locations................ccoevvee e, 16.

6.4 Installation of transfer air devices..............ccoooeeeeviiiiieennn. 16
6.5 Installation of cable ducts....................cccoiiiei 16.
7 TEST PROCEDURE AND EVALUATION. ..o, 17
.1 GENEIAL ... 17
7.2 Generation of sound field in the source room................... 17
7.3 Measurement of average sound pressure level in the source room
......................................................................................... 18.....
7.4 Measurements on the measurement surface in the receiving room
......................................................................................... 18.....
7.4.1 Measurement SUrface. . ........c.ooeuvieieiicee e 18
T.4.2 SUD-ArCaS ... ..o 20
7.4.3 Scanning ProCeAULE. ..........cceuuee e 21
7.4.4 Sound intensity measurement............ccoveveeeeeieeenennn. 23
7.4.5 Background NOISE.............cuuueeeieeeeiieiieee e 29
7.5 Frequency range of measurements...............cceeevevvvvennnn.. 25
8 PRE CISION. ..o e, 25....
9 EXPRESSION OF RESULT . ..., 26.
10 TEST REPORT AND RECORD. ..., 26
10.1 Information to be reported..............oooviiiiii i 26.
10.2 Information to be recorded...............ccooveeeiiiiiiiee e 27,
11 APPLICATION OF SOUND INSULATION DATA ..................... 28
ANNEX A: LOCAL CHANGE IN WALL THICKNESS,....................... 1
A.1 Localincrease of wall thickness.................coooiiiiiiii . 1.
A.2 Local decrease of wall thickne€ss................cccoeviviiiiiiiiii, 1.

ANNEX C: GUIDELINES FOR THE DERIVATION OF THE OVERALL
SOUND REDUCTION OF COMPOSITE PARTITION
CONSTRUCTIONS ...t L.






S<~"HPnIT

S

£D >> .o

LIST OF SYMBOLS

absorption (area)

reference area (for the laboratofy,= 10 nf)
Waterhouse correction (in dB)

speed of sound in unperturbed fluid

element normalized level difference, measured by intensity technique
element normalized level difference

energy

field indicator (pressure-intensity indicator)
frequency

sound intensity

incident average normal sound intensity
transmitted average normal sound intensity
total length of dimensions of a room

average sound intensity level over measuremenacirfin receiver
room)

average sound pressure level

average sound pressure level in source room
modal density

sound power

sound power incident on test specimen

sound power transmitted through test specimen
power loss

sound pressure (far from boundaries in diffuse fields)
sound reduction index

total area of a room, area of a test specimen
area of measurement surface

reverberation time

time

volume of a room

Waterhouse correction

residual pressure-intensity indicator

total internal loss of room

wavelength

density of unperturbed fluid

angular frequency



1 INTRODUCTION

A laboratory method for evaluating the unit sound insulation of small building
elements NT ACOU 037 [9], based on traditional sound insulation measurements
between two reverberation rooms, was approved by Nordtest in 1982. Based on
NT ACOU 037, an international standard 1SO 140-10 [3] for evaluating the
element normalized level difference (= unit sound insulation + 10 dB) of small
building elements was approved. The methods apply to building elements,
excluding windows and doors (ISO 140-10), with an area of less than(IS@
140-10) and which occur in a certain number of discrete sizes with well-defined
lateral dimensions and which transmit sound between twacewlj rooms, or
between one room and the open air (ISO 140-10) independently of the adjoining
building elements. Some examples of equipment covered by the methods are
transfer air devices, airing panels (ventilators), outdoor air intakes, cable ducts
and transit sealing systems.

One of the main problems of the methods is the flanking transmission through the
partition built in the test opening between the rooms in which the object under
test should be pted. The problem can be most clearly discovered in situations
where the object has high sound insulation properties. In NT ACOU 037 and ISO
140-10, two ways of avoiding the effects of flanking transmission on the result
are given: to correct mathematically the measurement result using the sound
insulation of the flanking path; and to use more than one object in the test
opening simultaneously to get the relative proportion of the flanking transmission
smaller. The mathematical correction works only to a limiting value for the sound
insulation of the object, the value depending on the flanking sound insulation;
above this limit only a lower limit for the insulation will be achieved. Using more
than one object has the disadvantage of possible interaction between the sound
radiated by the objects at low frequencies (third octave bands below 400 Hz).
The interaction tends to decrease the measured insulation. The interaction can be
lowered only by increasing the distances between the objects, which is not
always desirable for other reasons.

The main advantages of using sound intensity measurements in evaluating the
sound insulation is the postitly to diminish the effects of flanking transmission

on the measurement results and the ability to measure elements having very high
sound insulation properties. In the traditional methods based on sound pressure
measurements the sound reduction index based upon all paths between the
source room and the receiving room is evaluated. The intensity based method
evaluates the sound reduction index based upon the paths defined by the choice
of measurement surface between the source room and the receiving room. This
allows most of the flanking transmission paths to be isolated from the direct paths
[12]. A laboratory method for using sound intensity measurements to evaluate the
sound reduction index of building elements [10] was developed during Nordtest
project 746-88 [6]. The method is7primarily intended to be used when the



traditional 1ISO 140-3 method failebause of remarkable flanking transmission.
This may, for instance, be the case when measuring windows, doors or heavy
constructions with high sound insulation. The method is quite general and,
concerning the installation and operation of test objects, it has no special
requirements for measuring small building elements. The special requirements for
installation and operation may also lead to special requirements for the
measurement method itself. Also the small size of the object and possible air
stream cause special demands on the measurement procedure (measurement
distance, scanning pattern etc.). Based on the method, a proposal for a field
method for using sound intensity measurements to determine the sound reduction
index of building elements in situ has being developed, too, at Nordtest project
879-90 [12].

In NT ACOU 037 there is a method of calculating the sound reduction index of a
partition in which the object under testlivbe installed, the @und reduction of

the partition and the unit sound insulation of the object as a starting point.
According to the method in NT ACOU 037, the cross-sectional area of the object
Is not taken into account. This causes not very much error if the area is small.
Problems may arise in other cases and especially in cases where more than one
object are used in the partition.

In this project a laboratory method for using sound intensity measurements to
evaluate the sound insulation of small building elements in terms of element
normalized level difference was produced. The method has a supplement
considering the general usefulness of the element normalized level difference (or
unit sound insulation) in evaluating the sound insulation of partitions. The
supplement can be applied also to ISO 140-10 and NT ACOU 037.

The consequences of the special requirements, concerning the installation and
operation of test objects for measuring the sound insulation of small building
elements, to the measurement method are takeragtount. Also the special
demands caused by the small size of the object are taken into account. Some
experimental measurements according to thénoaehave been performed.



2 SOME CONSIDERATIONS ABOUT THE
MEASUREMENT METHOD

The method is based on NT ACOU 084 [10] (Nordtest method for using sound
intensity measurements to evaluate the sound reduction index of building
elements), ISO 140-10 [3] (international standard for evaluating the element
normalized level difference of small building elements by traditional sound
pressure measurements), NT ACOU 037 [9] (corresponding Nordtest method),
and a Finnish Method description of VTT and TTL [1] (for determination of
radiated sound power using intensity measurements). The method is based
significantly also on the experience of the responsible organization for the project
concerning the intensity measurement techniques.

2.1 BASIC QUANTITIES

The main quantity in the method of this report is the element normalized level
differenceD,. It is used to characterize the sound insulation of small building
elements. It is defined as

DI nlAOD

Dne= 10193~ 0, (1)

wherel,; is the incident average normal sound intengity,is the transmitted
average normal sound intensiy, is the reference area (for the laboratdyy =

10 nf) and S is the area of the test specimen. The element normalized level
difference is the ratio of the sound power incident on a reference area to the
sound power transmitted through the test specimen in decibels. The incident
average normal sound intensity on the reference area corresponds to the incident
average normal sound intensity on the test specimen. If the transmitted intensity
iIs measured by intensity technique, the element normalized level difference is
denoted byD, . and it is given by

Dl,n,e: Lp1'6'|_|n+10|g§$§1 (2)

where L,; is the average sound pressure level in the source rbgnis the
average sound intensity level over the measuremergcguih the receiver room
andS, is the area of the measurement surface.

This element normalized level difference is evaluated from Eq. 5 assuming that
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the sound field in the source room is perfectly diffuse. For the purposes of ISO
140-10 the element normalized level difference is given in such a way that it is
further assumed that the sound field is perfectly diffuse also iretteaving room

and that the sound is transmitted only through the test specimen.

The formula connecting the element normalized level difference and sound
reduction index is

R= Dn,e-10|g§%@. 3)

In intensity measurements the field indicator or pressure-intensity indicator

F=Lp-Lun, (4)

wherelL, is time and surface averagesund pressure level arld, is time and
surface averaged normalund intensity level on the measurementaef plays

an important role as a quality factor of the measurement results. The lower the
field indicator F is, the more reliable the results are. The residual pressure-
intensity indicatord,, is the difference between indicated sound pressure level
and sound intensity level when the probe @&cet in a gund field in such an
orientation that the particle velocity in the direction of the probe measurement
axis is zero. It is a measure of the phase error between the two measurement
channels. The smaller the phase error is, the higher the residual pressure-
intensity indicator is. The higher the residual pressure-intensity indicator is, the
higher the field indicator may be in the measurements.

2.2 SME SPECIAL ASPECTS CONCERNING THE METHOD

Keeping the scanning speed and line density constant may be a difficult task for a
long period. That is why the scanning time of each sub-area is restricted to
maximum values in the method. The selected maximum values are based on
simple personal experiments. For the same reasons in the method in the case of
more than one sub-area, it is recommended to record the individual sub-area
results and to calculate the final result afterwards. Doing so one is required to
keep the scanning speed and line density constant only for individual subareas
separately.

In the method there is a specific rule for the minimum number of scanning lines
on any subarea. The rule is based on a minimum number of five lines on a square
sub-area. If the sub-area is not square, the minimum number of scanning lines is
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dependent of the ratio of the dimensions of the sub-area so that the total length of
the scanning pattern is proportional to the square root of the area.

In the method there is a pogktip to use discrete probe positions in the case of
very small sub-areas. This is because of a practical point of view: with a very
small subarea a definite scanning pattern is impossible to be traced.

The method has special rules for adjusting the scanning speed in the case that the
instrumentation allows only discrete integration times. That is the case with, e.g.,
FFT analyzers and some old real time analyzers. The rules give limits to the
mismatch between the scanning and integration time. The limits are based on
very simple error estimates and their purpose is to reject the error to less than 1
dB.

No dimensions of the sub-areas may exceed 1 m. With larger dimensions one is
not able to scan properly according to the hmdt This requirement illv be

needed in cases where the object to be measured have large dimensions in the
direction normal to the partition wall. That is the case, e.g., with cable ducts.

The requirement of less or equal than 1 dB difference between the results of the
two scans and the requirements concerning the field indicator in the method
proposal vill be applied to the final result, not to the results of the individual sub-
areas. That is due to that otherwise making more sub-areas may invalidate the
results for some sub-areas having a low contribution to the final result. There is
no sense in that the results of those sub-areas are able to invalidate the final result
also, because the measurement result with less sub-areas may, however, be valid.
If the requirements mentioned are applied to all sub-areas one-by-one, making
more sub-areas may cause formally less accurate reshtisigiitthe result will
actually become more accurate due to the diminished effect of scanning speed
alteration.

If extra panels are used to simulate corner or edge positions, the average
absorption coefficient for panels in the receiving room has to be less than 0.06.
This requirement is to ensure that the reflecting panels do not absorb the sound
energy too much. With the intensity technique the absorption of the panels to
which the measurement surface is closednoa be taken int@ccount, and its
effect is directly seen as an error in the measurement result.

In Annex C of the method, guidelines for the derivation of the overall sound
reduction of composite partition constructions are given. The guidelines contain a
correction to the case in which the area of the small elements on a partition is not
small. That correction may be relevant in cases were the partition is very small or
if there is many small elements mounted on the partition. Also the guidelines
contain a rough estimate for the error caused by the acoustic interaction between
the elements on the partition.

11



3 WATERHOUSE CORRECTION

Due to interference effects, the acoustic energy density in a room is higher near
the boundaries than far away from them [13]. When estimating the total acoustic
energy of a room by measuring the sound pressure far from the boundaries, the
so-called Waterhouse correction must be applied to the results tadedent of

the higher energy density near the boundaries. An example of using the
Waterhouse correction is sound power measurement in reverberation rooms
according to, e.g., IS@741 [5]. Another example where the Waterhouse
correction should be used is the measurement of the sound reduction index
according to traditional medds; e.qg., ISO 140-3 [2] and also ISO 140 series in
general. In the latter example the correction is not normally applied. In the
measurement of the sound reduction index using sound intensity techniques
according to, e.g., Ref. [10], the Wdteuse correction is not needed. However,

if the aim of that measurement is to simulate the traditional measurement
methods (without the correction), a "negative correction" is proposed to be
applied to the results [6, 10].

In this chapter an improved formula for the Waterhouse correction, as a function
of modal density, is introduced, and some examples of the pertinent application
of the correction are studied.

3.1 WATERHOUSE CORRECTION AND MODAL DENSITY

The Waterhouse correctidis [13]

w:1+8%, (5)

where S is the total area of the roor, its volume and\ the wavelength. In
decibels the correctioyy is

S\
Cw=10Ig(W) = 10|gﬁ1+W | (6)

The modal density of a room is, e.g., according to Ref. [7],
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4mv T[S L
n= f2+ 7
c 2c§ (7)

wherel is the total length of the linear dimensions of the robims, frequency
andc, is the speed of sound in unperturbed fluid. For further considerations one
can write this as

4Trf2VD LA% [
Hl 8V ' 321V

(8)

Thus it can be seen that the modal density of a room is proportional to its volume,
with a correction factor as a function of surface area and linear dimensions. If the
last term in the correction factor is omitted, the factor has the same form as the
Waterhouse correction. This is not coincidental. The original text of Waterhouse's
consideration of the Waterhouse correction contains an extra term to the
correction in Appendix 2 of Ref. [13], which can be averaged to exactly the
same term as the last term in the modal density. Waterhouse stated about this
term: "However, for small rooms, the initial assumption that at all points in them
equal energy flows in all directions will not be true at the low frequencies for
which the correction is significant. Thus, the interference patterns formed would
differ from the reverberant interference patterns, and the correction computed for
these latter patterns would not apply with accuracy." However, one may find
some reasons to include the last term in the Waterhouse correction.ilThe w
evident from the following.

By denoting the "complete” Waterhouse correction as

S\ LA?
Wy sy ®)
the modal density of the room can be expressed as
4mf?
n= VW . 10
3 (10)

The total acoustic enerdyof the room is
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E=——VW=—"-n
; Py Co 4TT

, (11)

wherep is the sound pressure measured far from the boundarieq,andhe
density of unperturbed fluid. The total acoustic energy is now proportional to the
modal density of the room, and the energy per modal density is independent of
the room geometry and size:

E_ P\

N PoCo 4T

(12)

This makes sense, because in the S.E.A. (Statistical Energy Analysis) model,
which is an extension of statistical diffuse field acoustics, basic quantities are
input powers, energies, internal and coupling loss factors, and modal densities.
All information concerning the room properties is included in the internal loss
factor and the modal density of the room. It is the energy per modal density that
tends to be equalized between subsystems in the S.E.A. model. So, if one uses
statistical diffuse field theory, the modal density, rather than the room volume, is
the correct basic quantity. This is equivalent to using the "Waterhouse-corrected
room volume" instead of the physical room volume. The corrected room volume
takes account of the fact that in small rooms the number of axial and tangential
modes in proportion to oblique modes is higher than in large rooms. Inversely, if
one accepts the basic assumptions of S.E.A. apploses that the total acoustic
energy is proportional to the modal density of the room rather than to its physical
volume, the correct expression for the Waterhouse correctiobevas stated in

Eq. 9.

The foregoing examination can be seen to be useful by noticing that the
Waterhouse correction is proportional to the modal density,

cn
RV (13)

so it can be determined for each room by measuring its modal density. This is
advantageous if the room is not a parallellepiped, in which case Eq. 8 is only an
estimate of the modal density [8], and thus also Eq. 9 is an estimate of the
Waterhouse correction.

At very low frequencies, the effects of the boundaries extend everywhere in the
room, so there is nowhere "far from boundaries". In this situation the germ
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(pressure far from boundaries) cannot be measured and it is a hypothetical
guantity only. However, the preceding examination i#l salid if this
hypothetical sound pressureaiscepted as a starting point. Also, the assumption
of the diffuse field may be somehow misleading at very low frequencies, where
the modal behaviour of the sound field should be takeraintount. These facts

and the statement of Waterhouse below Eq. 8 limit the usefulness of the theory
presented. However, if statistical field theory is accepted as a starting point, these
sources of error cannot be avoided. From this point of view, the dependence of
the Waterhouse correction on modal density and the improved form of the
Waterhouse correction can be seen as steps towards higbaracy in the
statistical field theory.

In practice, the last term in Eq. 9 is very small except at very low frequencies or
in small rooms. The improved form of the Waterhouse correction normally
differs from the traditional one at third octave bands with centre frequencies less
than 100 Hz. In this project, the frequency bands below 100 Hz have not been
treated, so the developed form of the classic Waterhouse correction has only little
effect on the measurement results of this report. However, there is a tendency for
some measurement methods in building acoustics to be used in an extended
frequency range down to a third octave band with a centre frequency of 50 Hz.
With that kind of extended frequency range the last term in Eg. 9 has an obvious
effect on the Waterhouse correction. In Fig. 1 the traditional and improved
Waterhouse corrections are presented for a room with dimensions &it63®

m 4 m and with a volume of 129.4 m. This room has been used asctrang

room in the measurements of this project.

Waterhouse correction (dB)

l S T T NN T R SN S S TR T S M A T— |

- B — - i
63 125 250 500 1000 2000 4000
Frequency (Hz)

— traditional form improved form
Fig. 1. Waterhouse correction for theaeiving room.
The fact that the improved form of the Waterhouse correction differs from the

traditional one mainly at low frequencies is advantageous when determining the
15



correction by using the modal density according to Eg. 13. The modal density
needs to be determined at low frequencies only. It is well-known that the
measurement of the modal density of a room may be difficult, owing to
diffuseness of the sound field, modal overlapping or problems concerning the
excitation of modes. However, the above difficulties are not so severe at low
frequencies. Nevertheless, there may be problems in the experimental estimation
of the modal density at low frequencies too. If the problems cannot be overcome
by very precise measurements, with narrowband excitation and analysis, and a
large number of source and measurement positions, the modal density can be
calculated by using, e.g., F.E.M. (Finite Element Method). In laboratory
measurements, the modal density needs to be determined only once, if it is
assumed that the room will remain unchanged, so one probably difficult
measurement or calculation activity may be reasonable.

3.2 APPLICATIONS OFWATERHOUSE CORRECTION
The Waterhouse correction should be used every time one is considering the

acoustic energy of a room as a function of the sound pressure (far away from the
boundaries). The following examples are all based on this starting point.

3.2.1 Determination of sound power

If a sound source is turned off, the acoustic eneithglecay according to

E=Eoe™, (14)

wheret is time, E is the energyE, is the energy at timé = 0, n is the total
internal loss factor of the room anxlis the angular frequency. The reverberation
time is defined as the time during which the energy has decayed 60 dB from its
initial value. So, the total internal loss factor can be presented as a function of the
reverberation time as

_ 3In(10)

T (15)

whereT is the reverberation time. The power loss can be expressed in terms of
the acoustic energy as
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p
Po G

Ploss= QﬂE = wn WV, (16)

where the Waterhouse correction has now been applied to the relationship
between the energy and the sound pressure of the room. In a stationary field the
power loss is equal to the radiated power of the sound sources in the room. With
Egs. 15 and 16 taken into account, the sound power of a source in a
reverberation room is

2
. 6In(102WV£’ (17)
Py Co T

where P is the sound power. In sound power measurements in reverberation
rooms according to, e.g., ISE¥41 [5], the sound power is determined by using
Eqg. 17 by measuring the reverberation time and the sound pressure and applying
the Waterhouse correction.

3.2.2 Determination of absorption

The one-sided diffuse field sound intensity is

2

=P
4P, G

(18)

where | is the sound intensity ang is the sound pressure far from the
boundaries. This equation is valid both far from the boundaries and near them;
thus also in the latter case the quantitpneans the sound pressure far from the
boundaries. This is justified below.

In a diffuse field the magnitude of the one-sided intensity is independent of spatial
variables, also near the boundaries. Although the sound pressure increases when
going towards the boundaries, the active sound intensity does auatude the
increase of the sound pressure due to interference is a pwabtive
phenomenon. That phenomenon increases the energy density near the
boundaries, but it does not have any effect on the propagating sound energy. It
can be easily demonstrated by using a one-dimensional diffuse field of one
frequency (meaning: having narrowband spectral content). It can be thought to
be formed of two waves propagating in opposite directions, having equal
expected values of amplitude, say and a random mutual phase difference. The
total sound pressure is then
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p = \/E pl ’ (19)
and the one-sided sound intensity is

2 2

_m_p
PoCo  2PpCo

(20)

Suppose there are two boundaries with a reflection coefficient of 1 and the field
is between the boundaries. On the boundaries the two waves must have equal
phases, because the wave outgoing from bbandary originates from the
reflection of the wave coming towards the boundary. So, there is interference,
and the total sound pressure at the boundary is

pboundary: 2 pl ' (21)

which is V2 times the value far away from the boundaries. The one-sided
intensity, however, does not grow when approaching the boundary, but its value
for waves propagating in both directions is obtained from the amplitude of the
individual waves (§;), and it is everywhere as stated in Eq. 20. Otherwise there
would be active sources of sound near the boundary and that is not the case. This
simple consideration can be easily generalized to three-dimensional spaces, so
Eq. 18 is valid also near the boundaries. Thus no Waterhouse correitiom w
needed for the diffuse field sound pressure - sound intensity relation. The
Waterhouse correction for the source room, which is included in the method
proposed in Ref. [12], is unjustified therefore.

In this one-dimensional case the acoustic energy density is not higher at the
boundaries than far from the boundaries. The potential energy density at the
boundaries is twice the density far from the boundaries. The kinetic energy
disappears at the boundaries, so the total energy density at the boundaries is the
same as far from the boundaries. However, this is not the case with incidence
angles other than normal to the boundaries, as shown by Waterhouse [13],
because it is only the normal cpanent of the particle velocity that disappears at
the boundaries. So, with three-dimensional diffuse fields, the situation differs
from that with one-dimensional fields in that also the total energy density near the
boundaries is higher than far from the boundaries. The normal component of the
sound intensity, with respect to boundaried| mevertheless behave in three-
dimensional space like thewnd intensity in a one-dimensionalase. So the
one-sided normal intensity near the boundaries is the same as the one-sided
intensity far from the boundaries.
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Thus if the sound intensity is given by Eq. 18, in a stationary diffuse field the
power loss can be represented as

2

p

Ploss= ———
T apyg

A, (22)

where P is the power loss anA is the absorption of the room. By using
Equations 15, 16 and 22, and assuming that the absorption is evenly distributed in
the room, the absorption can be presented as a function of the reverberation time
as

241n (10)WV
A=

o T (23)
This is one basic relation where the Waterhouse correction has to be used: i.e.,
when the absorption is determined by the reverberation time measurement. But it
is remarkable that, e.g., in ISO 354 [4], where the absorption is determined by
the reverberation time, the correction is not applied, since this is precisely the
basic situation in which it is required. However, if the correction is applied, the
result will represent the absorption in the measuring room, and if it is not applied,
the result will represent the limiting case in which the room volume tends to
infinity. So, the only way of getting a result that is independent of the measuring
room geometry is not to use the Waterhouse correction. However, if the
absorption determined is applied to a certain room (as in evaluating the
reverberation time of the room), the measured absorption has to be corrected for
that room by the Waterhouse correction. The fact that normally the absorption is
not evenly distributed but rather concentrated at the walls, causes additional
effects, which will not be treated here.

3.2.3 Sound insulation measurements

In sound insulation measurement the aim is to determine the quantity

R= 10|g§%ﬁ, (24)

whereR is the sound reduction indeR; is the sound power incident on a test
specimen andP, is the sound power transmitted through the specimen. If the
measurement is done by traditional means (i.e., not with intensity
measurements), e.g., by using ISO 140-3 [2], the transmitted sound power is
determined by Eq. 22 (transmitted power is equal to the power loss in the
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receiving room), where the absorption of the receiving room is obtained by the
reverberation time measurements according to Eg. 23. This procedure is
equivalent to determining the sound powecording to Eq. 17 exactly as stated

in standards for sound power determination.

Whatever the starting point, the Waterhouse correc@gn (in dB) of the
receiving room lsould be subtracted from the result. However, this correction is
not normally applied, and the measurements thus yield overestimated values at
low frequencies. The incident sound power is determined by the diffuse field
sound intensity available from the sound pressure measurements, and the area of
the specimen. These quantities are not affected by the interference effects near
the boundaries, so no Waterhouse correction is needed for the source room. This
is clear for the specimen area; justifications for the sound intensity are given in
the text after Eq. 18.

In sound insulation measurement by the intensity technique the transmitted sound
power is determined directly by sound intensity measurements, SO no

Waterhouse correction for theeaeiving room is needed. The incidewiuisd

power is determined similarly as in traditonal methods, so no Waterhouse

correction is needed for the source room either, according to the preceding
examination. So sound insulation measurement by the intensity technique needs
no Waterhouse corrections.

If one wants to compare the intensity measurement results with the results of the
traditional methods, the Waterhouse correc@nfor the receiving roomhsuld

be subtracted from the result of the traditional method before comparing,
although the correction is not included in the traditional methods. The other and
worse procedure is to add the Waterhouse correction oétigeving room to the
intensity measurement result before comparing [6, 10]. Obviously, the difference
between the methods is the same in both cases. In the second procedure the
"right” intensity measurement result is made similarly erroneous as the result of
the traditional method; in the first procedure the true error of the traditional
method is corrected.
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4 MEASUREMENTS

Experimental measurements were performed for two types of devices: ventilation
valves and a cable duct. The intensity measurements were carried out according
to the proposal of this report. The traditional measurements were carried out
according to 1SQA.40-10.

4.1 MEASUREMENT EQUIPMENT AND ROOMS

A B&K two-microphone intensity probe type 3520 including an electret
microphone pair of B&K 4183 was used with a two-channel real time 1/3 octave
analyzer Norsonic 830. The equipment was calibrated and the residual pressure-
intensity indicator was measured with the intensity calibrator B&K 3541.

In the measurements both 50 mm and 12 mm spacings were used. The finite
difference approximation, used in the intensity measurements, causes
underestimating to the sound intensity at high frequencies, the error being the
higher the larger spacing is used in the probe. The 50 mm spacing works with an
accuracy of 1 dB up to 1.25 kHz. Theper frequency limit for the 50 mm
spacing was selected a little bit lower, as a frequency upwards from which it
gives clearly lower intensity values than the 12 mm spacing. The lowest usable
frequency for the 12 mm spacing was selected according to the rules concerning
the field indicator and residual pressure-intensity indicator in the method. The
limit frequency for using the different spacings was selected at about the middle
of these two limits. According to this, a microphone spacing of 50 mm was used
up to 400 Hz in the measurement of ventilation valves and up to 500 Hz in the
measurement of the cable duct. A spacing of 12 mm was used at higher
frequencies. The 12 mm spacing works with an accuracy of 1 dB up to 5 kHz.
The error at high frequencies (near 5 kHz), due to the finite difference
approximation, tends to overestimate the element normalized level difference and
sound reduction index.

The sound insulation measurements were done between two reverberation
rooms. The source and receiving room volumes were 99.anu 129.4 rh
respectively. For the intensity measurements the reverberation in the receiving
room was minimized by adding absorbents and also by dismounting the roof of
the receiving room.

In the source room only one loudspeaker position has been used, the same

position for measurements according to 13@0-10 and the proposal of this
report.
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4.2 \ENTILATION VALVES

Three ventilation valves KIV-100 (Lapinleimu Oy) of diameter 200 mm were
mounted on the partition wall between the measuring rooms. The valves have
been measured mounted on a wall, near an extra reflecting panel and near two
extra reflecting panels. The panels were mounted ingbeiing room only. In

the measurements according to 13@0-10 the three valves were functioning
simultaneously. In the measurement according to tbpgsal of this report the
valves were open one at a time and each of the valves was measured separately.
The measuring surface in the intensity measurementdmashaped with five
sub-areas in the case of no extra reflecting panels, and partially box-shaped with
four or three sub-areas in the cases of one or two extra reflecting panels
respectively. In the comparison between the results of intensity and 1ISO 140-10
measurements, Fig. 4, the intensity measurement results of the three valves have
been averaged according to energy basis (the radiated power of the three
valves added together), that is

O O

O 3 ]

O O
Dne=10lgqs 3> (25)

0 100ne0’20]

W

=1
because this gives comparable results with ISChaaketin the comparison, the

Waterhouse correction of theaeiving room has been subtracted from the results
of ISO 140-10 measurements.

Using more than one object in ISO 140-10 measurements has the disadvantage of
possible interaction between the sound radiated by the valves at low frequencies
(third octave bands below 400 Hz). The interaction tends to decrease the
measured insulation.

The electret microphones of the probe got an electric shock of 200 V DC voltage
just before the measurements. That kind of shock makes the residual
pressure-intensity indicator very bad for a while; more than a week will be
needed for the microphones to get over that. That is the main reason for that the
results at lower frequencies than 100 Hz are invalid, so they are not presented in
the figures.
The results and corresponding field indicators are presented on Figs. 2 and 3. In
Fig. 2 it can be clearly seen that the different valves have differences in sound
insulation at the lowest and highest frequencies, although they are similar in
principle. The differences may be due to differences in mounting and differences
of the valves due to tolerances in manufacturing. These sources of error are never
totally avoidable; however, more reliable results may be obtained by measuring
several objects and calculating confidence limits to the results. In Fig. 3 the effect
of mounting the reflective panels
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Fig. 2. Element normalized level differenard field indicator for different
valves.

23



Valve |

DLn.e (dB)

125 250 500 1000 2000 4000
frequency (Hz)
reflective panels:

-2

Valve 2

DY S S e e e s e e e e S e
125 250 500 1000 2000 4000
frequency (Hz)
reflective panels:

Valve 3

DILn.e (dB
60— (. )g o

| el i

125 250 500 1000 2000 4000
frequency (Hz)
reflective panels:
—0 e -

Fig. 3. Element normalized level differenard field indicator for different
number of panels.
24



No reflective panels

125 250 500 1000 2000 4000
frequency (Hz)

Method:
One reflective panel

10+ : _ e
0 Il 1 I I l 1 | . l J.. i 1 L 1 i i
125 250 500 1000 2000 4000
frequency (Hz)
Method:
T intensity === IS0 140-10

Two reflective panels

P I S N S N

125 250 500 1000 2000 4000
frequency (Hz)
Method:
~— intensity —= = 180 140-10

Fig. 4. Element normalized level difference of the valves, comparison of
methods.

25



can be seen. As could be expected, the panels increase the sound power coming
out of the valves thus decreasing their sound insulation at low frequencies (below
630 Hz).

In Fig. 4 the difference between the results of this method and ISO 140-10 can
be seen. Both of the methods give quite similar results with ascumacy of
much less than 1 dB, except at very low and high frequencies. At high
frequencies the difference is partly due to the error caused by the finite
difference approximation of intensity measurements. This could be lowered by
using smaller than 12 mm spacing in the probe. However, that error does not
explain totally the difference between the results of the methods at high
frequencies. Another cause of difference is that the results should be different
due to flanking transmission, which is present in the results of ISO 140-10 but not
in the intensity measurement results. At low frequencies with no reflective panels,
the difference in the results is mainly caused by the interaction between the
sound radiated by the three valves simultaneously in ISO 140-10 measurements.
That effect cannot be seen in the results with reflective panels. Also the flanking
transmission may have an effect on ISO 140-10 results at low frequencies. Very
curious and not very easily explainable is that the intensity measurements give
lower element normalized level difference than ISO 140-10 measurements at the
lowest frequencies with one reflective panel. One explanation may be that in ISO
140-10 measurements there was deviation in ideal diffuse field conditions in the
receiving room at low frequencies.

As a conclusion, the differences between the two methods are due to errors in
ISO 140-10 measurements (errors due to flanking transmission, interaction
between elements and dewviation in ideal diffuse field conditions). An exception to
above is the finite difference approximation error in intensity measurement results
(which can be eliminated by proper spacing selection). So the intensity
measurements will, at least in this case, havac@uracy which is better than in
traditional measurements. One remarkable point of view is that the differences
between the results of different valves are of the same order, and at low
frequencies even higher, than the differences between the results of different
methods.

4.3 (ABLE DUCT

One cable duct of lateral dimensions of 134 mi62 mm, constructed of
aluminium profile, with a length of 2.1 m in both the source and receiving rooms
and having six cables inside was mounted through the partition wall between the
measuring rooms, on an reflecting panel in both rooms. In the intensity
measurements the measurement surface was divided into 10 subareas. The
measurement results are shown in Fig. 5. The Waterhouse correction of the
receiving room has been subtracted from the results of [R0-10
measurements.
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The effect of flanking transmission is very high in this case. So it is expected that
ISO 140-10 vl clearly underestimate the element normalized level difference. In

Fig. 4 also the element normalized level difference of the partition wall, measured
using ISO 140-10, is presented. In the figure it can be seen that at frequencies
below 315 Hz, between 800 and 1000 Hz, and over 2500 Hz the measurement
result of the cable duct is clearly dominated by the wall sound transmission
properties. The traditional method fails and the intensity method should give
much more reliable results at these frequencies. That can also be seen except at
low frequencies, below 315 Hz.
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Fig. 5. Element normalized level differenaed field indicator for the cable
duct.

The sound insulation of the partition wall between the measuring rooms gives
limitations to the valid frequency range at low frequencies for intensity
measurements also, as can be seen. This is due to the fact that the sound trans-
mitted through the wall makes the field indicator very high at low frequencies.
Another reason for the high field indicator at low frequencies is the flanking
transmission of sound originating from the source room through the dismounted
roof. The valid frequency range for the intensity measurement results in this case,
according to the mbbod proposal, begins from the third-octave with centre
frequency of 315 Hz.

It can be seen that at the valid frequency range of both of the methods, they give
the same results within an accuracy bbat 1 dB or better. The difference is
higher at frequencies where one or both of the methods do not work properly.

It can be clearly seen from this measurement example that the effects of flanking

transmission on the sound insulation measurement results can be diminished by

using intensity technique. Also it can be seen that very high flanking transmission
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may, however, make the results of the intensity technique invalid. This effect can
be very easily noticed from the values of field indicator. If the field indicator is
within the limits of the method of this report, one can be assured that that kind of
high flanking transmission problem does not exist.

The only way to avoid the high flanking transmission problem is to increase the
sound insulation of the flanking paths. Using more than one object in connection
with the intensity technique does not make the situation better, because in the
intensity technique the individual objects have to be measured one-by-one. If one
gives himself a possibility to deviate from the requirements of thbadedf this
report, one way of avoiding the high flanking transmission problem somehow is
to use very accurately phase-matched opbones (very low residual pressure-
intensity indicator) and to ignore the requirement of the highest field indicator of
10 dB. This must be done with ultimate care and it is not recommended for non-
experts in acoustics. Anyhow, this is beyond the scope of the method of this
report.

5 CONCLUSIONS

In this project a laboratory method to evaluate the sound insulation of small
building elements was developed. In the method, sound intensity measurements
are applied and the results are expressed in terms of the element normalized level
difference. The method has a supplement considering the general usefulness of
the element normalized level difference (or unit sound insulation) in evaluating
the sound insulation of partitions. The supplement can be applied also to 1ISO
140-10 and NT ACOU 037.

There are special requirements concerning the installation and operation of small
building elements in measuring their sound insulation. The consequences of the
requirements to the measurement method are takeadontwunt. Also the special
demands caused by the small size of the object are taken into account. Some
experimental measurements according to théoaehave been performed.

The main special features of this method are: The scanning tieecbfsub-area

has a recommendation for maximum value and in the case of more than one sub-
area, it is recommended to record the individual sub-area results and to calculate
the final result afterwards. That is to avoid errors due to scanning speed and line
density alteration. A specific rule for the minimum number of scanning lines on
any subarea is given, in which the number is dependent of the shape of the sub-
area. Special rules for adjusting the scanning speed in the case that the
instrumentation allows only discrete integration times are given, to give limits to
the mismatch between the scanning and integration time. The requirement of less

or equal than 1 dB difference between the results of the two scans and the
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requirements concerning the field indicator in the methdidoe applied to the

final result, not to the results of the individual sub-areas. If extra panels are used
to simulate corner or edge positions, the average absorption coefficient for panels
in the receiving room has to be less than 0.06.

The guidelines for the derivation of the overall sound reduction of composite
partition constructions contain a correction to the case in which the total area of
the small elements on a partition cannot be considered to be small compared with
the area of the partition. That correction may be relevant in cases where the
partition is very small, or if there is many small elements mounted on the
partition. The guidelines contain also a rough estimate for the error caused by the
acoustic interaction between the elements on the partition.

The classical form of the Waterhouse correction, the purpose of which is to take
account of the higher energy density near the room boundaries, has been
developed to an improved formula, which is a function of room modal density.
The corrected room volume takes account of the fact that in small rooms the
number of axial and tangential modes in proportion to oblique modes is higher
than in large rooms. The Waterhouse correction may be determinezhdbr

room by measuring or calculating its modal density. This is advantageous if the
room is not a parallellepiped, in which case the accuracy of the classical form of
the Waterhouse correction is worse. The improved form of the Waterhouse
correction normally differs from the traditional one at third octave bands with
centre frequencies less than 100 Hz. There is a tendency for some measurement
methods in building acoustics to be used in an extended frequency range down to
a third octave band with a centre frequency of 50 Hz. With that kind of extended
frequency range, the refinement of the Waterhouse correction has an obvious
effect.

If absorption is determined by measuring the reverberation time as in ISO 354
and the Waterhouse correction is not applied, the regutepresent the limiting

case in which the room volume tends to infinity. If the absorption determined is
applied to a certain room (as when evaluating the reverberation time of the
room), the measured absorption must be corrected for that room by the
Waterhouse correction.

The Waterhouse correction of theceiving room lsould be subtracted from the
result of traditional measurements of the sound reduction index. This is especially
important if the results are compared to those of intensity measurements.
However, this correction is not normally applied, and the measurements thus
yield overestimated values at low frequencies. No Waterhouse correction is
needed for the source room. The measurement of sound insulation by the
intensity technique needs no Waterhouse corrections.

Experimental measurements were performed for two types of devices: ventilation
valves and a cable duct. The intensity measurements were carried out according
29



to the proposal of this report. The traditional measurements were carried out
according to 1ISQL40-10. Both of the methods give quite similar results with an
accuracy of 1 dB or better at a frequency range where the flanking transmission
is not very important and were both of the methods give valid results. The other
reasons for differences are the finite difference approximation error in intensity
measurement results, the interaction of different objects at low frequencies, and
deviations in ideal diffuse field conditions in theceiving room at low
frequencies. Except for the finite difference approximation error, which can be
eliminated by proper spacing selection, the differences between the two methods
are due to errors in ISO 140-10 measurements (errors due to flanking trans-
mission, interaction between elements and deviation in ideal diffuse field
conditions). So the intensity measuremernitishave at least asogpd anaccuracy

as the traditional measurements. The differences between the results of similar
objects, due to mounting and manufacturing tolerances, are of the same order as
the differences between the results of the different methods, i.e., the difference
between the two methods lies well within the repalitiabf the mehods.

The effects of the flanking transmission on the sound insulation measurement
results can be diminished by using the intensity technique. Very high flanking
transmission may, however, make the results of the intensity technique invalid.
This effect can be very easily noticed from the values of field indicator. If the
field indicator is within the limits of the method of this report, one can be assured
that that kind of high flanking transmission problem does not exist. The only way
to avoid the high flanking transmission problem, according to thikodets to
increase the sound insulation of the flanking paths (i.e., partition wall).

In the cases where flanking transmission causes no problems for traditional
measurements, 1SO 140-10 method is preferaldealise measurements
according to it may be carried out with much less time than measurements
according to the mbod of this report.
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SMALL BUILDING ELEMENTS:
ELEMENT NORMALIZED LEVEL DIFFERENCE

A laboratory method based on

scanned sound intensity measurements
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1 SCOPE AND FIELD OF APPLICATION

This NORDTEST method specifies a laboratory sound intensity scanning
method of measuring the airborne sound insulation of such small building
elements as are defined below. This method also establishes directions
about reporting and applying such test data.

ISO 140-10 specifies a laboratory method of measuring airborne sound
insulation of small building elements under diffuse field conditions. This
NORDTEST method is primarily intended to be used instead of ISO 140-10
whenever the flanking transmission prevents accurate measurements
according to 1ISQL40-10. The correction of flanking transmission, used in
ISO 140-10, is not needed in this NORDTEST method. Increasing the
number of test objects to avoid inaccuracy due to flanking transmission,
used in ISO 140-10, is not used in this NORDTEST method. Increasing the
number of test objects may, however, be used to evaluate the standard
deviation of the results and to increase the accuracy of the result$4050

10 is to be preferred to this NORDTEST method when it is not possible to
get a low enough field indicator in theaeiving room, when the air flow
from the building elements to be measured prevents accurate intensity
measurements or when the flanking transmission causes no problems.

It is intended that the results obtained will be used to develop building
elements with appropriate acoustical properties, to classify such elements
according to their@und insulation properties and to estimate their influence
on the sound insulation of partition constructions in buildings.

This NORDTEST method applies to building elements with an area of less
than 1 M which occur in a certain number of discrete sizes with well-
defined lateral dimensions. The elements are such that they transmit sound
between two adjacent rooms or between one room and the open air
independently of the adjoining building elements. The method does not
apply to windows and doors, and elements with air flows over 2 m/s
through the measurement surface.

Some examples of equipment covered by this NORDTEST method are

transfer air devices

airing panels (ventilators)

outdoor air intakes

electrical cable ducts

transit sealing systems (e.g., sealing systems for passings
through walls or slabs).

This method is not primarily intended for components that constitute part of

an integrated unit for which the associated sound transmission might depend
on an interplay of components.
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2 REFERENCES

The following standards contain provisions which, through reference in this
text, constitute provisions of this NORDTEST method. At the time of
publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this NORDTEST method are
encouraged to investigate the possibility of applying the nexsgtnt editions

of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 140-1:1990, Acoustics - Measurement of sound insulation in buildings
and of building elements - Part 1: Requirements for laboratories.

ISO 140-3:1978, Acoustics - Measurement of sound insulation in buildings
and of building elements - Part 3: Laboratory measurements of airborne
sound insulation of building elements. (Under rewvision.)

ISO 140-10:1991, Acoustics - Measurement of sound insulation in buildings
and of building elements - Part 10: Measurement of sound insulation of
small building elements.

ISO 717-1:1982, Acoustics - Rating of sound insulation in buildings and of
building elements -Part 1. Airborne sound insulation in buildings and of
interior building elements. (Under revision.)

ISO 717-3:1982, Acoustics - Rating of sound insulation in buildings and of

building elements -Part 3: Airborne sound insulationactfle elements and
facades. (Under revision, to be subjoined to 1I9@-1.)

ISO 3741:1988, Acoustics - Determination of sound power levels of noise
sources - Precision methods for broad-band sources in reverberation rooms.

ISO 9614-1:1993, Acoustics - Determination of sound power levels of noise
sources using sound intensity - Measurement at discrete points.

ISO 9614-2, Acoustics - Determination of sound power levels of noise
sources using sound intensity - Measurement by scanning. (At present at
the stage of draft.)

IEC 942:1988, Sound calibrators.

IEC 1043, Instruments for the measurement of sound intensity. (At present
at the stage of draft.)

NT ACOU 084:1992, Building elements: Sound insulation, intensity.
Scanning under laboratory conditions.
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3 DEFINITIONS

For the purposes of this NORDTEST method, the following definitions
apply.

3.1 AVERAGE SOUND PRESSURE LEVEL INAROOM.,

10 times the common logarithm of the ratio of the space and time average
of the sound pressure squared to the square of the reference sound
pressure, the space average being taken over the entire room with the
exception of those parts where the direct radiation of a sound source or the
near field of the boundaries (wall, etc.) is of significant influence. The
average sound pressure is given by:

Op?+ p3+...+ p20
|_p:10|gD'Ol Pz . PhdB (1)
W np, il
where
P1 P2s --s Pn are the time average (r.m.s.) sound

pressures at different positions in the
room, in pascals;
po = 20uPais the reference sound pressure.

3.2 SDOUND INTENSITY, |
Time average rate of flow of sound energy per unit area. The orientation of

the unit area is such that the local particle velocity is normal to it. The sound
intensity is a vectorial quantity which is equal to

| T

1
== pMu)dtw/m*, (2)
T3
where
p(t) Is the instantaneous sound pressure at a point, in
pascals;
u(t) Is the instantaneous particle velocity at the same
point, m/s;
T Is the averaging time, in seconds.
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3.3 NDRMAL SOUND INTENSITY, |,
Sound intensity component in the direction normal to the measurement
surface. If the normalosind intensity is positive, the acoustic energy flows

out from the measurement surface, and if it is negative, the energy flows
towards the measurement surface. The absolute valygisoflenoted by

| 1n].
3.4 NDORMAL SOUND INTENSITY LEVEL, L,

Ten times the common logarithm of the ratio of the absolute value of
normal sound intensityl, | to the reference intensity as given by:

I

Lin= 10Igwﬁd8 : (3)

where

lo = 10% W/m? .

3.5 FRESSUREINTENSITY INDICATOR OR FIELD INDICATOR F

The difference between time and surface averagaddspressure levell,,
and the normal sound intensity levie},, on the measurement surface given

by:

F=Lp-LndB. (4)

Note In ISO 9614-1 the notatid® is used.

3.6 RESIDUAL PRESSURENTENSITY INDICATOR, Opio

The difference between indicated sound pressure level and sound intensity
level when the probe is placed in @urd field in such an orientation that

the particle velocity in the direction of the probe measurement axis is zero
(e.g., in an acoustic coupler or transverse to the direction of propagation of
a plane sound wave).
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3.7 HE.LEMENT NORMALIZED LEVEL DIFFERENCE Dne

Ten times the common logarithm of the ratio of the sound power incident
on a reference area to the sound power transmitted through the test
specimen. The incident average normal sound intensity on the reference
area corresponds to the incident average normal sound intensity on the test
specimen. The element normalized level difference is denotéq bsnd is
expressed in decibels:

v Aol

An,e:10|gH§HdB, (5)

where

I Is the incident average normal sound intensity, in
W/m?;

In2 is the transmitted average normal sound intensity,
in W/nm?;

Ao is the reference area, in square metres (for the
laboratory,A, = 10 nf);

S Is the area of the test specimen, in square metres.

For the purposes of this test method, the element normalized level
difference is given by equation 6. It is denotedyy. and is expressed in
decibels:

HA U
Dl,n,e: Lp1'6'L|n+10|gB$HdBy (6)

where the reference ar@gis defined above and

L1 is the average sound pressure level in the source
room, in decibels;

Lin Is the average sound intensity level over the meas-
urement surface in the receiver room, in decibels;

Sn is the area of the measurement surface, in square
metres.

This element normalized level difference is evaluated from Eqg. 5 assuming
that the sound field in the source room is perfectly diffuse. For the purposes
of ISO 140-10 the element normalized level difference is given in such a
way that it is assumed further that the sound field is perfectly diffuse also in
the receiving room and that theusd is transmitted only through the test
specimen.

Note If the level of the sound power transmitted through the element
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to the receiving room iknown, the element normalized level
difference may also be obtained according to:

Dlvn,e: Lpl- LW+4 dB; (7)
where the reference area of 16 iB1supposed.; is as above
andLy is the sound power level, in decibels.

3.8 (ORRECTED ELEMENT NORMALIZED LEVEL DIFFERENCED, ¢ ¢
If the measurement resik , . is to be compared to a result obtained by the

traditional measurement method ISO 140-10 the corrected element
normalized level difference

(8)
should be used instead of the result of ISO 140-10, where

Dhe is the element normalized level difference, in
decibels, measured according to |5-10;

S» iIs the area of all the boundary sgés in the
receiving room, in square metres;

V, iIs the volume of the receiving room, in cubic
metres;

A is the wavelength at the centre frequency of the

one-third octave band, in metres.

In the measurements according to 19@0-10 the sound field in the
receiving room is not perfectly diffuse, as it is assumed, which thus
underestimates the sound power radiated into #e®iving room. The
correction term in Eqg. 8, called Waterhouse correction, compensates for
that effect concerning the higher energy density near the room boundaries.

Note In Annex D a refined form of Waterhouse correction is
presented. By using it, the correction can be determined
experimentally by measuring the modal density of the receiving
room.
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3.9 SUND REDUCTION INDEX R

Ten times the common logarithm of the ratio of the sound power incident
on a test specimen to the sound power transmitted through the specimen.
This quantity is denoted iy and it can be expressed in decibels using the
element normalized level difference:

R=Dye- 10195 0B, ()
where
Dne is the element normalized level difference, in
decibels;
Ao Is the reference area, in square metres (for the
laboratory,A, = 10 nf);
S is the area of the test specimen, in square metres.

If the element normalized level difference is determined by intensity
measurements, using Eq. 6, it is denotedby. If this is substituted for
Dnhe in Eg. 9, the result is called intensity sound reduction index and
denoted byR.

3.10 W\EIGHTED ELEMENT NORMALIZED LEVEL DIFFERENCED;, ¢

Element normalized level differen¢s, . weighted according to 1IS@17-1,
similar weighting as for the level differend® in that standard. If the
element normalized level differend® . according to Eq. 6 is weighted,
the result is denoted Wy, . The spectrum adaptation ter@sand C;

may be stated with the weighted element normalized level difference in
parentheses behind the single number quantiy,as(C;Cy), according to

ISO 717-1 (Dratft).

3.11 WEIGHTED SOUND REDUCTION INDEX R,

Sound reduction indeR weighted according to IS@17-1. If the intensity
sound reduction indeR, is weighted, the result is weighted intensity sound
reduction indexR,,. The spectrum adaptation terr@sand C; may be
stated with the weighted sound reduction index in parentheses behind the
single number quantity &,(C;Cy), according to ISO'17-1 (Draft).
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3.12 MEASUREMENT SURFACE

Surface totally enclosing the test specimen on the receiving side, scanned by
the probe during the measurements.

3.13 SB-AREA

Part of the measurement surface being measured in on@uow#i sub-
scan.

3.14 MEASUREMENT DISTANCE

The shortest distance between the measurement surface and the specimen
to be measured.

4 INSTRUMENTATION

4.1 (ENERAL

The measurement equipment shall be suitable for meeting the requirements
of clause 7. The intensity measuring instrumentation shall comply with IEC
1043 and be able to measure sound intensity and sound pressure levels in
decibels in one-third octave bands. It is preferred that the analysis is
performed in real time. A probe windscreen shall be used if the element to
be measured generates air flow through the measurement surface.

Note It is advantageous to have a reasonably flat spectrum in the
receiving room. The most effective metl of achieving this
aim is to equalize the measuring signal fed to the loudspeakers
in the source room. If an equalizer is not available, some
benefit may be gained by using white rather than pink noise or
by measuring at one or a few one-third octave bands at a time,
for situations with high sound reduction indices at high fre-
guencies.

The residual pressure-intensity indicatdy, of microphone probe and
analyzer shall be higher thd&n+ 10 dB at each third octave band used in
the measurements.

Note In cases where the residual pressure-intensity indicator of the
probe and analyzer is lower than 20 dB in any frequency bands
of interest, it may be advantageous before the measurements to
write out a table of maximum allowed field indicator as a
function of frequency separately for each mmitone spacing
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Note

used. This can be done as follows: Measure the residual
pressure-intensity indicator. Subtract 10 dB from the results.
This will give the maximum allowed field indicator so that the
above criterion for the residual pressure-intensity indicator is
always satisfied. If the maximum allowed field indicator is
known for spacingl,, it can be calculated for another spacing
d, using

.0
Fmax, = 1OI d F ma: L] 10
2 9%1% x1 ( )
where
Frax 1 is the maximum allowed field indicator
for spacingd;;
Frax.2 is the maximum allowed field indicator

for spacingd,;

supposing that the same probe (and microphones) are used. In
Clause 7.4.4 a criterion for the maximum allowed field
indicator of 10 dB is given in the case of a sound reflecting
specimen. The final maximum of the field indicator will be
either 10 dB or the value obtained in the procedure above,
whichever is lower. So the table will have the factors

min(10,F na) dB (11
as functions of frequency for each nophone spacing used.

In the case of a test specimen with sound absorbirecsuirf

the receiving room the criterion for the maximum allowed field
indicator is 6 dB instead of 10 dB in Clause 7.4.4. In that case
10 must be replaced by 6 in Eq. 11.

The equipment for sound pressure level measurements shall meet the
requirements of ISO 140-3. In addition the microphone in the source room
must give a flat frequency response in a diffuse sound field.

Note

A 13 mm pressure microphondlwormally yield satisfactory
frequency response.

4.2 (ALIBRATION

Calibrate the instrument and the probe at least at one frequency in the range
from 200 to 1000 Hz imccordance with the calibration procedure and at
intervals specified by the manufacturer.
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Carry out the following field checks to test the instrument before each
series of measurements:

a)

Carry out a field check according to the instrument manufac-
turer's specifications.

If no field check is specified by the instrument manufacturer, check the
instrument according to b) and c):

b)

Note

Sound pressure level: Cheekch pressure migphone of the
intensity probe for sound pressure level using a class 1
calibrator or better in accordance with 1B@2.

Intensity: Carry out a calibration using an intensity calibrator. If
such a calibrator is not available or if the construction of the
probe does not allow it, make a rough field check to indicate
anomalies within the measuring system, according to the
following: Place the intensity probe on the measurement
surface, with the probe axis oriented normal to the surface, at a
position where the noise from the source is characteristic for
that source. The intensity probe should be mounted on a stand
to retain the same position while carrying out the measurement
check. Measure the normal sound intensity level. Rotate the
intensity probe through 180 about a normal to its measure-
ment axis in the same position as the first measurement.
Measure the normal sound intensity level again. For the highest
sound intensity level measured in one-third octave or octave
bands the unsigned difference between the two sound intensity
levels shall be less than 1.5 dB, and the direction indicated for
the intensity shall differ, for the measurement instrumentation
to be acceptable.

This test may not be completely appropriate for pressure-
velocity probes for which the manufacturer's instruction should

apply.
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5 LABORATORY REQUIREMENTS

5.1 Roowms

Laboratory test facilties shall comply with the requirements given for
laboratory test facilities in 1SQ40-1, concerning the source room. The
receiving room may be any room meeting the requirements of the field
indicator and the background noise, see 7.4.3 and 7.4.5. All the measure-
ment results within the same measurements have to correspond to similar
reflecting and absorbing properties of the receiving room.

5.2 RARTITIONS

The test object is usually much smaller than the available test opening. A
partition of sufficiently high sound insulation shall be built in the test
opening: the object shall be placed in this partition.

If the sound insulation of the partition is expected not to be sufficient, it may
be advantageous to measure it. This measurement can be carried out before
making the opening for the test object or with plates having a high sound
insulation on both sides of the opening. It is convenient to express this
sound insulation in terms of the element normalized level difference
according to equation 5.

6 INSTALLATION AND OPERATION OF TEST
OBJECTS

6.1 GENERAL

As the sound insulation of small building elements depends on their
dimensions, reliable values can be obtained only by testing every actual
size.

6.2 MOUNTING OF TEST OBJECTS
Ensure that the test object is installed in a manner representative of field
practice with a careful simulation of normal connections and sealing
conditions at the perimeter and at joints within the unit.
If the test object is intended to be openable, install it for test so that it can be

opened and closed in the normal manner. Open and close it at least ten
times immediately before testing.
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In order to achieve a realistic wall thickness around the element, it might be
practical or necessary either to increase or decrease the thickness of the
partition wall in the area around the element. Rules for increasing or
decreasing the thickness locally are given in Annex A.

6.3 LOCATION OF TEST OBJECTS

6.3.1 Mounting locations

When a small building unit is mounted near one or more reflecting planes,
the sound transmission may differ appreciably from that obtained when the
unit is mounted through a partition but away from any adjoining room
surface. Therefore, ount the equipment to be tested through the partition

in locations representative of normal usage. On devices which can be used
at several different locations, carry out measurements at least with an edge
present in both rooms.

For transfer air devices and cable ducts which are normally mounted near
an adjoining reflective wall, the specific mounting locations are stated in 6.4
and 6.5. For other types of equipment the rules given in 6.3.1.1 to 6.3.1.3
shall be observed. If the small building unit is mounted in a niche, the
frames of the niche are not considered to be reflective planes in Clauses
6.3. - 6.5.

6.3.1.1 Equipment used away from wall

Install equipment mounted through a partition but normally located away
from an adjoining wall, floor or ceiling in such a manner that no part is
within 1.00 m of a surface at right angles to theunting surace.

6.3.1.2 Equipment used near an edge

Locate equipment mounted through a partition and normally located near
an adjoining wall, floor or ceiling, and away from a corner, at least 1.00 m
from the nearest wall not being a part of the edge. Unless otherwise
specified by the manufacturer, locate the edge of the equipment 0.1 m from
the edge of the wall.

6.3.1.3 Equipment used near a corner

Locate equipment mounted through a partition and normally located near a
corner at the distance from a corner recommended by the manufacturer.

If natural corners or edges are not available in the test opening, it is essential
to simulate such mounting conditions by attaching reflective panels at right
angles to the partition wall, as illustrated in Annex B. Ensure that the
simulation takes place both in the receiving and the source room.
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6.3.2 Number of locations

The building elements are small and, in combination with the spatial
variations of the sound field in the test room, this leads to a significant
location dependency. Use preferably three locations for the mounting of the
test object in the partition wall. These locations shall either

a) be simulated as described in 6.3.1 or
b) they shall be located at least 1.2 m from each other.
Note A location dependency also exists for apparently equivalent

corners which makes it necessary to use more than one corner
to achieve an acceptable precision.

Note When simulating corner or edge locations by attaching reflec-
tive panels, it is possible to achieve the necessary location
averaging by changing the locations and orientations of the
additional panels.

6.4 INSTALLATION OF TRANSFER AIR DEVICES

Install the test objects in a manner representative of field practice and in
typical locations with respect to the room surfaces as given in the installa-
tion rules above. Mount transfer air devices which are normally mounted
near an adjoining ceiling in a location close to a reflectiveasarfat right
angles to the partition, but at least 1.00 m from any corner. The distance
between the closest part of the device and the adjoining surface shall be 0.1
m. Accessories normally used shall be included. Set and fix these acces-
sories in accordance with the manufacturer's directions.

If the device is provided with some airflow control, ensure that the
equipment is operated in a specified manner typical of normal usage. If the
specified manner is not the fully open condition, include this condition in the
test sequence.

If the device is continuously adjustable to various wall thicknesses, ensure
that the tests comprise at least the two extreme wall thicknesses for which
the device is stated to be suitable.

6.5 INSTALLATION OF CABLE DUCTS
Install the test object in a manner representative of field practice and in

typical locations with respect to the room surfaceuM cable ducts
which are normally mounted directly on walls on a reflective asarfat

ANNEX/16



right angles to the partition and in accordance with the manufacturer's
directions. Include accessories normally used. Install these accessories in
accordance with the manufacturer's instructions.

Install the test object with an exposed continuous duct length of at least 2
m, both in the source and in the receiving room. Provide Xpesed duct
ends with standard end covers.

Soundproofingaccessories to be used in installations through partition walls
are often available in cable ducts. To test practical sealing and insulating
properties of such soundproofi@gcessories, it is recommended that the
cable duct be filled to its rated capacity with cables.

Note The acoustical performance can vary with the number of
cables.

If the edge mounting is simulated with additional panels, ensure that the
panel length is at least as large as the duct length.

/ TEST PROCEDURE AND EVALUATION

7.1 ENERAL

Measure the average sound pressure level in the source room and the
average sound intensity level on a measuremenacirih the receiving
room. Provided that the field indicator is satisfactory calculate the element
normalized level difference and, if needed, the intensity sound reduction
index.

Unless otherwise stated in this standard, the laboratory procedures shall
comply with the relevant clauses of ISO 140-3, concerning the sound
generation and measurement in the source room.

7.2 (ENERATION OF SOUND FIELD IN THE SOURCE ROOM
The sound generated in the source room should be steady and have a
continuous spectrum in the frequency range considered. Filters with a
bandwidth of at least one-third octave may be used.
The sound power should be sufficiently high for the sound pressure and
sound intensity level in theeceiving room to be at least 10 dB higher than
the corresponding background level in any third-octave band.
If the sound source contains more than one loudspeaker operating simulta-

neously, the loudspeakers should be contained in one enclosure, the
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maximum dimension of which should notcexed 0.7 m. Theoudspeakers
should be driven in phase. Multiple sound sources may be used simulta-
neously providing they are of the same type and are driven at the same level
by similar, but uncorrelated signals. Continuously moving sound sources
may not be used. When using a single sound source it shall be operated in
at least two positions.

The loudspeaker enclosure should aced to give aaind field as diffuse
as possible and at such a distance from the test specimen that the direct
radiation upon it is not dominant.

7.3 MEASUREMENT OF AVERAGE SOUND PRESSURE LEVEL IN THE SOURCE
ROOM

The average sound pressure level may be obtained by using a number of
fixed microphone positions or a continuously moving microphone with an
integration of sound pressure squargd.(As a minimum, five microphone
positions shall be used.

7.4 MEASUREMENTS ON THE MEASUREMENT SURFACE IN THE RECEIVING
ROOM

7.4.1 Measurement surface

The acoustical measurements in the receiving room shall take place on a
measurement surface totally enclosing the test opening. The measurement
surface forms a closed surface over/in front of the element to be measured.
If the test specimen generates air flow in the receiving room the speed of

flow must not exceed 2 m/s on the scanning paths through the measurement
surface.

If the test specimen is mounted in a niche, the measuremeateus
normally one face, the face consisting of the flat surface of the niche
opening flush with the wall in the receiving room. If the opening is large, the
measurement surface can be made smaller by closing the surface into the
opening by using a box-shaped or partial box-shaped measuremanesurf
see Figs. 1 and 3. The box-shapedasigfconsists of five faces, see Fig. 1,
and the number of faces of a parbalx-shaped suate is more than one

but less than five, see Figs. 2 and 3. If the test specimen is not mounted in a
niche or if the depth of the niche is less than 0.1 m a box-shaped measure-
ment surface has to be usedbéx-shaped measurement siwd may also

be used to avoid too high speeds of flow on the measurement surface. If the
building element is mounted near one or more reflecting planes excluding
the wall between measuring rooms (see Clause 6), the reflective planes shall
be used as boundaries of the measuremenacgyrfthe measurement
surface thus being replaced by a partial one, see Fig. 2. Especially conside-
ring the box-shaped or partial box-shapedae$, if any reflecting plane
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(even small) is nearer than 1 m to any part of the measurement surface, the
angle between them shall be at least’30he reflecting planes above do

not mean those of the element to be measured, the wall between the
measuring rooms and other surfaces on which the measurement surface is
closed. The former requirement is not applied to the frames of a niche
when using box-shaped or partial box-shaped measuremeracesurf
provided that the field indicator is valid according to Clause 7.4.4 at the side
faces of the measurement surface in the niche opening.

A

Fig. 1. Box-shaped measurement surface. The arrows point towards the
faces of the measurement surface.

A
|

........

.4
RESREE S

Fig. 2. Examples of partial box-shaped measurement surfaces. The arrows
point towards the faces of the measurement surface.
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Fig. 3. Examples of partial box-shaped measurement surfaces on a niche.
The arrows point towards the faces of the measurement surface.

The measurement surface may be a hemisphere (or part thereof if the test
object is mounted close to theiliog, on the floor or in a corner) if all
dimensions of the test object inside the receiving room are less than half the
chosen measurement distance. In that case the surface consists of only one
face. The measurement surface may be a cylinder (or part thereof) if only
two dimensions of the test object inside the receiving room are less than half
the chosen measurement distance. In that case the cylindrical shell part
forms one face of the surface and the ends (two or one) of the cylinder
form other faces.

Avoid measurement distances smaller than 0.1 m because of the
complicated near field of the vibrating element. In the near field the
intensity tends to change sign on a very short spatial scale. The sound field
Is also normally more uniform in the niche opening than inside the niche.
Avoid measurement distances greater than 0.3 m. However, to avoid too
high speeds of flow on the measurement surface, larger measurement
distances can be used provided that the field indicator remains in its valid
range.

7.4.2 Sub-areas

If the measurement surface consists of one face, it is normally not divided
into distinct sub-areas. If a box-shaped, partial box-shaped or cylindrical
measurement surface is used, the measurement surface is normally divided
into sub-areas, one sub-area for each face of the surface.

If the maximum recommended scanning time of a sub-area is going to be
exceeded, the measurement surface has to be divided further into sub-
areas. Subdivision can also be carried out if other aspects in the scanning
procedure (see Clause 7.4.3) favour it. In that case use the following
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principles:

The division into sub-areas can be based on the shape, size and other
factors of the partition to be measured, to make the scanning patterns easier
to follow with a steady speed and line density. Also other constructional
details of the partition, including the thicknesses and edges of plate-like
parts, other natural boundaries, natural obstacles (e.g., pipes), leakages etc.
can be used as the basis for defining the sub-areas. No dimensions of the
sub-areas may exceed 1 m. The sub-areas can be of different size. It is
recommended that strongly (and weakly) radiating parts of the partition
should have their own sub-areas, as should also parts with negative
intensity.

In the case of more than one sub-area, it is recommended to record the
individual sub-area results and to calculate the final result afterwards, to
avoid errors due to scanning speed alteration.

7.4.3 Scanning procedure

Always hold the probe normal to the measurement surface while scanning
and direct it to measure the positive intensity outwards from the building
element under test. The operator should disturb the acoustic field to be
measured as slightly as possible. If possible, this can be ensured by the
operator by having larger viewing angles than°4§f forward looking is
assumed) in respect to the normal of the surface to be measured.

Scan at a steady speed between 0.1 and 0.3 m/s. Each flat sub-area is
scanned using parallel equidistant lines turning at each edge as shown in
Fig. 4. Scanning patterns of the same kind are applied to hemispherical and
semicylindrical subareas. With the latter, the scanning direction may be
axial or circumferential. The scanning line density depends on the
irregularity of the sound radiation. A large number of irregularities such as
leakages requires a higher line density. Normally select the line density so
that the distance between adjacent lines is equal to or less than the
measurement distance. Besides, it is preferred that each square or nearly
square sub-area has at least 5 scanning lines. With other sub-area shapes
the foregoing recommendation is modified so that the product of the
number of scanning lines in two mutually perpendicular directions (with the
same distance between lines) is at least about 25 (i.e., 5 and 5, or 4 and 6,
or 3 and 8, etc.).
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Fig. 4. Scanning patterns for the two scans.

Note The last recommendation regarding the minimum number of
scanning lines will guarantee that the (minimum) total path
length of the scanning lines is independent of the sub-area
shape. In fact, the minimum path length according to the
recommendation will be 5 times the square root of the area.

If the speed of flow is not constant on the measurement surface, the areas
of high speed of flow may be avoided in some degree by proper selection of
the scanning pattern.

If the individual sub-area results are recorded for later calculation, the line
density may be different on different sub-areas. Those sub-areas that have
small dimensions can be measured using discrete probe positions in the
middle of the sub-areas. The dimensions are small if a definite scanning
pattern is difficult or impossible to be traced.

Avoid stops other than interruptions when passing from one sub-area to
another.

If the individual sub-area results are not recorded for later calculation, the
scanning time of each sub-area shall bspprtional to the size of the area.

For the sake of steady scanning speed and line density, it is recommended
that the maximum scanning time is about 1 mindach sub-area unless
scanning is carried out by an automatic system.

Note The recommendation regarding the maximum scanning time
together with the other recommendations and requirements
above may lead to maximum recommended sub-area sizes.

If the instrumentation is such as to allow only discrete integration times,
take into account the following special rules:
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Adjust the scanning speed and integration time of each sub-
area so that the scanning time is as near to the integration time
as possible. If the scanning time of a sub-area is about 20 % or
more longer than the integration time or if the integration time
is about 20 % or more longer than the scanning time, rescan
the sub-area. If it can be expected that the intensity level is at
least 6 dB higher in the part of the scanning pattern not
integrated, rescan the sub-area (although otherwise within the
limits abowve). If the integration time is longer than the scanning
time (within the above limits), i.e., the scanning will be ended
before all the integration time has elapsed, continue scanning
from the end of the scanning path towards the beginning, with
decreased line density, until the integration time ends. Always
record the individual sub-area results and calculate the final
result afterwards.

If the measurement surface is not one flat surface, it is important to pay
particular attention to the areas close to the intersection between the surface
and the partition wall in which the test specimen is mounted. The measure-
ment surface must be closed properhowsd the outer edge of the
measuring surface, that is, it is essential to scan as close as possible to the
partition wall. For measuring surfaces that are divided into several sub-
areas, these do not need to be closed onto the physicesaitfthe joints
between two sub-areas as long as there is no gap between them.

7.4.4 Sound intesity measurenent

During the scan measure the time and space integrated stensity level

Lin. If possible measure the time and space integratendspressure level

L, simultaneously. If the sound pressure level is not measured simultaneous-
ly, measure it using scanning similar to that for sound intensity. If the
measurement surface is divided into several sub-areas, each & areh

each scanned individually, the totadusd intensity level,, and sound
pressure levdl, must be evaluated from

Ln=101g(_S 1) -10g( _gdB

(12)
L,=101g(_s 10+'*)-10Ig(_s)dB,
wherel; is positive for sound intensity with positive direction
li=10""'*° ,energy flow out from the test surface (13)

and negative for sound intensity with negative direction
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li=-10""* energy flow towards the test surface (14)

Calculate the field indicator according to Eq. 4. If the measured intensity is
negative or ifF is not satisfactory, that isif > 10 dB for a sound reflecting

test specimen or iF > 6 dB for a test specimen with a sound absorbing
surface in the receiving room, improve the measurement environment. First
try to increase the measurement distance by 5 ... 10 cm. If this fails add
sound absorbing material to theeceiver room. The field indicator
requirement shall be satisfied for each scan and eacspeaker position

at each third octave band used in the measurements. However, it shall be
satisfied only for the total measurement surface and not for individual sub-
areas.

Note As a rule of thumls- < 10 dB require§A < 1.25 whereS is
the area of the measurement surface @&nds the sound
absorption area of the receiving room. The more flanking
transmission there is the modanust be increased.

Note The criterion for the residual pressure-intensity indicafgiin
respect td- may lead to more stringent upper bounds than 10
or 6 dB toF, see Clause 4.1.

Once the measurement environment is satisfactory carry out two complete
scans and compare the results. Turn the scanning path 90 degrees between
the two scans. If a sub-area is such that its dimension is small in one
direction (of the same order or smaller than the chosen distance between
lines), both the scans will be performed with lines parallel to the larger
dimension. If the difference between the two measurements is less than or
equal to 1.0 dB for any one frequency band the measurement result is given
by the arithmetic average of the two measurements. If the difference is
larger than 1.0 dB the measurements are not valid and new scans must be
carried out until the requirement is satisfied. The requirement for the level
difference concerns the final result, not the results of individual subareas. If
the requirement cannot be satisfied, change the scanning pattern, measure-
ment surface or measurement environment and repeat the measurements
until the requirement is satisfied. If, despite these efforts, it turns out to be
impossible to comply with these requirements, the results may still be given
in the test report provided that all deviations from the requirements of this
method are clearly stated.

If two or more loudspeaker positions are used carry out a pair of scans in
each position, each pair of scans complying with the above requirements.
All results, including element normalized level difference and field indicator,
are given by the arithmetic mean of all valid scans carried out.
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7.4.5 Background noise

Both sound pressure level and sound intensity level shall be at least 10 dB
higher than the background noise.

Note These requirements may be tested by applying the following
procedure: If the field indicatoF < 10 dB then lower the
source level by 10 dB. F is changed by less than 1 dB then
the requirements are satisfied. Carry out the procedure at
point(s) representative for the actual measurements.

7.5 FREQUENCY RANGE OF MEASUREMENTS

Measure the sound pressure level and the sound intensity level using one-
third octave band filters having at least the following centre frequencies in
hertz:

100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000
2500 3150 4000 5000.

If additional information in the low frequency range is required then use
third octave band filters with the following centre frequencies:

50 63 80.

The response of the filters should beaitcordance with IEC Publication
225.

8 PRECISION

The precision is expected to be equivalent to that given in ISO 140-3 in the
frequency range valid according to the measuremeritadet

It is required that the measurement procedure should give satisfactory
repeatability. This can be determinedatccordance with the meid shown

in ISO 140-2 and should be checked from time to time, particularly when a
change is made in procedure or instrumentation.
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9 EXPRESSION OF RESULTS

For the statement of the airborne sound insulation of the test specimen, give
the values of element normalized level difference and, if needed, the
intensity sound reduction indices at all frequencies of measurement to one
decimal place in tabular form and/or in the form of a curve. In addition
always give a curve of the pressure-intensity indicator in the graph. Indicate
clearly any deviations from the basic requirement that the difference
between two scans must not exceed 1 dB. For graphs with the level in
decibels plotted against frequency on a logarithmic scale, use the following
dimensions:

5 mm for the one-third octave band;

20 mm for 10 dB.

If weighted element normalized level differenbe, ¢, Or weighted sound
reduction indexR, ,, is to be given, calculate it as specified for single-number

quantities in either ISO 717-1 or ISO 717-3. The spectrum adaptation terms
C andC;; may also be stated as in Clauses 3.10 and 3.11.

10 TEST REPORT AND RECORD

10.1 NFORMATION TO BE REPORTED

The test report shall state:

a) reference to this NORDTEST method:;

b) name and address of the testing laboratory;

C) identification number of the test report;

d) name and address of the organization or the person who

ordered the test (optional);

e) purpose of the test;

f) name and address of manufacturer or supplier of the test
object;

0) name or other identification marks of the tested object;

h) description of the tested object (test specimen), including type

and size, with sectional drawing and operating conditions;
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)

K)

identification of the test equipment and instruments used
including the probe type or probe configuration; if more than
one probe type or configuration is used, the frequency range
used for each of these; rhetls and instruments used in
calibration and field check;

description of mounting conditions, including the location of the
test object in the partition wall and the distances to adjoining
walls, floor, ceiling and reflective panels;

element normalized level difference of the test specimen as a
function of frequency; intensity sound reduction index, if
needed, and pressure-intensity indicator of test specimen as a
function of frequency including a clear indication of any
deviations from this method;

single number rating according to ISQ7, if needed; also the
spectrum adaptation terms as in Clauses 3.10 and 3.11, fif
needed,;

limit of measurement in case of background noise;

brief description of details of procedure;

date of test, and signature of person responsible.

10.2 NFORMATION TO BE RECORDED

Information to be recorded includes, in addition to the information to be
reported, also:

a)

b)

c)
d)

results of the different sub-areas;

measurement distance, shape of measurement surface and
dimensions of sub-areas;

scanning time of each sub-area;

deviations of method concerning e.g., scanning patterns,
scanning speeds, scanning times etc.
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11 APPLICATION OF SOUND INSULATION
DATA

When predicting the resulting performance of complex partition construc-
tions, it is necessary to identify the important transmission paths, to estimate
the sound insulation properties of the individual partition elements and to
add their individual transmission contributions. A typical situation could be
that one is interested in the sound insulation @fcadle consisting of a wall,

a window and an outdoor air intake. Guidelines for the derivation of the
resulting sound insulation of a partition construction consisting of a partition
wall and a small building element are presented in Annex C.
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ANNEX A: LOCAL CHANGE IN WALL
THICKNESS

(normative)

A.1 LOCAL INCREASE OF WALL THICKNESS

Instead of changing the thickness of the complete partition wall, simulate
various wall thicknesses by adding extra panels to the original partition
construction. The edges of such additional panels shall be at least 0.5 m
from any part of the test object.

A.2 LOCAL DECREASE OF WALL THICKNESS

If a thick partition wall is needed to ensure sufficiently high flanking
transmission loss, create a realistic wall thickness around the test device by
locally reducing the thickness. This shall be daneording to Fig. A.1.

1 Partition between test rooms

2 Test specimen

3 Auxiliary transition panels with mass per unit area more than 16 &gbn

an inclination ofx < 3C°. (The panels shall be sealed with tape along edges.)

Fig. A.1. Local decrease of wall thickness.
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The following relations shall hold:

[r=20.6m
[=20.1m
[320.1m
a<30°.

A2

(A.1)



ANNEX B: SIMULATION OF CORNER AND EDGE
LOCATIONS

(normative)

The simulation of a corner is shown in Fig. B.1. To simulate an edge, it is

sufficient to use only one panel, the dimensions of which shall be at least
1.2 x 2.4 m. The minimum dimensions are valid at and above the third

octave with the centre frequency of 100 Hz. If a frequency range down to

50 Hz is used, the minimum panel dimensions shall be doubled. The panels
shall not be mounted parallel to the boundaryasie$ of the room.

If it is necessary to use additional panels in both the source room and the
receiving room, ensure that the locations and orientations of the panels are
the same in both rooms.

The mass per unit area of the panels shall exceed 7.kiyave 100 Hz,

the sound absorption coefficient shall be less than 0.1 at every frequency
band of interest. The sides of the panels facing to the small element in the
receiving room shall have the average absorption coefficient less than 0.06,
calculated over the total frequency range of interest above 100 Hz.

Note The requirements concerning the absorption coefficient can be
satisfied if, e.g., wooden panels with steel coverings are used.

Seal the connections between the panels and the partition wall with, for
example, a heavy adhesive tape. As the mounting of additional panels to the
partition wall might influence its transmission characteristics, include the
various panel arrangements in the measurements of the flanking trans-
mission.

Bl



Fig. B.1. Drawing showing the principle of simulating a corner location
by attaching reflective panels at right angles to thetipan wall
mounted in the test opening.
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ANNEX C: GUIDELINES FOR THE DERIVATION
OF THE OVERALL SOUND REDUCTION OF
COMPOSITE PARTITION CONSTRUCTIONS

If a small building element is installed in a partition, the resulting sound
insulation is given by

1 B, (C.1)

[l
Rp: :I-Olngo—Rllo_l_(p0 / S)lODn‘e/lOH

where

Is the sound reduction index of the partition wall,
in decibels;

Is the element normalized level difference of the
small building element, in decibels;

is the reference area, in square metres (for the
laboratory,Aq = 10 nf);

Is the total area of the partition, in square metres.

o X
)

P

If more than one unit of a specific building element is installed in a partition,
the second term in the denominator in Eq. 1 has to be multiplied by the
number of the elements. If more than one, mutually different units are
installed in a partition, Eq. 1 will be rexgled by

0 1 0
Rp= 10|9Eh_0-R/1o+(A) /S) 10Dn,e,i/105dB’ (C.2)

where the summation takes place ayd®, A, andSare as above, and

Dnei is the element normalized level difference of the
I:th small building element, in decibels.

The above extensions to Eq. 1 presuppose that the acoustical interaction
between the elements has no effect on the total radiated sound power. The
interaction can be seen at low frequencies so that the total sound power
radiated by the elements at the same time is not equal to the sum of the
sound powers of the elements when they are radiating separately. This
usually tends to decrease the total sound insulation. If two elements that can
be considered as similar constant volume velocity sources are mounted at a
distanced, the difference between the total radiated sound power compared

to the sum of individual powers is
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ALa= 10|g§1 sin(znd /A )ﬁds (C.3)

2md /A
where
AL, is the difference between the total radiated sound
power and the sum of individual powers, in deci-
A ::;eltsﬁe wavelength, in metres/ff ¢ = speed of

sound,f = frequency);

which can be considered to be the same as the difference in sound
insulation (with different sign) if the sound reduction index of the partition is
high compared with the element normalized level difference of the
elements. If the sound reduction index of the partition wall is low the
difference is lower. There are two situations where the problem of
interaction is overcome. The first is that the measurement has been made
for the total sound insulation of the elements mounted in a way similar to
their final mounting. The other is that the elements are mounted far enough
from each other to avoid the interaction. If two elements are considered
according to Eq. 3 an error of 1 dB at the lower limiting frequency of third
octave of 100 Hz W give the minimum distance of the elements to be 1.5

m. At the lower limiting frequency of third octave of 50 Hz the minimum
distance is 3 m. Corresponding minimum distances for an error of 0.5 dB
are 5 m (100 Hz) and 10 m (50 Hz). If it is not possible to overcome the
problem, i.e., if one has to evaluate the resulting sound insulation of a
partition having more than one small element with distances of less than 1.5
m between them, based on the measurement results of the element
normalized level differences of individual elements, an upper bound for the
resulting error can be got from

ARpy=A L,+10Ig(n-1), (C.49)
where

AL, is given by Eq. 3, in decibels, with taken as the
average distance of any element from the element
nearest to it;

n is the number of small elements.

In Eqg. 4 it has been assumed, besides the assumptions for Eq. 3, that any
element interacts only with the element nearest to it.

If the total physical area of the small elemenfl§ (in the plane of the

partition) is not small compared with the area of the partition, Egs. 1 and 2
give an underestimate of the resulting sound insulation. The error depends
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on the sound reduction index of the partition wall compared with the
element normalized level difference of the elements; the lower the sound
reduction index of the partition wall, the higher this is. If the sound
reduction index of the partition wall is very low, the error can be about 1
dB if ZS is about 20 % of the total area, 0.5 dBE§ is about 10 % of the
total area and 0.1 dB XS about 2 % of the total area. The error is lower
than stated above if the sound reduction index of the IFﬁartition wall is high.
The error can be compensated for by changing the tefii° H&cording to

1O—R/10 N QL_ _SS @. 10—R/10 (C5)

in Egs. 1 and 2. To compensate for the error it is required that the total
physical area of the small elements is known.

Example. LetRn be the minimum allowed value for the total sound reduction index of a
partition withn identical small elements. Let the sound reduction iridef the
partition be expressed as

R=Rn+ARdB.

Using Egs. 1 and 5 the element normalized level difference of each small element
has to satisfy:

nA/S
S /Sy 18R/ 0

Dne= Rt 10Ig§1_(1_n ﬁdB,

where$S is the area of one element. For two extreme cases, Aénds to zero
or infinity, the requirement will be

Dne2 Rnt101g( Ao/ S1)dB , AR O
Dne= Rnt 10Ig(n Ao/ S)dB AR— o .

In the first case, an alternative way of stating the requirement is that if the sound
reduction index of the partition just satisfies the requirement, the sound reduction
index of each small element has to be equal to or higher than the requirement (see
the relation between the sound reduction index and element normalized level
difference, Eq. 9). In the second case the sound reduction index of the partition is so
high that the total sound reduction index is determined only by the elements. If the
area of the partition i$ = A, = 10 i, the requirement in the second case can be
written as
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D, =R, +10lg(n) dB , S=A,=10m?%, AR —co
R, dB , n=1

R,+30dB , n=2

R,+48 dB , n=3

R,+60 dB , n=4
€Ic,

The acoustical interaction between the elements is not taken into account in this
example.

C4



ANNEX D: REFINED FORM OF WATERHOUSE
CORRECTION

The Waterhouse correction, used in Eq. 8, can be presented more precisely
by using the modal density of the room instead of the room geometry. By
doing so the corrected element normalized level differdhge; (for the

result of ISO 140-10 measurement) can be written as

+

Spoh  LyA?
Dpec=Dye l(llg{l + 2 |dB

8V, 32rnV
A (D.1)
where
Dhe iIs the element normalized level difference, in
decibels;
N, Is the modal density of the receiving room, in
modes/hertz;
V, is the volume of the receiving room, in cubic
metres;
f is the centre frequency of the one-third octave

band, in hertz.

This formula has the advantage that the Waterhouse correction can be
determined experimentally by measuring the modal density of the receiving
room.

This formula can be written using geometrical quantities as

)
Dy ec=Dye~101g -65.1 dB

sz—"
’ , (D.2)
whereD, . is as above and
S» iIs the area of all the boundary sgés in the
receiving room, in square metres;
V, is the volume of the receiving room, in cubic
metres;
L, is the total length of the linear dimensions of the

receiving room, in metres (if the room is rectangu-
lar with dimensions, b andc, L, =4 0@ + b +
c);

A is the wavelength at the centre frequency of the
one-third octave band, in metres.
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The formula 2 is identical to Eq. 1 with rectangular rooms; for other room
shapes Eq. 2 is an approximation. The last (third) factor in the correction
term in Eg. 2 is not presented in the traditional Waterhouse correction in
Eqg. 8. Normally it has significance only at frequencies below 100 Hz,
typically about or less than 0.5 dB.
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A laboratory method to evaluate the sound insulation of small building el
using sound intensity technique was developed. A supplement, conside
general usefulness of the element normalized level ditference in evalual
sound insulation of partitions, is included in the method. The method
similar results as ISO 140-10 with anscuracy of 1 dB or better at a frequg
range where both of the methods give valid results. The effects of flanking
mission on the sound insulation measurement results can be diminished

intensity technique unless the flanking transmission is very remarkab
improved form has been developed to the Waterhouse correction. The Wa
correction can be determined for each room by measuring or calculating it
densitx. The Waterhouse correction of tkeeeiving room lsould be subtract
from the result of traditional measurements of the sound reduction ind
Waterhouse correction is needed for the source room. The measurement
insulation by the intensity technique needs no Waterhouse corrections.
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